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Introduction  
Alzheimer's disease (AD) is characterized by progressive impairment of memory function 
and deposition of amyloid beta (Aβ) and hyperphosphorylated tau protein is a major 
pathogenesis mechanism. as the AD progresses, the reduction of neurotrophic factors and 
the imbalance of neurotransmitters occur. AD is classified as a non-curable disease which 
needs solution to correct its pathomechanism. Recent days, the use of repetitive 
transcranial magnetic stimulation (rTMS) in diseases with cognitive impairment has been 
reported with increasing numbers. This study is purposed to investigate therapeutic effects 
of rTMS in high and low frequency on an AD mouse model which was induced by 
intracerebroventricular Aβ-injection.  

 

Methods  
The subject mice were divided into Aβ-injected and saline-injected groups, and each group 
was subdivided according to rTMS treatment: high frequency (20Hz), low frequency (1Hz), 
and none rTMS-treated control subgroups (Fig.1.). The rTMS was given a total of 1600 
pulses per session, five consecutive days/week for two weeks. Behavioral tests of Y-maze 
and Novel Object Recognition Task were performed before, one week, and two weeks after 
initiation of the rTMS. After two weeks of rTMS treatment, hippocampus, forebrain except 
hippocampus, midbrain, and hindbrain were isolated to measure changes in amount of 
neurotransmitters, and BDNF and neuronal gene expressions. In addition, after 
administration of Aβ to hippocampal cell of mouse, we observed dopamine receptor 4 
(DR4) and BDNF levels after rTMS treatment.  

 
Results  



The behavior tests showed improvement of cognition by both frequencies of rTMS (P<0.05) 

and more by high frequency stimulation (P<0.01) in the AD mouse model (Fig.2-1.). 

Dopamine amount and protein expressions of BDNF, nestin, and NeuN were increased in 

the forebrain (include hippocampus) only by high frequency rTMS (Fig.2-2, 2-3.). DR4 and 

BDNF levels were increased in hippocampal cells administered with Aβ after high-

frequency rTMS (Fig.3.). 

Conclusion 

The results of this study revealed therapeutic potential of rTMS especially of high 

frequency by activating dopaminergic pathway and BDNF mediated neurogenesis. 

Acknowledgment :This research was supported by a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), 

funded by the Ministry of Health & Welfare, Republic of Korea (Grant No: HI15C1529). 

Fig.1. Experimental schematic and amyloid beta induced animal behavior test a) Experimental schedules. The 

mice injected amyloid beta by stereotaxic, and than 3days after Y-maze and NORT were conducted to 

determine whether amyloid beta induced Alzheimer’s disease. Experimental groups were treated rTMS for 

2 weeks, each weeks also determined animal behavior test Y-maze and NORT. b) A case of successful ICV 

injection, acceptable injection range (1.0 ± 0.06 mm from bregma and 1.8 ± 0.1 mm sagittally). Top view of 

the whole brain and coronal section showing lateral ventricles filled with blue dye. c) Experimental setting of 

animal behavior test Y-maze and NORT. d) Stimulation coil and method.





Fig.2-1. Amyloid beta induced animal behavior test A) Spontaneous alteration were determined by Y-maze 

test. B) Recognition index were measured by NOR task. n=7, mean ± SEM.*p<0.05, **<0.01 compared with 

each control. Fig.2-2. rTMS regulate neurotransmitter in amyloid beta induced mice hippocampus through 

dopamine receptor type 4 The measurement of hippocampal neurotransmitter production by rTMS. The 

neurotransmitter measured hippocampus tissue homogenates lysate. A) acetylcholine, B) dopamine, C) 

serotonin, D) epinephrine. rTMS regulated dopaminergic signaling pathway through dopamine receptor type 

4. The expression of dopamine receptor type 4 was measured by RT-PCR in E) hippocampus or F) forebrain. 

G) Densitometry analysis of RT-PCR. Data are shown as the dopamine-r4/18s ratio. The mRNA level of 18s 

was analyzed as internal control. n=3, mean ± SEM.*p<0.05, #=0.069 compared with each control. Fig.2-

3. rTMS increased neuro-signaling markers in amyloid beta induced mice rTMS regulated neuro specific 

molecules protein expression. A) The expression of hippocampal BDNF, Nestin and NeuN protein was 

measured by western blot. B) Histograms show densitometry analysis of western blot. C) The expression of 

forebrain BDNF, Nestin and NeuN protein was determined by western blot (3% skim milk with the antibody 

ratio of 1:1000). D) Histograms show densitometry analysis of western blot. Each lane was loaded with 25ug 

of total whole lysate. Protein level of actin was analyzed

Fig.3. Dopamine receptor 4 and BDNF levels were increased in hippocampal cells administered with Aβ after 

high-frequency rTMS treatment. n=3, mean ± SEM.*p<0.05, **p<0.01 compared with each control. The 

expression of dopamine receptor 4 and BDNF in mouse hippocampal HT-22 cells by RT-PCR were examined. 

Cells were treated high-frequency rTMS with or without amyloid beta.
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Objective 
Central post-stroke pain (CPSP) is the neuropathic pain owing to cerebrovascular lesion at any level 

of the somatosensory pathway of the brain. However, many other brain regions seem to be 

implicated in the symptom. The underlying mechanisms of developing and improving CPSP remain 

poorly understood. In this study, we examined brain regions functionally connected to lesions 

causing CPSP. We also hypothesized that the strength of connectivity would be correlated with 

changes of brain metabolism and the empirical therapeutic target of non-invasive brain stimulation. 

Method 
For lesion mapping and metabolism analyses, 43 subjects with thalamic intracerebral hemorrhage 

were included. 20 of 43 patients were diagnosed with CPSP. Brain 18F-FDG PET-CT was performed 

and preprocessed using SPM 12. Left-sided lesions were flipped to all lesions on the same(right) 

side of the brain. All lesions were traced onto the patient’s CT, then transformed to atlas space 

using an affine warp. For connectivity analyses, we used a normative dataset of 1000 subjects from 

the Brain Genomics Superstruct Project on whom resting state functional MRI had been obtained. 

Three analyses were performed: First, we computed functional connectivity between each lesion 

and regions showing hypometabolism in CPSP group. Second, we calculated the functional 

connectivity between each lesion and all other brain voxels. The strength of connectivity between 

CPSP and non-pain group was statistically compared using FSL PALM. A voxel-based FWE-corrected 

p < 0.05 was considered statistically significant. A positive finding from lesion-network analyses 

was used as a mask to analyze the difference in metabolism. Third, we investigate the relationship 

among the lesion network map, the changes of brain metabolism and the empirical therapeutic 

target of non-invasive brain stimulation for neuropathic pain (hand knob area). 

Result 
The functional connectivity between each lesion and regions showing hypometabolism in CPSP 

group is significantly decreased in CPSP group (Figure 1B). Various brain regions including primary 

motor cortex showed significant positive correlation with lesions causing CPSP (Figure 2A). These 

areas had significantly reduced metabolism in CPSP group, compared to non-pain group (Figure 

2B). Regions showing significant positive correlation with lesions causing CPSP overlap regions 

showing hypometabolism in CPSP group in the empirical therapeutic target of non-invasive brain 

stimulation for neuropathic pain (hand knob area, Figure 3). 

Conclusion 



Our results suggest that the brain connectivity of lesions causing CPSP is related to the change of 

brain metabolism. Our finding also matched the target of effective non-invasive brain stimulation, 

suggesting relevance to find an optimal treatment target for CPSP. These result lend insight into 

the causal neuroanatomical substrate of CPSP and may be useful to establish alternative 

treatments.

Acknowledgment: This research was supported by Basic Science Research Program through the 

National Research Foundation of Korea(NRF) funded by the Ministry of Education

(2019R1C1C1006980). 

Fig.1 : (A) Regions where brain glucose metabolism is significantly decreased in patients with CPSP. (B) The 

functional connectivity between each lesion and regions shown in (A) is significantly decreased in CPSP group 

compared to non-pain group. 

Fig.2 : (A) Regions that are significantly more functionally connected to lesions causing CPSP. (B) Brain glucose 

metabolism is significantly decreased in these areas in CPSP group, compared to non-pain group.



Fig.3 : Regions showing significant hypometabolism in CPSP group (blue) and regions showing significant 

positive correlation with lesions causing CPSP (red) overlap (purple) in the hand knob area (yellow-white), 

the empirical therapeutic target of non-invasive brain stimulation for neuropathic pain.
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Background & Purpose 

Mild traumatic brain injury (mTBI) is one of the major concerns in the US public healthcare 

area and accounts for the majority of all TBI. Clinical studies have shown that increased 

susceptibility to additional mTBI can lead to cumulative effects of further injury. Recent 

drug development strategies target potentially modifiable secondary pathways that can 

be treated and are generally associated with promoting neuroprotection or inhibiting 

neurotoxins. We evaluated the effect of SP-8356, an anti-inflammatory synthetic 

verbenone derivative, on its regulation of repetitive concussive TBI (rcTBI)-evoked sensory-

motor deficits. 

Method 

C57BL/6 mice were anesthetized and placed on a floor made of Kimwipe. At a height of 1.7 

meters, 50 g of metal weight was dropped vertically into the pipe to induce weight-drop 

injury in the mouse's head. The impact resulted in free movement of the head and body as 

the mice penetrate the Kimwipe upon impact and free fall onto a padded floor below. SP-

8356 (50 mg/kg) or vehicle (normal saline) was intraperitoneally administered at 2, 7 and 

24 h after TBI. Weight drop injuries were performed twice at 24-h intervals. The Rotarod 

test was performed 5 times before the injury for training. Post-injury assessments were 

performed 24 h after the first injury (day 0, before the second injury) and further at one 

and two days after the second injury. 

Results 

The fall latencies in RRT tended to decrease after two consecutive TBIs. However, at the 

day after the second injury SP-8356 significantly reversed the decrease of fall latency in 

RRT compared to the vehicle group (P = 0.025). The effect of SP-8356 on the expression of 

inflammatory cytokines, astrogliosis, and microglial activation in mouse brain damaged 

after the repetitive concussion will be further discussed in the presentation. 

Conclusion 

SP-8356 alleviated the deterioration of the sensory-motor function due to two repetitive 

concussive TBIs. SP-8356 may be a potential therapeutic agent for repetitive concussive 



TBI by playing a role in acute physiological recovery and reducing the potential for 

cumulative damage in further injury.
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Pediatric patients with CP or other brain injuries demonstrate problems with body 

functions and structures. Intensive therapy program using therasuit method (ITP) is a 

stretching and strengthening program based on individual`s level and need, during which 

the patient wears therasuit. However, evidence indicating functional benefit from 

participation in ITP is limited. In this study, the authors compared changes in gross motor 

function, balance parameters, and activities of daily living in pediatric patients with CP and 

other brain injuries who received ITP and conventional in-patient NDT therapy. 

The study design was case-control study. All patients had no history of newly developed 

neurological problems, musculoskeletal disorders, or botulinum toxin injections in the 

previous 6 months. Each patient has received in-patient NDT therapy for a period of 12 

weeks, 5 times per week, in three half hour sessions per day, and after a period of time, 

same patients admitted again and underwent ITP for a period of 8weeks, 5 times per week, 

in a one and half hour session per day or vice versa. ITP included multiple movements 

combined with the wearing of a fitted suit, which provided resistance during activity. In 

addition, each patient`s therapeutic program was individualized with the goal of advancing 

the patient to the next level of function or physical activity. Outcome measures were gross 

motor function measure (GMFM-88), pediatric balance scale (PBS), Wee-functional 

independent measure (Wee-FIM). Outcome measures were assessed at beginning and end 

of treatment. 

Among 54 patients, 42 patients (24 patients in ITP group, 18 patients in control group) 

were diagnosed with cerebral palsy, 12 patients (7 patients in ITP group, 5 patients in 

control group) were diagnosed other brain diseases, such as brain tumor and intracranial 

hemorrhage, etc. Demographic characteristics of the patients were shown in Table 1. 

Within group analysis, all outcome measures improved in both treatment groups. Changes 

of GMFM score were 8.69% after ITP, 2.85% after in-patient NDT therapy. Changes of PBS 

score were 7.67 after ITP, 1.00 after in-patient NDT therapy. Changes of FIM were 4.72 

after ITP, 3.63 after in-patient NDT therapy. Between group analysis, Changes of both 

GMFM score (5.84%, p-value = 0.004) and PBS score (6.67, p-value < 0.01) between group 

showed statistically significant differences, however, changes of FIM score (1.09, p-value = 

0.573) showed no significant difference. 



This study shows that the effect of ITP superior to those of in-patient NDT therapy on gross

motor and balance function. Implicit in this conclusion is the importance of intensive, goal-

directed repetition of movement toward the improvement of motor function. Further 

study should be performed to achieve consensus on the details (frequency, duration, etc) 

of ITP. 
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Introduction 

Lung transplantation (LTx) is one of the most effective treatments for patients with end-

stage lung disease. For these patients, the diaphragm is a major inspiratory muscle and has 

a significant impact on postoperative recovery. Among the various diagnostic tools 

available for evaluating the diaphragm, ultrasound has recently proved to be a useful tool 

because it is portable and non-invasive and provides real-time images. The aim of the study 

is to determine how ultrasound can be used in LTx recipients. 

Methods 

Ten patients (6 males and 4 females) who underwent LTx from April 2017 to April 2019 

were included. We performed PFT and diaphragm ultrasound before the LTx, immediately 

after the LTx and 1 month after the LTx. Respiratory function parameters included maximal 

inspiratory pressure (MIP) and vital capacity (VC). Ultrasound evaluation was done by an 

expert in M-mode to visualize the diaphragm excursion at resting and at forceful 

respiration (Fig. 1A). The Mid-clavicular line and the liver were used as landmarks in the 

right side and the spleen for the left diaphragm in M-mode. B-mode is used to check the 

change in diaphragm thickness during breathing, and the thickness is measured at the zone 

of apposition of the anterior axillary line. The diaphragm thickness at the end of inspiration 

(DTi) and at the end of expiration (DTe) was measured (Fig. 1B). The diaphragmatic 

thickness fraction (DTf) was calculated by the following formula: DTf = ((DTi-DTe))/DTe. 

The average of both diaphragm excursions is used to show changes in percentage. All tests 

were performed to well cooperative recipients in a supine position. Associations between 

PFT parameters and ultrasound and serial diaphragmatic excursion changes were analyzed 

statistically. 

Results 

DTf is positively associated with MIP and VC (p=0.001 and p=0.012) (Table 1). The 

diaphragm excursion showed no statistically significant relationship with PFT parameters 



but showed significant linear correlation with DTf (p=0.006) (Table 1). Immediately after 

LTx, both resting and forceful excursions decreased by an average of 49% (p=0.024) and 

50% (p=0.017) (Figure 2A). After a month after LTx, both resting and forceful excursions 

increased by an average of 120% % (p=0.016) and 123% % (p=0.000) (Figure 2B). 

Conclusion

MIP and VC are the most commonly used parameters reflecting diaphragm function, 

however, it is inaccurate and hard to perform in the early postoperative state due to 

tracheostomy status and poor cooperation. DTf correlates well with PFT parameters and 

diaphragm excursion in ultrasound. Thus, considering portability and non-invasiveness of 

the ultrasound, diaphragm ultrasonography has a great advantage in the serial evaluation 

of the diaphragm function after LTx. 

Figure 1. A) The left diaphragm movement in ultrasonic M mode B) Ultrasonic B-mode is used to check the 

thickness change of the diaphragm during breathing.

Figure 2. A) course of diaphragm movement that changes immediately after LTx. B) course of diaphragm 

movement that changes after rehabilitation



Table 1. Correlation with DTf in MIP, VC and Maximal diaphragm movement
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Objective

This study was undertaken to investigate the feasibility of a 9-week home-based FIRM 

program combined with inpatient Fragility fracture integrated rehabilitation management 

(FIRM) early after hip fracture. 

Methods

Thirty-two patients (10 males and 22 females; average age 79.1 ± 7.9 years) who 

underwent a hip surgery for fragility hip fracture were participated in this study. The 

intervention group (n=16) performed 9-week home-based FIRM program combined with 

inpatient FIRM program. The historical control group (n=16) who performed inpatient 

FIRM program only. Home-based FIRM program focused on strengthening of hip extensors 

and hip abductors and aerobic fitness, provided by exercise video and bromide. Inpatient 

FIRM consisted of standardized comprehensive evaluations and integrated management 

with advanced physical, occupational therapies and educations. Functional outcomes 

included KOVAL, Functional Ambulatory Category (FAC), FIM-locomotion, Modified 

Rivermead Mobility Index (MRMI), Berg balance scale (BBS), 4-meter walk speed test 

(4MST), Mini-Mental State Examination (MMSE), EuroQol five-dimensions (EQ-5D) 

questionnaire, Modified Bathel Index (MBI). All assessments were evaluated at 1 week 

(before inpatient FIRM), 3 week (at discharge) and 3 months postoperatively. 



Results

There were significant and clinically meaningful improvement in functional outcomes over 

time. KOVAL, FAC, FIM-locomotion, MRMI, BBS, 4MST, K-MMSE, EQ-5D and K-MBI showed 

significant improvements between baseline, 3 weeks, and 3 months postoperatively. 

KOVAL, FAC, K-MBI showed significant improvements between 3 weeks and 3 months 

postoperatively. The intervention group showed clinically meaningful improvements in 

KOVAL (1.69 ± 0.70 vs 3.06 ± 1.69, p=0.014), FAC (4.37 ± 0.50 vs 3.75 ± 0.68, p<0.001), FIM-

locomotion (6.44 ± 0.51 vs 5.73 ± 0.96, p<0.001), EQ-5D (0.77 ± 0.06 vs 0.73 ± 0.05, 

p=0.038), K-MBI (95.00 ± 3.86 vs 82.33 ± 14.51, p=0.030) from baseline to 3 months 

postoperatively compared with the control group. 

Conclusions

This study revealed that a 9-week home-based FIRM combined with inpatient FIRM had 

more considerable positive effects on mobility, activities of daily living, quality of life 

compared with inpatient FIRM only. These findings suggest that home-based FIRM could 

be a feasible intervention for improving functional outcome in older people after fragility 

hip fracture. 

Table 1. Demographic and disease-related characteristics of the subjects (N=32)



Table 2. Baseline evaluation of self-reported and performance-based physical function 1 week after hip 

fracture surgery

Table 3. Outcomes of self-reported and performance-based physical function for the intervention and control 

group from baseline to postoperative 3 months
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Introduction 

Frozen shoulder (FS) is a common shoulder disorder, characterized by pain and gradual 

loss of active and passive glenohumeral joint motion. FS has been considered as a 

sequential pathologic process from synovial inflammation to capsular fibrosis. But 

pathogenesis of FS is not yet determined. The function of matrix metalloproteinases 

(MMPs) is related to extracellular matrix remodeling but some MMPs are over-expressed 

during abnormal remodeling processes. In 1998, Hutchinson et al. reported that MMPs and 

MMP inhibitors (TIMPs) might be related to the development of FS. However, previous 

human studies had many limitations in unveiling the pathologic processes of FS. We 

hypothesized that MMP-2 and MMP-9 which are best studied among many MMPs would

be over-expressed patients with FS. And for additional information, animal model of

primary FS is introduced. The purposes of this study were to investigate the pattern of 

sequential expression of MMPs in a rat model of shoulder contracture and to compare the 

expression of MMPs in the joint capsule between patients with FS and control group. 

Methods

Rats are immobilized using molding plaster (a shoulder contracture model) as an 

alternative of primary FS. (Figure 1) We obtained joint capsules at baseline, 3 days, 1 week, 

and 3 weeks (4 rats per time point; 16 rats in total 16 rats). The expression of the 

inflammatory cytokine interleukin-6 (IL-6), MMP-2, and MMP-9 was examined by 

immunohistochemistry. We also obtained joint capsules from 21 patients with FS and 13 

control subjects with instability to quantify the expression levels of MMP-2 and MMP-9 by

immunohistochemistry. 

Results

In the rat model, IL-6 and MMP-9 tended to be over-expressed in the joint capsule at 3 

days and 1 week and MMP-2 at 3 days, 1 week, and 3 weeks. (Figure 2) MMP-2 and MMP-

9 were significantly over-expressed in the joint capsules of the patients with FS compared 

with those of control subjects. (Figure 3) 

Conclusion

The results from both human and animal studies suggest the involvement of MMP-2 and 

MMP-9 in the development of FS. Animal study showed that the sequential expression of 

IL-6 and MMPs may be associated with fibrosis of the joint capsule. 



Figure1 Rat contracture model. Immobilization is achieved by applying molding plaster around the whole left 

arm and thorax.

Figure2 Serial hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining for metalloproteinases 

(MMP) 2 and 9, and interleukin-6 (IL-6) of the axillary recess of the glenohumeral joint in a rat contracture 

model. In the control group, H&E staining shows no inflammation or fibrosis and IHC staining shows no 

expression of MMP-2, 9, or IL-6. At 3 days after contracture, inflammation and mild fibrosis develop and IHC 

staining reveals increased expression of MMP-2, 9, and IL-6 compared to the control group. At 1 week after 

contracture, capsular fibrosis is dominant and MMP-9 and IL-6 expression peaks. At 3 weeks after 

contracture, inflammatory cells disappear and MMP-9 and IL-6 expression is lower than that at 1 week, 

whereasMMP-2 expression tends to be remain to that at 3 days and 1 week.



Figure3 Hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining for MMP-2 and 9 in patients 

with frozen shoulder and control subjects. H&E staining reveals increased cellularity, and IHC staining shows 

greater expression of both MMPs in the frozen shoulder group than in the control group.
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Introduction

Three’-sialyllactose(3’-sialyllactose, 3’SL) is an oligosaccharide found in human breast milk 

and cow's milk and is known to inhibit the progression of osteoarthritis and rheumatoid 

arthritis. However, the therapeutic effects of 3’SL in chondrogenic and osteogenic 

differentiation have been unknown yet. In this study, we investigated chondrogenic and 

osteogenic differentiation of human bone marrow derived mesenchymal stem 

cells(hBMSCs) treated with 3’-sialyllactose.

Materials and methods 

The human bone marrow derived mesenchymal stem cells(hBMSCs) obtained from bone 

grafts in patients with bone defect in the lower extremities were used for the experiments. 

The chondrogenic differentiation culture was performed by 3-dimensional chondrogenic 

differentiation culture through micromass culture, and 3’-Sialyllactose was added to 

chondrogenesis medium. Likewise, 3’SL was added to osteogenesis medium to induce 

osteogenesis. Experiments were assessed by performing qRT-PCR, western blot. Alcian 

blue, safranine O and alizarin red S staining were used to confirm cell differentiation.  

Results 

In the micromass culture treated with 3’SL, mRNA and protein expression of sox9 and 

aggrecan, which are cartilage differentiation indicators, were significantly increased. In 

addition, alcian blue stain confirming the positive mucous polysaccharide of the cartilage 

matrix, and safranine O stain confirming the positive of the proteoglycan, a cartilage-

specific substrate, were stained more strongly in the 3'-sialyllactose treated micromass 

culture than the untreated group. mRNA and protein expression of MMP13 and Col10, 

which are cartilage hypertrophy markers, were significantly decreased compared to the 

untreated group. To the next, in the 3’SL treated group, mRNA and protein expression of 

RUNX2, an osteogenic differentiation master regulator, and osteopontin, an indicator of 

late osteogenesis, were increased. Alizarin red s staining was performed to confirm bone 

differentiation, and red dyed portion was increased at the site of calcium deposition. 



Conclusion 

Three’SL significantly increase chondrogenic and osteogenic differentiation and suppress 

cartilaginous hypertrophy in human bone marrow derived mesenchymal stem 

cells(hBMSCs). Furthermore, 3’-Sialyllactose can be used for potential target for cartilage 

& bone repair for clinical application. 

Fig 1. Investigation of chondrogenic differentiation of hBMSCs treated with 3'-Sialyllactose
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Introduction

Although differences of gait kinematics in patients with knee osteoarthritis (KOA) have 

been reported, inter-joint coordination and variability of gait has not been well 

investigated. Cyclograms are closed trajectories obtained by plotting the angle of multiple 

joints through entire gait cycle. Hip-knee cyclogram can visualize the relationship between 

the hip joint and knee joint simultaneously. Therefore, the aim of this study was to 

elucidate differences in inter-joint coordination and variability of gait with respect to 

severity of KOA. 

Methods

Fifty participants with KOA and 20 healthy old participants (control group) without KOA 

were recruited. Participants with KOA were divided based on Kellgren-Lawrence (KL) grade 

into early KOA group (KL grade 1 & 2, n=20) and advanced KOA group (KL grade 3 & 4, 

n=30). All participants were examined using inertial measurement unit based gait analysis 

system while walking at self-selected walking speed. We analyzed inter-joint coordination 

of kinematics by the average value of hip-knee cyclogram parameters including range of 

motion (RoM), center of mass (CoM), perimeter (stance, swing and total) and area (stance, 

swing and total). Variability of gait was assessed by the coefficient of variance (CV) of hip-

knee cyclogram parameters. 

Results

Hip-knee cyclogram parameters that progressed with KOA severity included decreased 

knee ROM and total perimeter. Hip CoM increased only in early KOA group, whereas knee 

CoM decreased only in advanced KOA group. Patients with KOA (both early and advanced) 

had reduced hip-knee cyclogram parameters including perimeter of swing phase, area of 

swing phase, and total area compared to control group. While both KOA participants 

groups had greater variability of gait parameters including CV of CoM, knee RoM, 



perimeter (stance phase, swing phase and total) and area of swing phase than control 

group. 

Conclusion

These results demonstrate that hip-knee cyclogram may provide insight into the inter-joint 

coordination and variability of gait in patients with KOA. 

Acknowledgment:This research was supported by the Research and Business 

Development Program funded by the Korea Institute for Advancement of Technology(KIAT) 

and the Ministry of Trade, Industry and Energy(MOTIE)(P0004756, 2019) 

Figure 1. Representative hip-knee cyclogram. The shaded area represents the area of hip-knee cyclogram: 

stance phase area (grey shaded) and swing phase area (dotted shaded). Abbreviations: RoM, range of motion; 

CoM, center of mass.



Figure 2. Hip-knee cyclograms of three groups. Abbreviations: KOA, knee osteoarthritis; HS, heel strike; TO, 

toe off; CoM, center of mass; C, control; E, early OA; A, advanced OA.
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Background 

Neuromuscular scoliosis is known to be a frequent, progressive, and untreatable condition. 

Although spinal orthosis is frequently applied and investigated in adolescent idiopathic 

scoliosis (AIS), spinal orthosis in neuromuscular scoliosis is not much investigated, or even 

being applied. In fact, current consensus on scoliosis of neuromuscular disorder (NMD) is 

surgical correction of the curve. The aim of this study is to apply spinal orthosis in the early 

stage of NMD scoliosis when scoliotic curve is still flexible. 

Methods 

Subjects with NMD scoliosis in early stage whose flexibility of scoliotic curve exceeds 50% 

were retrospectively reviewed for enrollment. Spine radiographs and spirometry results of 

28 participants were studied before and after applying spinal orthosis. Lateral curve 

magnitude in Cobb angle and rotation of the apex vertebra by Perdriolle torsionmeter 

were measured. Forced vital capacity (FVC) and Forced expiratory volume in 1 second 

(FEV1) were recorded in those aged more than 7 years old. Three point controlling system 

of fabric type spinal orthosis was applied which is adjusted form of Kallabis harness 

(Orliman, Valencia, Spain) (Figure 1). 

Results 

Characteristics of subjects are shown in Table 1. There was significant difference in Cobb 

angles in both positions (p<0.01, p=0.04, respectively) after application of orthosis (Figure 

2). Rotation of apex vertebra was also significantly different (p=0.003). There were no 

significant difference in FVC and FEV1 pre and post orthosis application (Figure 1). In 

Pearson correlation analysis, there were negative correlation between Cobb angle in 

supine position, rotation of apex vertebra and curve flexibility and Cobb angle correction 

rate after application of spinal braces (r=-0.41,p=0.03, r=-0.41,p=0.04, and r=0.47,p=0.014 

respectively). Age and height of the patients were inversely correlated with the correction 

ratio (r=-0.38,p=0.04, and r=-0.41,p=0.03, respectively). Brace compliance rate showed 

mean value of 66% and maintained as 64% even after a month after. 

Conclusion

In neuromuscular scoliosis, in-brace correction of the curve is shown both in with gravity 

and without gravity position, when applied in the early stage. Successful compliance was 



also noted. Reduction of spinal curve depends on Cobb angle of lateral curve and flexibility 

of the curve along with age and height of patients. This study could be a cornerstone for 

future studies of applying spinal braces in NMD patients and provides references to which 

candidates should the braces be applied. 

Values are presented as mean ± standard deviation. *18 participants had spirometry results. Spirometry 

could only be performed in those aged above 7 years old. †Correc�on rate was calculated as (In-brace 

correction (°))/(Initial curve angle(°)) ⅹ100. DMD : Duchenne Muscular dystrophy; SMA : Spinal Muscular 

Atrophy; CSVL : Central sacral vertical line; SVA : Sagittal vertical axis.



Figure 1. Left shows before application of the orthosis. Note how posture and curve of scoliosis is corrected 

both grossly and on radiograph after application of the orthosis.



Figure 2. Comparison of in-brace curve angle and initial angle in sitting position
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Objective

The blink reflex is usually identified in response to electrical stimulation of the trigeminal 

nerve, which is used for the functional analysis of the trigeminal and facial nerves and 

brainstem connections. Two components (R1 and R2) have been established as meaningful 

parameters in diagnosing and predicting the prognosis in patients with facial palsy. A few 

researchers recognized the presence of R3 response, and reported presumed clinical 

significance. However, the definition, neural route or the clinical role of the R3 is not yet 

clearly established. Hereby, we retrospectively analyzed the responses of the blink reflex 

in patients with facial palsy to reveal the neural route of the R3. 

Methods

By retrospective medical chart review, we screened 340 cases of the electrodiagnostic 

study (EDx) including the blink reflex between January 2017 and December 2018. The 

inclusion criteria were (a) unilateral facial palsy with House-Brackmann Scale > 1, (b) age > 

15. The exclusion criteria were (a) central nervous system lesion (brain or brainstem) which 

was confirmed by imaging study, (b) trigeminal nerve lesion, (c) history of systemic 

peripheral neuropathy, facial spasm, or (d) history of botulinum toxin injection in facial 

muscles. Identification of R3 component was based on the normative parameters of the 

Medvedeva study (latency, 73-90 ms; duration, 15-20 ms; amplitude, 50-79 uV). The 

electrodiagnostic technique for blink reflex followed the Aramideh study (sweep speed, 10 

ms/division; sensitivity, 200 uV/division; stimulation, 15-25 mA; Figure 1) with Cadwell 

Sierra® Summit™ EMG. 

Results

A total of 97 cases was satisfied with the inclusion criteria, and four cases did not show 

ipsilateral and contralateral R3. The 93 cases were enrolled for analysis. The characteristics 

of subjects are presented in Table 1. In all 97 cases, every R3 response followed the R2 

component. There was no case that the R3 component sorely exists without the R2. Most 

of the R3 was identified in contralateral side when stimulating the lesion side (81.4 %), and 

identified in ipsilateral side (85.6 %) when stimulating the normal side (Table 2). 



Additionally, the R3 wave was identified as either a single separate wave form from R2 

(52.6 %) or as a mixed wave form following R2 (47.4 %). 

Conclusion

The presence of the single wave form of the R3 represents that the R3 is not only the 

prolonged response of the R2, but a response from a separate neural route which is longer 

than that of R2. It can be deduced that some of the neural routes of R2 and R3 overlap in 

that R3 is always observed with R2. Additionally, the result that the R3 is scarcely observed 

in the lesion side in patients with facial palsy support that the R3 would share the final 

neural route of the R2. To clarify the R3 component of the blink reflex, further data 

accumulation from various clinical condition is required. 

Figure 1. Ipsilateral R3 response with a single wave form elicited in a patient with facial palsy when 

stimulating the normal side.



Table 1. Basic characteristics of subjects

Table 2. The R3 response in blink reflex in patients with facial nerve lesion



재활정책

발표일시 및 장소 : 10 월 18 일(금) 15:27-15:39 Room D(5F)

OP-SCIENTIFIC 2-7

The Potential for Measuring Complex Rehabilitation Needs through a 

Bundled Payment Model 

Tae-Woo Kim1,2†, Hoo Young Lee1,2*, Seong Hoon Lim3, Hyung-Ik Shin4, Jeehyun Yoo5, Sun 

Im6, Myung Eun Chung7, Soon Yong Kwon8, Hyun-Mi Oh1,2, Jihye Park11, Hyo Eun Kim9, Da 

Ban Lim10, Si Young Park10, Ji-Yeon Lee10

National Traffic Injury Rehabilitation Hospital, TBI rehabilitation center1, The Catholic 

University of Korea Seoul St. Mary`s Hospital , Department of Rehabilitation Medicine2, 

The Catholic University of Korea St. Vincent`s Hospital , Department of Rehabilitation 

Medicine3, Seoul National University Hospital, Department of Rehabilitation Medicine4, 

Inje University Ilsan Paik Hospital, Department of Rehabilitation Medicine5, The Catholic 

University of Korea Bucheon St. Mary`s Hospital , Department of Rehabilitation Medicine6, 

St. Paul Hospital, The Catholic University of Korea, Department of Rehabilitation Medicine7, 

Bobath Memorial Hospital, Department of Rehabilitation Medicine8, National Traffic Injury 

Rehabilitation Hospital, Department of Nursing9, National Traffic Injury Rehabilitation 

Hospital, Traffic Injury Rehabilitation Research Institute10, The Catholic University of Korea 

Eunpyeong St. Mary`s Hospital, Department of Rehabilitation Medicine11

Background and Aim

Patient-centered rehabilitation services and continuum of care are major issues faced in 

the rehabilitation medical service delivery system in Korea. In particular, assessing the 

complexity of rehabilitation needs of patients in the intensive and comprehensive 

rehabilitation phase is a crucial component of gatekeeping system. Furthermore, efficient 

and effective management of resources is essential for success at a patient, system, and 

provider level. Under the current fee-for-service (FFS) payment system in Korea, 

rehabilitation services are compensated based on volume of services rather than on quality 

of care and outcomes. Currently, bundled care of value-based payment models is 

promoted to mend the current payment scheme. Under the bundled payment approach, 

a single payment is provided to multiple providers for a set of services related to an episode 

of care within a set time period. However, bundled payment pilot programs have not yet 

been implemented in practice in Korea. Therefore, the impact of payment schemes on the 

delivery of rehabilitation service remains unclear. The aim of this study was to investigate 

the potential impact of bundled payment on the rehabilitation medical service delivery 

system in Korea. Here, we validated the psychometric properties of the Korean version of 

Rehabilitation Complexity Scale version 1 through the bundled payment model and 

compared with the current FFS. 



Methods

A cross-sectional, multicenter, pilot study, involving six designated rehabilitation medical 

institutions in Korea and 391 in-patients showing complex neurological or musculoskeletal 

problems was carried out. Two variables, number of therapy unit(Tu) and therapy unit 

intensity(Tui) provided as parts of the bundle were distinguished from the number of 

disciplines(Td) and therapy intensity(Ti) in original K-RCS-E. For Tu and Tui, rehabilitation 

doctors were asked to choose the content and intensity of rehabilitation practices and 

redesign care that optimizes the provision of valued services and eliminates services that 

add costs without offering meaningful benefits. The construct validity of the K-RCS-E was 

explored by exploratory factor analysis(EFA) and confirmatory factor analysis(CFA). 

Results

The EFA under bundled payment approach indicated two different components by 

Nursing(N)-Care(C)-Medical(M) and Tu-Ti-Equipment(E) while FFS indicated them by M-N 

and Ti-Td-C-E. The results of the CFA demonstrated that the two-factor model by bundled 

payment had an excellent fit(Normed Fit Index(NFI)=0.95, Comparative Fit Index (CFI)=0.96) 

with the K-RCS-E scores assessed while the model fit indices by FFS are slightly less than 

the good fit(NFI=0.86, CFI=0.87). 

Conclusion

Measuring complexity of rehabilitation needs by K-RCS-E through value-based care and 

payment schemes may provide an adjuvant case-mix measure to determine the 

rehabilitation setting and resources in the rehabilitation delivery system of Korea. 

Acknowledgment: This study was supported by the R&D grant (No. 5-2018-A0024-00001) 

on rehabilitation by Korea National Rehabilitation Center Research Institute, Ministry of 

Health & Welfare. Special thanks are due to Professor Lynne Turner-Stokes, the Author of 

the scale, who provided version 13 of the RCS-E, as used today in the UK, and helped us 

with precious comments on the development of Korean RCS-E. 



Therapy needs of Korean Rehabilitation Complexity Scale-Extended(K-RCS-E) by payment schemes. 

Descriptive statistics of therapy needs by Korean Rehabilitation Impairment Category (KRIC) 



Path diagram of the confirmatory factor analysis of the K-RCS-E in terms of payment schemes
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OBJECTIVE

To investigate the clinical characteristics of abdominal myofascial pain syndrome, an 

uncommon phenomenon which may result in multiple hospital visits with negative 

diagnostics tests and to assess the effect of sonography-guided trigger point injections. 

METHODS

A total of 102 patients with abdominal myofascial pain syndrome from 2012 to 2018 were 

evaluated retrospectively. During the initial visit, patients reported pain duration, other 

associated symptoms, the number of hospital visits, and diagnostic tests performed in 

other hospitals. Abdominal myofascial pain syndrome was diagnosed with the 

Greenbaum’s criteria, and the patients scored their amount of abdominal pain on a visual

analogue scale (VAS) from 0 to 10 during each visit. The sonography-guided injection was 

performed by a single physiatrist. If the symptomatic area was central, 1~2cc lidocaine was 

injected once into rectus abdominis muscle, and in lateral regions, 1~2cc lidocaine was 

injected twice into external oblique and internal oblique muscles. VAS ratio was calculated 

comparing the baseline VAS score and the subsequent score after an injection during the 

next visit, and the patients were divided into four groups: non-responder (if the ratio was 

negative to zero), mild responder (if the ratio was 1 to 24%), moderate responder (if the 

ratio was 25 to 49%), and good responder (if the ratio was higher than or equal to 50%). If 

the symptomatic area changed during the follow-up visit, the injection site targeted the 

painful region, and this change was also recorded. 

RESULTS

The median duration of pain was 12 months, and the median number of hospital visits 

before the trigger point injection was two. The patients underwent approximately two 

diagnostic tests including either endoscopy or abdominal imaging (abdominal x-ray or CT). 

Sixty seven patients were categorized into good responders, 12 into moderate responders, 

7 into mild responders, and 16 into non-responders. Comparing the initial and final VAS 

scores, the trigger point injection was found effective in alleviating pain regardless of the 



number of injections (p<0.001) (Fig.1). Moreover, patients who received more than two 

injections tended to show more significant pain reduction than those with twice or fewer 

injections (p<0.001) (Fig.2). None of the patients reported any adverse events after the 

injections.

CONCLUSION

Patients with abdominal myofascial pain syndrome suffer from a long duration of pain and 

many hospital visits and diagnostic tests. The sonography-guided trigger point injection 

with lidocaine can be an effective and safe treatment for patients with chronic abdominal 

myofascial pain syndrome. 

Fig 1. Improvement in VAS pain score after trigger point injections

Fig 2. Difference in improvement between patients who received more than two injections and those with 

twice or fewer injections
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Objective

To evaluate ultrasound (US) findings of symptomatic shoulder in the patients with symptomatic 

unilateral calcific tendinitis and compare the US findings between symptomatic and asymptomatic 

calcification. 

Methods

Forty-six patients (46 patients, 9 men, 37 women; mean age, 55.3 years; range, 34-75 years) that 

were diagnosed as calcific tendinitis of shoulder on US were recruited from June 1st 2018 to June 

31th 2019. The patients visited outpatient clinic due to unilateral shoulder pain, and US 

examination was conducted on both shoulders. US morphology of calcification was classified as 

arc-shaped, fragmented, nodular, and linear type (Figure 1). Shadow of calcification on US was 

classified as type 1 (well-defined shadow), type 2 (faint shadow), and type 3 (no shadow). Size of 

calcification was measured as the maximal longitudinal and transverse diameters on US. Location 

of calcification in tendon was classified as bursal side, articular side, and full-thickness involvement. 

The patients were allocated into two groups according to the presence of calcification in 

asymptomatic shoulder; group 1 (calcification in asymptomatic shoulder) and group 2 (no 

calcification in asymptomatic shoulder). In group 1, US findings of calcification were compared 

between asymptomatic and symptomatic shoulders. 

Results

Asymptomatic calcification in asymptomatic shoulders was detected on US in thirty shoulders out 

of fourty-six shoulders (65.2%). Age in group 1 (mean age, 57.2 ± 8.7 years; range, 44-75 years) is 

significantly greater than that in group 2 (mean age, 51.6 ± 7.6 years; range, 34-65 years) (p=0.035). 

However, there was no significant difference of the other demographic variables between two 

groups (Table 1). In asymptomatic shoulders of group 1, the most common US morphology of 

calcification was fragmented type (15 cases, 50%), followed by linear type (7 cases, 23.3%), nodular 

type (6 cases, 20%), and arc-shaped type (2 cases, 6.7%). In group 1, longitudinal and transverse 

diameters of calcification on ultrasound in asymptomatic shoulders (5.1 ± 2.7/2.5 ± 1.2) were 

significantly smaller than those in symptomatic shoulders (8.0 ± 3.9/6.9 ± 3.2) (p=0.001) (Table 2). 

However, there was no significant difference of ultrasound morphology, shadow, and location of 

calcification between asymptomatic and symptomatic shoulder in group 1. 

Conclusions



Our results indicated that the calcification in asymptomatic shoulder was found in 65.2% of the 

patients with symptomatic unilateral calcific tendinitis. The mean age of the patients with 

calcification in asymptomatic shoulder was significantly greater than those without calcification in 

asymptomatic shoulders. The size of calcification in asymptomatic shoulder was significantly 

smaller than that in symptomatic shoulder. Therefore we recommend US examination in 

asymptomatic shoulder to detect calcification in the patients with unilateral shoulder calcific 

tendinitis. 

Warning: Division by zero in
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Figure 1. Morphology of calcification on longitudinal and transverse ultrasound imaging. (A, B) arc-shaped 

type (C, D) fragmented type, (E, F) nodular type, (G,H) linear type; D, deltoid muscle; SSP, supraspinatus 

muscle; Hm, humeral head; arrow, calcification.



Table 1. Demographic data in patients with unilateral symptomatic calcific tendinitis



Table 2. Comparison of US findings between asymptomatic and symptomatic calcification in the patients 

with unilateral calcific tendinitis (group 1).
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Brown adipose tissue (BAT) plays a critical role in energy homeostasis and thermogenesis 

in mammals, protecting against diet-induced metabolic syndrome and hypothermia via the 

action of uncoupling protein 1 (UCP-1). The enormous energy-consuming capacity of BAT 

evidenced by a great amount of oxygen consumption, suggest hyperbaric therapy may 

promote BAT development. The purpose of our study was to determine the effect of 

hyperbaric therapy on BAT and to compare the amount of BAT produced with that induced 

by cold exposure in a rat model. A total of 15 female Sprague-Dawley rats were used. Five 

rats were randomly assigned to a non-treatment group, a cold temperature group (CTG), 

or a hyperbaric therapy group (HTG). The expressions of UCP-1 (a marker of BAT 

production) and PGC-1α (a transcriptional regulator) were measured by western blot. The 

volume of fluorodeoxyglucose (FDG) uptake was determined by positron emission 

tomography/computed tomography (PET/CT) in all groups. Significantly more BAT 

development was observed, as determined by FDG PET/CT volume, in the CTG and the HTG 

than in the control group [F(2,12)=185.72, p= .000]. The protein levels of UCP-1 and PGC-

1α of BAT had a statistically significant increase in HTG and CTG compared with the control 

group. These results indicate hyperbaric therapy, like exposure to cold, upregulates the 

expressions of UCP-1 and PGC-1α in BAT, and contribute to BAT development in rodents. 

This study shows for the first time that hyperbaric treatment induced BAT development, 

and thus, suggests hyperbaric treatment as a potential therapeutic means of metabolic 

disorders with minimal side effects. 



Figure 1 18F-fluorodeoxyglucose positron emission tomography-computed tomography (18F-FDG PET-CT) 

imaging of rats

Figure 2 Mean BAT volumes in rats as determined by 18F-FDG PET-CT



Figure 3 Western blot analysis results for UCP-1 andPGC-1
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Background 

Anterior talofibular ligament (ATFL) is the most frequently damaged structure in lateral ankle 

sprains. Injured ATFL often develops chronic ankle instability (CAI) that lead to mechanical 

instability, recurrent giving way and persistent pain and thus results in functional impairment. 

Manual stress tests (anterior drawer and talar tilt) are in common use but lack sensitivity nor 

specificity. Stress ultrasound (US) is a good tool for the dynamic assess for the ATFL. However, there 

is no consensus on the better method to apply the stress. 

Methods 

Twenty ankles from ten volunteers without a history of ankle injury were measured. ATFL length 

was defined as the distance between the bony landmarks of lateral malleolus and talus while 

identifying the fibrillar pattern of the ligament (Fig 1). The ultrasound image was taken 3 times for 

each position in the following order: (1) neutral with 10’ plantarflexion and 0’ inversion/eversion 

(neutral); (2) manual stress with maximal talar tilt and plantarflexion to the onset of end-fill 

(manual); (3) inversion stress via device with leg not rotated(patella upward) (device-supine); (4) 

inversion stress via device with leg externally rotated position(patella 45’ outward, knee extended) 

(device-rotation) (Fig 2). We used the Telos stress device and applied 150N of force. The 3 points 

for the pressure were at the middle of the fibula, head of the fifth metatarsal bone and the 

midpoint of the above two sites in the opposite direction.

Results 

The mean values of ATFL lengths were 1.99 ± 0.02 cm in the neutral, 2.19 ± 0.02 cm in the manual 

stress, 2.22 ± 0.02 cm in the device-supine, and 2.24 ± 0.02 cm in the device-rotation. The ATFL 

ratio were 1.10 ± 0.04 in the manual stress, 1.12 ± 0.04 in the device-supine, and 1.14 ± 0.04 in the 

device-rotation. Data were analyzed with repeated-measures ANOVA with Bonferroni correction. 

Both ATFL length and ratio showed significant differences between all groups in the post-hoc

analysis (Table 1). The intraclass correlation coefficient of single measures for the intra-rater 

reliability was 0.850 in the neutral, 0.589 in the manual stress, 0.675 in the device-supine, and 

0.705 in the device-rotation. 

Conclusion 

In stress US, using the stress device more elongates the ATFL than the manual maneuver with 

higher reliability. Compared to the not-rotated position, rotating the leg externally can stretch the 

ligament more effectively, reflecting the normal anatomical course. We recommend using the 

stress device with leg external-rotated position in the US evaluation of the ATFL laxity, for clinical 

practices and further studies. 



Fig 1 Ultrasound image of the right ankle in a 33-year old female healthy volunteer. A: ATFL between the

bony prominence of the talus (left) and the lateral malleolus (right). B. Measurement of the ATFL length 

between the bony landmarks.



Fig 2. Positions for ultrasound images. A: Neutral, B: Manual stress, C: Device-supine, D: Device-rotation.

Table 1. ATFL lengths and ATFL ratio by different methods 
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Objective 

In patients with liver cirrhosis, protein depletion and reduced muscle function occur due to 

inadequate dietary intake, metabolic disturbances and malabsoprtion. Skeletal muscle mass 

reduction has been reported to be independent prognostic factor with Child-Turcotte-Pugh(CTP) 

score in patients with liver cirrhosis. However, previous studies had variable baseline 

characteristics and focused on muscularity assessment such as muscle mass, strength and quality. 

The purpose of this study was to investigate physical performance of ambulatory patients with liver 

cirrhosis under 65 years of age and to investigate the correlation between physical performance 

and muscular characteristics. 

Method 

In this study, we included patients who admitted in department of hepatology and were diagnosed 

with liver cirrhosis between September 2018 and May 2019. Patients who were unable to walk and 

older than 65 years were excluded. Total skeletal muscle mass was obtained by bioimpedance 

analysis(BIA), and skeletal muscle index(SMI) was obtained by dividing total skeletal muscle by 

suqare of height. Dominant hand grip strength was measured twice at 5 minute intervals using 

dynanometer and a higher value was used as grip strength. Physical performance was evaluated 

using short physical performance battery(SPPB). Psoas muscle cross-sectional area(PMCSA) was 

measured at distal end plate level of L4 vertebral body and measured using Image J(Fiji, USA) in 

axial view of CT scan. 

Result 

A total of 53 patients were included in this study. The mean age was 58.0 ± 9.0 years and 39 patients 

were men. CTP score A,B and C were 22, 11 and 20, respectively. There was no statistically 

significant difference in mean values of SMI, grip strength, PMCSA and SPPB according to CTP score 

in Kruskal-wallis test. Mean SPPB score of the subjects was 9.11 ± 2.10 and 26 patients (49%) had 

reduced SPPB less than 10 points. Pearson correlation showed statistically significant correlation 

between the SPPB score and PMCSA (r = 0.363, p <0.01) (Figure 1). 

Conclusion 

In patients with liver cirrhosis under 65 years old, there was a decrease of physical performance, 

and SPPB score correlated with PMCSA. This may be helpful in predicting prognosis of patients with 

liver cirrhosis using SPPB to investigate decrease of physical performance. In addition, we can 



predict decrease of physical performance by examining PMCSA, which can be measured easily by 

abdominal CT which is essential for patients with liver cirrhosis. 

Table 1. Dermographic and clinical data



Figure 1. Pearson Scatter plotsfor study results of short physical performance battery(SPPB). (A) Psoas muscle 

cross-sectional area(PMCSA) (r=0.363, p<0.01), (B) Skeletal muscle index(SMI) (r=0.248, p>0.05)
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Purpose

Neuralgic amyotrophy (NA) is an idiopathic neuritis with pain and subsequent muscle weakness. It 

is difficult to differentiate the nerve root involvement subtype of NA from compressive cervical 

radiculopathy. The objective of this study is to establish the basis for development of diagnostic 

criteria of the nerve root involvement subtype of NA through the comparison of clinical features, 

findings of immunologic tests, electrodiagnostic studies (EDX) and brachial plexus (BP) magnetic 

resonance imaging (MRI) of the patients with compressive cervical radiculopathy and NA.

Methods 

We retrospectively investigated 131 patients presented with unilateral shoulder girdle muscle 

weakness and elbow flexor weakness without trauma (weakness of the shoulder girdle is more 

severe than weakness of elbow flexion). Based on our classification criteria that were made with 

clinical findings and cervical spine MRI findings, 12 patients with compressive C5 radiculopathy 

(C5R) and 15 patients with NA (nerve root involvement subtype) were selected. Clinical 

manifestation, findings of immunologic tests, EDX and BP MRI were analyzed. 

Results

Acute severe pain and sudden weakness occurred within 24 hours in both groups. The severity of 

shoulder girdle and elbow flexor weakness was not significantly different. Seven patients (58.3%) 

showed positive Spurling’s tests among 12 patients with NA. There was no significant difference in 

immunologic tests. On EDX, the patterns of muscle involvement and the abnormality of the cervical 

paraspinal muscle in two groups were similar. Eight patients (66.7%) with C5R and 10 patients 

(66.7%) with NA had abnormal findings in BP MRI. The most frequently affected neural segment 

was extraforaminal C5 nerve root in both groups. The extent of muscle involvement in BP MRI was 

also not significantly different. Characteristic image findings, such as abnormal distal C5 nerve root 

with its normal proximal part (Fig. 1) and multi-beaded swollen C5 nerve root (Fig. 2), were found 

in two NA patients. 

Conclusion

There were no statistically significant factors for differentiation in clinical, electrodiagnostic, and 

radiological findings between C5R and NA. Spurling’s test, and denervation evidences of 

paracervical muscle in needle EMG were not a discriminating point. The abnormalities in C5 nerve 

root and upper trunk, such as swelling, high T2 signal intensity on BP MRI were shown in both 

groups. Two morphologic findings in BP MRI, selective enlargement/T2 hyperintensity of the distal 



portion of the extraforaminal C5 nerve root (Fig. 1) and multi-beaded appearance with undulating 

outer surface of the extraforaminal C5 nerve root (Fig. 2) were found only in patients with NA. 

Further imaging studies for evaluation of these MRI findings were necessary to differentiate NA 

from C5R. 
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Fig 1. MRI of a 52-year-old woman with neuralgic amyotrophy. Coronal T2-weighted STIR image. 

Asymmetrical hyperintensity is observed from the distal of left C5 nerve root to upper trunk and the proximal 

portion of the C5 nerve root has no difference in T2 signal intensity compared to the right side (white 

arrowhead).
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Fig 2. MRI of a 65-year-old man with neuralgic amyotrophy. Coronal maximum intensity projection image. 

Left C5 nerve root show asymmetrical hyperintensity with undulating pattern (arrowhead) and left upper 

trunk has higher T2 signal intensity compared with the right (curved arrow).
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Comparison of High versus Low Energy Extracorporeal Shock Wave Therapy 

for Carpal Tunnel Syndrome

Jong Hwa Lee1†, Sang Beom Kim1, Kyeong Woo Lee1, Min Woo Hong1*

Dong-A University Hospital, Department of Rehabilitation Medicine1

Background

Carpal tunnel syndrome (CTS) is one of the common causes of wrist pain in adult 

population. Recently, many researchers have demonstrated the effects of focused 

extracorporeal shock wave therapy (fESWT) on CTS. There are several papers that have 

reported the mechanism and effects of fESWT on CTS, but no treatment protocol for fESWT 

has been established. Particularly, many controversies exist regarding the proper amounts 

of power to be applied to the affected nerve. Thus, we developed two different protocols, 

high energy fESWT and low energy fESWT. The aim of this study is to compare the effect 

of high energy fESWT and that of low energy fESWT in CTS patients. 

Method

We enrolled patients who were confirmed as CTS by electrophysiologic studies. All patients 

were randomly assigned to the high energy fESWT group (HG) or the low energy fESWT 

group (LG). The fESWT probe was targeted on the median nerve of the affected side. The 

probe was oriented perpendicular to the patient’s palm, and ultrasound gel was used as a 

coupling agent. Both group received a session of fESWT that comprised 1000 impulses of 

shockwave a week for 3 weeks. The energy level of HG was 0.124 mJ/mm2, and that of LG 

was 0.04 mJ/mm2. All patients did not receive any other medication or management for 

pain during the study period. Before the first intervention and after the last intervention, 

patients were evaluated using Boston Carpal Tunnel Syndrome Questionnaire (BCTQ), 

pinch strength test, and nerve conduction study of median nerve of the affected side. 

Results

Eight patients were recruited in each group. There were no significant differences in the 

baseline characteristics and initial measurements between two groups (Table 1). After the 

treatment, all groups showed significant improvement in VAS. There were no significant 

differences in change of any measurements between the two groups (Table 3). 

Conclusion



In this study, we found the therapeutic effects of low energy and high energy fESWT on 

CTS. The low energy protocol could cause the lesser pain than high energy during the 

intervention. Thus, the low energy fESWT could be useful method for CTS treatment. 

Table 1. Baseline characteristics of two groups



Table 2. Change of measurements after treatment



Table 3. Changes of Measurements between two groups
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Synergetic effects of polydeoxyribonucleotide with shock wave on rotator 

cuff tendon tear rabbit.

Dong Rak Kwon1†, Gi-Young Park1, Yong Suk Moon2, Dong Han Kim1*

Daegu Catholic University Medical Center, Department of Rehabilitation Medicine1, Daegu Catholic 

University Medical Center, Department of Anatomy2

Objective

To investigate the synergic therapeutic effects of polydeoxyribonucleotide (PDRN) combined with 

extracorporeal shock waves therapy (ESWT) and the effects according to ESWT sequences on a 

chronic traumatic full thickness rotator cuff tendon tear (FTRCTT) in a rabbit model. 

Methods

Rabbits (n = 32) were allocated into 4 groups. After a 5-mm sized FTRCTT just proximal to the 

insertion site on the supraspinatus tendon was created by excision, the wound was immediately 

covered by silicone tube to prevent natural healing. After 6 weeks, 4 types of procedures (0.2 mL 

normal saline, group 1; 0.2mL PDRN injection, group 2; 0.2 mL PDRN injection before ESWT, group 

3; and 0.2 mL PDRN injection after ESWT, group 4) were performed into FTRCTT under US guidance 

(Figure 1). Radial type of ESWT (1.5 bar, 3 Hz) was applied 4 times weekly. We evaluated gross 

morphologic changes on all rabbits after euthanize. Proliferating cell nuclear antigen (PCNA), 

vascular endothelial growth factor (VEGF) and platelet endothelial cell adhesion molecule (PECAM-

1) stain were performed to evaluate histological changes. Motion analysis was also performed. We 

used chi-square test, analysis of variance (ANOVA) to determine statistical differences among intra-

and inter-groups. When ANOVA yielded significant results indicating that the group was 

significantly different from others, tukey’s post-hoc test was also performed. All data are expressed 

as mean ± standard deviation, and statistically significant levels were predetermined at P < 0.05. 

Results

In gross morphology, mean tendon tear size in group 2, group 3, and group 4 was significantly 

smaller than that in group 1 (p < .05). In histochemical and motion analysis, PCNA, VEGF, PECAM-

1 stained cells and walking distance, fast walking time, mean walking speed in group 2, group 3, 

and group 4 were greater than those in group 1 (p < .05). In group 4, all measured parameters 

showed significantly greater than those in group 2, and the three parameters such as PCNA, 

PECAM-1 stained cell, and fast walking time showed significantly greater than those in group 3 (p 

< .05) (Table 1). However, there were no significant differences in all parameters between group 2 

and group 3. 

Conclusions

These results demonstrated that ESWT before PDRN injection was more effective than saline, PDRN 

alone, and ESWT after PDRN in anigiogenesis on a chronic traumatic FTRCTT in a rabbit model. 



According to the results it was possible to propose, applying ESWT before PDRN injection may be 

the most appropriate treatment sequence. 

Table 1. Semiquantitative score of gross morphologic, histological findings, immunoreactivity of stain and 

motion analysis according to treatment groups at 4 weeks after first injection. 
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The characteristics of axial gout among Korean patients with peripheral 

gouty arthritis
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Introduction

Gout is the most common inflammatory arthritis. It is known that gout can be developed 

in the axial skeleton. However, axial gout which can be potential cause of axial or radicular 

pain is still under-recognized to spine physicians. There have been few computed 

tomography (CT) study to describe the characters of axial gout in Caucasian and African 

American. Classic CT findings of axial gout are intra-articular and juxta-articular osseous 

erosions with sclerotic margins and tophaceous deposit shown as juxta-articular soft-tissue 

masses with an attenuation density greater than the surrounding muscle. Recently, dual-

energy CT (DECT) has been used to identify MSU deposits with high sensitivity. It have been 

accepted that there are racial differences in the incidence of gout, however there have 

been no reports to describe the characteristics of axial gout in Asian population. The aim 

of study was to describe axial gouty lesions using CT and clinical characteristics in a Korean 

population and to report feasibility of using DECT to diagnose axial gout. 

Materials and methods

We enrolled 95 Korean patients who visited our spine center from March 2012 to February 

2017 and who were previously diagnosed with peripheral gouty arthritis with available CT 

images of vertebral columns. Seven patients underwent DECT. Axial gout was defined by 

the presence of erosions or tophi in the vertebral endplate or facet joint. Clinical and 

laboratory data of these patients were retrieved from medical records. 

Results

Fifteen (15.8%) of 95 patients had conventional CT evidence suggestive of axial gout. Of 

the 15 patients, the lumbar spine was commonly involved (12 patients, 80%). Fifteen 

patients (17 vertebral lesions) had erosions in vertebral columns and two patients 

presented with tophi with erosive changes in facet joints. (Figure 1) Of the 7 patients 

subjected to DECT, six demonstrated monosodium urate deposits with erosive foci (Figure 

2). There were no correlations of the presence of axial gout with age, duration of peripheral 

gouty arthritis, laboratory findings, and the presence of hypertension and end-stage renal 

disease. However, there was a significant correlation of axial gout with the presence of 

diabetes. (Table 4) 



Conclusion

The prevalence of axial gout in Korean patients with peripheral gouty arthritis and spinal 

symptoms was 15.8%. The lumbar spine was commonly involved. DECT may be useful as 

an adjunctive tool in the diagnosis of axial gout.

Figure1. CT evidence suggestive of axial gout. (A) Erosive change with sclerotic margins in vertebral body or 

facet joints (white hollow arrows). (B) Tophi in facet joints 

Figure2. Lumbar spine computed tomography (CT) in axial gout. (A) Erosive changes in L4-5 and L5-S1 

endplate on conventional CT. (B) Monosodium urate deposit (green) in the erosive foci of endplate on dual-

energy CT. 
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Purpose 

To investigate which Korean pain descriptors are frequently used in the patients with 

musculoskeletal disorder and compare the frequency of Korean pain descriptor according 

to pain disorder, gender, age, and pain intensity and pattern. 

Material and Method 

The study was retrospectively conducted for the 242 patients (72 men, 170 women; mean 

age, 59.1 years; range, 20-83 years) who visited the outpatient clinic due to 

musculoskeletal pain between January 2019 and June 2019. The patients were asked to fill 

out a questionnaire for their musculoskeletal pain. The questionnaire included the pain 

location, subjective pain description, pain intensity using numeric rating scale (NRS), and 

pain duration and pattern. The Korean pain descriptors were classified ‘Alida’, ‘Ssusida’, 

‘Jjileum (stinging)’, ‘Dang-gida (pulling)’, ‘Ugsinhada’ etc), and compared according to 

diagnostic pain disorders (shoulder, back, neck, knee pain), gender (male, female), age 

(under 65, 65 years or older), pain intensity (mild: NRS 1-3, moderate: 4-6, severe: 7-10), 

and pain pattern (continuous, intermittent). 

Result

Total 24 Korean pain descriptors were recorded, and ‘Alida’ was the most frequent pain 

descriptor with 89 cases, followed by ‘Ssusim (48)’, ‘Jjileum (22)’, ‘Dang-gim (16)’, ‘Ugsin 

(14)’, and others (53). When the patients were classified according to their pain diagnosis, 

shoulder pain was the most common disorder (153 cases), followed by back pain (33), knee 

pain (31), and neck pain (25). ‘Alida’ was the most frequent pain descriptor in all disorders. 

In the patients with shoulder pain, the second most frequent pain descriptors was ‘Ssusim 

(36)’, followed by ‘Jjileum (17)’, and ‘Ugsin (10)’. In the patients with back pain, the second 

most frequent pain descriptors was ‘Ssusim (5)’, followed by ‘Dang-gim (4)’ and ‘Jjileum 

(3)’. In the patients with knee pain, the frequency of pain descriptor was followed by 

‘Ssusim (5)’ and ‘Dang-gim (3)’, and in the patients with neck pain, followed by ‘Dang-gim 

(4)’, ‘Ssusim (2), and ‘Jjileum (2)’. There was a significant difference of pain descriptor 

frequency among the four pain disorders (p<.05) (Figure 2). When the frequency of pain 



descriptors was classified according to age (p=.21), gender, (p=.42), pain intensity (p=.45), 

and pain pattern (p=.48), there was no significant difference between/among the groups 

Conclusion 

The pain descriptor expressing musculoskeletal pain in Korean varied widely and ‘Alida’ is 

the most frequent Korean pain descriptor regardless of pain disorder, age, gender, pain 

intensity and pattern. The frequency of Korean pain descriptors showed a significant 

difference according to pain disorders. However, the frequency of Korean pain descriptors 

showed no significant difference according to age, gender, and pain intensity and pattern. 

Table 1. Frequency of Korean Pain Descriptors for Musculoskeletal Pain

Figure 1. Among Korean pain descriptors, ‘아림’ was the most frequent pain descriptor, followed by ‘쑤심’, 

‘찌름’, ‘당김’, ‘욱신’, and others.



Figure 2. There was a significant difference of pain descriptor frequency among the four different pain 

disorders (p<.05). 
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Comparison of regeneration of direct and alternating microcurrent on rabbit 

atrophied calf muscle

Dong Rak Kwon1†, Gi-Young Park1, Yong Suk Moon2, In Ho Woo1*

Daegu Catholic University Medical Center, Department of Rehabilitation Medicine1, Daegu 

Catholic University Medical Center, Department of Anatomy2

Purpose 

High intensity direct current has been reported to be effective in preventing and 

regenerating muscle atrophy in several previous studies. A previous study demonstrated 

that alternating microcurrent therapy (MT) might prevent progression of gastrocnemius 

(GCM) muscle atrophy and facilitate the regeneration of muscle cell. Moreover, low 

intensity currents were more effective than high intensity currents. To the best of our 

knowledge, no study has been conducted to compare the effect of microcurrent therapy 

according to the type of electric current. In this study, we aimed to compare the 

regenerative effect of direct and alternating microcurrent therapy on atrophied calf muscle 

in cast-immobilized rabbit 

Method 

Twelve-week-old 18 male New Zealand white rabbits were randomly allocated into 3 

groups of 6 rabbits. Right gastrocnemius muscle was used for immobilization by cast (IC) 

for 2 weeks. MT (direct current or alternating current) and sham MT was applied daily for 

1 hour in each session. IC for 2 weeks and sham MT for 2 weeks after cast removal (CR) 

(group 1), IC for 2 weeks and alternating current (AC) MT for 2 weeks after CR (group 2), 

and IC for 2 weeks and direct current (DC) MT for 2 weeks after CR (group 3). In DC group, 

stimulating current was set at 200 µA, constant current (12-14V). Probe (cathode) was 

placed on the posterior aspect of calf muscle and reference electrode (anode) was placed 

on the back of rabbit. In AC group, alternating (200 µA, 30 Hz, rectangular pulse) MT were 

applied onto the skin over the GCM muscle medially as well as laterally. Clinical parameters 

including both circumference of calf muscles, compound muscle action potential (CMAP) 

of tibial nerve, and thickness of GCM muscles were measured by ultrasound before 

euthanasia (Figure 1). Atrophic change of Rt. calf circumference, CMAP of Rt. tibial nerve, 

thickness of Rt. GCM was calculated by [Lt. side– Rt. side / Lt. side X 100]. Muscle sections 

were immunohistochemically stained for type 2 fibers using monoclonal anti-myosin 

antibody. Cross sectional area (CSA) of 150 muscle fibers in type 1 and type 2 was 

measured at GCM muscles (Figure 2). 

Result 



Mean atrophic changes of Rt. calf circumference, amplitude of CMAP on Rt. tibial nerve, 

and Rt. medial and lateral GCM muscle thickness in group 2 and 3 were significantly lesser 

than those in group 1, respectively (p < .05) (Table 1). Histological findings showed that 

mean CSA of medial and lateral GCM muscle fibers in group 2 and group 3 were 

significantly greater than those in group 1 respectively (p < .05) (Table 1). However, there 

was no significant difference in clinical parameters and histologic findings between the 

group 2 and 3.

Conclusion

This study showed that both direct and alternating microcurrent therapy may be effective 

in promoting the regeneration of GCM muscle atrophy as demonstrated by improvement 

in clinical parameter and histology. 
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Relationship between femoral muscle volume and function using MRI in 
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Objective

To evaluate the femoral muscle volume of normal and affected side by using 3D modeling 

based on the MR images in the trans-femoral amputee and confirm the relationship 

between the lower limb function and the change in muscle volume of amputation limb. 

Methods

Total seven subjects with trans-femoral amputation using prosthesis were enrolled. They 

were checked for gait and balance function using clinical tests, such as 10 m walk 

test(10MWT), 6 minute walk test(6MWT), respiratory gas analysis during treadmill gait, 

Berg balance scale and automatic balance test. Five subjects were evaluated for bilateral 

femoral muscle volume by MR imaging, and the volume of the femoral muscles was 

reconstructed by 3D remodeling software. According to the anatomical function, muslces 

were classified into 4 groups; hip flexor, hip adductor, hip extensor and knee flexor, and 

knee extensor. The functional muscle groups with more volume reduction rate on the 

amputation side were identified and compared with the volume reduction rate and 

function. 

Results

The mean age of the subjects was 50.3 years and the mean duration of walking after the 

amputation was 41.6 months. The mean walking speed was 1.98m/s with a 10MWT, and 

the mean walking distance was 305.73m by 6MWT The gait and balance functions were 

lower than normal values reported previously. There were statistically differences 

between normal and amputation side in femur length, total muscle volume and muscle 

volume by function except the hip adductor group (p<0.05). Hip extensor and knee flexor 

volume reduction (%) and VO2/kg, O2 Cost, and metabolic equivalent of task during gait 

were negatively correlated (rs=-0.9, p=0.037) in respiratory gas analysis. 

Conclusions



In unilateral femoral amputee using prosthesis for gait, residual muscle mass changes at 

the amputated limb are associated with gait and balance functions. The muscle volume 

reduction of the stump is prominent in knee extensors, hip extensors and knee flexors. 

Further research is needed to determine if training in maintaining the muscle mass of 

amputated limb can help in functional changes. 

Fig. 1 A three dimensional modeling case of bilateral femoral MRI 

Table 1. Femur length and muscle volume differences
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Popliteal Sciatic Nerve Block as an Alternative Anesthesia in Surgically 

Treated Ingrown Toenail
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Joon Shik Yoon, M.D., Ph.D.1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1, Korea University 

Guro Hospital, Department of Orthopedic Surgery2, Kyunghee Geriatric Hospital, 
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Background and Aims 

Ingrown toenail is one of the most common painful nail conditions. Although most cases 

are treated conservatively, surgical treatments are required in some cases. To date, digital 

nerve block (DB) has been most commonly used anesthetic procedure as its ease of 

performance. However, as multiple injections are required and the local anesthetic agents 

are not well infiltrated in severe cases, a need for alternative anesthetic procedure has 

been raised. Our aim of this study was to investigate the safety and effectiveness of 

popliteal sciatic nerve block (PB) as an alternative anesthetic modality in surgically treated 

ingrown toenail patients. 

Methods 

110 surgically treated ingrown toenail patients (stage 2 and 3 according to Heifetz 

classification) were enrolled. All patients were male with a mean age ± SD of 20.7 ± 2.1 

years. 66 patients underwent DB and 44 received popliteal PB as anesthetic procedures. 

DB was performed via 25-gauge needle with administrating 3 mL of 2% lidocaine in each 

side of the web space just distal to the metatarsophalangeal joint. PB was performed via 

22-gauge needle with administrating 15 mL of 2% lidocaine in sciatic nerve at the popliteal 

region. The PB was performed under real-time ultrasound guidance. For evaluating 

procedure-related pain, visual analogue scale (VAS) score during skin penetration (SP) and 

injecting the solutions (IS) were separately recorded. Time to induction, duration of 

anesthesia, and a need for additional injection were checked for evaluating the 

effectiveness. For evaluating the safety, adverse events related to anesthesia (e.g. 

palpitation, nausea, vomiting, dizziness et al.) were recorded. 

Results 

PB group showed significantly lower procedure-related pain than DB group (p < 0.001). 

VAS scores during skin penetration were mean ± SD of 43.5 ± 11.0 mm (PB) and 58.3 ± 23.6 

mm (DB). VAS scores during injecting the solutions were 23.6 ± 10.6 mm (PB) and 58.3 ± 



13.8 mm (DB). Time to induction showed significant difference between the two groups (p 

< 0.001): 20.8 ± 4.6 minutes (PB) versus 6.5 ± 1.6 minutes (DB). Duration of anesthesia also 

differed between the two groups (p < 0.001): 187.9 ± 22.0 minutes (PB) versus 106.5 ± 19.1 

minutes (DB). Additional anesthetic injections were needed in 16 cases (24.2%) of DB group 

due to poor anesthesia, while none of PB group required extra-shot. A total of 4 cases (2 

dizziness and 2 syncope) were reported as adverse events related to anesthesia in DB 

group, while 2 cases (1 palpitation and 1 dizziness) occurred in PB group. 

Conclusions 

PB can be considered as a safe and effective anesthetic method for surgical treatments in 

ingrown toenail patients. As PB seems to be less painful, safer, and more effective method 

than conventional DB, physicians could regard the procedure as an alternative anesthetic 

modality. 
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Background 

Lateral epicondylitis is among the most common elbow pathologies affecting people aged 

between 40 and 50 years. Although epicondylitis is often a self-limiting condition that 

improves with conservative treatment, the condition can be difficult to eradicate. The 

purpose of this study was to compare the effectiveness of platelet-rich plasma (PRP) 

injections and exercise for the treatment of lateral epicondylitis. 

Methods 

Thirty-five chronic lateral epicondylitis patients nonresponding to conservative care for 

more than 3 months were evaluated. Twenty-four patients received ultrasound guided 3ml 

autologous PRP injection and 11 patients received exercise training. An exercise program 

was recommended to patients in all two groups. Patients were assessed according to Mayo 

elbow performance score, visual analogue scale (VAS), 5-Likert scale and tendon thickness 

using US image. The primary outcome was Mayo elbow performance score after 3 months. 

All patients were questioned regarding adverse effects after therapy. Statistical analysis 

was performed using SPSS version 24.0 software. 

Results 

After 3 months, 4 patients in the PRP group and 3 patients in the control group failed to 

follow up and results of 28 patients were analyzed. In baseline analysis of the patients in 

the two groups, there was no difference in gender, body mass index, duration of symptoms, 

Mayo elbow performance score, 5 Likert scale and tendon thickness between the two 

groups. But previous history of steroid injection and VAS were significantly different 

between the two groups (Table 1). In the primary outcome, the Mayo elbow performance 

score of the PRP group improved by 8.50 ± 17.70 after 3 months, showing a statistically 

significant improvement (Table 2). In the secondary outcome, the VAS at 3 month, Mayo 



elbow performance scale and 5 Likert scale at 6 month were significantly improved in the 

PRP group compared with baseline values. The VAS at 6 month and 5 Likert scale at 3 

month were significantly improved in both groups. In the US finding, the thickness of the 

common extensor tendon was not statistically different compared with baseline value in 

both groups. There was no serious adverse events in both groups. 

Conclusion 

According to our study, PRP injection is safe and has a short and long term effect for 

improving pain and function in chronic lateral epicondylitis. PRP injections can be 

recommended as a treatment option for patients with chronic lateral epicondylitis. 

Acknowledgment: This research was supported by the 'Conditional Approval System of 

Health Technology‘ funded by the Ministry of Health and Welfare. 

Table 1. Baseline values of PRP and control groups.



Table 2. Clinical results of PRP and control groups at 3 months.
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Objective 

The aim of this pilot study was to investigate the association among the foot posture, and 

foot pressure and cross-sectional area (CSA) of the ankle invertor and evertor. 

Methods 

3 children with flatfoot (foot posture index (FPI) > 6) and 3 aged-matched controls were 

recruited. And we collected a total of twelve foot features. Measurements included resting 

calcaneal stance position (RCSP), arch height index (AHI) with radiography assessment, CSA 

of the peroneus longus and brevis (PER), tibialis anterior (TA), tibialis posterior (TP) muscles 

were obtained using ultrasographic system and plantar pressure distribution were 

measured through the Free step® system. And questionnaire including the Foot Function 

Index (FFI) were performed to determine the severity of the symptoms and the location of 

the pain. 

Results

The CSA ratio between evertor and invertor was significantly higher in the flat group than 

in the control group. and The CSA ratio between TP and PER was higher, too. No correlation 

was observed between CSA ratio and any pressure distributions in the foot specific region. 

The correlation between TPI and CSA ratio is not clear. 

Conclusion 

In this study, we confirmed that the CSA difference between ankle inverter and inverter 

may affect the foot biomechanics of flat foot patients. We are currently conducting studies 

to identify significant correlations with more patients and we will also investigate how the 

outcome changes after applying the rigid foot orthosis for several months. 



Table 1. Baseline characteristics of the groups. 

Table 2. Outcome (CSA) comparisons between flat foot and control groups. CSA : Cross-sectional-area (cm2), 

TA : tibialis anterior, TP : tibialis posterior, PER : peroneous longus + brevis, E/I : CSA of evertor / CSA of 

invertor (TA+TP/PER)



Figure 1. The scanned structures and probe position, and corresponding sample images. (A)-1 : probe 

position of TA, (B)-1 : probe position of TP, (C)-1 : probe position of PER, (A)-2 : scanned CSA of TA, (B)-2 : 

scanned CSA of TP, (C)-2 : scanned CSA of PER
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Introduction 

Frozen shoulder, also named adhesive capsulitis, is common disease with clinical 

presentations such as pain and limitations of range of motion in shoulder. That is due to 

fibrosis of the joint capsule and then adherence to the humeral head. The frozen shoulder 

is known that it resolves within 12-42 months by self-limiting courses, reveals chronic 

disability with 15 % of the patients and recurs with 6-17 % on contralateral side within 5 

years but rare on ipsilateral side. We performed analysis of short-term and long-term 

recurrence in frozen shoulder in single-center to confirm that recurrence is really rare in 

frozen shoulder in short and long terms. 

Methods 

We reviewed the medical information of patients diagnosed or treated as frozen shoulder 

in our hospital in 2018 and 2019. We identified age, sex, initial information of diagnosis 

such as onset date, diagnosed date, involving side, pain severity(VAS), DASH score and 

LOM of shoulder and recurrence information including recurred date, side and time 

interval of recurrence 

Results 

70 patients were reviewed among patients who visited the hospital due to frozen shoulder 

in 2018 and 2019. The incidence of recurrent event on contralateral side was 12.9% with 9 

patients ranged 3 to 55 months (3, 3, 4, 11, 14, 16, 30, 50, 55 month) in recurrence interval 

and 11.4% on ipsilateral side with 8 patients ranged 6 to 79 months, relatively long-term 

intervals compared to the contralateral cases. 

Conclusion 

In this study, we confirm recurrence of frozen shoulder on contralateral side is consistent 

with previous statistics but that on ipsilateral side is different with aspect that at least, it is 

not rare in long-term. To more specify our findings, we will perform further study with 



larger size of population and additional factors such as improvement of pain or LOM in 

affected shoulder. 
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in Chronic Low Back Pain
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Purpose

Although a variety of lumbar exercises are prescribed for chronic low back pain, the 

controversy over lumbar extension versus flexion exercise has not been solved yet. The 

purpose of this study was to investigate the efficacy of lumbar extension exercise (EE) 

compared to flexion exercise (FE) in patients with chronic low back pain. 

Methods

Sixty-six patients with low back pain (pain intensity > 5 by numeric rating scale from 0 to 

10) lasting longer than 6 months were recruited. Subjects were allocated either to the EE 

(n=34) or FE (n=32) group. Each group attended a 4-week exercise/education program 

supervised by physiotherapists. The efficacy was measured by the pain scores (mean, 

weakest, and strongest), brief pain inventory (BPI), Oswestry Disability Questionnaire (ODI), 

life-quality scale (EQ-5D), and physical activity scale for Elderly (K-PASE) at the baseline, 1-

month, 3-month, and 6-month follow up. 

Results

The mean ages of the EE and FE groups were 53.3±15.6 and 55.4±13.2 years, respectively 

(p=0.749). At the baseline, the mean pain scores were similar between the two groups 

(5.8±1.2 vs 6.0±1.0; p=0.244). During the 6-month follow up period, the mean pain score 

was more rapidly improved in the EE group than in the FE group (p for interaction=0.021), 

showing significantly lower score in the EE group than in the FE group at the 3-month visit 

(3.1±1.7 vs 4.7±1.9; p<0.01; Bonferroni analysis). The EE group also tended to show more 

improvements in the weakest pain score than in the FE group (p for interaction=0.073). 

Strongest pain score, BPI, ODI, EQ-5D, K-PASE, and compliance were comparable between 

the two groups throughout the study period. 

Conclusion

Lumbar extension-based exercise was more effective for the treatment of chronic low back 

pain compared to flexion-based exercise in this 6-month prospective study. 
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The Functional and Morphological Changes of the Cervical Intervertebral 
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Object

The newly developed cervical lordotic curve-controlled traction (C-LCCT) appears to be an 

ideal method to improve the treatment outcome in patients with cervical intervertebral 

disc disease. 

Purpose

The purpose of this study was to investigate the treatment outcomes of C-LCCT including 

the functional and morphological changes of the cervical intervertebral disc compared to 

traditional traction (TT) with randomized controlled trial design. 

Methods

A total of 40 patients with cervical intervertebral disc disease at the C5/6 level confirmed 

by magnetic resonance imaging were recruited and assigned to either the C-LCCT group or 

the TT group. The comprehensive health status changes of the patients were recorded 

using pain and functional scores (Visual Analogue Scale, Oswestry Disability Index) and 

morphological changes (cervical lordosis, cervical central canal area) before and after the 

traction treatment. 

Results

Both groups showed a significant improvement in pain scores after traction (p < 0.05). The 

functional score and morphological changes improved significantly after treatment in the 

C-LCCT group. However, there was no significant improvement in the TT group (p < 0.05). 

The C-LCCT showed significant pain, functional, and morphological improvement 

compared to TT. 

Conclusion

C-LCCT could be effective in improving the treatment outcomes of the traction technique 

in patients with cervical intervertebral disc disease. 



Figure 1 Technique of cervical traction

Figure 2 Cobb angle of cervical lordotic curve, Figure 3 Central canal area in axial view of cervical spine MRI



Table 1 Demographic characteristics of participants

Table 2. Pain and functional scores in C-LCCT versus TT group.

Table 3. Morphological changes (Cobb angle and central canal area) in C-LCCT versus TT group.

Table 4. Comparison of changes between C-LCCT and TT groups.
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Comparison of Lumbar Stability During Postures and Motions of Low Back 
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Background and aims 

Lumbar stability is one of the crucial mechanical factors of low back pain (LBP). Previous 

researches have shown that different types of motor patterns were observed during a wall-

plank-and-roll test between healthy individuals and LBP patients. Our aim of this study was 

to compare lumbar stability during 10 static postures and 8 dynamic motions between LBP 

patients and healthy control groups. To compare the stability of the lumbar spine among 

the postures/motions. 

Methods 

30 patients with LBP and 30 healthy individuals aged 22 to 67 years were included. The 

subjects performed 10 static motions (4 sitting postures, 3 desk jobs and manipulating a 

smartphone at the face/chest/knee-level) and 8 dynamic motions (chair stand, bend over 

to pick up, squat down to pick up, walk, walk up and downstairs, squat, wall-plank-and-roll, 

tripod stability) with three inertial sensors attached on the thoracic spine and sacrum. 

Relative angles between the sensors were calculated to analyze the lumbar lordosis angle. 

With average KL angle, delta KL angle, lordosis robustness index (LoRI) indicators compared 

to the patients and the control groups in static postures. And in dynamic motions, the 

average KL angle, RMS of angular velocity, and lordosis robustness index (LoRI) index were 

compared between the two groups. A comparison was also made between postures and 

motions. 

Results 

Delta KL angles of LBP patients were significantly higher than healthy subjects when 

performing keyboard tasks with a standard computer monitor and manipulating a mobile 

phone at the chest-level (p<0.05). LoRI was the highest when sitting with a backrest 

including lumbar roll, and the lowest when sitting hunched both in LBP and healthy 

subjects. The average KL angle was the highest when sitting with a backrest including 

lumbar roll, and the lowest when performing writing tasks on the desk. The RMS of angular 

velocity was significantly higher in the LBP group than healthy subjects when performing 

tripod stability (p<0.05). And significantly lower ROM during walking was observed in the 

LBP group compared with the controls (p<0.05).



Conclusions 

The conclusion of this study, which quantified lumbar lordotic curvature and stability. 

Sitting with backrest is the most secure posture on the lumbar spine. Nevertheless, the 

most unstable posture is sitting hunched. And, Patients with low back pain have a poor 

ability to maintain lumbar lordotic curvature in keyboard tasks and using smartphones at 

chest levels. Patients with low back pain are more unstable when performing tripod 

stability motion than normal controls. From this point of view, TS motion may be used to 

quantify and monitor the lumbar stability of patients with back pain. This kinematic 

biomarker can be used to compare the adequacy of various postures and to provide 

guidance for the rehabilitation of Low Back Pain patients. 
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Epidemiology and effect on physical function of osteosarcopenia in patients 
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Objective 

This study was undertaken to investigate the prevalence of osteosarcopenia and its impact 

on physical function, quality of life and pain in patients with end-stage knee osteoarthritis. 

Methods 

In this cross-sectional study, we assessed a total of 578 patients (77 males and 501 females; 

average age 71.47±5.72 years) who were diagnosed with end-stage knee osteoarthritis 

(OA). We divided patient into four groups according to the presence of osteoporosis and 

sarcopenia(defined as a loss of skeletal muscle mass by Bioelectrical Impedance Analysis). 

The concept of osteosarcopenia is defined as patients with osteoporosis and sarcopenia. 

All patients completed performance-based physical function tests including stair climbing 

test (SCT), 6-minute walk test (6MWT), timed up and go test (TUG), instrumental gait 

analysis for spatio-temporal parameters. Self-reported physical function and pain were 

measured using the Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) 

and Visual Analog Scale (VAS), and self-reported quality of life was measured using the 

EuroQOL five dimensions (EQ-5D) questionnaire. 

Results 

Osteoporosis alone was diagnosed in 191 subjects (33%), sarcopenia alone in 23 (4%), and 

osteosarcopenia in 13 (2.2%). Among 13 patients with osteosarcopenia, 11(84.6) were 

females and 2(15.4) were males. In the analysis of variance (ANOVA), osteosarcopenia 

group exhibited significantly higher scores in SCT-ascent, SCT-descent, TUG, and lower 

scores in 6MWT, gait speed, cadence and EQ-5D in other groups (P<0.05). After adjusting 

for age, sex, BMI by the logistic regression, SCT-descent (β=0.158, p<0.001, R2=0.13), SCT-

descent (β=0.169, p<0.001, R2=0.118), 6MWT (β=0.091, p=0.027, R2=0.027), TUG (β=0.14, 

p=0.001, R2=0.128), EQ-5D (β=-0.14, p=0.001, R2=0.033), WOMAC pain(β=0.158, p<0.001, 



R2=0.13), gait speed (β=-0.138, p=0.001, R2=0.085) and cadence (β=-0.131, p=0.002, 

R2=0.039) were significantly associated with patients with osteosarcopenia (OR=1.040, 95% 

CI 1.010-1.071, p=0.010). 

Conclusions 

This study confirmed the prevalence of osteosarcopenia could be associated with the 

performance-based and self-reported physical function, and quality of life in patients with 

end-stage knee OA. 
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Objective 

Korea is rapidly moving into an aged society. The aging process is accompanied by the 

progressive decline in bone mineral density (BMD), muscle mass, and muscle strength. 

These factors influence each other, therefore, researching the correlation between aging 

and muscle-bone relationship is meaningful to study. This study aimed to evaluate BMD is 

associated with decreased hand grip strength, and whether the BMD is associated with the 

balance function in elderly population. 

Method 

This cross-sectional study analyzed pre-existing data from the Korean Frailty and Aging 

Cohort Study. The bone mineral density (BMD) was measured in 281 community-dwelling 

elderly subjects using dual-energy X-ray absorptionmetry (DXA) and categorized 3 group 

based on their T-score as normal, osteopenia and osteoporosis. The hand grip strength was 

measured in dominant hands using a hand-held dynamometer. The clinical balance tests 

were carried out using the timed up and go test (TUG), short physical performance battery 

(SPPB). One-way ANOVA and Spearman’s correlation test were used to analyze the 

relationship between hand grip strength, balance tests and BMD. 

Results 

There were significant difference in grip strength with osteoporosis as compared to normal 

bone density and osteopenia (p=0.014). The three group was positive correlation with 

chair stand test component of the SPPB test (r=0.124, p=0.038) and negative correlation 

with hand grip strength (r=-0.177, p<0.01). However, no significant differences were 

observed between the three groups for the BMD and clinical balance tests (p=0.56). 

Conclusion 



Low hand grip strength is positively associated with low BMD. There was no relationship 

between BMD and outcomes of the balance test. This study suggests that osteoporosis 

patients may have low grip strength and low chair stand test score and may be related to 

sarcopenia. In the elderly population, should be encouraged to increase muscle strength 

for the risk management of osteoporosis. 
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Objective

Motor evoked potential was considered as one of good prognosis factor of motor recovery 

of stroke. The objective of this study was to investigate whether motor evoked potential 

(MEP) was related with motor recovery of upper and lower extremity and general 

functional outcome of patients with stroke. 

Design

One hundred-ten patients with first-ever stroke of supra tentorial lesion were 

retrospectively enrolled for this study. General characteristics such as age, sex, stroke type, 

side of hemiplegia were collected for this study. Motor evoked potential and 

somatosensory potential study, Fugl Meyer motor assessment (FMA), modified Barthel 

index (MBI), Berg balance scale (BBS), O’connor finger dexterity test were evaluated in pre-

and post-rehabilitation. Results of MEP were divided by ‘evoked’ and ‘not-evoked’ on 

upper and lower extremity, respectively. 

Results

Acute stage of score of FMA of upper extremity and O’connor finger dexterity test were 

statistically significant greater in ‘evoked’ than ‘not-evoked’ in upper extremity MEP study. 

(FMA, 44.35+22.63 vs 18.00+20.12; O’connor finger dexterity, 2.41+5.37 vs 0.00+0.00) 

However, there was not significant differences in MBI in terms of upper extremity MEP 

study. Also, there was not significant differences in improvement of MBI between pre-

rehabilitation and post-rehabilitation stage. Score FMA of lower extremity, BBS and MBI 

were statistically significant greater in ‘evoked’ than ‘not evoked’ in lower extremity MEP 

study (FMA 24.42+8.95 vs 12.38+9.98, BBS 16.52+16.72 5.43+8.56, MBI 40.88+23.53 

27.65+19.02) However, there was not significant differences in difference between pre-

rehabilitation and post-rehabilitation improvement of BBS and MBI in terms of MEP lower 

extremity. 

Conclusions



The MEP was related with good status of pre-rehabilitation status of motor and general

functional status. However, no significant better improvement of general functional status 

was observed in subacute stage of patients with stroke. 
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Analysis of Medical Rehabilitation Research in the Democratic People’s 
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National Rehabilitation Center, Rehabilitation Hospital1, National Rehabilitation Center, 
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The purpose of this study was to analyze the state of medical rehabilitation research in 

Democratic People’s Republic of Korea (DPRK) through the analysis of DPRK’s medical 

journal articles, collected in the North Korea Resource Center in the ministry of Unification, 

South Korea. This study investigated a total 10-year collections from 2009 to 2018 on four 

medical journals (1: Internal medicine, 2: Surgery, 3: Preventive medicine, and 4: Korean 

medicine). Seven researchers analyzed collected data and initially screened PM&R related 

articles based on the article title. Then the second screening was conducted through a 

cross-examination of the title and contents of the selected articles by two Physical 

Medicine & Rehabilitation(PM&R) specialists. Finally the selected articles were classified 

into 12 categories based on the learning objectives of PM&R areas (Neurorehabilitation, 

Musculoskeletal rehabilitation, Spinal Cord Injury rehabilitation, Pediatric rehabilitation, 

Elderly rehabilitation, Sports rehabilitation, Neuromuscular rehabilitation, Physiotherapy, 

Assistive Technology, Cardiopulmonary rehabilitation). Then final 426 papers were 

selected and categorized by field, disease, author, and year. The resultant statistics and 

further qualitative analysis was carried out by selecting in-depth articles by two PM&R 

specialists. 

The results of the analysis are as follows. 386 out of 7,679 articles were related to topics in 

PM&R fields, which accounted for 5% of total articles. 386 articles were categorized into 

12 PM&R fields, 138 of which were musculoskeletal rehabilitation, 122 were 

neurorehabilitation, 43 were physiotherapy, and 38 were neuromuscular rehabilitation. 

Based on the disease names, stroke (Hemorrhagic stroke, Ischemic stroke, Concussion, etc.) 

was top-rated as of 73 related cases (26 cases of herniation of intervertebral disc, 25 cases 

of Arthritis, 23 cases of Knee Arthropathy, 18 cases of Pain, 17 cases of Motor function & 

Thrombosis, and 14 cases of Neuritis). Finally the research trends by year showed that the 

most frequently appeared research topics were the musculoskeletal rehabilitation, 

neurorehabilitation, physiotherapy, and neuromuscular rehabilitation (Figure 1). These 

areas were generally increased after year 2013, especially in the field of musculoskeletal 

rehabilitation. 



In this study, we found that the number of research on disability and rehabilitation in DPRK 

steadily increased. PM&R research in DPRK became active in 2013 after DPRK revised the 

legislation on persons with disabilities in line with signing the United Nations Convention 

on the Rights of Persons with Disabilities (UN CRPD). Therefore we keep our efforts on 

collaboration with DPRK's rehabilitation medical specialists in a step-by-step manner in 

order to reflect the current healthcare conditions in DPRK. 

Acknowledgment: This research was supported by a grant (19-C-04) by the Korea National 

Rehabilitation Center. 

Figure1 Recent trend in medical rehabilitation research in Democratic People's Republic of Korea
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Objective

The cerebellum communicates with the cerebral cortex through the cortico-ponto-

cerebellar tract (CPCT, cerebellar afferent) and the dentato-rubro-thalamo-cortical tract 

(DRTCT, cerebellar efferent). This study explored the laterality of CPCT and DRTCT in a 

right-handed population. 

Methods

Forty healthy right-handed subjects who underwent diffusion tensor imaging (DTI) were 

retrospectively enrolled. Bilateral CPCT, DRTCT, and the corticospinal tract (CST) were 

reconstructed using probabilistic diffusion tensor tractography (DTT). Tract volume (TV) 

and fractional anisotropy (FA) were compared between dominant and non-dominant 

tracts. To determine age-related differences, the TV and FA were compared between three 

age groups (20–40, 41–60, and 61–80years). 

Results

TV and FA of non-dominant CPCT were higher than those of dominant CPCT, and the 

dominant CST was higher than the non-dominant CST. The TV and FA of DRTCT showed no 

side-to-side difference. The 61–80years age group had the highest TV of the dominant and 

non-dominant DRTCT among the three groups and the highest FA of the non-dominant 

CPCT and DRTCT. 

Conclusions

The results revealed normal asymmetric patterns and age-related changes of CPCT and 

DRTCT using probabilistic DTT. Normal characteristics of cerebro-cerebellar structural 

connectivity will be valuable to evaluate structure-function relationships and 

reorganization after lateralized brain injury. 



Acknowledgment :None 

Fig. 1 The cerebellum communicates with the cerebral cortex through the cortico-ponto-cerebellar tract 

(CPCT, cerebellar afferent) and the dentato-rubro-thalamo-cortical tract (DRTCT, cerebellar efferent). We 

reconstructed bilateral CPCT and DRTCT using probabilistic diffusion tensor tractography. The CPCT was 

biased to the non-dominant cerebellar hemisphere, but the DRTCT did not show any significant laterality. 
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Introduction and Objectives

Pneumonia, an emerging burden to patients with Parkinson disease (PD), is known as the leading 

cause of death and the most common reason for hospital admission in PD patients. However, 

virtually nothing is known regarding the incidence of pneumonia in patients with PD. Therefore, 

we conducted the population-based study to explore the incidence and risk factors of pneumonia 

in patients with PD. 

Methods

Using the National Health Insurance Service database covering the entire Korean population from 

2002 to 2017, we identified incident PD patients in 2004–2006, and selected 4 age- and sex-

matched controls to each PD patient. We included PD patients according to registration code in 

the program for rare, intractable disease for PD (V124). We identified the occurrence of pneumonia 

and assess the risk factors of pneumonia in these matched cohort throughout the study period to 

2017. 

Results

We identified 10159 incident PD patient and matched 39574 controls. During the 14-year study 

period (2004–2017), the incidence rate was higher in the PD patients than the matched-controls 

(11.21 vs 3.61 events per 1,000 person-year). Within 5 years after the index date, 15.05% of 

patients with PD and 6.27% of patients in control group experienced pneumonia and 32.29% of 

patients with PD and 15.91% of patients in control group experienced pneumonia within 10 years 

after the index date. After adjusting confounders, PD patients had an increased risk of pneumonia 

(hazard ratio = 2.264; 95% CI, 2.17–2.36). Older age, men, region of residence, diabetes mellitus, 

congestive heart failure, cancer, tuberculosis, atrial fibrillation, chronic kidney disease, 

cerebrovascular disease, dementia, COPD and seizure disorder were associated with higher risk of 

pneumonia. Age was the strongest risk factor of pneumonia (in group older than 70 years; HR 6.517, 

95% CI 5.895-7.204). Hypertension and dyslipidemia were a protective factor for pneumonia (for 

hypertension, HR 0.95, 95% CI 0.908-0.993; for dyslipidemia, HR 0.805, 95% CI 0.765-0.846). 

Conclusions

Through using a nationwide population-based database which includes entire 48 million individuals

in the single country, this study revealed that PD patient were more likely to experience pneumonia 

than the general population, even after considering other confounders. The pneumonia incidence 



at each period over 10 years from diagnosis and identified risk factors will help to assess the risk of 

pneumonia and implement proper preventive measures in patients with PD. 

Figure 1. Kaplan Meier analysis for first occurrence of pneumonia in patients with PD and without PD. 

Table 1. Incidence of pneumonia among patients with PD and control group in each year



Table 2. Risk factors of pneumonia in patients with PD
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Background and Purpose

Although there have been a number of studies on sex differences in strokes worldwide, 

few studies have been conducted in Korea. The objective of this study was to investigate 

differences of functional recovery pattern between men and women and identify the 

factors associated with functional recovery pattern according to sex in ischemic and 

hemorrhagic stroke patients. 

Methods

This study was an interim analysis of the Korean Stroke Cohort for Functioning and 

Rehabilitation (KOSCO) designed as 10 years long-term follow-up study of first-ever stroke 



patients. We analyzed 10,636 stroke patients to investigate differences in demographics 

and clinical features between male and female stroke patients. Longitudinal follow up data 

as assessed by the Korean-Modified Barthel Index (K-MBI), Fugl-Meyer Assessment (FMA), 

Functional Ambulation Category (FAC), American Speech-Language-Hearing Association-

National Outcomes Measurement System (ASHA-NOMS), Korean version of Frenchay 

Aphasia Screening Test (K-FAST) up to 24 months after stroke onset were analyzed to 

identify differences in recovery patterns and factors associated with functional recovery 

according to sex in ischemic and hemorrhagic stroke, respectively. 

Results

Out of total 10,636 stroke patients (8,210 ischemic stroke and 2,426 hemorrhagic stroke), 

female patients showed significantly older age, lower education level, lower body mass 

index, higher co-morbidity, and higher initial NIHSS scores compared with male patients. 

After adjustments for these factors, up to 24 months after stroke onset, female ischemic 

stroke patients demonstrated poorer functional outcome in FAC, K-MMSE, K-FAST, and K-

MBI at 24 months than male. In the other hand, for hemorrhagic stroke patients, multi-

facet functional outcomes were poorer in female patients in ASHA-NOMS, K-MMSE, and 

K-FAST at 24 months than male. 

Conclusions

These results revealed that there are sex-specific differences in multi-facet functional 

recoveries in both ischemic and hemorrhagic stroke patients. The results of this study could 

provide more specific information for establishing the stroke rehabilitation strategy 

according to sex. 

Acknowledgment : Acknowledgement This work was supported by the Research Program 

funded by the Korea Centers for Disease Control and Prevention (2016E-33003-02) 

Figure 1. Sex Differences in Functional Impairment at 24 months after Ischemic Stroke



Figure 2. Sex Differences in Functional Impairment at 24 months after Hemorrhagic Stroke
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Objective

Recovery of motor function is important for regaining independence after stroke, but 

difficult to predict for individual patients. Corticospinal tract (CST) changes with time after 

stroke. However, few studies have investigated longitudinal change of CST and its 

relationship with motor outcomes. Our primary goal was to evaluate dynamic changes in 

axonal integrity along bihemispheric CST after stroke using diffusion tensor image (DTI). 

We also investigated relationship between CST changes and the functional motor outcome 

in upper and lower extremities at 6 months after onset of stroke. 

Methods

We collected data from the STroke Outcome Prediction (STOP) database that is 

prospective data collecting system for functional recovery prediction after stroke based on 

neuroimaging study. Fifty-five patients with first-ever stroke who performed functional 

assessment and underwent DTI at 30 days and 6 months poststroke were included. Clinical 

evaluation included Fugl-Meyer Assessment (FMA), Manual Function Test (MFT), Berg 

Balance Scale (BBS), Functional Ambulation Category (FAC), Medical Research Council 

(MRC) scale of muscle strength test. For the prognostic factor prediction by Classification 

and Regression Tree (CART) analysis, each evaluation was classified into good and poor 

outcome group based on pre-designated functional levels. DTI values investigated were 

fiber number (FN), average fiber length (AL), fractional anisotropy (FA), axial diffusivity, 

mean diffusivity, radial diffusivity (RD), laterality index (LI) and delta (Δ) changes of these 

values. Also type of CST by diffusion tensor tractography was included for analysis (Fig. 1). 

Results

Thirty-seven ischemic and 18 hemorrhagic stroke patients were included. FA decreased 

and diffusivity indices (AD, MD, RD) increased in ipsilesional hemisphere; Decrease of FA 

and increase of RD were also noted in contralesional side (Table 1). Type of CST were 

changed in 19 patients (34.6%). Spearman correlation analysis showed strong correlations 

between DTI values (FN, AL, FA, RD) and motor outcomes (FMA, MFT, BBS, FAC, MRC) at 

30 days and 6 months. However, ΔFA or ΔRD did not show significant correlation with Δ 



changes of motor outcomes. The CART analysis produced four decision trees. FA was the 

first decision point in FMA (upper and lower limbs) (Fig. 2); patients with higher FA at 30 

days were more likely to have good motor outcome. AL longer than 114.83 mm was second 

decision point in FMA (upper limb) decision tree for those who had higher FA (> 0.4486). 

Lower LI (more symmetric) of FA and lower RD were decision points for MFT and FAC, 

respectively. Overall prediction accuracy ranges from 81.8 to 90.9 %. 

Conclusion

The integrity of CST is constantly changing even during the late-subacute stage of stroke. 

This change in CST is observed not only on the lesion side but also on the contralateral side. 

DTI taken at first month are useful for predicting 6-month motor outcome after stroke. 

Acknowledgment: No potential conflict of interests relevant to this article were reported. 

This work was supported by the National Research Foundation of Korea (NRF) grant funded 

by the Korea government (MSIT) (No. 2019R1A2C2003020). 

Table 1. Changes of diffusion tensor imaging values in the lesion side and the contralateral side



Fig. 1. Corticospinal tract (CST) type of diffusion tensor tractography. Type A, CST symmetrically preserved; 

type B, CST preserved, but asymmetric; type C, CST interrupted at the lesion; and type D, CST not constructed 

due to degeneration



Fig 2. Classification and Regression Tree (CART) analysis. CART analysis identified neuroanatomical factors 

that predict motor function at 6 months after stroke. A, Fugl-Meyer Assessment (upper limb); B, Fugl-Meyer 

Assessment (lower limb)
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Introduction

The central nervous system is adaptive, or plastic, and has some capacity. Repetitive transcranial 

magnetic stimulation (rTMS) affects the brain through this plasticity. Previous studies have shown 

that rTMS is effective for stroke patients in terms of motor, cognition and mood recovery. Even 

though several studies were conducted to reveal therapeutic effect of rTMS for depression or 

motor function, the efficacy on cognitive function is still unclear in chronic stroke patients. The 

purpose of this study is to examine the effects of high-frequency rTMS on ipsilesional dorsolateral 

prefrontal cortex (DLPFC) on cognitive function and depressive mood. 

Methods 

We recruited patients diagnosed with vascular dementia more than 6 months of stroke. At the time 

of screening, patients were with 10-26 points of K-MMSE (Korean Mini-Mental State Examination) 

and those with clinical symptoms of depression. rTMS was applied to ipsilesional DLPFC (10Hz, 5-

second train duration and 55-second intertrain interval, 100% resting motor threshold intensity) 

for 20 minutes (1000 pulses per session). All patients had received rTMS 5 times a week for 2 weeks 

by using stimulation device (ALTMS®, Remed Co., Korea). To measure the efficacy, functional 

outcomes were assessed at baseline, 2, and 14 weeks after rTMS. Functional magnetic resonance 

imaging (fMRI) was performed before the start of rTMS and 14 weeks after the end of rTMS.

Results 

The demographic characteristics of subjects are summarized in Table 1. In the assessment 

immediately after rTMS, K-WAIS IV (Korean Wechsler adult intelligence scale-IV), Rey-Kim Memory 

Quotient, Stroke Specific Quality of Life Scale and MFT (Manual Function Test) were statistically 

significantly increased than the baseline assessment. There was a statistically significant increase 

in K-MMSE, MoCA (Montreal Cognitive Assessment), K-WAIS IV, Rey-Kim MQ, GDS (Global 

Deterioration Scale), BBS (Berg Balance Scale), TIS (Trunk Imbalance Scale) and MFT after 12 weeks 

of rTMS. As a functional outcome for depression, GDS (Geriatric Depression Scale) was not 

statistically significant but improved. (Table 2). Follow up fMRI of patient 3 showed cortical 

reorganization with deactivation of ipsilesional DLPFC. And in patient 6, follow up fMRI showed 

localized activation of ipsilesional DLPFC (Figure). 



Conclusions 

The results of this study suggest that high-frequency rTMS on ipsilesional DLPFC has beneficial 

effect on cognitive function and depressive mood in patients with chronic stroke. However, there 

is a limitation to the lack of a control group. A large sham-controlled study will help support this 

study. 

Table 1. characteristics of the patients

Table2. Change in  functional evaluation after rTMS
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Objective 

We aimed to investigate whether 1Hz repetitive transcranial magnetic stimulation (rTMS) 

over the contralesional motor cortex (M1) versus sham rTMS could improve arm function 

in hemiplegic patients with subacute stroke when combined with motor training. 

Methods 

Subjects are enrolled from three university hospitals. Total 77 patients were enrolled and 

allocated to either real rTMS (n=40) or sham rTMS (n=37). We delivered 1 Hz 30-min active 

or sham repetitive transcranial magnetic stimulation to contralesional M1 before each of 

ten 30-minute occupational therapy sessions over a 2-week period, with outcomes 

measured at immediately and 1 month after the end of treatment (Fig. 1). The primary 

endpoint was the changes in the box and block test (BBT) score immediately after the end 

of treatment. Secondary analyses assessed changes on the upper extremity functional 

assessments immediately and 1 month after the end of treatment, including Fugl-Meyer 

assessment, finger tapping test (FTT), Brunnstrom stage, grip strengths, modified 

Ashworth scale and the Korean version of modified Barthel Index. Full analysis (FAS) (n=73) 

and per protocol (PP) analysis (n=69) were used for efficacy analysis. Intention to treat 

analysis (ITT) (n=76) was used for safety analysis. 

Results 

Changes in BBT immediately after the end of treatment was not statistically different 

between the two groups but in the PP analysis, BBT score 1 month after the end of 

treatment was higher in real rTMS group (16.9 in real and 11.9 in sham, p=0.038) and finger 

tapping score was also higher in real rTMS group (p=0.046) (Table 1). However, none 

reached statistical significance after Bonferroni correction. In the subgroup analysis 

according to the cortical involvements, real rTMS showed better improvements of BBT, 

FTT, Brunnstrom stage of hand and pinch grip strength only in the group with no cortical 



involvements (n=52 in FAS analysis, n=50 in PP analysis) (Fig. 2). Adverse outcomes were 

not statistically different between the two groups in ITT analysis. 

Conclusion 

There was no significant difference between the active and sham rTMS trial arms in our 

multicenter randomized controlled trial among patients within 3 months post-stroke. 

However, low-frequency rTMS over the contralesional M1 showed the tendency for the 

better long-term recovery of fine hand motor function and seems more effective in 

patients with no cortical involvements. The lesion location of stroke has to be considered 

in the clinical application or further clinical trials to use low-frequency rTMS for motor 

recovery. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number: HI15C0832). 

Figure 1. Experimental design.



Table 1. Changes in outcome scores from baseline after treatment (Per protocol analysis set (n=35 in real 

rTMS group and n=34 in sham rTMS group))

Figure 2. Changes in outcome scores from baseline after treatment. FAS: any cortical involvements (n=21, 

LFrTMS=9, sham=12), no cortical involvement (n=52, LFrTMS=27, sham=25). PP: any cortical involvements 

(n=19, LFrTMS=8, sham=11), no cortical involvement (n=50, LFrTMS=27, sham=23). *p<0.025 after 

Bonferroni correction.
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Purpose

The aim of this study was to investigate degeneration of 48 neural tracts on the white matter in 

patients with anoxic brain injury (ABI) using a tract based spatial statistics study(TBSS). Vulnerable 

area and degree of severity of neural tract according to functional level were analyzed. Relation 

between microstructural integrity of neural tract and functional level was also studied. 

Methods

Twenty one patients (14 males; mean age 55.2± 10.8; range 31-74) with subacute late ABI (onset 

36.2±15.3) and 22 sex- and age- matched normal controls (10 male, mean age 57.0±11.7, range 30-

75 ) were enrolled. According to the modified Rankle Scale (mRS), the patients were divided into 

good group (10 with mRS, 4-5) and poor group (11 with mRS, 1-3). All the DTI data were processed 

using the Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library (FSL) 

program (http://www.fmrib.ox.ac.uk/fsl/). A whole-brain analysis was conducted by TBSS and 

values DTI parameter including fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity 

(AD) and radical diffusivity (RD) were extracted from 48 tract-specific region-of-interest. We used 

the FA value as an indicator for the evaluation of neural tract degenerationand the formula of 

neural tract degeneration (%) was as follows; [1-(average value FA of neural tracts in patient)/ (that 

of the neural tract in control)].Based on the above method, we calculated FA values of 27 neural 

tracts, which consist of 21 pair neural tracts on the right and left hemisphere and 6 single neural 

tract. The average values of DTI parameters for the neural tracts and its correlation with mRS were 

compared between the control, good, and poor group. 

Results

We found that significant differences in the DTI maps with an exception of the AD map were 

observed in the extensive range of the WM skeletons between the poor and good group and 

between the control and good as well as with the poor group(Figure 1). An average degeneration 

rate of the WM was 8.3% (range, 1.5%~23.5%) in the good group and 27.7% (range, 17.8% ~ 41.2%) 

in the poor group, respectively (Figure 2). The fornix was the highest degenerated neural tract in 

the good and poor groups with a rate of 23.5%; 41.2%, respectively. Among the most tolerable 

neural tracts, cingulum-hippocampus (1.5%), retrolenticular part of internal capsule (1.9%) and 

external capsule (2.5%) were observed in the good group. Regarding on the relation between 

neural tract integrity and mRS, Most of the average DTI values were significantly correlated with 

mRS as follows (Figure 3); FA: r= -0.819, P <0.001; MD: r =0.760, P<0.001; RD: r =0.778, P<0.001). 

No correlation was observed between average AD value and mRS (r =0.294, P<0.196). 



Conclusions 

Our findings suggest that combined study of a quantitative analysis of DTI parameters and maps 

may be useful to elucidate the mechanism for the degeneration of neural tract integrity and 

predication of the function. 

Figure 1However, significantly different changes were limited in a small area for AD maps.

Figure2. The fornix was the highest degenerated neural tract in the good and poor groups with a rate of 

23.5%; 41.2%, respectively. Among the most tolerable neural tracts, cingulum-hippocampus (1.5%), 

retrolenticular part of internal capsule (1.9%) and external capsule (2.5%) were observed in the good group. 



Figur3.FA,fractional anisotropy; MD,mean diffusivity; AD, axial diffusivity; RD, radical diffusivity., Most of the 

average DTI values were significantly correlated with mRS as follows (Figure 3); FA: r= -0.819, P <0.001; MD: 

r =0.760, P<0.001; RD: r =0.778, P<0.001). However, no correlation was observed between average AD value 

and mRS (r =0.294, P<0.196).



뇌신경재활

발표일시 및 장소: 10 월 18 일(금) 14:45-14:55 Room B(5F)

OP2-2-4

The difference between the hand motor hotspot and the hand knob in 

subacute stroke patients

Dong Hyuk Yun1*, Yeong Wook Kim1, Min Kyun Sohn1†

Department of Rehabilitation Medicine, School of Medicine, Chungnam National 

University1

Objective 

The difference between the hand motor hotspot and the hand knob in subacute stroke 

patients has not been fully clarified. The purpose of this study was to determine the 

difference between the coordinates of the hand knob and the hand motor hotspot in 

subacute stroke patients. 

Method

We included 29 subacute stroke patients who underwent navigated repetitive transcranial 

magnetic stimulation (rTMS) on hand knob in our rehabilitation facility from January 2018 

to June 2019. Medical records were reviewed retrospectively. Each patients’ 3-dimensional 

coordinates (x, y, z) of the hand motor hotspot and the hand knob in T1-weighted brain 

magnetic resonance image (MRI) were discovered before rTMS treatment session. And all 

patients were treated by rTMS at the hand knob of lesion hemisphere or non-lesion 

hemisphere according to their motor pathway condition. Subjects were divided into 2 

groups due to mapped hemisphere side: non-lesion side and lesion side group. We 

compared the coordinates of the hand motor hotspot and the hand knob in each 2 groups. 

And subgroup was also analyzed: right non-lesion side, right lesion side, left non-lesion side 

and left lesion side group. To compare the coordinates between right and left, we applied 

absolute value conversion in negative x coordinate component. For statistical analysis, we 

used descriptive statistics for the demographic and clinical characteristics. The coordinates 

were analyzed using paired T-test and Wilcoxon signed ranked test. And Euclidean distance 

between groups were analyzed using independent T-test and Mann Whitney U-test. Error 

caused by repetitive measure was corrected by Bonferroni correction. 

Result 

Twenty nine subacute stroke patients were divided as non-lesion side group (n=12) and 

lesion side group (n=17) (Table 1). For all 29 patients, there was significant difference in x 

and z coordinates between the hand motor hotspot (29.78±7.95, 24.29±14.4, 67.41±13.38) 

and the hand knob (35.53±7.62, 27.57±9.57, 62.01±12.61) (p<0.05). In non-lesion side 

group, there was a significant difference only in z coordinate between the hand motor 

hotspot (29.55±9.86, 25.03±11.01, 68.52±14.51) and the hand knob (36.75±9.27, 



26.37±9.15, 62.21±13.89) (p<0.05). But in lesion side group, there was not significant 

difference. Euclidean distance between the hand motor hotspot and the hand knob was 

significant difference between non-lesion side group (12.88±5.66) and lesion side group 

(21.17±6.74) only in left hemisphere (p<0.05). 

Conclusion 

There was significant discrepancy in location between the hand motor hotspot and the 

hand knob. We should carefully consider this discrepancy for determining the location for 

non-invasive brain stimulation in subacute stroke patients. 

Table 1. Characteristics of patients
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Objectives 

Complex regional pain syndrome (CRPS) of the hemiplegic upper limb is a painful and 

debilitating condition. CRPS after stroke is frequently encountered and interferes with the 

rehabilitation process and outcome. Post-stroke CRPS mostly occur from 1 to 5 months 

after stroke diagnosis, in which the period with the highest rehabilitation potential. Thus, 

early diagnosis and treatment of post-stroke CRPS is crucial. This study aims to investigate 

the neuroanatomical correlates associated with post-stroke CRPS using voxel-based lesion 

symptom mapping (VLSM) analysis.  

Methods 

We retrospectively screened patients from January 2013 to June 2019 who met the 

following criteria: first-ever ischemic stroke, unilateral and supra-tentorial lesion, and 

available brain magnetic resonance imaging (MRI) performed between 48 hours and 7 days 

after stroke. Total of 50 ischemic stroke patients’ MRIs were selected for VLSM analysis 

and were divided into 2 groups; 27 patients were allocated to the CRPS group and 23 

patients to the control group. The diagnosis of CRPS was based on revised International 

Association for the Study of Pain (IASP) diagnostic criteria and 3-phase bone scan 

confirmed the clinical diagnosis. For statistical purposes, we considered diagnosis of CRPS 

as a binary variable (absent/present) and generated statistic maps of lesion contribution. 

We investigated the neuroanatomical correlates of CRPS using VLSM analysis. Under the 

hypothesis that there are no significant differences between right- and left- hemispheric 

strokes, all lesion maps were flipped to one side in order to focus our analysis on lesion 

localization without regard to lateralization. 

Results 

In our patient group who were diagnosed as CRPS, 14 patients had lesions on the right 

cerebral hemisphere, and 13 patients on the left hemisphere, respectively. VLSM analysis 

revealed that presence of CRPS was significantly associated with the neuroanatomical 

structures including the insula, inferior parietal lobule (supramarginal gyrus and angular 

gyrus) and putamen. (Table 1) The statistical map was shown in Fig. 1. 



Conclusion 

Previous literatures reported the relationship between somatosensory dysfunction, 

proprioceptive impairment and post-stoke CRPS. Insula is known to have function in 

multimodal sensory processing and it is associated with persistent pain perception when 

impaired. Supramarginal gyrus is a structure that has a role in somatosensory function with 

proprioception and tactile sensory interpretation. And putamen is known to be involved in 

the processing of pain in humans. In this study, VLSM analysis suggested that insula, 

inferior parietal lobule and basal ganglia were associated with CRPS. These results 

suggested that lesion in brain structures related with sensory processing is important 

underlying pathomechanism of CRPS after stroke. 

Table 1. The lesion map was co-registered and normalized using Statistical Parametric Mapping (SPM). Color-

coded lesions on the brain were labeled according to anatomical region using the xjView 8 toolbox in SPM 

12 software.

Figure 1. Lesion patterns associated with Complex regional pain syndrome (CRPS). Voxel based lesion 

symptom mapping analysis shows the relationship between presence of CRPS and brain lesions. 
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OBJECTIVE 

To investigate the effects of SUBAR®–assisted gait training for patients with chronic stroke. 

METHODS 

Design: This study was a single-blinded, prospective, randomized controlled trial that 

compared the effects of SUBAR®–assisted gait training with those of conventional 

physiotherapy. 

Patients: We enrolled 30 patients from November 2018 to May 2019 at the Asan Medical 

Center. Inclusion criteria were as follow: age ≥ 18 years old; the diagnosis of a stroke (either 

ischemic or hemorrhagic, confirmed by brain computed tomography or magnetic 

resonance imaging); after 6 months of onset; previously an independent walker, Functional 

Ambulatory Category score ≥ 3; the ability to participate in SUBAR®–assisted gait training. 

Patients were excluded if they met any of the following criteria: severe cognitive disorder 

or aphasia that impeded communication; body weight ≥100 kg; height <150 cm; severe 

medical disease affecting the gait; severe neurologic and musculoskeletal disease affecting 

the gait; other disabilities affecting the gait training. 

Intervention: The patients were randomly assigned to one of two groups: 30 minutes of 

training with SUBAR® which is exoskeleton-typed robot (SUBAR® group; n = 15); or 30 

minutes of conventional physiotherapy (control group; n = 15). All received 10 times

treatment for three weeks. 

Outcome measurements: The primary outcomes were walking ability, assessed using the 

Functional Ambulation Category scale(FAC), and lower limb function, assessed using the 

Motricity Index-Lower(MI), Modified Ashworth Scale(MAS), 10 Meter Walk Test(10MWT), 

Timed Up and Go(TUG), Rivermead Mobility Index(RMI), and Berg Balance Scale 

scores(BBS). Secondary outcomes were a gait analysis using the Optogait®. A gait analysis 

included step length, stride length, single support, double support, cadence, and gait speed. 

All patients were evaluated before and after 10 times rehabilitations. 

RESULTS 

We analyzed 30 patients and there were no lost of follow-up. In SUBAR® group, two 

patients finished nine times treatment. In SUBAR® group, MAS and step length are 

significantly improved after treatments. And SUBAR group showed greater improvement 



in stride length, but not significantly (Table 2). In control group, there are significant 

improved after treatments in BBS, MAS and stride length (Table 2). In step length of the 

affected limb, the SUBAR® group showed greater improvement than the control group, but 

not differ significantly. BBS improved more in control group than the SUBAR® group. And 

there are no differences in other measurements between two groups (Table 3). 

CONCLUSION 

Our results suggest that SUBAR®-assisted gait training has a similar effect as conventional 

therapy. Step length is more improved with SUBAR®-assisted gait training compared with 

conventional physiotherapy in stroke patients. Between two groups, there are similar 

improvements in 10MWT, TUG, MAS, MI, RMI and gait analysis except BBS. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI17C2410). 

Table 1. Baseline characteristics 



Table 2. Between SUBAR® and Control groups before and after treatment programs

Table 3. Differences between SUBAR® and Control groups
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Objective

The purpose of this study was to determine repetitive locomotor treatment using the 

robot-assisted gait training (RAGT) device (Exowalk®, HMH Co. Ltd, Korea) on the 

functional improvement of patients with stroke.

Methods

This is a blinded prospective, randomized, controlled study from September, 2018 to July, 

2019. The inclusion criteria were as follows: (1) ischemic or hemorrhagic stroke confirmed 

by brain imaging study; (2) good cognition function (Mini-Mental Status Examination above 

10); (3) mild to moderate spasticity (Modified Ashworth Scale Grade below 2); (4) able to 

stand with assist. The exclusion criteria were as follows: (1) poor cognition (unable to obey 

command or Mini-Mental Status Examination less than 10); (2) ataxia; (3) severe spasticity 

(Modified Ashworth Scale Grade 3 and 4); (4) difficulty to walk due to severe leg 

osteoarthritis or joint swelling; (5) status unable to undergo gait training. Participants were 

randomized into 2 groups as follows. The Experimental Group (EG) underwent a 

rehabilitation program of robot assisted gait training for 30 minutes, 5 times a week for 4 

weeks, whereas the Control Group (CG) received a conventional gait training in same 

intensity. The outcome measures were recorded by Functional Ambulation Category (FAC), 

Rivermead Mobility Index (RMI), 10 Meter Walk Test (10MWT), 6 Minute Walk Test 

(6MWT), Motricity Index (MI), Berg Balance Scale (BBS), Korean version Modified Barthel 

Index (K-MBI), Step Counting (SC) and Borg Scale (BS). In addition, using gait analysis 

system (Human Track), Swing Time Asymmetry (STA) and Step Length Asymmetry (SLA) 

were recorded. The assessments were performed at the beginning (T0), at the end of the 

treatment (T1) and after 4 weeks of the end of the treatment (T2). 

Results

The assessments were completed in 14 patients (8 patients in EG, 6 patients in CG). Most 

patients were enrolled in acute and subacute phase. Both groups showed functional 

improvement, especially in FAC, RMI, 10MWT, 6MWT, MI, BBS, K-MBI and STA. Compared 

with the CG, the EG showed a larger improvement in FAC, RMI, and BBS. 

Conclusions



RAGT can be applied to individuals with stroke disease to facilitate gait recovery. The 

results showed that locomotor treatment using Exowalk is as efficient as conventional gait 

training. However, larger sample size is needed to investigate the effectiveness and 

efficacy of Exowalk as single gait training. 

Figure 1. A patient on a Exowalk
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Objectives

To investigate whether people with Parkinson’s disease (PD) can benefit from a cognitively 

challenging exercise regarding motor and cognitive function 

Methods

Eighty-two subjects with idiopathic PD (54 males; mean age 68.9±7.7 years; mean Hoehn 

and Yahr stage 2.3 ± 0.6; mean disease duration 6.4±5.0 years) participated in a cross-over, 

randomized, double-blind, controlled study (Table 1). They were randomized into either a 

6-week exercise (n=44) or a 6-week education (n=38) intervention (Figure 1). After the first 

intervention, they crossed over to the other treatment for 6 weeks. The exercise 

intervention was an 80-minute, 3 days a week cognitively-challenging group (up to 6) 

exercise program. It was based on the Agility Boot Camp-Cognition (ABC-C) program led by 

an exercise trainer. The exercises were designed as a circuit to challenge movement skills 

known to be impaired in PD and each activity was systematically progressed for 3 levels 

integrated with various cognitive tasks. The education intervention was a 90-minute, once 

a week group (up to 6) program developed to be specific for people with PD. Clinical 

assessment and outcome measures were performed at baseline (T0), after 6 weeks of the 

first intervention (T1), and at the end of the second intervention (T2). 

Results

The motor dual-task cost (DTCmotor) on gait speed and stride length improved after 

exercise (5.1±1.1%, 4.0±1.3%), but not after education (0.3±1.1%, 1.0±1.0%, Figure 2). The 

MDS-UPDRS Part II score improved after exercise (-1.3±0.4) more than after education 

(0.04±0.4, p=0.03). The PIGD score decreased after exercise (-0.9±0.2) more than after 

education (-0.2±0.2, p=0.02). The anticipatory postural adjustment subscore of the Mini-

BESTest improved after exercise (0.3±0.1) more than after education (-0.3±0.1, p=0.003). 

The SCOPA-COG total score showed a significant improvement after exercise (1.6±0.3) 

than after education (0.5±0.4, p=0.045). Participants who did light intensity exercise or 

exercise for less than 3 hours before trial showed significant improvement in DTCmotor on 

gait speed and stride length and SCOPA-COG total score after exercise. Freezers showed 



significant improvement in DTCmotor on gait speed (p<0.001) and stride length (p=0.047) 

after exercise. Individuals who had cognitive impairment showed significant improvement 

in DTCmotor on gait speed (p=0.001) and stride length (p=0.001) after exercise. 

Conclusions

People with PD can improve the dual-task performance, motor function and cognitive 

function with a cognitively challenging group exercise intervention.

Acknowledgment: This study was supported by NIH (R01AG006457, Horak), Department 

of Veterans Affairs (5I01RX001075, Horak), and National Research Foundation of Korea 

grant funded by the Korea government (2015R1C1A1A02037513, Jung). 

Fig. 1 CONSORT diagram of the study



Table 1. Baseline demographic data.

fig.2 Change of the motor and cognitive dual-task cost after exercise and education intervention.



뇌신경재활

발표일시 및 장소: 10 월 18 일(금) 15:35-15:45 Room B(5F)

OP2-2-9

Prediction of arm impairment by machine learning algorithm from 

kinematic measures in stroke

Jun Mo Jo1*, Yeongchang Jo1, Dokyeong Ha2, Hyoseok Yi2, Dongseok Yang2, Si Hyun Kang1, 

Don-Kyu Kim1, Kyung Mook Seo1, Jaewon Beom1†

Chung-Ang University Hospital, Chung-Ang University College of Medicine, Department of 

Physical Medicine and Rehabilitation1, Neofect, Data Science & Rehab Research Team2

Objective

To predict hemiparetic upper-limb impairment by machine learning algorithm from 

kinematic measures in a 2-dimensional planar device in stroke patients. 

Methods

In the multi-center observational study, 63 subacute and chronic stroke patients with 

hemiparetic arm of Brunnstrom stage 3, 4, or 5 were enrolled. Hemiparetic arm function 

was evaluated and trained with 3 kinds of tasks (free exploration, point-to-point reaching, 

and round shape drawing) using the RAPAEL Smart BoardTM (Neofect, Korea) (Figure 1). 

The device has 2-dimensional planar board and position sensors. 

Results

Among 63 subjects, the ratio of patients of Brunnstrom stage 3 was 61%, whereas stage 4 

was 17%, and stage 5 was 22%. Among the kinematic variables, zero crossings in 

acceleration, mean arrest period rate (Figure 2), hand path ratio, and duration time in 

point-to-point reaching task had significant correlation with Fugl-Meyer assessment scale. 

Those variables showed higher correlation in right hemiparesis than in left. In the patients 

who showed much improvement in the Fugl-Meyer scale, zero crossings in acceleration 

and duration time decreased in point-to-point reaching task. Zero crossings in acceleration, 

reaction time, and duration time revealed correlation with box and block test as well as 

pegboard test. Bias in X-axis (Figure 3) had negatively correlated with Fugl-Meyer scale in 

round shape drawing task. From these features, the mean absolute error for prediction of 

Fugl-Meyer scale using 5-fold cross validation in artificial neural network was 14.25 points 

per 66 (cross-validated R2=0.51). 

Conclusion

Upper-limb impairment in stroke patients can be predicted by machine learning algorithm 

from main kinematic variables in a 2-dimensional planar device. Various kinematic 

measures were correlated with clinical parameters. An accurate machine learning 

algorithm needs to be drawn with big data. 



Acknowledgment: This study was supported by the Translational Research Program for 

Rehabilitation Robots (#NRCTR-EX18011), National Rehabilitation Center, Ministry of 

Health and Welfare, Korea. 

Figure1 Three tasks in a 2-dimensional planar device

Figure2. Kinematic measures for movement smoothness



Figure 3. Bias for accuracy assessment
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Objective

Dysphagia and dysarthria tend to coexist in stroke patients. This is presumably due to 

speech and swallowing that share many peripheral structures such as oral, pharyngeal, and 

laryngeal structures. Dysarthria has been reported as the best predictor of oral stage 

problem in swallowing disorders. In dysarthric speech, vowel space was used as a 

parameter of objective acoustic evaluation through formant measurement of vowels. The 

degree of comprehension of listener may vary according to the vowel space, and vowel 

space area is reduced and centralized in dysarthria patients. The purpose of this study was 

to determine the correlation between vowel space and swallowing function, to determine 

whether vowel space is a predictor of swallowing disorder. 

Method

Thirty-one dysphagia and dysarthria patients with stroke were included in the study. 

Patients with cognitive impairment, hearing problems, structural abnormalities of 

articulatory organs, aphasia, and apraxia were excluded. The formant parameter 

representing the resonance frequency of the vocal tract as a two-dimensional coordinate 

point was measured for the /a/, /ae/, /i/, and /u/ vowels and the quadrilateral vowel space 

area (VSA) and formant centralization ratio (FCR) was measured. For evaluating the 

swallowing function, a videofluoroscopic swallowing study (VFSS) was performed and 

videofluoroscopic dysphagia scale (VDS) and the penetration aspiration scale (PAS) scores 

were evaluated. Then, pearson correlation coefficient was used to assess the correlation 

of VSA and FCR with VDS value and PAS 

Results

hirty-one patients with stroke were enrolled in the final anlyses. The study population 

consisted of 24 infarction and 7 hemorrhage patients, 15 brain stem lesion and 16 non 

brain stem lesion. There were no significant differences in VDS, PAS, VSA, and FCR values 

between brain stem lesion group and non-brain stem group. VSA was significantly negative 



correlated with oral phase VDS (r=-0.726, p=0.001), pharyngeal phase VDS (r=-0.567, 

p=0.001), total VDS (r=-0.718, p<0.001) and PAS (r=-0.459, p=0.009). FCR was significantly 

positive correlated with oral phase VDS (r=0.484, p<0.001) and total VDS (r=0.460, p<0.001) 

Conclusion

This study showed that VSA was negative correlated with oral and pharyngeal phase VDS 

score and PAS, and FCR was positive correlated with oral phase VDS score. These findings 

suggested that VSA and FCR may be helpful in predicting dysphagia severity in stroke 
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Introduction

We have demonstrated correlation between pharyngeal width at rest (JOSCYL width) and 

aspiration risk in elderly in our previous study. In this study, we included 48 additional 

patients and investigated whether JOSCYL width was correlated with not only aspiration 

but also penetration in elderly people. 

Methods

Lateral cervical spine roentgenograms were obtained from 81 patients who complained of 

dysphagia (age: 78.6±7.3 years) and 45 healthy, age-matched controls (age: 77.3±8.6 

years). Pharyngeal width at rest was measured at mid-oropharynx (A) and lower 

oropharynx (B) (Figure 1). We named the average of these two pharyngeal widths ‘JOSCYL 

width' and calculated the ‘JOSCYL width × 100 / neck circumference’ as the JOSCYL scale. 

A video fluoroscopic swallowing study (VFSS) was performed and the Penetration-

Aspiration Scale (PAS) and the Dysphagia Outcome and Severity Scale (DOSS) were 

determined by three physiatrists who did not know the participants’ pharyngeal width. 

JOSCYL width and scale were compared between patients and controls and correlations of 

individual JOSCYL width and scale with PAS and DOSS scores were analyzed for the 

dysphagia group. To determine the optimal cutoff points for predicting penetration and 

aspiration, a receiver operating characteristic (ROC) curve analysis was performed on 

JOSCYL width and JOSCYL scale. All statistical significances were defined as CI > 95% and p 

value < 0.05. 

Results

The JOSCYL width and scale of the dysphagia group (JOSCYL width: 16.9 ± 5.2 mm; p = 0.007, 

JOSCYL scale: 49.3 ± 15.5; p = 0.013) were larger than those of the control group (width: 

14.4 ± 4.04 mm, scale: 42.5 ± 12.5). The correlation between the JOSCYL width and severity 

of dysphagia was significant for the dysphagia group (PAS, p = 0.012, DOSS, p = 0.024). The 

correlation between the JOSCYL scale and severity of dysphagia was also significant for the 

dysphagia group (PAS, p = 0.020, DOSS, p = 0.021). The optimal cutoff for JOSCYL widths 

and scale for predicting penetration were 14.9mm (sensitivity = 67.2%, specificity = 64.7%) 

and 45.0 (sensitivity = 64.1%, specificity = 64.7%) respectively (Figure 2-A). The optimal 

cutoff for JOSCYL width and scale for predicting aspiration were 16.5mm (sensitivity = 



56.7%, specificity = 58.8%) and 47.4 (sensitivity = 56.7%, specificity = 54.9%) respectively 

(Figure 2-B). 

Conclusion

The cutoff points of the JOSCYL width for penetration and aspiration were 14.9 mm and 

16.5 mm respectively. The cutoff points of the JOSCYL scale for penetration and aspiration 

were 45.0 and 47.4 respectively. The cutoff points of the JOSCYL width and JOSCYL scale 

for penetration are about 2 mm and 2.0 lower than that of aspiration, therefore, we 

recommend physiatrists should pay close attention to elderly people with dysphagia who 

have JOSCYL width and scale above the cutoff points of penetration for the early 

rehabilitation of dysphagia and the prevention of aspiration.

Figure 1. JOSCYL width is average of two pharyngeal width measured at mid-oropharynx (A) and lower 

oropharynx (B)



Figure 2. receiver operating characteristic (ROC) curve analysis on JOSCYL widths and scale for 

predicting penetration 

Figure 3. receiver operating characteristic (ROC) curve analysis on JOSCYL widths and scale for predicting 

aspiration
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Objective

Analysis of Videofluoroscopic swallowing study (VFSS) can be time-consuming and tedious 

job and its reliability has been reported to be unsatisfactory. Recent advancement in image 

classification technology enables fully automatic detection of objects but its application 

but it has never been applied in VFSS image analysis. We aimed to develop an algorithm 

that can detect penetration or aspiration in VFSS images in a fully automated manner, 

using open source deep learning algorithms including convolutional neural network. This 

study may be the first step of development of fully automatic reading system of VFSS. 

Methods 

One hundred eighty VFSS files (108 normal and 72 with penetration or aspiration) from 71 

subjects were collected for establishment of dataset. Each video files were split into 

individual frame images obtaining 138,890 normal and 5,682 dysphagic images with 

penetration or aspiration. Determination of normal and dysphagic images was performed 

by a physiatrist experienced in VFSS. Dataset was balanced by undersampling of normal 

images to 23,465 images and oversampling of dysphagic images to 24,672 images. Images 

were distributed to training, validation and test images at the ratio of 7:1:2. After 

equalizing by contrast limited adaptive histogram equalization (CLAHE) algorithm, 

automated detection of penetration or aspiration was trained by open source deep 

learning algorithms. Detection was accomplished in two steps. First, regions of interest 

(ROIs) were set around larynx with reference to cervical spinal column identified by cervical 

detector using Unet deep learning segmentation model that showed accuracy of 99.4% in 

previous study. Then penetration/aspiration detector identified presence of penetration 

or aspiration in those ROIs. Accuracy based on frame or video file was calculated and 

compared among the deep learning models. 

Results 

Accuracy of each deep learning model is presented in tables. Xception model showed the 

best result in frame based analysis but NasnetMobile did in file based analysis. Accuracy of 



detecting frame images that showed penetration or aspiration was 98.6%. When 

classifying files with penetration or aspiration, accuracy was 89.7%. 

Conclusion

This study was first attempt to identify penetration or aspiration from VFSS images in a 

fully automated manner using deep learning image classification technology. The results 

show that deep learning algorithm can detect penetration or aspiration automatically from 

VFSS images with a significant accuracy. Further researches to improve accuracy and 

prospective clinical trials are required. 

Acknowledgment: 1. This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education (grant number: 2018R1D1A3B07049300) 2. This research was supported by the 

MISP(Ministry of Science, ICT & Future Planning), Korea, under the National Program for 

Excellence in SW (2017-0-00091), supervised by the IITP(Institute for Information & 

communications Technology Planning & Evaluation) 

Table1. Frame based accuracy of detection by deep learning model



Table2. File based accuracy of detection by deep learning model
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Background

A machine learning-based prognostic model for long-term functional recovery of post-

stroke dysphagia has been rarely investigated. The aim of this study was to investigate the 

clinical and radiologic prognostic factors predicting swallowing recovery, and to develop 

and validate a prognostic model predicting a swallowing functional outcome using the 

selected prognostic factors. 

Methods

Consecutive patients (n=137) diagnosed as acute ischemic stroke who were referred for 

swallowing examinations were investigated in this study. The 6-month time duration of 

post-stroke dysphagia was analyzed by Kaplan-Meier method and Cox regression model 

for clinical and radiologic factors. Bayesian network models were developed using the 

selected clinical and radiologic factors to classify patients with good (<6 months) and poor 

(≥6 months) prognoses of swallowing function, and compared with other benchmark 

machine learning algorithms. To reduce the error cost possibly caused by class imbalance, 

adaptive synthetic sampling, called ADASYN, was implemented as an oversampling 

algorithm. In learning and validation process, 5-fold cross validation was used during 

oversampling by generating synthetic samples only for training partitions to avoid 

overfitting and over-optimistic estimates. 

Results

Among the patients with post-stroke dysphagia, 24 (17.5%) patients showed persistent 

dysphagia with mean duration of 65.6 (confidence interval [CI], 54.8-76.5) days. The time 

duration of post-stroke dysphagia significantly differed by clinical factors: initial ASHA 

NOMS swallowing scale≤3 (P<0.001), clinical dysphagia scale≤20 (P=0.001), and male sex 

(P=0.010), and radiologic factors: contralateral lesion at basal ganglia/internal 

capsule/corona radiata (P=0.001) and severe white matter hyperintensities (P=0.007). In 

multivariate analysis using Cox regression model, corona radiata (hazard ratio, 1.72; 95% 



CI, 1.16-2.53; P=0.007), initial ASHA NOMS swallowing scale≤3 (hazard ratio, 7.24; 95% CI, 

3.72-14.12; P<0.001), and severe white matter hyperintensities (hazard ratio, 2.11; 95% CI, 

1.27-3.52; P=0.004) were significant predictive factors for poor recovery of swallowing 

function. The Bayesian network classifier which was developed using the selected factors 

based on the survival model showed an area under the ROC curve of 0.808, F1 score of 

0.898, and Matthews correlation coefficient of 0.637, which was superior to other 

benchmark machine learning-based classifiers including support vector machine and 

random forest. 

Conclusions

The proposed Bayesian network model can provide the impact of clinical and radiologic 

factors on swallowing prognosis, and be useful to predict long-term functional recovery of 

post-stroke dysphagia in clinical practice. 

Acknowledgment :This study was supported by grant No. 0420170660 from the SNUH 

Research Fund. 

Fig. 1 The graphical representation of a Bayesian network model to predict poor recovery of swallowing 

function in patients with ischemic infarction



심폐재활

발표일시 및 장소: 10 월 19 일(토) 10:40-10:50 Room B(5F)

OP2-3-5

Swallowing Exam of Water-soluble Contrast Improves Aspiration Sensitivity 

and Antedates Oral Feeding

Baek Hee Jang1, Chang Ho Hwang1,2*†

Ulsan University Hospital, University of Ulsan College of Medicine, Physical Medicine and 

Rehabilitation1, School of Electrical Engineering, University of Ulsan, Biomedical 

Engineering2

Purpose

Aspiration pneumonia increases medical comorbidities and social costs. An earlier and 

more reliable diagnosis of aspiration can allow earlier intervention to prevent this. 

Although the modified barium swallowing study (MBSS) is considered the gold standard 

for assessing aspiration risk, aspiration of lipid-soluble barium can cause chemical 

pneumonitis or impair radiologic interpretation of the lungs. Water soluble contrast agents 

(WSCAs) have been used through intravascular or intrathecal administration for 

computerized tomography or angiography. Its water-solubility may contribute more to 

avoidance of these complications, while maintaining sensitivity on aspiration, rather than 

does lipid-solubility of barium. To gain feasibility of WSCA application in clinical situations, 

authors introduced a WSCA in video-fluoroscopic swallowing study (VFSS). 

Materials and method

This observational, non-randomized case-control cohort trial evaluated all patients who 

were >3 years old and were referred for VFSS from September 2015 to November 2017 at 

a tertiary medical center/university teaching hospital. Repeated evaluations of the same 

individuals were excluded. High-risk patients were evaluated by WSCA (iohexol)-based 

swallowing study (WSS) and non-high-risk patients were by MBSS. Demographic 

information, contributing factors, and length of hospital stay were collected. As for interval 

change, chest radiography, feeding methods, penetration aspiration scale, allergic/drug-

toxic response, and symptom, signs related with chemical pneumonitis were compared. 

Result

The study included 829 evaluations of 762 patients. After excluding 74 studies, 365 WSSs 

and 390 MBSSs were included (Figure 1). The most frequent underlying condition was brain 

lesion, followed by aspiration pneumonia. The elderly and presence of tracheostomy were 

more common in WSS. Aspiration was assessed more frequently in WSS (147 patients: 

40.3%) than did in MBSS (36 patients: 9.2%) (p = 0.00). Nevertheless, neither aspiration 

volume (6.72 cc [3.09 - 10.35] vs. 5.53 cc [2.21 - 8.85]) nor radiographic alterations differed 

between the two groups (Table 1). Moreover, the swallowed (16.62 cc [8.45 - 24.79]) and 

aspirated amounts of iohexol were not correlated with radiologic changes or deterioration 

(Table 2). Switching to oral feeding following WSS was more frequent (164 patients: 44.9%) 



than did (39 patients: 10.0%) after MBSS, whereas aspiration pneumonia was not (p = 0.00). 

WSS did not prolong the hospital stay until patient discharge or induce an allergic reaction 

or drug toxicity over 1 week (Table 1). 

Conclusion

The absence of aspiration-induced complications and adverse allergic/drug-toxic effects 

suggests that, compared with MBSS, WSS may increase aspiration sensitivity and early 

switching to oral feeding. So, it may be deserved a swallowing study of choice for the high-

risk patients. 

Figure1. Flow diagram: WSS, water-soluble contrast agent-based swallowing study; MBSS, modified barium 

swallowing study



Table1. Clinical features of swallowing study with water-soluble and lipid-soluble agents: Sx, symptom; Sg, 

sign; CI, confidence interval; †Chi-square tests, ‡ Fisher's exact tests, *Two sample independent t-tests

Table2. Correlation of contrast agents with radiologic alterations after swallowing study: CI, confidence 

interval; Two sample independent t-tests or Spearman correlation analysis
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Objective 

To report the nationwide prevalence and incidence rate of dysphagia requiring medical 

attention in Korea through the year 2006 to 2016 using the Korean national health 

insurance service (KNHIS) data. 

Methods 

We identified dysphagia patients from the KNHIS database (2006 to 2016) by defining 

dysphagia requiring medical attention as one with satisfying all of the following conditions; 

dysphagia (R13) disease code present, two or more insurance claims for swallowing 

therapy (MX141) within a month, and two or more dysphagia evaluation (E7011 or E7012) 

performed within three months. The period prevalence and incidence in each year were 

extracted. The rate was reported as the number per 10,000 people each year. 

Results 

Both prevalence and incidence rate of dysphagia has continuously increased. In the year 

2006, the crude prevalence rate of dysphagia was 9.43 per 10,000 people. This has 

increased to 24.84 in 2016. The incidence rate has also increased from 7.13 to 15.64 per 

10,000 people in 10 years. The adjusted prevalence rate and incidence rate also increased 

from 10.75 to 22.31 and 8.16 to 14.18, respectively (Fig. 1). This increasing tendency was 

more prominent in the older population (Fig. 2). Among the population with dysphagia, 

stroke was the highest co-existing disease code with 56.33%, followed by chronic 

obstructive pulmonary disease (38.69%), cancer (7.27%), and Parkinson’s disease (5.79%) 

(Fig. 3).

Conclusions 

Population with dysphagia requiring medical attention has continuously increased from 

2006 to 2016. This was especially more prominent in the geriatric population. In the aging 

society and era of non-communicable diseases, medical care and rehabilitation of 

dysphagia will become more important. Health care plan to distribute the medical 

resources appropriately to meet these increasing needs is required. 

Acknowledgment :"This study used National Health Information Database (NHIS-2018-1-

331) made by National Health Insurance Service (NHIS)." 
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Background

In the human body, vitamin D (VitD) is well known that plays an important role in bone and 

calcium metabolism. VitD has other roles in the body, including modulation of cell growth, 

neurogenesis, neuroprotective, detoxification, and immune function, and reduction of 

inflammation. Recent studies revealed that the insufficiency of VitD is a risk factor for 

cognitive decline or dementia. Because VitD has a role in normal brain functions, 

insufficiency of VitD may affect to decreased memory and cognitive function. 

Method

Using data from two years of the baseline data of Korean Frailty and Aging Cohort study 

(KFACS), a total of 3014 subjects participants (1432 men and 1582 women) recruited in this 

survey. To assessment the cognitive function, a short form of the Korean version of the 

Consortium to Establish a Registry for Alzheimer’s Disease (CERAD-K), an assessment of 

cognitive status in patients with dementia was used. Among the CERAD-K tests, we 

included word list memory/recall/recognition, digit span (forward, backward), trail making 

test (TMT) A, and MMSE-KC. Serum samples were collected when the visit. 25-

hydroxyvitamin D (25OHD) was measured. Serum 25OHD concentrations were divided into 

clinically relevant categories such as deficient (<10 nmol/L), insufficient (10-30 nmol/L) and 

sufficient (≥30 nmol/L). 

Results

The mean age of the participants was 76.5 ± 3.89 years, and 52.5% were women. From a 

total of 3014 participants, 121 (4.1%) were classified to 25OHD deficiency and 2265 (75.1%) 

was 25OHD insufficiency. Only 628 (20.8%) was sufficient for 25OHD. Among the three 

groups, MMSE-KC, TMT A, and digit span tests were better in the order of sufficient, 

insufficient group and deficiency group, which were statistically significant (p<0.001). In 

regression analysis, after adjusting for age, sex, body mass index, education, center, 



seasonality, physical activity, and alcohol use, 25(OH)D was associated with higher MMSE-

KC (β=0.018, p<0.001), better performance on TMT A (β=–0.54, p<0.000) and digit span 

(β=0.02, p<0.001) tests.

Conclusion

Low levels of VitD were associated with substantial cognitive decline in the elderly Korean 

population including general cognition, processing speed, and working memory. VitD 

supplementation raises important possibilities for treatment and prevention for cognitive 

decline. 
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Objective

The movement of the vocal fold can be used as an indirect indicator of the degree of 

laryngeal elevation during swallowing reflex. In this study, we aimed to demonstrate the 

feasibility of autosegmentation for vocal fold in video of videofluoroscopic swallowing 

study (VFSS) through convolution neural network, which is expected to be used in 

automatic measuring system for laryngeal elevation. 

Methods

We selected 12 videos of VFSS randomly among VFSS performed at Department of 

Rehabilitation Medicine, Konkuk University Medical Center from 2010 to 2017. A 

designated skillful researcher drew outline of spinous process of first cervical vertebra, 

vocal fold, oropharynx, laryngopharynx, and larynx on each frame of VFSS video (Fig.1). 

The outline drawn frames were divided into training dataset and test dataset, which were 

used for constructing and validating the autosegmentation model by convolution neural 

network (CNN). Outline drawn by the researcher was used as label. The details of the CNN 

framework are shown in Fig.2. We modified each frame of the video by random rotation (-

30 to 30 degree), random scale (0.8 to 1.2), and random shift (-10 to 10%) to ensure 

external validity. We used Gaussian blur to reduce image noise and detail. The outcome 

was presented as intersection over union (IOU), which is calculated as the area of overlap 

over the union. Area of overlap refers to the overlapped area of autosegmentation 

obtained through CNN and the outline drawn manually by the researcher. The process of 

model construction and validation through CNN was conducted through collaboration with 

aetherAI, Taiwanese artificial intelligence company. 

Results

The designated researcher drew the outline of spinous process of first cervical vertebra, 

vocal fold, oropharynx, laryngopharynx, and larynx in 5620 frames of 12 VFSS videos. The 

test data and the training data were divided at the ratio of 11:1. The test results for the 

model constructed by CNN were 0.47 IOU for vocal fold and 0.73 IOU for spinous process 

(Fig.3). 



Acknowledgment: This work was supported by Konkuk University Medical Center Research 

Grant 2019 

Fig.1. Drawn outline of spinous process of first cervical vertebra, vocal fold, oropharynx, laryngopharynx, and 

larynx

Fig.2. Framework of convolution neural network



Fig.3. Comparison of auto-segmentation by CNN and outline drawn by human researcher
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Objective

The aging process is characterized by gradual declines in balance and physical performance. 

This is caused by various factors such as a decrease in muscle mass and an increase in fat 

mass. Waist circumference as a tool of abdominal obesity correlates with balance function. 

Recent studies have also investigated the relationship between trunk muscle and balance 

or physical performance using CT or MRI. The purpose of this study was to investigate 

whether trunk fat mass measured by dual-energy X-ray absorptiometry (DXA) correlates 

with balance and physical performance. 

Method

This study utilized a pre-existing database from two years of the baseline data of Korean 

Frailty and Aging Cohort study (KFACS) of 3014 subjects participants. The trunk lean mass 

and fat mass were measured in 471 community-dwelling elderly subjects DXA. Trunk fat 

mass index (tFMI) was established using the following standard equation: Trunk fat mass 

(Kg) / Height2 (m2). The clinical balance tests were performed using the timed up and go 

test (TUG), total balance score in short physical performance battery (SPPB). We 

performed SPPB and measuring of both hand grip power to evaluate physical performance. 

Also, We evaluated whether tFMI correlated to the independence of daily living using 

activities of daily living (ADL), instrumental activities of daily living (IADL), SARC-F 

questionaries. Participants were stratified by the median value of tFMI (median value is 

4.1). And the physical performance tests (TUG time, the time and scores in components of 

SPPB), balance and hand grip (Kg) were compared in low (tFMI ≤ 4.1) and high group (tFMI 

> 4.1). The statistical significance was determined at a p value of < 0.05. 

Results

The tFMI was a positive correlation with mean 4 meters gait speed (sec), repeat chair stand 

time (sec) in SPPB, TUG (sec), SARC-F and negative correlation with both hand grip, IADL, 

total balance test score in SPPB, total SPPB score, age. Results of the binary logistic 

regression analysis to identify factors affecting balance and physical performance in low 

tFMI group and high tFMI group, the results of repeat chair stand time in SPPB (sec) 

(OR=1.99, CI:1.19-3.33), mean 4 meters gait speed (sec) (OR=1.48, CI:1.03-2.12), SARC-F 



(OR=1.26 ,CI:1.00-1.58), age (OR=0.89, CI:0.84-0.95) and total balance test score in SPPB 

(OR=0.38, CI:0.19-0.74) were significant correlated with tFMI. The results of generalized 

linear model analysis to assess the factors affecting balance and physical performance. 

tFMI had a significant correlation with repeat chair stand time in SPPB (sec) (Beta estimate 

(B): 0.251), TUG time (sec) (B:0.25), 4 meters gait speed (sec) (B:0.055), total balance score 

in SPPB (B:-0.035). 

Conclusion

In our study, high tFMI using DXA was positive correlated with repeated chair stand time, 

TUG, 4 meters gait speed and negative correlated with total balance score. High tFMI 

showed a significant relationship with balance and physical performance. 
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Objective 

To quantitatively evaluate the swallowing function and safety of the developed fortified 

formula with essential nutrients for elderly. 

Methods

A total of 50 healthy elderly over 65 years old enrolled in this study. Videofluoroscopic 

swallowing study (VFSS) was used to examine swallowing physiology with commercially 

available plain yogurt (So wa Namu, Dong Won) and developed fortified formula 

containing 5% of lipid nanoparticle carrier with 200ppm of vitamin D3 and vitamin E. 

Videofluoroscopic Dysphagia Scale (VDS), American Speech-Language-Hearing Association 

National Outcome Measurement System (ASHA NOMS), Modified Penetration Aspiration 

Scale (MPAS), and duration of the swallowing process (Oral transit time (OTT), Pharyngeal 

delay time (PDT), Pharyngeal transit time (PTT)) were measured. The consistency of the 

yogurt at a temperature of 4˚C was also measured using an instrument similar to the USDA 

consistometer. Sensory acceptability composed of 6 items including appearance, flavor, 

taste, texture, overall preference and purchase intent was conducted. 

Results 

Swallowing the commercially available plain yogurt and fortified formula showed safe 

swallowing in 50 subjects (0%) without penetration or aspiration. Compared with the 

commercially available plain yogurt, in developed diet, OTT was 0.14 seconds shorter, 

showing significant difference. (Tabel 1) Both food showed similar consistency. The 

sensory acceptability test got a good score in overall preference with acceptable sensory 

characteristics. 

Conclusion

We observed that developed fortified formula with essential nutrient was tolerable and 

safe as a substitute for commercial yogurt. Future study of nutritional improvement in 

elderly is necessary. 



Table1. Comparison of duration of the swallowing process results between Commercially available plain 

yogurt and Developed fortified formula
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Introduction

Accelerated loss of muscle mass is common in patients with the chronic kidney disease 

(CKD). Various factors associated with CKD such as nutritional deficiencies, metabolic 

acidosis, and chronic inflammation contribute to muscle wasting. This study investigated 

the relationship between CKD and handgrip strength (HGS) in Korean population. 

Methods

This was a population-based, cross-sectional study using a nationally representative 

sample of 24,785 subjects aged ≥19 years from the Korea National Health and Nutrition 

Examination Surveys of 2014–2017. HGS was measured using a digital hand dynamometer 

and the cut-offs for grade I and II low HGS were presented by deriving -1 and -2 standard 

deviations values of sex-matched healthy young adults (19-39 years old), respectively. The 

estimation of glomerular filtration rate (eGFR) was determined using the Chronic Kidney 

Disease Epidemiology Collaboration formula and CKD was defined as <60 mL/min per

1.73m2 in this study. 

Results

The cut-off values for grade I and II low HGS were 37.0 and 29.5 Kg for men and 21.5 and 

16.8 Kg for women, respectively. The prevalence of grade II low HGS was 15.4% in a total 

population. Subjects with low HGS showed higher prevalence of diabetes, hypertension, 

and CKD than those with normal HGS (Table 1). There was a significant correlation between 

HGS and eGFR in both men and women (Figure 1.) In multivariate logistic regression 

adjusted by age group, diabetes, hypertension, and obesity, grade II low HGS showed an 

independent relationship with CKD in both men (OR 2.540, 95% CI 1.862-3.467) and 

women (OR 1.722, 95% CI 1.281-2.315) (Table 2). 

Conclusions

The prevalence of CKD was higher in subjects with low HGS. Early detection of low HGS 

may be useful in assessing potential renal function impairment. 



Table 1. Demographic and Clinical Characteristics of a Total Population According to Handgrip Strength

Table 2. Chronic Kidney Disease Prevalence According to Handgrip Strength

Figure 1. Scatter Plot Between Estimated Glomerular Filtration Rate and Handgrip Strength
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Objective

To overcome limitations of very short therapeutic time window and phylogenetic 

hematopoietic/non-hematopoietic receptor heterogeneity of erythropoietin (EPO), 

authors demonstrated the targeted delivery of biodegradable polymers-encapsulated EPO 

and magnetic nanoparticles (MNPs) under magnetic guidance. 

Material and methods

MNPs consisting of ferric-ferrous mixture (FeCl₃6H₂O and FeCl₂4H₂O) were prepared using 

a co-precipitation method, followed by sonification. The drug delivery system (DDS) was 

manufactured via the spray-drying technique using a nanospray-dryer. The DDS comprised 

7.5 mg/ml sodium alginate, 150 mg/ml MNPs, and 1000 IU EPO. 

Results

Scanning electron microscopy (SEM) revealed DDS particles as small as no more than 500 

nm. Tiny micro-particles on the rough surfaces of the DDS particles composed of MNPs and 

EPO, unlike the smooth surfaces of the only alginate particles (Figure 1). Fourier-transform 

infrared (FTIR) spectroscopy revealed DDS peaks characteristic of MNPs as well as of 

alginate. Meanwhile, the concentration of EPO (0.000084 mg/mL) was lower than the 

MNPs (1.5 mg/mL) so that FTIR spectroscopy was not expected to reveal peaks specific to 

EPO on the surface. Standard soft lithography was applied to DDS particles prepared with 

fluorescent beads using a microchannel fabricated to have one inlet and two outlets in a 

Y-shape. The fluorescent DDS particles reached only one outlet reservoir in the presence 

of a neodymium magnet (Figure 2). The neuronal and systemic toxicities were evaluated, 

by treating SH-SY5Y and NIH-3T3 cells, respectively, in 48-well plates (1 X 105 cells/well) 

with alginate, MNPs, and/or EPO. A cell viability colorimetry was used to identify a 94% 

viability in SH-SY5Y cells and a 88% viability in NIH-3T3 cells, compared with the control (p 

< 0.01). For neuro-protection by DDS, SH-SY5Y cell viability, in 48-well plates (1 X 105 

cells/well), was assessed after chemical injury using Thapsigargin (non-competitive 

inhibitor of the sarco-/endo-plasmic reticulum Ca²+ ATPase). A cell viability colorimetry 

showed more flourishing (125%) than just survival, compared with the control (100 %). 



Conclusions

The DDS-EPO construct developed here is very evenly encapsulated by alginate and is small 

enough to be administered into systemic circulation through the lung capillary after 

intravenous injection. It can be guided using external magnetic control. In point of in-vitro 

view, it can display neuro-regeneration as well as neuro-protection, showing no significant 

neuronal/non-neuronal cell toxicity. 

Acknowledgment :The research project of Basic Science Research Program, through the 

National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & 

Future, Planning (NRF- 2017R1D1A1B03034982, NRF-2017M3A9E2062707 & NRF-

2017R1A2B4011478). 

Figure 1. Scanning electron microscopy; SEM images showing (A) the synthesized MNPs, (B) the spray-dried 

alginate, and (C) the DDS composed of MNPs, alginate, and EPO. The MNPs and EPO were well mixed with 

alginate, and both components formed a rough surface on the DDS particles.



Figure 2. Magnetic guidance of the drug delivery system; DDS guidance experiment results. (A) Bifurcated 

polydimethylsiloxane microchannel. The magnet was positioned in the left area of the microchannel but is 

not shown. (B) Magnetically guided fluorescent DDS particles. (C) No DDS was harvested in the absence of 

guidance.

Figure 3. Schematic diagram of the magnetically guided targeted delivery of alginate-encapsulated 

erythropoietin and nanoparticles following dry-spraying. 
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Introduction

Cardiac rehabilitation (CR) is an integral part of the continuum of care for patients with 

cardiovascular disease. The core components of CR include patient evaluation. A 

cardiopulmonary exercise (CPX) test is a key component of the initial assessment made 

before a patient begins an exercise program. The test is performed as the metabolic 

equivalent (MET) is constantly increased at regular intervals according to the protocol. 

Aquatic treadmill (AT) employs underwater treadmill that combines the benefits of fluid 

resistance and the body weight supporting effect of buoyancy. AT can be used to evaluate 

exercise capacity in patients with difficulty in standing and walking as an alternative to land 

treadmill based CPX test. However, there is currently no CPX test protocol using AT, and it 

is necessary to develop a standardized aquatic treadmill CPX test protocol. Therefore, this 

pilot study was conducted to design a CPX test protocol that can bring about a constant 

change in MET value using AT. 

Method

Nineteen male and one female subjects were enrolled in this study. Their mean age was 

31.6 ± 6.9 years. The depth of the water pool was set up between xiphoid process and 

umbilicus. The room temperature was maintained at 25oC−26oC, while the water 

temperature was maintained at 28oC−29oC. The AT test comprised 12 stage at different 

velocities, with 2-minute duration per stage. The speed of the treadmill started at 0.7km/h 

in stage 1 and increased by 0.7 or 0.6 km/h in each stage. After the end of the test, 

individuals rested while standing for additional 2 minutes at cool down phase. A respiratory 

gas analyzer (Quark-CPET, COSMED, Rome, Italy), automatic blood pressure (BP) analyzer 

(Tango M2, SunTech Medical, USA), pulse oximeter (Care vision HP-110) and an AT 

(Aquatrac-2000, Naramed, Gwangju, Korea) were used. Moreover, electrocardiograms 

(ECGs) were monitored using by 10 carbon electrodes made of graphite and cables made 

of copper applicable in water with 12 channel ECGs for real-time CPX test (CASE, GE 

healthcare, USA). At each stage, oxygen consumption (VO2), METs, heart rate (HR), BP, 



respiratory exchange ratio (RER), minute ventilation (VE), VE/VCO2 and rate of perceived 

exertion (RPE) were measured. 

Result

For analysis, all recorded values of each stage were averaged. At stage 2 (1.4km/h), VO2 

value corresponded to approximately 2 METs (VO2, 6.94 ± 1.05) in all subjects. 3.35 METs 

(VO2, 10.57 ± 1.09) were measured at stage 5 (3.3km/h). And 4.16 METs (VO2, 13.06 ± 

1.46), 4.99 METs (VO2, 15.51 ± 1.54) were measured at stage 6 (4km/h) and 7 (4.6km/h), 

respectively. The parameters of AT CPX test for each stage are shown in Table 2. As the 

exercise intensity increased at each stage, HR and RPE was incrementally increased. 

Conclusion

It was demonstrated that AT walking can lead to high METs at lower speed than land 

treadmill walking. This means that AT walking can load higher exercise intensity than land 

treadmill at same speed 

Acknowledgment :This work was supported by the 2018 Inje University research grant. 

Table 1. General characteristics of subjects 



Table 2. The parameters of aquatic treadmill cardiopulmonary exercise test for each stage
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Introduction

Cardiac rehabilitation (CR) after acute myocardial infarction (AMI) is recommended as a 

mandatory intervention in many national guidelines to reduce recurrence and mortality. 

However, underutilization of CR is a longstanding issue worldwide. In Korea, promotion of 

CR use is expected due to the coverage of CR by the national health insurance. However, 

the national status of CR use has not been reported, which is important in planning to 

increase CR utilization. We designed this retrospective cohort study to investigate the 

current status of CR use in AMI patients who underwent percutaneous coronary 

intervention (PCI) using nationwide data from the National Health Insurance Service (NHIS) 

of South Korea

Methods

AMI patients were defined as patients who were admitted with diagnosis of ‘I21’ code 

(from International Classification of Diseases, 11th Revision) and who received PCI from 

April 1st, 2017 to December 31th, 2017. CR use was defined as whether treatment 

(MM453) or evaluation (MM452) related to CR had been performed during outpatient 

follow-up period within 6 months after PCI. Claim data of NHIS from April 1st, 2017 to June 

31th, 2018 was used. The rates of CR use according to by sex, age, region, insurance 

premium quartile, and hospital type were calculated and analyzed. 

Results

About 3% of AMI patients (365/11,270) received CR during outpatient treatment after 

discharge. Men were more likely to receive CR (3.5%; 311/8,808) than women (2.1%; 

54/2,462). By insurance premium quartile, the highest income group received CR (3.7%; 

135/3,612) more than the lowest group (2.7%, 58/2,145). By type of hospitals, 73.5% of CR 

was delivered in tertiary hospitals. By region, there was a large variance of CR use rate from 

0% to 26.4%. 

Conclusion



Hospital-based CR after AMI is certainly underutilized despite its coverage by the national 

health insurance, compared to the CR use in other high-income countries. More cardiac 

rehabilitation facilities have to be installed according to the needs of CR in different regions. 

In hospitals which are providing with CR service, various strategies to increase the CR 

uptake and participation should be implemented. This is the initial report for nationwide 

CR use in AMI and further follow-up study is required. 

Acknowledgment :This study used National Health Information Database (NHIS-2019-1-

086) made by National Health Insurance Service (NHIS). The authors declare no conflict of 

interest with NHIS. 
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Objective 

In recent years, with the development of home mechanical ventilator (HMV) technology, patients 

in need of ventilatory support have become cared at home. However, the HMV is uncomfortable, 

bulky, economically burdensome, and make great limitations on the lives of the patients and their 

caregivers. The purpose of this study is to investigate the burden of caregivers of community-

dwelling patients using HMV through questionnaires. 

Methods 

A total of 136 patients using HMV and their caregivers or family members answered the 

questionnaire. The questionnaire is composed of 2 sections, each of which consisted of the status 

of patient care and the burden on caring. At the same time, the Korean version of Short Form Zarit 

Burden Interview (K-ZBI-12) and 3-Level version of EuroQol-5 Dimension (KEQ-5D-3L) were 

investigated to measure the burden on caring and the life quality of caregivers. The KEQ-5D-3L 

score was recalculated by the weighted formula for each item in the Korean population. Except for 

some missing portion, collected data were statistically analyzed. 

Results

Demographics and descriptive data are shown in Table 1. Main caregivers were family members in 

50 (37.9%), professional caregivers in 34 (25.8%) or both in 48 (36.4%) patients. Only one caregiver 

was taking care of the patients in 39 cases (29.5%). Caregivers responded that position change and 

patients' discomfort are one of the most burdensome for them. Majority of family members 

reported that more financial support and consumables are needed. More than half of the 

responders answered that patients’ immobility, reduced free time and increased financial burden 

are the most difficult parts after using HMV. The detailed responses are listed in Table 2. The K-ZBI-

12 score showed a weak negative correlation with KEQ-5D-3L score (p=0.000). Patients’ age and 

financial burden from both medical and nursing cost also showed weak positive correlations with 

K-ZBI-12 scores (p=0.007, 0.000 and 0.000, respectively), but not with KEQ-5D-3L score. The more 

caregivers care for the patients, the lower K-ZBI-12 score (p=0.000). Caregivers who are caring the 

patients using invasive ventilation showed lower KEQ-5D-3L score than the others (p=0.001). 

Duration of HMV use and patients’ weight affected neither K-ZBI-12 nor KEQ-5D-3L score (Table 3). 

Conclusion 

In this study, we looked at the needs of caregivers and family members of the patients using HMV. 

Life quality and care burden of the caregivers and family members were affected by various 

properties of the patients. We hope this study will help identify the institutional, economic and 

medical services, community-dwelling patients using HMV and their caregivers need. 



Table 1. Demographics and analyzed data of the subjects



Table 2. Status of caring and burdens felt by caregivers of patients using HMV



Table 3. Scores of K-ZBI-12 and EQ-5D-3L according to characteristics of patient caring
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Objective 

In general, high proportion of stroke patients has cognitive dysfunction. While performing 

diaphragm ultrasonography, examiner should ask deep breathing, sniffing, or coughing to 

examinee. Patient’s cooperation could influence on accuracy or reliability of ultrasonography. 

There has been little description about the utility related with patient’s cooperative function. This 

study purposed to verify the utility of diaphragm ultrasonography in stroke patients with their good 

or poor cooperative function. 

Methods 

A total of 22 subacute stroke patients with unilateral hemiplegia within 6 months after onset were 

enrolled. Patients were classified into 2 groups as ‘Good’ and ‘Poor’ by their cooperation. Patients 

who had 1) MMSE<20, 2) delirious state with impaired orientation, 3) severe aphasia, or 4) altered 

mentality, were classified as ‘Poor’ group. Characteristics such as dysphagia, comorbidities, 

location of brain lesion, alcohol use and smoking history were reviewed. Modified Barthel Index 

(MBI), Mini Mental State Examination (MMSE), Berg Balance Test (BBT), National Institutes of 

Health Stroke Scale (NIHSS), Short-form Mini Nutritional Assessment (MNA-SF), and Simplified 

Nutritional Appetite Questionnaire (SNAQ) score were measured. Pulmonary functions by 

spirometry and peak cough flow (PCF) were also assessed. Diaphragmatic excursions were 

recorded as quite breathing (QB), voluntary sniffing (VS), voluntary coughing (VC) and deep 

breathing (DB). Diaphragm thickness at maximal inspiration and end expiration was measured and 

diaphragm thickness fraction (DTF) was calculated. 

Results 

Patients were divided into 'Good' group (n=11) and 'Poor' group (n=11). 'Poor' group showed 

severer impairment (MBI, p<0.001; MMSE, p<0.001; BBT, p=0.003; NIHSS, p<0.001) and poorer 

nutritional status (MNA score, p=0.003; SNAQ score, p=0.004). No significant difference was 

observed between groups in other characteristics including pulmonary functions. Hemiplegic 

diaphragm movements in QB, VS, VC and DB showed greater excursions in ‘Good’ group than ‘Poor’ 

group (QB, p=0.04; VS, p=0.03; VC, p=0.04; D, p=0.04). Non-hemiplegic diaphragm movements of 

‘Poor’ group were more reduced only during DB compared to ‘Good’ group (p=0.04). Excursion of 

non-hemiplegic diaphragm during QB, VS, and VC was not significantly different between ‘Good’ 

and ‘Poor’ group. Diaphragm thickness did not show significant differences between groups.  

Conclusion 



Depending on the cooperative function of stroke patients, neurologic, functional, and nutritional 

status were more impaired in poor cooperative group. Pulmonary function results were not 

different between groups. Diaphragmatic excursion during DB was significantly impaired in non-

hemiplegic side in ‘Poor’ group, and examinee’s cooperative function could have influence on DB. 

Diaphragm ultrasonography during QB, VS and VC could be more reliably used in patients with poor 

cooperative function. 

Fig 1. Diaphragmatic excursion measurement. Transducer positioned just below the ribs between the 

midaxillary and mammillary line with a 45 angle tilt between the surfaces of the abdominal wall. 

Measurements were performed with one caliper placed at the baseline of the diaphragm echoic line and a 

second caliper placed at the maximum height of the line. A: Quite Breathing (QB). B: Deep Breathing (DB) 

with maximal inspiration. C: Voluntary Sniffing (VS) as a quick nasal inspiration. D: Voluntary Coughing (VC).



Table 1. Patient’s baseline characteristics, functional status, nutritional status and pulmonary functions.

Table 2. Hemiplegic side and Non-hemiplegic side diaphragmatic excursion and thickness by ultrasonography.
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Objective

Echocardiography provides the diagnostic and prognostic information by showing the 

location and extent of myocardial infarction. A few researches have been conducted on 

the relationship between echocardiographic parameters and functional exercise capacity, 

but there is a lack of research on the factors that predict improvement of exercise capacity. 

Therefore, we aimed to 1) investigate the relationship between echocardiographic 

parameters and the exercise capacity in patients who participated in cardiac rehabilitation 

(CR) after acute myocardial infarction (AMI) and 2) determine the echocardiographic 

parameters that are associated with the change of exercise capacity during 1 year follow-

up. 

Methods

We retrospectively analyzed 8,735 medical records of Korean Registry of Regional 

Cardiocerebrovascular Center for Acute Myocardial Infarction (KRAMI) database from July 

2016 to September 2018. In this study, 4,476 patients who had undergone a percutaneous 

coronary intervention (PCI) and had been referred to 11 rehabilitation centers were 

included. Echocardiography was checked at the time between post-PCI and discharge. 

Ejection fraction (EF), left ventricular internal dimension in diastole (LVIDd), annular 

diastolic velocities in septal area (E/e’ septal) and annular diastolic velocities in lateral area 

(E/e’ lateral) were recorded by cardiac sonographers. Exercise tolerance test was 

conducted and functional performance scale by Korean Activity Scale/Index (KASI) was 

checked at 3 assessment points; 1 month (T0), 4 months (T1), 12 months (T2) after AMI 

attack. ΔValue is used to calculate the change of each exercise capacity and performance 

scale from values obtained at T0, T1 and T2; ΔValue = (Valuefinal − Valueinitial) / 

Valueinitial. 

Results



ETT was performed in 1,742, 666 and 240 AMI patients at T0, T1 and T2, respectively. KASI 

was checked in 2,449, 2,136 and 1,372 AMI patients by telesurvey or interview at T0, T1 

and T2 (Table 1). Each E/e′ septal and E/e′ lateral showed a negative correlation with 

METsmax at T0 (r=-0.235, p= 0.000; r =-0.165, p=0.000). E/e′ lateral indicated a moderate 

negative correlation with KASI at T0 (r=-0.461, p=0.000) (Table 2). When it comes to the 

relationship between echocardiographic parameters and the change of exercise capacity 

during 1 year follow-up, E/e′ septal displayed a negative correlation with ΔMETsmax in T2-

T0 (r=-0.258, p=0.000). E/e′ lateral was negatively correlated with ΔMETsmax in T2-T0 (r=-

0.394, p=0.002) and each ΔKASI in T1-T0 and ΔKASI inT2-T0 (r=-426, p=0.000; r=-0.445, 

p=0.000) (Table 3). 

Conclusion

E/e’ lateral and E/e’ septal might be used as one of the indicators of functional exercise 

capacity and its change. However, further study would be required to find more predictive 

echocardiologic parameters correlated with exercise capacity. 

Acknowledgment :It was supported by the National Research Foundation of Korea (NRF) 

grant (2019R1I1A3A01060059) funded by the Korean government (MSIP). 

Table 1. Biomedical Characteristics of the Patients Classified by the Functional Evaluation Time



Table 2. Relationship between Echocardiographic Parameters and Exercise Capacity in T0

Table 3. Correlation between Echocardiographic Parameters and Interphase Changes of Exercise Capacity.
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Background

Heart failure (HF) is chronic and exhausting disease. Previous studies demonstrated that 

patients with HF impaired either cardiac function and physical performance. It is not known 

how much the physical performance has been impaired in these populations compared to 

healthy people in Korea. 

Method 

This study is a single-center, cross-sectional observation study. Ninety healthy control 

subjects (45 females, 71.0 [7.0] year-old (median [IQR]), body mass index (BMI) 24.6 [3.3] 

kg/m2) and 52 HF patients (22 females, 70.5 [7.0] year-old, BMI 23.2 [5.1] kg/m2) 

participated in this study. HF was defined by the syndrome of dyspnea, fatigue and 

congestion related to an altered cardiac function caused by cardiomyopathy or valve 

diseases and NYHA class I to III. Body composition analysis, grip strength (GS), knee 

extensor strength (KES) and 6-minute walk test (6MWT) were conducted and compared 

inter-groups. 

Results 

HF group weighted less and showed lower BMI(p=0.010, 0.042, respectively). In body 

composition analysis, HF group showed lower skeletal muscle index (7.44 [1.02] kg vs 6.16 

[1.80] kg, p=0.000) and 50kHz whole body phase angle (PA) (5.50 [1.02] vs 4.83 [0.96], 

p=0.000). Also, GS was 26% lower in HF group(p=0.000). In 6MWT, HF group walked 389.5 

[150.0]m and healthy group walked 532.5 [85.0]m (p=0.000) (Table 1). Pre- and post- blood 

pressure and post-oxygen saturation was lower in HF group (p=0.000). 6-minute walk 

distance (6MWD) was correlated with SMI, PA, GS, KES but not with left ventricular ejection 

fraction and E/E’. Sarcopenia using Asian working group criteria was showed as 43.7% in 

HF subjects and 0% in healthy senile (p<0.001).

Conclusion 



Elderly patients with HF showed lower physical performance than healthy senile. Apart 

from left ventricular function, sarcopenia is significant impact factor on physical 

performance in elderly HF subjects.

Table 1. Parameters of 6-minute walk test 
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Objective 

The urinary bladder function of storing and voiding urine is controlled by central and 

peripheral nervous systems. The pathophysiology of detrusor-sphincter dyssynergia (DSD) 

in neurogenic bladder is represented by disruption of spinobulbospinal tract between the 

pontine micturition center and Onuf’s nucleus. However, dyssynergic sphincter activity can 

also be seen in non-neurogenic bladder. In this retrospective study, we aimed to find out 

the differences of dyssynergic sphincter activity patterns and urodynamic parameters in 

the dysfunctional bladders of spinal cord injury (SCI) and the non-neurogenic (NN) patients.

Method 

One hundred and seven patients of dysfunctional voiding who conducted urodynamic 

study from January to March, 2018 were enrolled retrospectively. They were divided into 

SCI group (n=32) and NN group (n=75) by reviewing their medical records. We categorized 

the urodynamic study findings into 5 types according to dyssynergic sphincter activities. 

Type 1-3 belonged to true DSD and type 4 belonged to pseudo-DSD. And, type 5 

represented patients who didn’t show dyssynergic sphincter activity. We also analyzed 

their urodynamic parameters such as bladder capacity, compliance, detrusor leak point 

pressure (DLPP), peak detrusor pressure (PdetQmax), post-void residual urine volume (PVR) 

and electromyographic activity of the sphincter. 

Results 

37.3% (28 out of 75 patients) of NN group and 84.4% (27 out of 32 patients) of SCI group 

showed dyssynergic sphincter activity, respectively. Pseudo-DSD was shown in 3.6% (1 out 

of 28 patients) and 22.2% (8 out of 36 patients) prevalence in each SCI group and NN group. 



Bladder capacity was significantly higher in SCI group (mean=456.78) than NN group 

(mean=368.04) who had true DSD (p<0.05). There were no significant differences in other 

urodynamic parameters between SCI group and NN group. And, DLPP, PdetQmax, and 

PdetQmax (flow) were significantly higher in true DSD group (mean=30, 45, 39, 

respectively) than pseudo-DSD group (mean=18.78, 25.56, 18.33, respectively) in all 

patients. 

Conclusion 

Detrusor-sphincter dysfunction was not infrequent in patients with NN bladder. And those 

who have cord injury had higher bladder capacity than non-neurogenic bladder among 

true dyssynergic sphincter dyssynergia. Also, pseudo-DSD which caused by contraction of 

abdominal muscle or pelvic floor muscle can be shown not uncommonly during the 

urodynamic study. Further studies with prospective and good design are necessary for 

more valuable clinical findings. 

Key words Detrusor-sphincter dyssynergia, Neurogenic bladder, Dysfunctional voiding 
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Introduction 

There are several possible factors that affect blood pressure (BP) fluctuation in patients with spinal 

cord injury (SCI). These factors include position, orthostatic and postprandial hypotension, diurnal 

hormonal change, neurologic level of injury (NLI), circadian rhythm and autonomic dysreflexia (AD). 

It is questionable when to measure baseline BP in SCI patients, but there are only a few reports. 

The purpose of the study is to determine the optimal condition or timing for measuring the baseline 

BP of SCI patients. 

Method 

Fourteen SCI patients (12 males and 2 females) with NLI above C8 showing AD symptoms were 

included. Real-time changes in BP during filling and emptying the bladder using the urethral 

catheterization were monitored using FinometerTM (Fig. 1A). To exclude the effects of orthostatic 

and postprandial hypotension, all patients were examined in the supine position 2 hours after 

meals. Because BP in tetraplegics dropped at night and increased at dawn, the baseline BP was 

measured during the daytime. The saline infusion rate was set strictly as 24 mL/hr to avoid 

overactivity by rapid filling the bladder. We defined the duration of BP to be completely normalized 

from the peak BP point as Resolution Time (RT) (Fig. 1B). We measured RT in all the subjects and 

analyzed using descriptive statistics. 

Results 

The demographic and descriptive data are listed in Table 1. As the patient’s bladder filled with 

normal saline, BP gradually increased to peak and stabilized over time by emptying the bladders. 

Regardless of the clinical severity of AD or bladder type, all patients reached baseline BP after a 

certain period of time. RTs in the SCI patients with AD vary from 1 to 14 minutes with an average 

of 5.9 ± 4.1 minutes (Table 2). 

Conclusion 

In the literature, BP measurement in patients with SCI is recommended in a supine position, in the 

daytime, more than 2 hours after the meal, and when the patient is free from AD symptoms. As AD 

symptoms are frequently mostly caused by bladder filling, we designed the study to determine 

when to measure BP after the onset of bladder emptying. Based on the results of the study, we 

suggest measuring the baseline BP after at least 14 minutes from the starting of emptying the 

bladder. In the study, RT appeared to last up to 14 minutes but may increase depending on AD 

severity. To determine the mean and maximum RT, according to the factors that may influence the 

value, including AD severity or detrusor type, further studies with a larger sample size are needed. 



Figure 1. A) Finometer B) RT means time from bladder emptying point to stable BP point.

Table 1. Demographics and clinical characteristics of the subjects

Table 2. Resolution time of AD
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Introduction 

Most SCI patients experience renal function deterioration, which directly affect mortality 

a s  w e l l  a s  q u a l i t y  o f  l i f e .  P r e v i o u s  s t u d i e s  u t i l i z e d  t e c h n e t i u m - 9 9 m 

Mercaptoacetyltriglycine (Tc-99m MAG3) renal scintigraphy as a sensitive indicator of 

early renal deterioration in SCI patients. However, considering the expense and complicate 

procedures of Tc-99m MAG3 renal scintigraphy, its usage is limited for selective SCI 

patients. Therefore, this study aims to analyze the quantitative correlation between 24-hr 

urine creatinine clearance (CCr) level and Tc-99m MAG3 renal scintigraphy results and 

identify clinical considerations in application each laboratory findings for SCI patients.

Methods 

The medical charts of 149 SCI patients who were admitted to a tertiary university hospital 

for rehabilitation treatment from 2016 to 2017 were reviewed. Patients with available 

records of initial 24-hr urine CCr level, Tc-99m MAG3 renal scintigraphy and body 

composition were included. Patients who lack any records, or with prior history of kidney 

disease or any medical conditions which may affect renal function were excluded. Effective 

renal plasma flow (ERPF) was derived from Tc-99m MAG3 renal scintigraphy, and was 

revised considering the patient’s body surface area (BSA) and age. Percent effective renal 

plasma flow (% ERPF) was calculated by the ratio of the patient’s ERPF and normal 

expected EFPR value. SCI patient’s body composition was assessed by a body composition 

analyzer (InbodyS10, Biospace, Seoul, Korea). Quantitative correlation between % ERPF 

and 24-hr urine CCr level were analyzed, and the contribution of age and soft lean mass 

(SLM) to each values were also studied. Each methods were analyzed with Spearman’s rank 

correlation coefficient using SPSS 23.0. 

Results 

Total 130 patients were finally enrolled in this study. The 24-hr urine CCr level showed 

significant correlation with % ERPF (r=0.298, p=0.001). Each values showed negative 

correlation with the age of the patient (r=-0.318, p<0.001 for 24-hr urine CCr level, r=-0.246, 



p=0.005 for % ERPF). SLM showed significant correlation with 24-hr urine CCr (r=0.235, 

p=0.004), whereas no correlation with %ERPF. However, 24-hr urine CCr level did not 

correlate with body weight change of each patient. 

Conclusions 

As 24-hr urine CCr level correlates with % ERPF significantly, it could be a sensitive indicator 

of renal function in SCI patients. On the other hand, in the SCI patients with low SLM, Tc-

99m MAG3 renal scintigraphy might be more reliable for evaluation of renal function, 

considering 24-hr urine CCr level can be influenced by patient’s muscle mass. Additionally, 

in older SCI patients who are expected to have more deteriorated renal function and 

reduced SLM, monitoring of renal function with Tc-99m MAG3 might be more helpful for 

accurate assess of renal function and improvement of rehabilitative outcome. 

Table 1. Demographics and clinical characteristics



Fig 1. Correlation between 24-hr urine CCr level and % ERPF

Fig 2. Contribution of age in patient's renal function estimated by (A) correlation between age and % ERPF 

(B) correlation between age and 24-hr Urine CCr level
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Objective

For disabled person with spinal cord injury (SCI), return to society and adaption is most 

critical problem and object of fear. In the cases of overseas, it has been known that it 

usually takes 3 to 8 months to return to daily living after SCI. But in domestic circumstance, 

due to the lack of a transitional rehabilitation system(TRS), average period is over 31 

months and there are many cases in which the patient lives a secluded life after discharge. 

In this project, we developed hospital based TRS model using daily living home for disabled 

person with SCI and verified effectiveness of it. 

Subjects & Methods

Through reviewing domestic researches, the return to daily living program of the Korea 

Spinal Cord Injury Association and cases of overseas institutions, 12 educational items 

(activity of daily living, wheelchair skill up, education for management of crisis, emotional 

support, sexual rehabilitation, driving, counseling for housing, sports or leisure for the 

disabled, return to school or work, counseling for linkage of economic and community 

resource, orthosis evaluation, education of spinal cord injury) were established and 

manuals of each item was developed. The first subject of the project was a 47-year-old 

woman who had been hospitalized for 26 months, six hospitals after SCI, April 2017. Before

admission to the program, in-depth interviews with subject was done, the patient 's needs 

were identified and user-centered program was planned through the goal setting meeting 

(table 1). Even if it was not in the patient's needs, the program was coordinated by 

supplementing the part of the educational items. Physicians, nurses, physiotherapists, 

occupational therapists, social workers, technician of orthosis, independent living 

coach(disabled person with SCI) were participated in the program operation. Neurological, 

occupational, social welfare, psychological, quality of life (QOL) evaluation was done 

before and after program and achievement of goals were measured. 

Results

Her neurological level of injury was C8, sensory incomplete injury. There was no significant 

change in neurological evaluation. But meaningful improvement was observed in 

occupational, social welfare, psychological and quality of life evaluation (table 2). Also goal 

attainment scaling(GAS) of six core goal showed much improvement 34.95 to 73.01 (table 

3). The cost of implementing the program was 7,068,134 korean won. After this program, 

she can return to home from long term hospitalization. 



Conclusion

Comprehensive TRS offer improvement in ability of daily living and QOL to disabled person 

with SCI and reduce the fear of returning to society. And it can be expected that the 

shortening of length of stay and the reducing of medical expenses through application of 

hospital based TRS using daily living home at the appropriate time 

Acknowledgment :This work was supported by the National Rehabilitation Center(NRC) 

grant funded by the Korea government (No.2019-0364-01) 

Table 1. Monthly schedule for the first subject of the project



Table 2. Results of the first subject of the project

Table 3. Goal Attainment Scaling(GAS) of the first subject of the project
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Introduction 

The purpose of this study is to determine whether fully immersive virtual reality (VR) 

intervention combined with conventional occupational therapy can improve the upper 

limb function more than CR alone in patients with spinal cord injury (SCI). 

Study design and method 

We prospectively enrolled 15 spinal cord injury patients with upper limb dysfunction who 

were admitted to our rehabilitation facility. Participants were randomly assigned to either 

the control group (CG) (n = 10) or the experimental group (EG) (n = 5). The CG received 60 

min conventional therapy per day, 4 days per week for 4 weeks. Conventional occupational 

therapy included one-on-one training by the therapist, including shoulder, elbow, wrist 

and finger joint exercises and hand grasping-release tasks, upper extremity strengthening, 

stretching and activities of daily living (ADL) training. The EG received 30 min of VR training 

and 30 min of conventional therapy per day, 4 days per week for 4 weeks. During the VR 

(REHABWARE VRⓇ, Tech village Corp., Korea) training, patients sit in a chair and 

performed six programs (ball throwing, playing xylophones, moving strawberries into the 

bowl, avoiding arrows, shooting at the targets and popping the bubbles). Clinical outcome 

measures included active range of motion (AROM), Manual muscle test(MMT), box and 

block test (BBT), Nine-Hole Peg test, action research arm test (ARAT), Korean version of 

Spinal cord independence measure (K-SCIM). The usability test which consisted of 10 items 

(5-point likert scale) to measure patients’ affection, efficiency and convenience was 

conducted after intervention in the EG. The assessments were performed at the beginning 

(T0) and at the end of the intervention (T1). 

Result 

All subjects completed 16 times of training without drop out. Both groups showed 

improvement in arm function and ADL. Compared with the CG, the EG showed wider range 

of motion in shoulder abduction and shoulder flexion. ARAT score was significantly 

improved after VR therapy. The usability test showed an average score of 4.6 out of 5 

points. 



Conclusion 

This study showed that VR added to conventional occupational therapy produces similar 

results in upper limb function compared to only CR in patients with SCI. Moreover, the VR 

appears to produce high motivation during execution on the assigned tasks. However, 

larger sample size is needed to investigate the effectiveness and efficacy of VR. 

Table 1. Demographics and characteristics of patients

Table 2. Changes between pre-(T0) and post-(T1) treatment
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Purpose 

There are many trauma centers for team approach for patients from trauma and now it is 

important to minimize complications of survivors. Cervical spinal cord injury (C-SCI) is one 

of them who survived from tragic accident and it is important to overcome their 

physiologic dysfunction after C-SCI such as respiratory dysfunction. It is widely accepted 

that early rehabilitation including chest physiotherapy and early tracheostomy lead to 

reduced length of stay and improved mortality of patients with C-SCI. In this study, we 

estimated results of early rehabilitation through multidisciplinary team approach for C-SCI 

at a regional trauma center retrospectively via incidence of tracheostomy and 

decannulation and rates of ventilator-free at discharge. 

Methods 

The study period is September 1st, 2016 to June 30th, 2019. 49 patients were included for 

C-SCI patients who admitted through the trauma center with neurologic level of injury (NLI) 

of C1 to C7 and American Spinal Injury Association Impairment Scale (AIS) A or B were 

enrolled. All of them received early rehabilitation including chest physiotherapy from 

intensive care unit (ICU) or general ward. Chest physiotherapy includes sputum toileting 

by mechanical insufflation-exsufflation with abdomen thrust maneuver, high-frequency of 

chest wall oscillation and education of breathing exercise such as incentive spirometer or 

air stacking with deep breathing and coughing training. 

Results 

Total 49 patients were enrolled. Patient demographics are seen in Table 1. Mean time from 

injury to initiation of pulmonary rehabilitation (PR) were 8.25 days with standard deviation 

3.04. Incidence of tracheostomy according to NLI and/or impairment scale is seen in Table 

2. Rates of ventilator-free outcome at discharge is seen in Table 3. Comparison with 

previous studies for rates of successful ventilator weaning according to NLI with AIS A or B 

is seen in Table 4. Successful ventilator weaning means 24 hours free of invasive ventilation 

including non-invasive ventilation (NIV). 



Discussion 

This study showed incidence of tracheostomy (Table 2) and rates of successful ventilator 

weaning rates at NLI level of our center compared to previous study (Table 3 & 4). 

Incidence of tracheostomy was higher on higher NLI and rates of decannulation was higher 

on lower NLI. Patients with NLI of C1 was failed to ventilator-wean in all study. One patient 

with NLI C2 with AIS A became AIS B after operation and he was extubated and applied NIV 

at discharge (Table 3). 

Conclusion 

Reduced tracheostomy rates or increased ventilator-free rate improve life quality of 

patients with C-SCI and reduce psychological problem. Thus, it is important to collect multi-

center based prospective database to establish standardization of early rehabilitation and 

chest physiotherapy for traumatic SCI patients in Korea. 

Table 1. Patient demographics



Table 2. Incidence of Tracheostomy & Rates of Ventilator-Free Outcome

Table 3. Rates Ventilator-Free Outcome

Table 4. Comparison with previous study of successful ventilator weaning rates
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Demographic and clinical characteristics of spinal cord injury patients with 

neuropathic pain

Hae Young Kim1*, Hye-Jin Lee 1†, Tae Lim Kim1, In Kyeong Cho1

National Rehabilitation Center, Department of Rehabilitation Medicine1

Introduction

Many spinal cord injury patients suffer from neuropathic pain, resulting in poor quality of 

life. However, there is a lack of epidemiological investigation about the spinal cord 

injury(SCI) patients with neuropathic pain compared to other general chronic pain 

population. This study aims to investigate the prevalence of neuropathic pain and study 

the demographic characteristics and medical conditions of neuropathic pain in SCI patients. 

Method

The medical records of patients with spinal cord injury who were hospitalized in our 

hospital between 1 January 2016 and 31 December 2017 were reviewed retrospectively. 

We used the International Spinal Cord Injury Pain(ISCIP) classification to investigate the 

characteristics of neuropathic pain in SCI patients. We analyzed the prevalence of 

neuropathic pain and the distribution of gender, age, disease duration, etiologies, 

neurological level of injury, type of injury(complete/incomplete lesions) and the level of 

pain.

Result

288 out of a total 459(62.7%) SCI patients had neuropathic pain, 269(93.4%) with below 

level pain and 17(5.8%) with at level pain. In the group of patients with neuropathic pain, 

the average patient age was 53.25±16.57 and the number of males was 202(70.1%). There 

were 149(51.7%) chronic SCI patients. The neurological level of injury was cervical in 

146(50.7%) patients, thoracic in 87(30.2%) patients, and lumbar in 54(18.8%) patients. Of 

the total SCI patients, 212 out of 338 patients with incomplete lesions and 72 out of 121 

patients with complete lesions had neuropathic pain. 289 patients had traumatic spinal 

cord lesions and 198 of them had neuropathic pain. 170 patients had non-traumatic spinal 

cord lesions and 90 of them had neuropathic pain. 

Conclusion

With a prevalence of 62.7 percent, about two-thirds of SCI patients were actually suffering 

from neuropathic pain. Traumatic SCI patients had significantly higher prevalence of 

neuropathic pain than non-traumatic SCI patients. There were no significant correlations 

between prevalence of neuropathic pain and the type of injury. 



Table 1. Demographic and clinical characteristics of SCI patients with neuropathic pain
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Concordance between motor exam of ISNCSCI and needle 
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Objective

The International Standards for Neurological Classification of Spinal Cord Injury(ISNCSCI) is 

used for neurologic evaluation of spinal cord injury(SCI) patients. Early detection of motor 

recovery and adequate training of trace powered muscles are important for improved 

outcome in rehabilitation. It is also important to distinguish between ASIA impairment 

scale(AIS) B or AIS C because prognosis of them is quite different. For determination as AIS 

C, sparing of key or non-key muscle function more than 3 levels below motor level on a 

given side is needed. However, to distinguish whether trace or zero by manual muscle test 

has some difficulty. If there is no visual movement of muscle, and physiatrist should 

determine this muscle's power by his hand to feel muscle contraction. The purpose of this 

study is to evaluate the accuracy of motor exam when motor grade is zero or trace, by 

confirming needle electromyography (EMG). 

Methods 

We reviewed recordings of SCI patients who admitted to our hospital from January, 2013 

to June, 2019, and performed needle EMG of key muscles. Then, we reviewed results of 

needle electromyography of key muscle which was determined as zero or trace by motor 

exam of ISNCSCI. We assumed that if muscle strength was zero, there would be no 

detection of motor unit action potential(MUAP), and if muscle strength was trace, there 

would be any MUAPs. Cohen's kappa coefficients were used to determine the agreement 

between motor exam of ISNCSCI and needle EMG when motor grade was zero or trace. 

Results 

Total 25 patients and their 175 key muscles which were determined as zero or trace by 

motor exam were performed needle EMGs. Cohen's kappa coefficient, which indicates 

agreement between motor exam and needle EMG, showed fair agreement (k=0.309). In 

case of key muscles which was determined as zero by motor exam, 80% of them were 

confirmed as zero by needle EMG. However, in case of key muscles which was determined 

as trace by motor exam, 50% of them were confirmed as zero by needle EMG (Table 1). 

Based on the each key muscles, T1 showed almost perfect agreement (k=1.000), L2 showed 

fair agreement (k=0.359), and S1 showed moderate agreement (0.521). Other key muscles 

didn’t show any agreement. 



Conclusion 

Concordance between motor exam of ISNCSCI and needle EMG when motor grade was 

zero or trace was fair degree. However, when motor grade was trace, concordance rate 

was lower than when motor grade was zero. For accuracy of motor exam and exact 

determination for ASIA impairment scale, needle EMG confirmation would be helpful 

when motor grade is zero or trace. 

Table 1. Concordance between motor grade and presence of MUAP
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Sonographic evaluation of optimal needle insertion site of biceps femoris 

short head

Se Young Shin1*, Dong Hwee Kim1†, Ki Hoon Kim1
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Purpose

To assess the optimal needle placement site for the electromyographic examination of the 

biceps femoris short head muscle through sonographic evaluation 

Participants

Thirty-six lower limbs of 18 voluntary healthy people 

Methods

The study was designed as a prospective cross-sectional study. The distance was measured 

using ultrasonography from medial and lateral margin of BFL tendon to CPN (M_BFLT_CPN, 

L_BFLT_CPN distance), and hazard window from medial and lateral margin of BFL tendon 

to CPN (M_CPN_angle1&2, L_CPN_angle1&2) at 5cm proximal to the tip of fibular head 

(P1), 7cm proximal (about 4 finger breadths) to the tip of fibular head (P2). 

Results

Median results of medial BFL tendon margin to CPN distances (M_BFLT_CPN) were 

7.33mm (2.10mm – 16.18mm) at P1, 11.58mm (7.16mm - 22.39mm) at P2 level. Median 

results of lateral BFL tendon margin to CPN distances (L_BFLT_CPN) were 19.97mm 

(11.96mm – 26.22mm) at P1, 22.05mm (14.31mm – 29.81mm) at P2 level. Median results 

of angle between medial BFL tendon margin to CPN borders were 23.53˚ to 52.28˚ at P1 

level, and 18.18˚ to 35.06˚ at P2 level. Median results of angle between lateral BFL tendon 

margin to CPN borders were 75.12˚ to 83.00˚ at P1 level, and 37.24˚ to 74.60˚ at P2 level. 

The CPN courses in proximity to the medial margin of the BFL tendon and locates nearly 

direct below the BFL tendon. 

Conclusions

A medial approach of the needle electrode for electromyographic examination of the 

biceps femoris short head would have a high risk of injury to the CPN. Considering the 

anatomical positioning between CPN and biceps femoris short head muscle, the lateral 

approach is strongly recommended for electromyographic examination of this muscle.



BFLT_1: BFL tendon short distance, BFLT_2: BFL tendon long distance, BFS_2: BFL tendon long distance, 

BFS_1: BFS muscle short distance, BFS_2: BFS muscle long distance, M_BFS_S: direct distance of skin to BFL 

tendon medial border, M_BFS_D: direct distance of skin to BFS muscle deepest margin at medial border of 

BFL tendon point, M_BFS thickness: M_BFS_D-M_BFS_S, M_BFS_HL: direct distance of M_BFS_D line to 

medial border of BFS muscle, L_BFS_S: direct distance of skin to BFL tendon lateral border, L_BFS_D: direct 

distance of skin to BFS muscle deepest margin at lateral border of BFL tendon point, L_BFS thickness: 

L_BFS_D-L_BFS_S, L_BFS_HL: direct distance of L_BFS_D line to lateral border of BFS muscle, * P-value < 0.05; 

Wilcoxon singed-rank test compared between P1 and P2



BFS_S: direct distance of skin to each BFL tendon border, BFS_D: direct distance of skin to BFS muscle deepest 

margin at each border of BFL tendon point, BFS thckness: BFS_D – BFS_S, BFS_HL: direct distance of BFS_D 

line to each border of BFS muscle, BFLT_CPN: each BFL tendon margin to CPN distance, CPN_angle1: angle 

of medial border of CPN between each BFL tendon margin, CPN_angle2: angle of lateral border of CPN 

between each BFL tendon margin, *P-value < 0.05; Wilcoxon singed-rank test compared between lateral and 

medial

Figure 1. Ultrasonographic image and measurement parameters at P1 level
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The relationship between medial head of triceps brachii and ulnar nerve 

excursion at the elbow

Ha Mok Jeong1*, Joon Shik Yoon1†

Korea University Guro Hospital, Department of Physical Medicine and Rehabilitation1

Introduction 

The ulnar nerve tends to move to the anteromedial side and flattened as the elbow is 

flexed. Hypertrophy of the triceps brachii muscle was associated with the ulnar nerve 

dislocation at the elbow. Previous studies only have focused on the triceps brachii muscle. 

But the ulnar nerve transverse the medial intermuscular septum in the upper arm and pass 

through anterior to the medial head of the triceps muscle. Thus medial head of triceps 

brachii maybe influence the movement of ulnar nerve at the elbow. The aim of this study 

was to evaluate that ulnar nerve disposition at the elbow will be more relevant to the 

medial head of triceps brachii muscle than entire triceps brachii muscle. 

Methods 

Total 15 healthy volunteers were enrolled in this study and we reviewed 30 arms of those. 

The exclusion criteria were: (1) impairment of sensory function (2) weakness of muscles 

innervated by the ulnar nerve (3) history of upper extremity trauma (4) peripheral 

neuropathy. All arms of those are received sonographic assessment: the ultrasonographic 

parameters of the ulnar nerve were measured with the elbow in the three different 

positions: extension, 90-degree flexion, maximal flexion. And those parameters are ulnar 

CSA, flattening ratio and horizontal distance from the medial epicondyle tip to the medial 

margin of the ulnar nerve. The thickness of triceps brachii muscle is measured in elbow 

extension position. The thickness medial head of triceps brachii muscle is measured in 

elbow 90-degree flexion position, when the transducer is placed in the horizontal plane of 

medial epicondyle. (Fig. 1) The length of the ulnar nerve movement was calculated as the 

difference in horizontal distance from the tip of medial epicondyle to the middle of the 

ulnar nerve at each position. 

Results 

The mean cross-sectional area (CSA) were 8.17 mm², 7.45 mm² and 7.75 mm², respectively, 

according to position. The mean flattening ratio (FR) were 1.36, 1.71 and 1.81 respectively, 

according to position. (Table. 1) The movement of the ulnar nerve were more significantly 



correlated with medial head of triceps brachii thickness than triceps brachii muscles 

thickness. (Fig. 2) 

Conclusion 

Our data suggest that the thicker medial head of triceps brachii muscle, the more the 

movement of the ulnar nerve as the elbow is flexed. And Hypertrophy of medial head of 

triceps brachii can be potential mechanism for subluxation or dislocation of ulnar nerve. 

Table 1. CSA and FR of ulnar nerve in the each position
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Objective

Intraoperative neurophysiological monitoring (IONM) is widely used in spine surgery to 

prevent the postoperative motor deterioration (PMD). Previously reported values of the 

sensitivity or specificity of somatosensory or motor evoked potentials (SEPs or MEPs) are 

various since the PMD is rare in scoliosis surgery. However, with the absence of previous 

comparative study of IONM between neuromuscular scoliosis (NS) and idiopathic scoliosis 

(IS), we made comparative analysis, especially in patients who did not show any PMD.

Methods

This retrospective study contains the 4 years (May, 2015~May, 2019) of medical record 

review in a tertiary hospital. Among 66 patients who received the scoliosis surgery, 53 (NS: 

25, IS: 28) underwent the IONM. By C1/C2 interhemispheric transcranial electrical 

stimulation, the MEPs were obtained in the bilateral tibialis anterior and abductor halluces 

muscles. Bilateral tibial SEPs were obtained recording from C4’/C3’. The maximum 

amplitude decrement percentage of MEPs (ΔMEPampMax) and SEPs (ΔSEPampMax), and 

the maximum percentage of the prolonged SEPs latency (ΔSEPlatMax) compared to 

baseline value were analyzed. The preoperative motor score (Motorpre) of 5 key muscles 

of bilateral lower extremities by the International Standards for Neurological Classification 

of Spinal Cord Injury were calculated using the Medical Research Council scale. Cobb’s 

angle (Cobb’spre), corrected Cobb’s angle (ΔCobb’s) were measured by preoperative and 

postoperative simple plain image of the whole spine (standing or sitting). The maximum 

and minimum SBP and DBP during surgery were checked. 

Results

By independent T test, NS showed significantly lower height, weight, and Motorpre, larger 

Cobb’spre, longer fixation level and the operation duration, and more bleeding amount 

with lower SBPMin than IS. However, there were no significant differences of the 

ΔMEPampMax, ΔSEPampMax, or ΔSEPlatMax (Table 1). By Pearson’s correlation analysis, 

several parameters were correlated statistically, and especially, ΔSEPampMax were 



significantly correlated with operation duration (P=0.01) in NS. In addition, ΔSEPampMax 

were correlated with DBPMin (P=0.04) and ΔMEPampMax (P=0.01) in IS. The ΔSEPlatMax 

was correlated with SBPMax (P<0.01) and ΔSEPampMax (P<0.01) in NS. On the linear 

regression analysis, bleeding amount, SBPMax, and DBPMax were significant contributing 

factors for ΔSEPlatMax in NS. Other variables did not significantly contribute to 

intraoperative SEPs and MEPs (Table 2). 

Conclusion

These results represent that the bleeding amount and the following hemodynamics are 

important factors to make the SEP latency prolonged in NS. It may result from the more 

bleeding amount in NS, and as already known, SEPs were more sensitively correlated with 

hemodynamics than MEPs. Thus, the surgeons should pay more attention in NS to reduce 

the bleeding amount for the safe neurophysiologic outcome under IONM especially 

including SEPs. 

Table 1. Difference between neuromuscular and idiopathic scoliosis surgery.

Table 2. Regression analysis for intraoperative MEPs and SEPs in neuromuscular and idiopathic scoliosis 

surgery.
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Electrodiagnosis of Upper Lumbar Stenosis: Discrepancy between 

Neurological and Structural Levels

Jae Hyeon Park1*, Sun G. Chung2, Keewon Kim2†

Hanyang University Guri Hospital, Department of Rehabilitation Medicine1, Seoul National 

University Hospital, Department of Rehabilitation Medicine2

Introduction

Characteristics of radiculopathies caused by spinal stenosis at upper lumbar spinal canal 

(L1/2, L2/3, L3/4) have not been comprehensively investigated. 

Methods

A retrospective study reviewed 14 patients from a tertiary hospital outpatient clinic. 

Inclusion criteria were upper lumbar stenosis shown by MRI and radiculopathies with 

active denervation confirmed by electromyography. Patients combined with any other 

conditions that could explain clinical or electrophysiological manifestations were excluded. 

Results

Neuropathic findings were observed predominantly in L5 or S1 myotomes in 

electromyography. Abnormal spontaneous activities were observed in distal muscles in all 

patients, in proximal muscles in 8 patients. Axonal involvement was bilateral in 10 patients, 

unilateral in 4 patients. In MRI, redundant nerve roots were demonstrated in 13 patients 

with chronic reinnervation, except one whose onset was one month ago. 

Conclusion

Lumbar spinal stenosis at upper levels usually causes L5, S1 radiculopathies with diverse 

patterns. That level discrepancy may cause diagnostic confusion. 



Figure 1. Sagittal and axial T2-weighted magnetic resonance images of illustrative cases. (A and B) a 53 year-

old man with L5/S1 radiculopathy caused by L2/3 central canal stenosis, and evidence of RNRs (yellow arrow) 

(case 1). (C and D) a 63 year-old man with L5/S1 radiculopathy caused by L3/4 central canal stenosis due to 

bulging disc, facet arthropahty and synovial cyst, and evidence of redundant nerve roots (RNRs, yellow arrow) 

(case 2). (E and F) a 61 year-old man with left L5 radiculopathy caused by L2/3 herniated intervertebral disc 

(case 3).
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Correlation between Autonomic Dysfunction and Functional Status in

Patients with ALS

Myung Hoon Moon1*, Ju Hyun Son1, Soo-Yeon Kim1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1

Objective 

Amyotrophic lateral sclerosis (ALS) has traditionally been considered as a pure motor 

disease, but it is not uncommon to have non-motor manifestations in advanced cases. 

Autonomic dysfunction is one of the non-motor manifestations including orthostatic 

hypotension, heart rate variability, dyshidrosis, neurogenic bladder or bowel. These 

symptoms have a major impact on patients’ quality of life, but unlike motor function, it is 

difficult to evaluate quantitatively and to predict the onset of symptoms. The aim of this 

study was to determine the relationship between functional status and autonomic 

dysfunction in patients with ALS. 

Methods 

We collected data from the prospective study conducted in 29 ALS patients (26 males and 

3 female). The collected data were divided into 2 categories; The Medical Research Council 

(MRC) sum score, Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised (ALSFRS-

R), Korean version of Modified Barthel Index (K-MBI), Berg Balance Scale (BBS), Forced Vital 

Capacity (FVC), Peak Cough Flow (PCF), Body Mass Index (BMI), estimated skeletal muscle 

mass on bioimpedance analysis and Penetration Aspiration Scale (PAS) on 

videofluoroscopic swallow study were categorized as physical function test; blood pressure 

(BP) response to postural change, heart rate (HR) response to postural change and deep 

breathing, Sympathetic Skin Response (SSR) and Quantitative Sudomotor Axon Reflex Test 

(QSART) are categorized as autonomic function test. The MRC sum scores were measured 

as a score of 0 to 5 at bilateral elbow flexors, finger flexors, hip flexors, and ankle 

dorsiflexors, and all were added. Among autonomic function tests, BP response to postural 

change, SSR and QSART are known to represent sympathetic function, and HR response to 

postural change and deep breathing represent parasympathetic function. The correlations 

between physical function tests and autonomic function tests were statistically analyzed. 

Result 

Demographics and descriptive data of the subjects are shown in Table 1. There was no 

statistically significant correlation between physical function tests and autonomic function 

tests (Table 2). Although there is no statistical significance, SSR was abnormal in almost all 

subjects. 

Conclusion 



This is a pilot study to develop a model for early prediction of autonomic dysfunctions in 

ALS patients. Result of this study showed that there is no direct correlation between 

patients’ physical and autonomic function tests. We will conduct a further study to find out 

which tests can represent the onset of perceptive symptom most sensitively over time in 

patients with ALS. 

Table 1. Demographics and descriptive data of the subjects

Table 2. Comparison between autonomic function tests and physical function tests
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Machine Learning-Based Prediction of Diabetic Polyneuropathy
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Objective 
To find the most relevant predictor for the detection of diabetic sensorimotor neuropathy 
(DSPN) among patients with type 2 diabetes mellitus (DM) using machine learning (ML) 
algorithms,and whether ML-based method is better than traditional statistics for the 
prediction of DSPN. 

Method 
Five hundred twenty seven DM patients were analyzed, and patients who had 
polyneuropathies other than DSPN, mononeuropathies, or radiculopathies were excluded. 
Subjects were divided into two groups according to the electrophysiological results based 
on the guidelines of the American Diabetes Association; DSPN group (n=129) and control 
group without DSPN (n=398). Clinical features, medical history, method of treatment, 
possible risk factors based on previous studies, electrophysiological and clinical pathology 
results were used for analysis. ML was performed with XGBoost. Average values of each 
code of the individual patients was used as the input value. Patients with missing values 
for more than half of the feature codes were excluded, and the final cohort was set with 
104 test samples and 349 control samples. To find the best parameters for the model, it 
was trained by changing the following parameters; max_depth, subsample, and 
colsample_bytree. To compare ML methods with traditional statistical methods, all 
parameters were compared between the control and DSPN groups using independent t-
test, chi-square test, factor analysis, and regression analysis to derive predictable factors 
for DPSN. 

Results 
A total of 56 variables were extracted and clustered into 3 groups using k-means clustering. 
For clustering, differences in observed values between test/control group for each month 
were calculated and normalized by each test code. 3 clusters were created according to 
distribution of difference of observed value. Cluster 1 showed relatively high difference, 
cluster 2 showed relatively low difference and cluster 3 was in-between. The model was 
evaluated 10 times using 5-fold cross validation. Finally, 79.4% accuracy and 0.745 area 
under the curve (AUC) was achieved in cluster 2, and Hemoglobin A1c (HbA1c), C-reactive 
protein, hemoglobin and total protein were indicated as the strong predictors for DSPN. 
Through the statistical method, we found that high levels of HbA1c, insulin users, subjects 
with retinopathy and lower levels of C-peptide were the most important predictors of 



DSPN, but results were lower than those obtained using the ML method when the 
predictions were confirmed using equations incorporating individual parameters. Both 
methods had the same problem in that it took a lot of time because the data had to be 
inputted and integrated by human hands. 

Conclusion 
We found a ML system can predict DSPN, and showed better generalized predictive 
patterns than traditional statistics. However, in order to become a more efficient analysis 
method in clinical practice, more efforts are needed to shorten the duration and increase 
the prediction rate. <br> 

Table 1. The AUC and accuracy for the different clusters when predicting DSPN by machine learning

Figure 1. Heatmap drawn as the difference in observed values between the test group and the control group 

for each month normalized by each test code (e.g. 0-1 months, 1-2 months, etc.)
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The Correlation between Clinical, Prodromal and Residual Symptoms in 
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Objective

Bell's palsy is an acute peripheral facial nerve paralysis of unknown cause with an annual 

incidence of 20-30 per 100,000 population. Previous studies had shown a variety of 

prodromal symptoms which mean symptoms of discomfort before facial paralysis such as 

postauricular pain, change of taste and dry eye, but there are no studies that have been 

conducted about correlation between prodromal symptoms and prognosis in Korea. The 

purpose of this study was to investigate the correlation between prodromal symptoms and 

clinical severity of Bell's palsy and to determine which prodromal symptoms are associated 

with worse prognosis 9 weeks after symptom onset. 

Method

The investigation included 90 consecutive patients with Bell's palsy from August 2018 to 

April 2019. House-Brackmann scale (HBS) was used to assess the clinical severity of Bell's 

palsy and electrodiagnostic study was done for evaluating the facial nerve damage. Self-

reported questionnaire was conducted about prodromal symptoms and symptoms that 

occured on the same day as paralysis were excluded. The compound muscle action 

potential (CMAP) amplitudes were recorded, and the percentage of amplitude reduction 

was calculated by comparing the affected side with the unaffected side in each branch of 

the facial nerve. We had checked the remained symptoms by telephone 9 weeks after 

symptom onset. 

Results

77 out of 90 patients complained of prodromal symptoms before paralysis, and prodromal 

symptoms were postauricular pain (59%), headache (22%), change in taste (21%), 

abnormal facial sensation (20%), tongue sensory decline (14%) and so on. Postauricular 

pain, facial sensory abnormality and taste change were more frequent in patients with 

initial HBS IV or higher (p<0.05). When compared HBS with side-to-side CMAP amplitude 

reduction of each facial nerve branches, the CMAP difference of orbicularis oculi was most 

closely correlated with clinical severity (correlation coefficient=0.557, p<0.001). More than 

75% difference between the both sides of orbicularis oculi were significantly correlated 



with postauricular pain and excessive tear (p<0.05). Prodromal symptoms such as taste 

change and postauricular pain were statistically correlated with remained symptoms in

patients with HBS IV or higher at 9 weeks after symptom onset. 

Conclusion

This study showed that patients with Bell's palsy can have a various prodromal symptoms. 

This study also showed that if patients with Bell's palsy have postauricular pain and taste 

change before the onset of facial paralysis, it can mean to have worse initial clinical severity 

and residual symptoms. 
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Objective

To investigate the effect of botulinum toxin type A (BTX-A) injection on the 

musculotendinous length and dynamics of hamstring muscles in children with spastic 

cerebral palsy (CP) with crouch gait. 

Design

a prospective study 

Setting

University hospital pediatric rehabilitation clinic 

Participants

Twenty-nine children with spastic CP (Gross Motor Function Classification System I-III) 

Interventions

BTX-A (Dysport®, abobotulinum toxin-A) injection into the semitendinosus and 

semimembranosus muscles under the guidance of ultrasonography. 

Main Outcome Measures

Assessments included Gross Motor Function Measure (GMFM), Modified Ashworth Scale 

(MAS), Modified Tardieu Scale (MTS), 3-dimensional computerized gait analysis and 

calculated semimembranosus (SM) muscle-tendon length and lengthening velocity during 

gait using musculoskeletal modeling and inverse kinematic analysis at baseline and post-

injection weeks 4 and 16. 

Results



Significant improvements in GMFM, MAS, and MTS were recorded at week 4 & 16 

compared to those at baseline. Kinematic data showed a decrease in knee flexion during 

the stance phase at week 4 and decreased hip internal rotation at initial contact. The length 

of SM muscle-tendon was unchanged after BTX-A injection, while mean lengthening 

velocity during the swing phase was increased at week 16 after injection compared to 

baseline data. The subgroup analysis showed the hip rotation angle had significant changes 

only in the group with hip internal rotation at initial contact. 

Conclusions

The injection into hamstring muscles in the children with crouch gait led to significant 

improvement in gait kinematics without significant changes in muscle length in these 

children. 
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Development of questionnaire for screening ocular torticollis in children 

with abnormal head posture
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National University Hospital, Department of Ophthalmology2

Introduction 

The objective of the present study was to develop a questionnaire based on clinical 

features commonly found among children who are being assessed for ocular strabismus. 

Method 

To construct the items and questions for head tilt assessment tool, literature review was 

performed, starting with articles about head tilt and subsequently including those on 

torticollis, abnormal posture, and abnormal head and neck position. In addition, clinical 

symptoms associated with head tilt when examining patients with torticollis were derived 

and listed. Based on the process describe above, the final single-response parent-report 

questionnaire containing 10 questions on direction of head tilt direction, degree of tilt, 

severity of restriction in neck range of motion, ocular position and focus, and facial 

asymmetry was completed. The composition and content of the questionnaire were as 

follows (Table 1). The developed questionnaire was performed to the parents of our 

patients. 

Results 

Of the 47 patients, 34 and 13 patients were assigned to the non-ocular torticollis and ocular 

torticollis groups, respectively. Among ten questions, five questions finally selected (bold 

questions in Table 1) were scored from the lowest 0 to the highest 5 points, with the same 

weight assigned to each item. The results showed that the mean score of the ocular 

torticollis group (3.385 ± 0.869 points) was significantly higher than that of the non-ocular 

torticollis group (2.118 ± 0.869 points) (p=0.000). When the optimal cut-off value was 

estimated by the ROC curve for the sensitivity and specificity of the five questions used for 

diagnosing ocular torticollis diagnosis, the AUC of the ROC curve was 0.834, showing 

statistically significant results (Fig. 1). The score with the highest sensitivity and specificity 

on the ROC curve was 3 points, with sensitivity of 84.62% and specificity of 67.65% (Table 

2). 

Discussion 

The head tilt assessment questionnaire developed in the present study demonstrated 

diagnostic efficacy for ocular torticollis. When three of five questions that were 

determined to have determinant power were used as the cut-off points, the results 



confirmed high sensitivity and reasonable specificity. From this questionnaire, it appears 

that with reasonable assurance one can identify the ocular cause of torticollis on the basis 

of parent reported clinical features of the child. Similar clinical findings are observed from 

wide range of disorders affecting head postures. In particular, when children are examined 

for possible head tilting, they are often under the age of 1 year when their cooperation 

may be limited. It is important for well-informed primary clinician to be aware of the 

clinical features and physical findings of ocular torticollis to refer the patient to an 

ophthalmologist when necessary. 

Conclusions 

The parent-report head tilt assessment questionnaire that was developed in the present 

study could be useful for screening ocul 

Table 1. Head tilt assessment questionnaire



Figure 1. AUC of ROC curve 

Table 2. Criterion values and coordinates of ROC curve
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Objective 

Although oral feeding of thicker fluid is reported to be beneficial compared to tube feeding, 

the oral feeding outcome without fluid restriction in children with tracheostomy is 

unreported. Our study compared exclusive tube feeding with attempted oral feeding 

regarding feeding outcome and the occurrence of pneumonia in children with aspiration 

who had tracheostomies. 

Methods 

Forty-seven children (age <7 years) with tracheostomies who demonstrated aspiration on 

thin fluid on videofluoroscopic swallowing study (VFSS) were included in this study. They 

were divided into an oral feeding (OF) and non-oral feeding (NOF) group at the time of 

VFSS. The main outcome was the feeding status (full oral feeding [FOF], partial oral feeding 

[POF], or NOF) 1 year after the initial VFSS. Secondary outcomes included the occurrence 

of pneumonia and days of hospitalization related to pulmonary complications within 1 year 

after the VFSS. Penetration-aspiration scale (PAS) and pharyngeal transit time (PTT) for the 

initial and follow-up VFSS were also obtained. 

Results 

Data were obtained for 47 children (median age: 49.75 months, interquartile range [IQR]: 

24.08-79.42) who had tracheostomies and confirmed aspiration of fluid on initial VFSS 

between 2011 and 2017. Seventeen children were assigned to the NOF group (median age: 

61.75 months, IQR: 31.58-99.04), and 30 children to the OF group (median age: 35.42 

months, IQR: 22.58-73.29). The characteristics of each group at the time of the VFSS are 

presented in Table 1. Initial feeding status before VFSS was not different between the OF 

and NOF groups (p=0.152); however, there was a difference regarding the presence of 

myopathy/motor neuron disease comorbidities (p=0.041). The incidence of pneumonia 

and pulmonary inpatient days 1 year after the VFSS was not significantly different between 

both groups. The OF group showed a higher probability of oral feeding after 1 year (POF 

vs. NOF; OR 35.714, p=0.002, FOF vs NOF; OR 125, p=0.001). The initial PAS and follow-up 

PAS were significantly different only in the OF group (p=0.003). There was no difference in 

the initial PTT between the OF and NOF groups (p=0.153), but the OF group showed a 

shorter PTT in the follow-up VFSS (p=0.003). 



Conclusions 

In infants and young children with tracheostomy, oral feeding challenge improved the 

feeding outcome without an increased risk of pneumonia although aspiration was 

confirmed by VFSS. These results suggest that more aggressive oral feeding challenges 

could be attempted if aspirates can be removed by tracheostomy. 

Acknowledgment :The research was conducted through contributions donated to the 

Seoul National University Children’s Hospital by Sir. Suhwon Suh (Seoul National University 

Hospital Assignment No. 3020190030) 

Table 1. Characteristics of subjects at the time of the videofluoroscopic swallowing study 

Table 2. Outcome assessment 1 year after videofluoroscopic swallowing study according to each group



Figure 1. The change in the penetration-aspiration scale (PAS) between the first VFSS and follow-up VFSS. (A) 

Oral feeding group; (B) Non-oral feeding group. 1) Material does not enter the airway. 2) Material enters the 

airway, remains above the vocal folds, and is ejected from the airway. 3) Material enters the airway, remains 

above the vocal folds, and is not ejected from the airway. 4) Material enters the airway, contacts the vocal 

folds, and is ejected from the airway. 5) Material enters the airway, contacts the vocal folds, and is not 

ejected from the airway. 6) Material enters the airway, passes below the vocal folds, and is ejected into the 

larynx or out of the airway. 7) Material enters the airway, passes below the vocal folds, and is not ejected 

from the trachea despite effort. 8) Material enters the airway, passes below the vocal folds, and no effort is 

made to eject
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Objective 

The aim of this study was to demonstrate the interrater reliability of the Eating and 

Drinking Ability Classification System(EDACS) between swallowing occupational 

therapists(SwOTs) and between therapist and individuals with cerebral palsy(CP) or their 

caregivers. Also, we investigated the concurrent validity of the EDACS as well as the 

association with other functional classification scales. 

Methods 

This study recruited adults with a confirmed diagnosis of CP aged 20 years and older who 

are attending community centers specialized for CP. A SwOT conducted in-depth interview 

with every participant and/or caregiver for swallowing evaluation including EDACS, 

Functional Oral Intake Scale(FOIS), and swallowing-quality of life(SWAL-QOL). Afterwards, 

another SwOT and participants themselves or caregivers evaluated EDACS to assess the 

interrater reliability. Kendall’s tau(Kτ) was calculated to show correlation between EDACS 

and FOIS, SWAL-QOL, Gross Motor Function Classification System(GMFCS), and Manual 

Ability Classification System(MACS) to demonstrate the concurrent validity. To underpin 

significant questions to distinguish each EDACS level, meal duration, and 5-Likert scale 

scores from every dysphagia symptom frequency and domain of SWAL-QOL were 

compared among EDACS levels, followed by regression analysis. 

Result 

A total of 117 adults with CP (37.9±12.5years; 40.2% female) were recruited, and 50(42.7%) 

were spastic and 61(52.1%) were dyskinetic CP. Interrater reliability proved almost perfect 

between SwOTs(к=0.866, ICC=0.867 for EDACS; к=0.713, ICC=0.885 for level of assistance), 

and between SwOT and participant/caregiver(к=0.884, ICC=0.717 for EDACS; к=0.823, 

ICC=826 for level of assistance). There was significant, but low correlation between EDACS 

and FOIS(Kτ=-0.346), SWAL-QoL(Kτ=-0.389), MACS(Kτ=0.180) and no correlation with 

GMFCS. However, the spastic subgroup demonstrated better correlation with FOIS(Kτ=-

0.433), MACS(Kτ=0.406), and even with GMFCS(Kτ=0.308, p=0.013), while dyskinetic 

subgroup showed correlation neither with GMFCS nor MACS. The EDACS level of assistance 

was far better correlated with GMFCS(Kτ=0.497) and MACS(Kτ=0.584) than FOIS or SWAL-

QOL both in spastic and dyskinetic subgroup. The odds of being in a higher EDACS level 

increased significantly with decreasing FOIS, total symptom score, SWAL-QOL, and 



increasing mealtime. The actual mealtimes and difficulties with eating duration are the 

most important factor in differentiating level I and II, while total symptom score and SWAL-

QOL, especially biting or chewing difficulty and choking on food, are significant for level II 

and III. 

Conclusion 

The EDACS is a reliable, valid tool to classify eating and drinking ability in adults with CP. 

Because correlation with gait or hand function is less prominent in adult population than 

in children, EDACS is a valuable adjunct for comprehensive functional classification in 

adults with CP. 

Table1. 



Table 2. 

Fig. 1
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Clinical application of customized neck orthosis in children with torticollis
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Objective

Torticollis is characterized by lateral head tilt and chin rotation toward the side opposite 

the tilt. The aim of this study was to investigate the effect of customized neck orthosis with 

negative sensory feedback for the treatment of torticollis that has not been responsive to 

conservative or surgical treatment. 

Method

Thirteen children with torticollis participated in this study. The patients diagnosed as 

torticollis including muscular origin, ocular origin, and postural abnormality were included. 

The patients with intellectual disability and under 3 years old of age were excluded. The

ipsilateral aspect of the orthosis is designed higher to provide support between the clavicle 

and mandibular angle and is made to be adjustable in height. A rough surface using Velcro 

was attached to the site of contact with the mandibular angle at the tilted head side, which 

makes the patient uncomfortable, inducing them to tilt head toward the opposite side as 

negative sensory feedback (Fig. 1). All patients have applied neck orthosis for 2 hour per 

day and 5 days per week. The neck orthosis was applied alone during the first 3 months for 

adaptation and then the rough surface was provided. The patients were educated with 

neck exercise to avoid contact the neck orthosis and rough surface for the active stretching 

exercise of ipsilateral neck muscle and strengthening exercise of contralateral neck muscle. 

Clinical outcomes were evaluated with the angle of inclination of the head. 

Results

Four out of thirteen children were dropped out due to poor cooperation or follow-up loss. 

Total 9 patients (5 boys and 4 girls) participated in the study. Demographic data are shown 

in Table 1. Three patients were the postoperative state of ocular torticollis, 2 patients were 

the postoperative state of congenital muscular torticollis and 4 patients were positional 

torticollis. Significant improvement was revealed in the angle of torticollis after neck 

orthosis applied (p=0.000) (Fig. 2). Degree of neck angle correction, which represents the 

treatment effect, were significantly higher in the patients with higher initial neck angle and 

female gender (p=0.024 and 0.007, respectively) (Table 2). Age of starting treatment, 

treatment duration and side of the lesion did not affect the treatment effect. Among 9 

patients, only 1 patient reported skin lesion as a minor complication. They did not report 

any major complications. After treatment, patients and their family were satisfied with 

corrected head posture with neck orthosis 



Conclusion

This study provides evidence of clinical applicability of customized neck orthosis with 

negative sensory feedback. It may be an effective treatment option for refractory torticollis 

after surgical treatment or torticollis with the postural problem. 

Figure 1. (A) Customized neck collar. Arrow indicates Velcro attached to the site of contact with mandibular 

angle at the tilted head side that provides negative feedback. (B) Application of customized neck collar to the 

patient with torticollis.

Table 1. Demographics and analyzed data of the subjects

Table 2. Effect of properties on treatment effect
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Introduction 

MRI plays an important role in the diagnosing pathologies in pediatric brain. Diffusion 

tensor image (DTI) is sensitive to differentiate white and gray matter and facilitate 

evaluation for maturation of white matter. It is important to understand the development 

of white matter, such as myelination, in early development of the brain in children with 

developmental delay. DTI has been used in various studies on developmental brain 

diseases, yet the normal reference values according to age are not clearly established. This 

study aims to provide the fraction anisotropy (FA) value of DTI in normal pediatric brain 

according to age from infancy to early childhood. 

Methods

Children from 6 to 60 months of age were recruited. Children with any history of perinatal 

adverse events were excluded. Based on the screening developmental assessments 

including gross motor function measure (GMFM), Bayley scales of infant development-II 

(BSID-II, for those aged < 3) and Wechsler preschool and primary scale of intelligence 

(WIPPSI, for those aged ≥ 3), any children with possible developmental delay were 

excluded. MRI Images of all subjects were acquired on a 3-Tesla MRI Scanner (Signa HDxt; 

GE Medical systems, Milwaukee, WI). Voxel-wise statistical analysis of the diffusion 

weighted images was performed using the Functional Magnetic Resonance Imaging of the 

Brain (FMRIB) Software Library (FSL version 4.1). Atlas-based regions of interest were 

automatically created using Johns Hopkins University White-Matter Tractography Atlas 

(Kegang Hua, Neuroimage, 2008). FA values according to different ages were analyzed 

through non-linear regression analysis and Pearson’s correlation test. 

Results 

Twenty-one participants were recruited after screening developmental assessments. 

Clinical history and results of developmental evaluation are described in Table 1. Each 

participant was confirmed to be in a normal range of development in aspect of both 

cognitive and motor functions. FA value rapidly increased in strong correlations to the age 

until first 24 months in white matter fibers such as anterior thalamic radiation, projection 



to hippocampus, corticospinal tract, inferior longitudinal fasciculus, superior longitudinal 

fasciculus, inferior fronto-orbital fasciculus and corpus callosum (R>0.7 and p<0.05 for all 

the above listed fibers). However, the increase in FA value was subtle after 24 months (-

0.1<R<0.35 and p>0.05 for all the above listed fibers). 

Conclusion 

This study provides the reference range of FA value in children with normal motor and 

cognitive function aged between 6 and 60 months. For most of white matter tracts, FA 

value rapidly increased according to age until the first 24 months, whereas the changes in 

FA value kept plateau after 24 months. These reference values could be later used to 

compare FA values of children with various disease spectrums 

Acknowledgment :This work was supported by a grant of the Korea Health Technology R&D 

Project through the Korea Health Industry Development Institute (KHIDI), funded by the 

Ministry of Health & Welfare, Republic of Korea (grant number : HI16C1559), and 

supported by grant of Ministry of Science, ICT and Future Planning (grant number : NRF-

2013R1A1A3013182). 

Table 1. Demographics of normal subjects



fig. 1 FA value of each white matter tract in normal subjects
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Background

To verify the effects of parental age and health at conception on the risk of intellectual 

disability (ID) and/or autism spectrum disorder (ASD) in offspring. 

Methods

We performed a population-based cohort study of parents–offspring trios in South Korea 

during 2003–2015. We collected data for the age and socioeconomic status of the parents 

at childbirth. We identified parental diseases at conception. We estimated the odds ratio 

(OR) of ID and/or ASD development in offspring. 

Results

We set up the cohort of 3,869,860 parents–offspring trios. The paternal age≥30 years at 

childbirth linearly increased the OR of ID and/or ASD development in offspring up to 3.42 

and 1.97, respectively. Presence of paternal diseases at conception did not cause any 

significant increase of OR. The maternal age of 30–39 years at childbirth significantly 

reduced the OR of ID development in offspring down to 0.88, while maternal age<25 years 

at childbirth showed a significant OR increase in ID development in offspring up to 2.19. 

The maternal age at childbirth showed an OR of 1.12 of ASD development in offspring only 

at the age of 35–39 years. Maternal diseases at conception such as schizophrenia, 

depression, and type II diabetes mellitus, have significant effects on the risk of 

development of ID and/or ASD in offspring, independent of maternal age. 

Conclusions

These findings call for public awareness about biological implication of delayed fatherhood 

and the importance of maternal health at a fertile age, on the risk of ID and/or ASD in 

offspring. 



Figure 1 The flow diagram of development of the parents–offspring trios cohort during 2003–2015.

Figure 2 Odds ratio of intellectual disability (A) and autism spectrum disorder (B) in offspring by parental age. 
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Purpose

We conducted a prospective study to investigate the efficacy, satisfaction, and safety of a 

newly developed home based intermittent penumatic compression (IPC) device during 

maintenance phase of patients with lower extremity lymphedema. This device has unique 

mode (SEQT mode) that gently facilitates lymphatic draining of proximal extremity. 

Methods & Meterials

The study involved 24 primary/secondary leg lymphedema patients in maintenance phase 

who underwent IPC and conventional compression therapy for 4 weeks at home. The IPC 

device was programmed to apply SEQT (proximal) mode for 30 minutes, and sequential 

basic mode (GRAD + DRAN mode, proximal in distal) for 30 minutes. The participants were 

guided to used this 1 hour course of pneumatic compression more than twice a day for 4 

weeks. We assessed the volume measurement, Lymph-ICF-LL and satisfaction before, 

immediately after, and one month after IPC application. Repeated measures analysis of 

variance was used for statistical analysis between each time point.

Results

The inter-limb difference of volumed showed no statistical significance between each time 

point. Dividing the participants into two group upon special event, such as sudden weight 

gain, sudden intensive exercise, the group(n=18) without special event presented trend of 

decreased total volume difference after 4 weeks of intervention which slightly increased 1 

month post-intervention. In specific, the proximal volume difference decreased not only 

after intervention but also 1 month later, without statistical significance. In terms of 

Lymph-ICF-LL, significant decline of total score was presented at each time point, indicating 

improved lymphedema-related symptoms even without objective volume change. All 

participants were highly satisfied with 4 week application of the new home based IPC 

device. 

Conclusion

This study demonstrated that the new home-based IPC device with novel proximal 

lymphatic drainage mode is effective and safe in patients with leg limb lymphedema during 

maintenance phase. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 



R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI15C1529). 

Table 1 General characteristics

Table 2 Total Score on the Lymph-ICF-LL and the Scores on the 5 Domains (N=24)



Figure 1 . Boxplots for displaying limb volume before, immediately after, and one month after IPC application. 
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Background

Complex decongestive therapy (CDT) is a proven lymphedema management method, but 

the effectiveness of the treatment may depend on the therapist’s capabilities and the 

patient’s education and compliance. Previous studies showed that extracorporeal shock 

wave therapy (ESWT) had been found effective in stimulating several endogenous growth 

factors. Furthermore, it was shown that ESWT regulates the activation of pro-fibrotic and 

anti-fibrotic proteins that are involved in fibrosis and finally improves lymphedema, upper-

extremity functions and quality of life. The purpose of the present study is to show 

difference between the effect of CDT combined with ESWT and that of CDT alone in breast 

cancer-related lymphedema (BCRL) patients. 

Methods

The present study enrolled stage 2 lymphedema patients who had hardness at their 

forearms and had circumference difference more than 2 centimeters between both arms, 

even though they had implemented phase 2 CDT (maintenance phase) by themselves. 

Subjects were randomly divided into two groups, ESWT group (EG) and conventional group 

(CG). In EG, ESWT was performed for three weeks (two sessions per week). In each session, 

a practitioner applied 1000 shocks to the most fibrotic lesion of the forearm and 1500 

shocks to the cubital lymph nodes, the arm, the forearm, and the hand at an energy level 

of 0.056 to 0.068 mJ/mm2. During 3 weeks, phase 2 CDT including bandage and massage 

was maintained every night at home in both CG and EG. Before and after the three sessions, 

visual analogue scale, circumference and volume of the upper extremity were measured, 

and a shoulder and hand questionnaire (QuickDASH) was investigated to examine the 

functional status of both CG and EG patients' upper extremity. Body composition analyzer 

(InBodyⓇ, Seoul, Korea) was used to measure muscle mass and rate of water content in 

upper extremity as well as composition of total body water. In addition, skin thickness was 

measured at 10 centimeters below medial epicondyle. A skin fold caliper was used and 

measured values were compared with the unaffected side. 

Results

Both groups had nine patients who completed 3 weeks therapy. No difference was 

identified in any of the demographics between the groups (Table 1). Statistically significant 

improvements were found in the below-elbow circumference, upper extremity volume, 



rate of total body water, and skin thickness in EG (Table 2). A significant difference was 

found in the improvement of the upper extremity volume and skin thickness between CG 

and EG, but not in the other measurements (Table 3). No complications were found in 

either group during this study. 

Conclusion

ESWT reduced edema and resulted in functional improvement of the upper extremity 

without a specific complication in BCRL patients. Therefore, ESWT may be used as an 

additional treatment with CDT. Future studies with a larger number of participants should 

be necessary. 

Table 1. Baseline characteristics of both groups



Table2. Change of measurements between both groups after 3 weeks therapy



Table3. Comparison of changes between both groups
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Introduction 

Lymphedema in the lower limb after gynecologic cancer surgery may occur unilaterally or 

bilaterally, unlike lymphedema that occurs in the upper limb. If the bilateral lymphedema 

occurs in the lower limb, the quality of life of the patient will deteriorate. Therefore, it is 

necessary to predict whether lymphedema will occur bilaterally in patients who underwent 

gynecologic cancer surgery. In this study, we compared the three groups in which lower 

limb lymphedema occurred after gynecologic cancer surgery. 

Method 

This study included patients admitted to the Department of Rehabilitation Medicine at O 

Hospital from 2006 to 2018. Patients with the insufficient medical record were excluded. 

A total of 110 patients were included in this study and we retrospectively analyzed the 

patients. Patients with unilateral lymphedema were classified as group A, and patients with 

bilateral were classified as group B. Patients who were initially unilateral and progressed 

bilaterally were classified as group C. Group A and B were compared and group A and C 

were compared. We compared the age, cancer type, stage, BMI, radiation therapy, 

chemotherapy, genitalia swelling, and lymphangitis in each patient group using crossover 

analysis and confirm the significance using Pearson's chi-square test and Fisher’s exact test. 

Multivariate logistic regression analysis was performed to identify associated factors for 

bilateral lymphedema. 

Result

In this study, 71 patients with unilateral lymphedema, 27 patients with bilateral, and 12 

patients with initially unilateral and then progressed bilaterally. The mean age was 

52.65±11.83. Cervical cancer, ovarian cancer, and endometrial cancer were 72, 24, and 14, 

respectively. 49 patients received radiation therapy and 82 patients received 

chemotherapy. There were 59 patients with lymphangitis history and 48 patients with 

genital swelling(Table 1). Cancer type, stage, and genital swelling were found to be 

significantly different in the comparison of group A and B. In multivariate logistic regression 

analysis, cancer stage and genital swelling were associated with bilateral 

lymphedema(Table 2-3). Radiation therapy and lymphangitis were significantly different in 

the comparison of group A and C and were associated with bilateral progression in logistic 

regression analysis(Table 2-3). 



Conclusion

In this study, bilateral lymphedema patients were more likely to have higher cancer stage 

and ovarian cancer than unilateral patients. It is thought that ovarian cancer patients have 

debulking surgery even if the cancer stage is high. Most patients in group C had radiation 

therapy and infection history, suggesting that these two factors affect bilateral progression. 

Patients with unilateral lymphedema who received radiation therapy should note that 

lymphedema can worse bilaterally. In addition, to prevent lymphedema progressing to 

bilateral, infection prevention methods should be taught to patients with unilateral 

lymphedema. 

Table 1. Patient characteristics



Table 2. Univariate analysis of group A and B, group A and C



Table 3. Multivariate analysis of group A and B, group A and C
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Objective

Adverse attitudes toward persons with disabilities can serve as barriers to medical use of persons 

with disabilities. In this study, we aimed to develop and validate a scale for health care 

professionals: the Attitude toward Persons with Disability in Health Care. We also investigated 

whether a difference in attitude between those who participated in an education module for 

understanding and improving awareness of disability and those who did not exists. 

Design

Development of the Attitude toward Persons with Disability in Health Care involved two distinct 

stages between April 2018 and September 2018. The original draft for the Attitude toward Persons 

with Disability in Health Care was constructed from the literature review and through the nominal 

group process. Afterwards, further examination and revision took place within two rounds of 

Delphi survey. The second stage assessed the psychometric properties of the Attitude toward 

Persons with Disability in Health Care through online survey of health-care professionals. 

Participants and Setting

16 experts (six specialists on welfare for persons with disability, four human rights activists working 

for persons with disability, and six health-care professionals) participated in Delphi survey. An 

online survey was conducted to 993 health-care professionals (Table 1) in three tertiary hospitals. 

Results

A 28 preliminary questionnaire were initially developed after a 2-round Delphi survey. Through 

psychometric property analysis based on the online survey data, final 20-item scale of Attitude 

toward Persons with Disabilities in Health Care was developed (Table 2). The items were 

categorized as follows: behaviors in clinical situation, knowledge and skills, emotional response, 

and responsibility of health-care professionals. Cronbach’s alpha coefficient of the scale was 0.890, 

which indicates a very good internal consistency. The newly developed tool showed acceptable 

model fit. The reliability of each domain ranged from 0.856 to 0.892. Health-care professionals who 

participated in the education module within the past 2 years (n=149) had more positive attitude 

toward persons with disabilities than those who did not (Table 3).

Conclusions

The newly developed scale had adequate reliability and validity. The scale could be used for 

education or training programs to improve the attitudes toward persons with disabilities of health 

care professionals especially in rehabilitation setting. 



Keywords: Health-care professionals, Health care, Instruments, Attitude, Persons with disabilities, 

Psychometric study, Delphi survey 
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Table 1. Characteristics of the health-care professionals surveyed (n=993)



Table 2. Items of the Attitude toward Persons with Disabilities in Health Care (APDHC) scale, item–subdomain 

reliabilities, and structural coefficients. 5: Strongly agree 4: Somewhat agree 3: Neutral 2: Somewhat disagree 

1: Strongly disagree 



Table 3. Differences in the attitudes of health-care professionals according to their participation in an 

education module regarding persons with disabilities
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Objective

World Health Organization (WHO) developed Model Disability Survey (MDS) which is 

disability survey on general population. In MDS, the disability is explained as the result of 

interaction between individual health condition, various environmental and personal 

factors based on International Classification of Functioning, Disability and Health (ICF). We 

conducted MDS for general population with intent to understand disability better as the 

combination of various factors. 

Method

We translated MDS into Korean and educated investigator through communication and 

consultation with WHO. And we carried out MDS on population of Seongbuk-gu because 

Seongbuk-gu had a most similar population characteristics compared to that of Seoul city 

in four perspective; age, sex ratio, residence type and the number of family member. We 

surveyed 321 participants over the age of 19 years old with randomized sampling during 

July to September in 2018. In our MDS questionnaires, there are 337 questions about 

individual health condition, various environmental factors and personal factors. We 

calculated cut off value with Polytomous Rasch model for stratification degree of disability 

into 4 subdivisions, ‘No’, ‘Mild’, ‘Moderate’ and ‘Severe’. 

Results

We ascertained the distribution of degree of disability in Seongbuk-gu that ‘No’, ‘Mild 

disability’, ‘Moderate disability’ and ‘Severe disability’ accounted for 28.0%, 24.0%, 27.1% 

and 20.9% respectively. We could confirm strong statistical associations between age and 

degree of disability. (P<.01). There was no significant difference according to gender. The 

problems in everyday life which people with ‘severe disability’ experienced were as follows; 

difficulties in vigorous activity like cycling or running (22.4%), seeing things that are far 

away (19.4%), caring for or helping others (13.8%). About environmental factors, 38.8% of 

‘severe disability’ respondents have difficulties in participation to social life because of 

attitude of other people and 12.3% have difficulties at work or school. When looking at 

Questionnaires on self-reported health status, there were morbidities such as 

hypertension(14.0%), arthritis(8.1%), gastritis(7.8%), migraine(7.5%) in order of frequency. 



Conclusion

Disability is a concept of continuity that can be extended to all people in a lifetime. During 

our study, various analyses such as degree of functional impairment, severity of disability 

and environmental factors were conducted in addition to disease status. This study is the 

first domestic application case of MDS. It is meaningful as a health survey on general 

population which is different from the previous survey that investigated just for persons 

with disabilities. Arising of our study, we hope that further development of materials that 

can be developed and used in various fields such as education, health, health care, social 

insurance, labor, policy for persons with disabilities. 
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Correlation of lumbar multifidus with parameters of sagittal balance and 
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Purpose

The purpose of this study was to investigate the correlation of lumbar multifidus muscle 

assessed by ultrasound with sagittal spinal alignment and sarcopenia related parameters 

in elderly women. 

Participants and methods

23 community-dwelling elderly women were enrolled. Ultrasound images of the multifidus 

were obtained at L5 level to measure its muscle thickness (MT) and cross sectional area 

(CSA). The radiographic parameters of sagittal spinal alignment examined were lumbar

lordosis, sagittal vertical axis (SVA), pelvic tilt, sacral slope, and pelvic incidence. Body 

composition was assessed by dual-energy X-ray absorptiometry (DXA) and bioelectrical 

impedance analysis (BIA). Muscle strength was measured by grip strength test and 

isometric knee extension strength test. Physical performance was measured by 10 meter 

walk test (10WT), Time up and go (TUG) test and Berg balance test (BBS). Spearman’s 

correlation coefficients were used in the statistical analysis. 

Results

MT of multifidus had significant correlations with SVA (rs=-0.568, P<0.01) and BBS 

(rs=0.511, P<0.05). CSA of multifidus had significant correlation with SVA (rs=-0.586. 

P<0.01), 10WT (rs=-0.463. P<0.05), BBS (rs=0.441, P<0.05), TUG (rs=-457, P<0.05). Muscle 

strength and lean body mass had no significant correlations with the ultrasound findings 

of multifidus. 

Conclusion

Our results suggest that the morphology of lumbar multifidus measured by ultrasound has 

close associations with sagittal vertical axis and physical performances in old women.



노인재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:04-10:08 Room G(3F)

P 1-2

The association between free testosterone level and cognition in elderly 
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INTRODUCTION 

The human cognitive function can be affected by many factors. Among these factors, 

testosterone has been thought to play a neuroprotective role in the brain. There have been 

several studies attempting to correlate cognitive function with testosterone. However, the 

results of them were inconsistent. The limitation of previous study is that majority of them 

were conducted in small groups and there have been no study based on Asian data. 

Furthermore, the effects of physical function on cognition were neglected and unadjusted 

and there are less studies on female testosterone compared to male. 

OBJECTIVE

This study aimed to investigate the association between serum free testosterone (FT) level 

and cognitive function in elderly women. 

METHODS 

This is a cross-sectional study using the Korean Frailty and Aging Cohort Study (KFACS) 

database for the elderly living in a community (1582 females) in the 70-84 age group. 

Cognitive dysfunction is defined as the below 24 points in Mini-Mental Status Examination 

in the Korean version of the CERAD Assessment Packet (MMSE-KC) and lower 25% of the 

value measured by Trail Making Test (TMT), Frontal Assessment Battery (FAB), Digit span, 

Word list memory, recall and recognition. Lowest quartile groups in skeletal muscle index 

(appendicular skeletal muscle mass(ASM)/height²) are defined as sarcopenia and below 9 

points of Short Physical Performance Battery (SPPB) are considered poor function group. 

The duration of education is divided in two groups based on graduation from junior high 

school or not. Univariate and multivariate logistic regression analyses were performed to 

investigate the association between FT level and cognitive function. 

RESULTS 

Low FT level was associated with decreased cognitive function in most of cognitive function 

test results except Word list recognition task (Table 2, univariate analysis). These 

associations were maintained in MMSE-KC, TMT, FAB, Word list memory task after 

adjusting for all potential confounding factors including skeletal muscle index and SPPB 



(Table 2, model 2 and 3). Analyses based on four categories in FT level revealed a higher 

odds ratio (OR) in the lower quartile groups in univariate analysis and multivariate analyses 

(Table 3). 

CONCLUSION

Decreased cognitive function is associated with low FT level in elderly women. And it seems 

the lower the FT value, the greater the risk of cognitive decline. Additional long term follow 

up studies are needed to determine the predictability of cognitive disorders with 

testosterone level. 

Table 1. Descriptive data of study variables (N=1582)



Table 2. Odds ratio of serum free testosterone level for cognitive functio

Table 3. Odds ratio of each quartile of serum free testosterone level for cognitive function
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Relationship between Oswestry disability index and spino-pelvic alignment 

in geriatric back pain.
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Objectives

Spino-pelvic malalignment is one of the most prevalent disorders of the geriatric spine. 

Once the spino-pelvic alignment deviate from normal range, more energy is required for 

the body to remain balanced without external support. In geriatric population, the vertical 

line of center of gravity gradually moves forward with aging, which may results in pain, 

functional disability and changing spino-pelvic alignment. However it is still unknown 

whether particular patterns of spino-pelvic alignment are more prevalent in back pain 

patients. In this study, we measured the relationship between Oswestry disability 

index(ODI) and Visual analog scale(VAS) to determine the effect of various spino-pelvic 

alignments on the quality of life and function of patients in geriatric back pain patients. 

Methods

108 geriatric patients (45 males, 63 females; mean age 62.71±9.21 years) who have 

experience of back pain were enrolled. Patients who underwent surgical treatment on 

spine were excluded. The following parameters were measured: On lateral and coronal 

view of whole spine radiographs, saggital vertical alignment(SVA), pelvic incidence(PI), 

pelvic tilt(PT), sacral slope((SS), pelvic obliquity(PO) and coronal Cobb's angle[Table 2]. For 

the evaluation of functional status and pain, ODI and VAS were conducted. Patients were 

divided into minimal disability group(ODI score≤20), moderate disability group(20<ODI 

score≤40) and severe disability group(40<ODI score)to identify differences of the spino-

pelvic alignment between each group. We used Pearson’s Correlation to get correlation 

between ODI or VAS and Spino-pelvic alignment, and Jonckheere-Terpstra test to analyze 

an ordered difference in each ODI group. 

Results 

General characteristics of the participants are described in Table 1. The average of age was 

62.71±9.21 years, and the average of VAS was 3.40 ± 3.63. As the result, SVA, PI, PT showed 

a statistically significant correlation with ODI.[Table 2] None of the spino-pelvic alignment 



parameters had correlation with VAS. In the comparison between the ODI group, the 

higher the SVA, PT, PI and Cobb measured, the higher their ODI scored.[Table 3] 

Conclusion 

In geriatric back pain patients, SVA, PT and PI have correlation with functional disability 

measured with ODI. However, VAS, pain itself has no correlation with spino-pelvic 

alignment. Especially, PT shows significant difference between ODI groups. For the optimal 

rehabilitation, consideration of targeted modification to spino-pelvic alignment, especially 

PT and SVA, should be suggested to reduce functional disability of geriatric patients.

Table 1. Demographics and characteristics of patients (n=108)

Table 2. The relationship between ODI, VAS and Spino-pelvic alignment.



Table 3. Comparision of Spino-pelvic alignment between ODI group
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Objective

To investigate awareness about patients referral for rehabilitation and identify current 

barriers between orthopaedic surgeons and physiatrists after hip fracture surgery. 

Methods

A comprehensive survey was conducted for 16 orthopaedic surgeons and 24 physiatrists 

nationwide. The questions were about the necessity of rehabilitation and transfer to the 

rehabilitation department, and any conflict or difficulty during the consultation or transfer 

in inpatients as well as outpatients clinic. 

Results

Among orthopaedic surgeons, 50% of doctors acknowledged the necessity of rehabilitation, 

but 37.5% had negative point of view for collaboration with physiatrists. Main causes of 

negative opinions were lack of discussion with surgeons about specific rehabilitation plan 

(60% of responses). The cause of difficulty with consultation was mainly due to lack of 

specialized rehabilitation program suitable for hip-fractured patients. Among physiatrists, 

most doctors admitted the necessity of rehabilitation and tried to adopt surgeons' opinions, 

but had difficulty with rehabilitation or transfer to the rehabilitation department. Main 

causes of this difficulty were lack of communication with surgeons, paucity of information 

on the postoperative status, differences in treatment plan, and short length of hospital 

stay. From these survey results, we established the practical referral information sheet for 

interdisciplinary collaboration between orthopaedic surgeons and physiatrists. 

Conclusion



Standardized rehabilitation after fragility fracture is the initial step of integrated 

orthogeriatric care system and a core of fracture liaison service. Sufficient and successful 

rehabilitation may be achieved by the consensus and cooperation between orthopaedic 

surgeons and rehabilitation specialists. 
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R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 
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Fall risk in Korean older population according to musculoskeletal pain
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Objective 

As the population is aging in Korea, interest in social loss due to falls is increasing. 

Musculoskeletal pain is known as a major risk factor for falls. To determine whether pain 

location and the total number of pain sites are associated with the occurrence of falls using 

the panel data that represent the elderly in Korea. 

Participants and Methods 

Korean Longitudinal Study of Aging (KLoSa) is a panel survey that represents all the elderly 

in Korea. This study used unbalanced panel logistic regression with random effects model 

as an analysis method. The survey data conducted in 2008, 2012, 2014 and 2016 were used 

as the analysis subjects. The total number of respondents in surveys conducted five times 

is 38,613. Those who have registered with disabilities, those who have had a history of 

stroke, cancer, and had a history of traffic accidents were excluded from the study. Finally, 

23,335 people were enrolled as the subjects of this study. Age, gender, chronic disease 

possession, basic activities of daily living (ADL), mini-mental state examination (MMSE), 

grip strength, and body mass index (BMI) were selected as control variables. The 

questionnaire in survey divided the intensity of pain into four degrees (none, mild, 

moderate, severe), but in this analysis, it was coded to 0 (none or mild degree) and 1 

(moderate to severe degree). Pain location was coded to 1, 2 and 3 based on three sites 

(upper limb, back, lower limb). 

Results 

In the descriptive statistics of control variables, the proportion of elderly people, women, 

those with dependent ADL, low cognitive function, weak grip strength, and those with low 

BMI were significantly higher in those who had fallen [Table 1]. There were 641 people 

who answered the survey that they had fallen in the past year. Except for the case with 

upper limit and back pain, odds ratio (OR) for the experience of falls was significantly 

increased in all cases compared to the case without pain. The greatest risk for falls was 

observed in persons who had 3 pain sites (OR, 3.47; 95% confidence interval, 2.21-5.46) 

[Table 2]. In addition, we observed a strong relationship between the number of pain areas 

and risk for falls [Table 3]. With all the dependent variables being held constant, the 

number of pain areas and the location of pain are associated with a high risk of falling. The 



limitation of this study is that it is impossible to distinguish the sequence of time between 

pain occurrence and falling. 

Conclusions 

In elderly patients with musculoskeletal pain, they have a high risk of falling. Especially, 

when impaired cognitive function, weak muscular strength, and pain are accompanied by 

a skinny elderly patient, the possibility of falling is high, so be careful. Elderly patients with 

pain should be managed for falls beyond pain management.

Table 1. Descriptive statistics on control variables



Table 2. Panel logistic regression with random effects model for fall down risk according to pain location

Table 3. Occurrence of falls according to pain categories
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Objective

Gait disturbances after dizziness are frequent symptoms. However, there are difficulties in 

the evaluation of dynamic stability during gait and monitoring of gait disturbances. To 

investigate changes in dynamic stability during gait after peripheral dizziness, we

conducted this study. 

Methods

This is a prospective study. This study included participants who visited otolaryngology 

department for dizziness and were judged peripheral dizziness by otolaryngology specialist. 

3D motion analysis was conducted for level walking 3 times every month. Participants 

walked 8 meter walkway with self-selected speed. Explicit target was set parallel to the 

laboratory axis during walking trials. Whole body segments including head were captured 

with 8 optoelectric cameras. Dynamic stability during walking was assessed by step-width 

and IA (inclination angle) (Fig 1). Other tomporospatial, kinematic and kinetic parameters 

were also obtained. Repeatative ANOVA was used to reveal changes in gait parameters. 

Results

Of the 122 participants referred for 3D gait analysis study, 37 participants were included 

in the analysis. Results are reported in Table 1. Walking speed, stride length and both step 

lengths improved with statistical significance but not step width. Walking speed improved 

at 2nd test through increasing stride length. Minimum IA in frontal plane did not show 

significant changes. Variability of IA in frontal plane reduced 3rd test with statistical 

significance. Variability of IA showed improvements at 3rd test (Figure 1). 

Conclusion

Variability of CoM motion improved after 2 months of dizziness onset. We believe that 

clinicians should make more than two months of clinical efforts to prevent falls and restore 

walking stability. 



Fig 1. Inclination angle by CoM and CoP in frontal and sagittal plane

Fig 2. Example case with acute vestibular neuritis left = 1st, center = 2nd, right =3rd test

Table 1. Results of repetative ANOVA
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Objective 

Amyotrophic lateral sclerosis (ALS) is the most common adult motor neuron disease which 

causes progressive weakness of muscular system. ALS shows diverse initial clinical 

manifestations and can be generally categorized into limb and bulbar onset. Respiratory 

insufficiency can also present as an initial symptom, but it is considered one of the most 

rare manifestations. In this research, we analyzed all ALS patients who presented with 

respiratory insufficiency as the initial presenting symptom at a single tertiary university 

hospital during the span of 10 years. 

Materials and Methods 

We retrospectively analyzed all the new ALS patients who visited the department of 

rehabilitation medicine of a single tertiary university hospital from Jan 2009 to Dec 2018. 

We excluded motor neuron disease patients whose diagnosis of ALS was unclear and those 

with incomplete medical records of onset symptoms. In the time span of our study, total 

of 420 ALS patients visited our hospital for the first time and two had incomplete medical 

records. Thus, our analysis focused on the remaining 418 ALS patients. 

Results 

Among the 418 patients, 18 (4.3%) showed initial symptom of dyspnea. 278 (66.5%) 

demonstrated limb onset, while 122 (29.2%) presented with bulbar onset. 18 dyspnea-

onset patients were all male and the mean age at the time of onset was 64.3 years. On the 

contrary, the mean onset age of patients with limb or bulbar onset was 57.3 years, which 

is a statistically significant difference (p = 0.013). Of the 18 dyspnea-onset patients, 11 

(61.1%) visited the emergency department due to respiratory distress and were intubated 

before the diagnosis of ALS. On the other hand, only 9 (2.3%) out of 400 limb or bulbar 

onset patients were intubated before the diagnosis of ALS. This difference was also 

statistically significant (p < 0.001). 



Conclusion 

ALS patients can occasionally present with respiratory insufficiency as the initial presenting 

symptom. In these patients, acute severe respiratory distress may occur before the 

appropriate diagnosis of ALS. 
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Relationship between tongue pressure and functional measures in spinal 

and bulbar muscular atrophy
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Background/Objective

Spinal and bulbar muscular atrophy (Kennedy disease, KD) is an X-linked 

neurodegenerative disease which is caused by an expansion of CAG repeat sequence in the 

first exon of the androgen receptor gene. The disease is characterized by slowly 

progressive proximal limb and bulbar weakness, dysphagia, generalized fasciculations with 

predominance of facial muscles, gynecomastia, and impaired fertility. This study aimed to 

investigate the correlation of tongue pressure with clinical characteristics and functional 

measures in patients with KD. 

Methods

This study enrolled genetically confirmed KD patients who underwent Videofluoroscopic 

Swallowing Study (VFSS) and tongue pressure assessment. Patients who had a history of 

other dysphagia-related diseases such as stroke or head and neck cancer were excluded. 

VFSS was analyzed by using the Video-fluoroscopic Dysphagia Scale (VDS) and the 

Penetration Aspiration Scale (PAS). Tongue pressure was evaluated using TPS-100 

(CyberMedic, South Korea). Pearson correlation coefficients of maximum tongue pressure 

with clinical characteristics and functional measures were calculated. Statistical analyses 

were performed using the statistical software R version 3.6.0. 

Results

A total of 30 patients with a mean age of 55.5 ± 9.23 were enrolled. The mean value of 

maximum tongue pressure (hPa) was 254 ± 86.4. VDS correlated negatively and 

significantly with maximum tongue pressure (r=-0.466, p=0.009). ALSFRS-R and 6-Minute 

Walk Test correlated positively and significantly with maximum tongue pressure (r=0.583, 

p<0.001 and r=0.375, p=0.041). On the other hand, age, CAG repeat number, and PAS 

showed no significant correlations with maximum tongue pressure (r=-0.180, p=0.341; r=-

0.018, p=0.925; r=-0.116, p=543). 

Conclusion



Maximum tongue pressure was associated with functional measures including swallowing, 

physical ability, and gait capacities. This study suggests that tongue pressure may be an 

indicator of functional status in patients with KD. 

Table 1. Clinical characteristics of the patients (n=30)

Table 2. Correlation coefficients of maximum tongue pressure with clinical characteristics and functional 

measures 



Table 3. Scatterplots of various variables. Red boxes and asterisks indicate statistical significance.
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Spastic Muscle Monitoring with EMG sensor following Electrical Stimulation 

in Adults Cerebral Palsy

Pyeongho Lee1*, Seong A Lee1,2†, Yunyoung Nam1,3, Hyun Seok4, Ji Woong Park5†

Soonchunhyang University, Department of ICT Convergence Rehabilitation Engineering1, 

Soonchunhyang University, Department of Occupational Therapy 2, Soonchunhyang 

University, Department of Computer Science and Engineering3, Soonchunhyang University 

Bucheon Hospital, Department of Physical Medicine and Rehabilitation 4, Soonchunhyang 

University Seoul Hospital, Department of Physical Medicine and Rehabilitation 5

Background

Adults with cerebral palsy (CP) experience abnormal muscle tonus due to spasticity. 

Spasticity aggravates cooperative movements, impairs voluntary motor function, and 

make them not to perform activities of daily living. Electrical stimulation (ES) is used for 

people with CP to reduce stiffness and co-activation of antagonistic muscles and to 

improve the range of motion, muscle strengthening and the timing of coordinated 

movement. We hypothesize that if ES is applied to the antagonist or agonist muscles at the 

moment muscle tonus of adults with CP is abnormally high, muscle activation (tonus) will 

be lowered. So we decided to develop a prototype of EMG sensor based muscle activation 

monitoring with ES (EMG-stim) for people with CP. 

Methods

The prototype is composed of EMG sensor (PSL-iEMG2, Physiolab, Korea), Arduino 

(Arduino Mega 2560, Arduino, Italy) and electric stimulation generator (G-5230 Massage 

Electric Physiotherapy Sticker, yiwu yousai daily necessities factory, China), as shown in Fig. 

2. G-5230 is a personal low-frequency stimulator of a commercial wellness product. The 

rating of the electric stimulator is DC 5 V / 50-60 Hz / 9.8 mA. EMG value from the EMG 

sensor is displayed in the computer screen (PC). We can set the threshold as the EMG value 

of the abnormally high muscle tonus. When the EMG value reaches the preset threshold, 

ES is activated. The time and intensity of ES can be adjusted and stored in the Arduino 

board. After ES is completed, EMG is measured again. After collecting the EMG raw data, 

we rectify them by Amplitude analysis to express the EMG signal using Root Mean Square 

(RMS) value to clearly distinguish the degree of muscle activation. In a case study, EMG-

stim is applied to the biceps brachii (agonist) in an adult with CP. EMG sensor monitors the 

muscles activation and the EMG value reaches the threshold (230), ES starts to be 

transmitted to the target muscles. After ES is carried out for 10 minutes, EMG 

measurement is performed for 10 seconds to observe the change of muscles activation. 



Results

Before ES, muscles activation is high with abnormal muscles tonus, but after ES, muscles 

activation is lowered, as shown in Fig 1. The RMS value of the EMG signal is lowered in the 

technical statistics and the boxplot. The result of Willcoxon signed rank is statistically

significant (p<0.05). 

Conclusions

In this study, we find out that we can follow the change of muscle activation of adults with 

CP through EMG sensor and the muscle tonus is lowered by ES. Therefore, there is a 

possibility of further research on the development of wearable EMG-stim system 

depending on muscle tonus for people with CP. 

Keywords: EMG monitoring, Spasticity, Muscle Tonus, Electrical stimulation, Cerebral Palsy 

Acknowledgment :This research was financially supported by the “ICT Convergence Smart 

Rehabilitation Industrial Education Program” through the Ministry of Trade, Industry & 

Energy (MOTIE) and Korea Institute for Advancement of Technology (KIAT). 

Fig.1 Prototype, Process flow and EMG RMS Graph 
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The Nerve to the Long Head of the Triceps Brachii Muscle and Its Motor 

Point: A Cadaveric Study.

Mee-Gang Kim1*, Eun Ah Hong2, Yong Seok Nam2, Jong-In Lee1†

Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 

Department of Rehabilitation Medicine1, Institute for Applied Anatomy, College of 

Medicine, The Catholic University of Korea, Department of Anatomy2

Introduction

The motor branch of the long head of the triceps brachii (LHT) is known to arise from the 

radial nerve in the major anatomy textbooks. However, some cadaveric studies and case 

reports have shown that the LHT is innervated by the axillary nerve. In perspective of 

electrodiagnostic medicine, the axillary innervated variation of the LHT may have some 

clinical importance for diagnosis and treatment. The purpose of this study is to investigate 

the innervation pattern of nerve to the LHT, and to investigate the motor point of the LHT 

in reference to palpable surface landmarks. 

Materials and methods 

27 shoulders of 14 fresh cadavers were dissected. The origin, number, and penetrating 

points of the nerve branches to the LHT were identified. In 27 shoulders, the distances 

between the inferolateral corner of the acromion and the penetrating points to the LHT, 

the bifurcation of the long and the lateral head of the triceps brachii were measured in 

relation to the reference line between the acromion and the medial epicondyle of the 

humerus (AA-ME). The proximal and distal points where the AA-ME crossed the LHT were 

distinguished and the distances from the acromion were measured. 

Results 

In all 27 shoulders, the LHTs were observed to have exclusive innervation by the radial 

nerve, and no variation of the axillary innervation was found. The nerve branches were 

separated into smaller branches penetrating the LHT. The number of the nerve branches 

ranged from 2 to 4, and that of the terminal branches penetrating the LHT ranged from 4 

to 9. The mean length of AA-ME was 252.52±19.79mm. The distance to first penetrating 

point was 64.72±11.48mm (25.57% of total length), and to the last penetrating point was 

107.06±15.69mm (42.38% of total length) (Figure 1). The mean distance from the acromion 

to the deltoid and the bifurcation was 64.46±12.44mm (25.39% of total length) and 

99.57±17.98mm (39.51% of total length), respectively (Table 1). 

Discussion 



The LHT of 27 specimens were all innervated by the multiple motor branch of the radial 

nerve. We found only radial innervation to the LHT in 27 cadaveric shoulders. Although we 

did not find any variation from the classic pattern of radial-innervated LHT, this result may 

contribute to enrich the published data because previous literatures did not include East-

Asian population. The motor points of the LHT were from 25.57% to 42.38% of the AA-ME 

on average. Anatomical knowledge of the branching pattern and the motor point of the 

nerve to LHT would have clinical significance, in motor point block of the LHT to control 

spasticity, or motor nerve transfer surgery in upper brachial plexus injury or isolated 

axillary nerve injury. 

Figure 1. The motor points (asterisk) of the long head of the triceps brachii muscle, in reference to the 

acromion and the medial epicondyle of the humerus. 



Table 1. The long head of the triceps brachii (LHT) and the radial nerve in relation to the reference line 

between the acromion and the medial epicondyle (AA-ME) of the humerus. Abbreviation: AA, the acromion 

of the scapula; ME, the medial epicondyle of the humerus; LHT, the long head of the triceps brachii
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Hip fracture after Parkinson’s disease and related mortality: A nationwide 

matched cohort study

Jeong A Ham1,1*, Seo Yeon Yoon1,1†, Tae Im Yi1,1, Joo Sup Kim1,1, Hyun Im Moon1,1

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1

Objective 

Parkinson’s disease (PD) is a neurodegenerative disease that affects patient’s posture and 

balance. Clinical features such as freezing of gait, stooped posture make patients prone to 

falling. So PD patients have higher risk of fracture and of all types, hip fracture is currently 

considered as an important issue because of increasing mortality and length of hospital 

stay. There have been few studies about PD and risk of hip fracture, but they have some 

limitations with diagnostic accuracy of PD and small sample size. The aim of this study was 

to evaluate the risk of hip fracture in individuals with and without PD, and to find out the 

effects of hip fracture on mortality in PD using sample data from Korea National Health 

Insurance Service. 

Methods 

The nationwide population-based matched cohort study was conducted using data from 

KNHIS from 2004 to 2015. PD was defined by both diagnosis code of ICD-10 (G20) and 

registration code (V124) for PD in the program for rare, intractable disease. Secondary 

parkinsonism and Parkinson-plus syndrome were not included. Hip fracture was defined 

as diagnosis code of ICD-10 (S720). A matched cohort without PD was enrolled by randomly 

matching patients by sex, age, and year of diagnosis to the PD group with a ratio of 1:9. 

Hip fracture risk in PD group and control group was calculated by Cox proportional hazards 

regression model. We calculated the hip fracture rate using Kaplan-Meier method, and 

used the log-rank test to compare the hip fracture distributions between the two groups. 

P< 0.05 was considered statistically significant. The Data analysis was performed using the 

SAS system for Windows version 9.4. 

Results 

Total 33,060 patients were enrolled; 3,306 in PD group, 29,754 in control group. During 

the follow up periods, hip fracture developed 4.45% in PD group and 2.20% in control 

group. PD group had higher risk for hip fracture than control group (HR 2.324, 95% CI, 

1.909-2.828). According to sex, HR in males was 3.143 (95% CI, 2.082-4.745) and in females 

was 2.123 (95% CI, 1.692-2.664). In terms of age, PD group had higher risk for hip fracture 

compared to control group in all age groups (<60 : HR 2.767, 95% CI, 1.078-7.103, 60-69 : 

HR 3.910, 95% CI, 2.361-6.477, 70-79 : HR 2.244, 95% CI, 1.680-2.997, ≥80 : HR 1.963, 95% 



CI, 1.355-2.843). Influence of hip fracture on mortality was not statistically significant in 

overall PD patients (HR 1.010, 95% CI, 0.770-1.325). However, in PD group aged 60-69 years, 

hip fracture significantly increases mortality rate (HR 3.080, 95% CI, 1.136-8.351) 

compared to control group. 

Conclusion 

Our study shows that the risk for hip fracture in patients with PD was almost double than 

control group, especially triple in male. Effects of hip fracture on mortality were 

significantly increased in PD group aged 60-69 years. These findings suggest that 

prevention of hip fracture is important in PD and rehabilitation program with balance 

training would be beneficial. 
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Coordination between trunk and pelvis showed reduced reciprocity in early 

PD

Woo Sub Kim1†, Seong-Bum Ko2, Hyuk Sung Choi1*

Korea University Guro Hospital, Department of Rehabilitation Medicine1, Korea University 

Guro Hospital, neurology2

Background

Coordination in axial segments has relationship with sensory motor integration and gait 

stability in Parkinson's disease (PD). Although axial impairments increase along to disease 

duration, elucidating characteristics of axial coordiantion in early PD is clinically significant. 

Method

39 participants with early PD and 18 controls were included. All participants could walk 

faster than 0.8m/sec. Participants with PD were “drug naïve” and their Hoehn & Yahr stage 

were from 1 to 3. Participants performed level walking with comfortable speed and 3D 

motion analysis was conducted. Vector coding technique was used to quantify 

coordination between trunk and pelvis. Ensemble of coupling angles across walking trials 

was obtained. Coordination patterns were classified into 4 patterns; pelvis dominant, trunk 

dominant, in-phase and out-phase according to previous study. Frequencies of 4 

coordiantion patterns were compared between PD and control groups. 

Results

Age, sex, height, weight, and body mass index did not show statistically significant 

differences between the PD and control groups. Walking speed, cadence, stride length and 

step width also did not differ between 2 groups. Out-phase pattern was most frequently 

observed in PD (39.25%) and controls (47.67%), which showed statistically significant 

differences between 2 groups (Fig 1) (Table 1). Pelvis dominant pattern also significantly 

increased in PD (22.83%), compared to controls (16.11%). Trunk and pelvis range of 

motions are smaller in PD than controls. 

Conclusions

PD showed decreased reciprocal movement between trunk and pelvis in transverse plane 

during level walking. We believe that trunk impairments start at early stage of PD and 

therapeutic interventions for these coordination changes should be performed for early 

stage PD. 



Fig 1. coordination difference between PD and controls

Table 1. Comparison of coordination pattern in transverse plane

Fig. 1 supple. Vector coding method 
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Finger-Rhythm Game Improving Physical and Cognitive Complex Activity of 

the Elderly

Namhui Ra 1*, Dong Geun Lee1, Seong A Lee1,3†, Yunyoung Nam1,2, Ji Woong Park5†, Hyun 

Seok4

Soonchunhyang University, Department of ICT Convergence Rehabilitation Engineering1, 

Soonchunhyang University, Department of Computer Science and Engineering2, 

Soonchunhyang University, Department of Occupational Therapy3, Soonchunhyang 

University Bucheon Hospital, Department of physical Medicine and Rehabilitation4, 

Soonchunhyang University Seoul Hospital, Department of Physical Medicine and 

Rehabilitation5

Background

Korea has rapidly entered an aged society, and a variety of health aids are currently being 

developed for healthy elder people, which is forecasting to become an ultra-aged society 

with 20.8 percent of the elder population in 2026. Currently, a combination of cognitive 

and physical enhancements is being developed primarily for therapeutic purposes. 

However, there is no much tool development for the general elder. In addition, the 

development of tools to enhance brain function through the exercise of the hands, which 

is an important part of the body, is very limited. Therefore, we are planning to develop a 

combined physical and cognitive activity-finger-rhythm game that can participate in brain 

function enhancement by combining a glove controller that is easy to use by the elderly. 

Methods

To check the effects of using the physical and cognitive complex-activity tools, five 

experimental groups and control groups out of 10 senior citizens are randomly assigned to 

the military using the physical and cognitive complex activity-finger-rhythm game, and the 

group that uses finger counts exercises. The participants wear the glove controller and 

connect it to the PC through the Bluetooth module. Then, we measured the degree of 

finger flexion and rotation angle and direction according to hand movements through the 

flex and gyro sensors transmitting the specified keyboard value according to the measured 

value to the PC via Bluetooth. On the PC, note falling to the music beat are treated with a 

response set according to the received value. Quantitative and qualitative studies, such as 

satisfaction surveys, are conducted together to analyze the results of EEG measurements 

and self-efficiency tests during the activity to compare the differences between the two 

groups. 



Results

The study found that for older people, the rhythm game of fingers with physical and 

cognitive complex activities showed more brain activity in EEG than those of older people 

with general finger-count activity, and also had more meaningful results than those with 

simple finger exercises as a result of self-efficiency and activity. 

Conclusions

In order to promote awareness among the elderly, more diverse brain function activations 

and satisfactions of activities were identified in the composite activities of physical and 

cognitive enhancements through finger-rhythm games than in the conventional simple 

exercises. Therefore, rather than providing simple activities to the elderly, it is believed 

that expanded research will be necessary for those with cognitive problems, as well as to 

utilize games with a combination of physical and cognitive activities to maintain a healthy 

elder. 

Keywords: Rhythm Game, Flex Sensor, Gyro Sensor, , Elderly 

Acknowledgment :This research was financially supported by the “ICT Convergence Smart 

Rehabilitation Industrial Education Program” through the Ministry of Trade, Industry & 

Energy (MOTIE) and Korea Institute for Advancement of Technology (KIAT). 

Fig.1 Process flow.



노인재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-14

Wearable Ankle-assist Robot Improves Gait Patterns in Stroke Patients

Hwang-Jae Lee1,2*, Su-Hyun Lee1, Jinuk Kim2, Won Hyuk Chang1, Byung-Ok Choi3, Gyu-Ha 

Ryu4, Yun-Hee Kim1,2†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 

Prevention and Rehabilitation, Heart Vascular Stroke Institute1, Sungkyunkwan University,

Department of Health Sciences and Technology, Samsung Advanced Institute for Health 

Science and Technology (SAIHST)2, Samsung Medical Center, Department of Neurology, 

Neuroscience Center3, Sungkyunkwan University, Department of Medical Device 

Management and Research, SAIHST4

Objective

The purpose of this study was to investigate the effect of wearable ankle-assist robot on 

spatio-temporal parameters and muscle activation pattern during gait in stroke patients. 

Methods

Forty-five stroke patients participated and divided into three groups according to their gait 

pattern; 17 patients with foot drop gait group, 17 with ankle spastic gait group, 11 with 

circumduction gait group. The Gait Enhancing and Motivating System-Ankle (GEMS-A, 

Samsung Electronics Co., Ltd., Korea), which functions as a wearable ankle-assist robot was 

used in this experiment. All participants performed randomly assigned sessions of three 

conditions; free gait without robot assistance [FG], robot-assist gait with zero torque [RAG-

Z], and robot-assist gait [RAG]. In all conditions, muscle activation pattern and symmetry 

during gait were acquired and analyzed using the 12-channel surface electromyography 

system (Desktop DTS system, Noraxon, USA) at preferred speed on 8 m walkway. Also, 

Spatio-temporal parameters of gait function were determined by 3D motion capture 

system (Motion Analysis Corporation, USA). 

Results

The RAG condition with foot drop gait group demonstrated significantly greater gait speed 

and stride length than the FG and RAG-Z (P<0.05). We observed that the abnormal muscle 

activation patterns of medial gastrocnemius, soleus, and tibialis anterior muscles in 

affected side are changed in close proximity to normal pattern. In addition, the 

compensatory activation of the affected hip flexor muscle due to foot drop and ankle 

spasticity was significantly reduced (P<0.05). In all groups, A significantly improved muscle 

activation symmetry of bilateral tibialis anterior, gastrocnemius, and hip flexor muscle are 

also demonstrated (P<0.05). 



Conclusion

This study demonstrate that the GEMS-A is a potentially useful robotic device for 

improving gait function by improving the muscle activation pattern and symmetry of the 

lower limbs during walking in stroke patients. We will perform a study to confirm the effect 

of rehabilitation effect of GEMS-A with stroke patients in the near future. 

Acknowledgment :This study was supported by the Samsung Medical Center (PHO018019) 

and by a grant from the NRF (NRF-2016R1A6A3A11930931, NRF-2017R1A2A1A05000730 

and NRF-2017M3A9G5083690), which is funded by the Korean government. 
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Benefit of Wearable Robotic-assisted Training for Elderly Persons: A 

Randomized Controlled Trial

Hwang-Jae Lee1,2*, Su-Hyun Lee1, Hyun-Joong Kim1, Jihye Kim2, Won Hyuk Chang1, Yun-Hee 

Kim1,2†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 

Prevention and Rehabilitation, Heart Vascular Stroke Institute1, Sungkyunkwan University, 

Department of Health Sciences and Technology, Samsung Advanced Institute for Health 

Science and Technology (SAIHST)2

Objective

The purpose of this study was to investigate the effect of wearable robotic-assisted training 

of 18-sessions intervention program with a hip-assist robot on balance and locomotor 

function in elderly persons. 

Methods

Twenty-four elderly adults (experimental group: n=12, mean aged 76.4±4.93; control 

group: n=12, mean aged 74.9±3.88) were enrolled and randomly assigned to experimental 

or control group. The Gait Enhancing and Motivating System-Hip (GEMS-H, Samsung 

Electronics Co., Ltd., Korea), which functions as a wearable hip-assist robot was used. All 

participants received 45-minute training (15 min: functional training including sit-to-stand 

and balance training / 30 min: gait training including over-ground and stair-up) with GEMS-

H in the experimental group or without GEMS-H in the control group, for 18 sessions during 

the consecutive 6 weeks. Locomotor functions as a muscle efforts, spatio-temporal and 

ground reaction force data were acquired and analyzed using the 12-channel surface 

electromyography (sEMG) system (Desktop DTS system, Noraxon, USA) and 3D motion 

capture system (Motion Analysis Corporation, USA) at preferred speed. In addition, 

cardiopulmonary metabolic energy consumption measurements were obtained during 6 

minutes of treadmill walking using portable cardiopulmonary metabolic system (Cosmed 

K5, Rome, IT). Balance assessments were performed using Berg Balance Scale, Four Square 

Step Test and Timed Up and Go test. 

Results

After completion of 18-training sessions, the experimental group showed significantly 

more improvement in balance function than the control group. In locomotor function data, 

the experimental group demonstrated lesser muscular effort of the trunk and lower limb 

muscles during gait than the control group. Also, the experimental group demonstrated 

faster gait speed than the control group. Specifically, metabolic energy consumption 



during 6 minutes treadmill walking was significantly lower in the experimental group than 

the control group 

Conclusion

These results demonstrated that a newly developed wearable hip assist robot, the GEMS-

H, is a potentially useful training device for improving balance and locomotor function in 

elderly persons. 

Acknowledgment :This study was supported by the Samsung Advanced Institute of 

Technology (PHX0191311) and by a grant from the NRF (NRF-2017R1A2A1A05000730, 

NRF-2016R1A6A3A11930931, and NRF-2017M3A9G5083690), which is funded by the 

Korean government. 
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Correlation between vitamin D deficiency and mobility outcome after hip 

surgery in elderly patients 

Jong-Min Lee1*, Jae-Young Lim1†

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine 1

Introduction

vitamin D is important for calcium homeostasis and muscle function. Vitamin D deficiency 

is thought to negatively associated with functional outcomes in elderly patients after hip 

fracture. However, many studies showed short-term outcome improvement. We therefore 

conducted a prospective study to investigate the association between serum calcifediol 

level and the mobility recovery at 6 months after hip fracture surgery and rehabilitation in 

elderly patients. 

Methods

Forty eight participants aged 65 years or over who underwent surgery and rehabilitation 

for hip fracture were followed up in one university hospital. Bone mineral density for 

osteoporosis detection was measured by dual-energy X-ray absorptiometry (DXA) and 

laboratory findings (vitamin D, Parathyroid hormone; PTH, total protein, albumin) were 

evaluated before hip surgery. Mobility outcome (KOVAL) was measured before surgery 

(pre-KOVAL), at rehabilitation discharge (2weeks after surgery, post-KOVAL) and at 6 

months after surgery (6M-KOVAL). we classifies T scores as osteoporosis at or below -2.5 

standard deviation and defined vitamin D deficiency as a serum calcifediol below 20 ng/mL 

and PTH deficiency as a PTH level below 15 pg/mL. 

Results

Among 48 patients, 29 participants (60%) were found to have vitamin D deficiency on first 

to three preoperative day and 11 patients (23.4%) were evaluated as PTH deficiency. Thirty 

six patients (75%) had osteoporosis. Vitamin D deficiency group was significantly 

associated with 6M-KOVAL (deficiency group: 4.07±2.05 vs. non deficiency group: 

2.63±1.74, p=0.015). However, PTH deficiency group was not significantly associated with 

6M-KOVAL (deficiency group: 4.27±2.15 vs. non deficiency group: 3.33±1.97, p=0.150). In 

multivariate analysis integrating age, sex, weight, osteoporosis, pre-KOVAL, post-KOVAL 

and 6MKOVAL, vitamin D deficiency before surgery was a significant risk factor for pre-

KOVAL [OR 0.547 (0.309-0.968) P = 0.038] and 6M-KOVAL [OR 2.030 (1.205-3.420) P = 

0.008]. 

Conclusion



We has demonstrated that vitamin D deficiency on pre-operative day was a independent 

risk factor for worse mobility outcome at 6 months after surgery in elderly patients 

although they underwent hip fracture operation and rehabilitation management. A 

sufficiently large sample size will be necessary to produce results of future studies. 
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Validation of a Multi-Sensor-Based Kiosk for Short Physical Performance 

Battery

Ban Hyung Lee1*, Hee-Won Jung 3, Jihong Park2†

Seoul National University Hospital, Department of Rehabilitation Medicine 1, Seoul 

National University Bundang Hospital, Department of Rehabilitation Medicine2, Seoul 

National University Bundang Hospital, Division of Geriatrics, Department of Internal 

Medicine3

Objectives

We aimed to validate a multi-sensor-based kiosk (eSPPB kiosk) which can perform 

automated measurement of the short physical performance battery (SPPB). 

Design

Prospective, cross-sectional study. 

Setting

Rehabilitation clinic of a tertiary hospital 

Participants

Ambulatory outpatients aged 65 or older (N = 40) 

Measurements

The eSPPB kiosk was developed to measure the three components of the SPPB: standing 

balance, gait speed, and chair stand test with embedded sensors and algorithms. 

Correlations between the total and component-specific scores of the eSPPB and manually-

measured SPPB (mSPPB), assessed by a physical therapist, were assessed. Further, 

correlations between SPPB parameters and geriatric functional measures were also 

evaluated. 

Results

This study included 40 participants with a mean age of 74.4 ± 6.5 years, mean total eSPPB 

score of 10.1 ± 2.1, and mean total mSPPB score of 10.2 ± 2.1. The intraclass correlation 

coefficient between the eSPPB and mSPPB total score was 0.97 (P < 0.001), and the kappa 

agreement was 0.79 (P < 0.001). The intraclass coefficients between the components of 

eSPPB and mSPPB were 0.77 (P < 0.001), 0.88 (P < 0.001), and 0.99 (P < 0.001) for standing 

balance, gait speed, and chair stand test, respectively. 



Conclusion

The newly developed kiosk might be a viable method for performing SPPB in elderly 

individuals. 
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Factors associated with postoperative walking speed and distance after 

unilateral TKA

Min Ji Suh1*, Bo Ryun Kim1†, Sang Rim Kim2, Kwang Woo Nam2, So Young Lee1, Yong Geun 

Park2, Won Bin Kim1, Youn Ji Kim1

Jeju National University School of Medicine, Regional Rheumatoid and Degenerative 

Arthritis Center, Jeju National University Hospital, Jeju, Repubic of Korea, Department of 

Rehabilitation Medicine1, Jeju National University School of Medicine, Regional 

Rheumatoid and Degenerative Arthritis Center, Jeju National University Hospital, Jeju, 

Repubic of Korea, Department of Orthopedic Surgery2

Objective

This study was undertaken to determine the factors correlated with postoperative walking 

speed and distance at 3 month after unilateral total knee arthroplasty (TKA). 

Methods

Cross-sectional data from 149 patients (23 males and 126 females; average age 72.1 ± 6.4 

years) who underwent unilateral primary TKA were analyzed. The instrumental gait 

analysis for spatio-temporal parameters, isometric knee extensor and flexor strength of 

both knees, 6 minute walk test (6MWT), timed up-and-go (TUG) test, timed stair climbing 

test (SCT), knee flexion and extension range of motion (ROM) of surgical knee, Western 

Ontario McMaster Universities Osteoarthritis Index (WOMAC) pain, stiffness, and 

functional levels, EuroQol five-dimensions (EQ-5D) questionnaire were assessed. 

Results

In bivariate analyses, postoperative walking speed had significant positive correlations 

with cadence (r=0.35, p<0.001), stride length (r=0.66, p<0.001), propulsion index of 

surgical (r=0.48, p<0.001) and non-surgical knee (r=0.57, p<0.001), peak torque (PT) of the 

extensor of surgical (r=0.29, p<0.001) and non-surgical knee (r=0.24, p=0.003) and flexor 

of surgical (r=0.19, p=0.019) and non-surgical knee (r=0.19, p=0.021), 6MWT (r=0.41, 

p<0.001), EQ-5D (r=0.35, p<0.001), and significant negative correlation with gait cycle 

duration (r=-0.29, p<0.001), TUG (r=-0.51, p<0.001), SCT-ascent (r=-0.33, p<0.001) and 

decent (r=-0.42, p<0.001) and WOMAC pain levels (r=-0.16, p=0.048). The postoperative 

walking distance had significant positive correlation with walking speed (r=0.41, p<0.001), 

cadence (r=0.20, p=0.015), stride length (r=0.30, p<0.001), swing phase duration (r=0.17, 

p=0.034), propulsion index of surgical (r=0.43, p<0.001) and non-surgical knee (r=0.38, 

p<0.001), PT of the extensor of surgical (r=0.22, p=0.009) and non-surgical knee (r=0.17, 

p=0.035), EQ-5D (r=0.34, p<0.001), and significant negative correlation with gait cycle 



duration (r=-0.22, p=0.007), double support duration (r=-0.19, p=0.021), TUG (r=-0.64, 

p<0.001), SCT-ascent (r=-0.62, p<0.001), decent (r=-0.42, p<0.001) and VAS of both knees 

(r=-0.30, p<0.001). In the multivariate linear regression analyses adjusted the age and sex 

variables, TUG (β=-0.023, p=0.002), cadence (β=0.003, p=0.007), stride length (β=0.006, 

p<0.001) and propulsion index of non-surgical knee (β=0.020, p<0.001) were factor 

correlated with postoperative walking speed. The SCT-ascent (β=-5.404, p=0.031) and 

descent (β=-5.881, p=0.018), TUG (β=-13.958, p=0.002) and propulsion index of surgical 

knee (β=7.767, p=0.006) were factor correlated with postoperative walking distance.

Conclusion

This study confirmed the performance-based physical function were important factors 

with walking speed and distance 3 month after TKA. 

Table 1. Demographic and Disease-related Characteristics of the Subjects (N=149)



Table 2. Correlation among Walking Speed and distance (6MWT), Gait parameter, Objective Performance-

based Physical Function, Self-reported Physical Function at 3month after TKA



Table 3. Factors correlated with Walking Speed and Distance by Multivariate Linear Regression Analysis at 

3month after TKA
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EHR Based Prediction of Future Incidence of Alzheimer’s Disease Using 

Machine Learning

Han Eol Cho1*, Ji Hwan Park2, Jong Hun Kim3, Melanie Wall4, Yaakov Stern4, Hyunsun Lim5, 

Shinjae Yoo2, Justin Byun1, Gun Jae Lee6, Jiook Cha4,7†, Hyoung-Seop Kim6†

Yonsei University College of Medicine, Department of Rehabilitation Medicine, Gangnam 

Severance Hospital and Rehabilitation Institute of Neuromusular Disease1, Brookhaven 

National Laboratory, Computational Science Initiative2, National Health Insurance Service 

Ilsan Hospital, Department of Neurology3, Columbia University, Department of Psychiatry4, 

National Health Insurance Service Ilsan Hospital, Research and Analysis Team5, National 

Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation6, Columbia University, Data Science Institute7

Background

Accurate prediction of future incidence of Alzheimer’s disease may facilitate intervention 

strategy to delay disease onset. Existing AD risk prediction models require collection of 

biospecimen (genetic, CSF, or blood samples), cognitive testing, or brain imaging. 

Conversely, EHR provides an opportunity to build a completely automated risk prediction 

model based on individuals’ history of health and healthcare. We tested machine learning 

models to predict future incidence of AD using administrative EHR in individuals aged 65 

or older. 

Methods

We obtained de-identified EHR from Korean elders age above 65 years old (N=40,736) 

collected between 2002 and 2010 in the Korean National Health Insurance Service 

database system. Consisting of Participant Insurance Eligibility database, Healthcare 

Utilization database, and Health Screening database, our EHR contain 4,894 unique clinical 

features including ICD-10 codes, medication codes, laboratory values, history of personal 

and family illness, and socio-demographics. Our event of interest was new incidence of AD 

defined from the EHR based on both AD codes and prescription of anti-dementia 

medication. Two definitions were considered: a more stringent one requiring a diagnosis 

and dementia medication resulting in n=614 cases (“definite AD”) and a more liberal one 

requiring only diagnostic codes (n=2,026; “probable AD”). We trained and validated a 

random forest, support vector machine, and logistic regression to predict incident AD in 

1,2,3, and 4 subsequent years using the EHR available since 2002. The length of the EHR 

used in the models ranged from 1,571 to 2,239 days. Model training, validation, and testing 

was done using iterative (5 times), nested, stratified 5-fold cross validation. 



Results

Average duration of EHR was 1,936 days in AD and 2,694 days in controls. For predicting 

future incidence of AD using the “definite AD” outcome, the machine learning models 

showed the best performance in 1 year prediction with AUC of 0.781; in 2 year, 0.739; in 3 

year, 0.686; in 4 year, 0.662. Using “probable AD” outcome, the machine learning models 

showed the best performance in 1 year prediction with AUC of 0.730; in 2 year, 0.645; in 3 

year, 0.575; in 4 year, 0.602. Important clinical features selected in logistic regression 

included hemoglobin level (b=-0.902), age (b=0.689), urine protein level (b=0.303), 

prescription of Lodopin (antipsychotic drug) (b=0.303), and prescription of Nicametate 

Citrate (vasodilator) (b=-0.297). 

Conclusion

This study demonstrates that EHR can detect risk for incident AD. This approach could 

enable risk-specific stratification of elders for better targeted clinical trials. 

Figure 1. Consort Diagram



Figure 2. Receiver-Operating Characteristic plots are shown for 0,1,2,3,4-year prediction. Incident AD was 

defined based on ICD-10 AD codes and anti-dementia medication for AD, “Definite AD”, or based on AD codes 

only, “Probable AD”.

Table 1. Top ten features and weights from logistic regression (0-yr prediction). 
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Clinical difference of dysphagia according to age

Soowoong Jang1*, Hea eun Yang1†, Da hyun Ahn1, Seo Yeon Yoon2, Jeong A Ham2

Veterans Health Service Medical Center, Department of Rehabilitation Medicine1, Bundang 

Jesaeng General Hospital, Department of Rehabilitation Medicine2

Objective

The purpose of this study was to investigate characteristics of dysphagia in the oldest-old 

population compared with younger elderly in this country. 

Methods

418 patients (364 men, 54 women) who complain swallowing difficulty underwent 

videofluoroscopic swallow study (VFSS) were included in the analysis. The patients were 

divided into an elderly group, group I (60–79 years old, n=275) and the oldest-old group, 

group II (80–96 years old, n=143). Sex, cognition, body mass index (BMI), duration of 

symptoms, penetration aspiration scale(PAS), videofluoroscopic dysphagia scale(VDS) 

scores, and the etiologies of dysphagia were compared between the groups. 

Results

The proportion of male, Korean version of the mini-mental state examination (K-MMSE) 

scores(p-value<0.001), and the duration of symptoms(p-value<0.000) were significantly 

higher or longer in group I than in group II. The BMI were significantly higher in group I 

than in group II(p-value<0.027). The PAS and VDS scores(p-values < 0.001) were 

significantly higher in group II than in group I, indicating that dysphagia was more severe 

in group II. The proportion of central nervous system disorders was significantly higher in 

group I than in group II (p-value = 0.039). The proportion of other disorders was 

significantly higher in group II than in group I(p-value = 0.016). Especially, the proportion 

of poor general medical condition was significantly higher in group II than in group I (p-

value <0.000). 

Conclusion

Dysphagia in the oldest-old was more severe and progressed faster than in the younger 

elderly, and in the oldest-old, the etiology of dysphagia showed a higher proportion of 

other diseases not directly related to dysphagia. 
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The changes for strength of oropharyngeal muscles in patients with 

dementia and dysphagia

Seong Hoon Lim1*†, Eun Kyu Ji1, Hae Hyun Wang1, Sung June Jung1, Jung Geun Park1, Joon 

Sung Kim1, Bo Young Hong1, Kyoung Bo Lee1

The Catholic University of Korea, Saint Vincent Hospital, Department of Rehabilitation 

Medicine1

Purpose

Although dysphagia is an important heath problem and one of determinant of quality of 

life in patients with dementia, the neurophysiologic changes of dysphagia in dementia 

have not been fully uncovered, yet. we investigated the changes of strength of tongue lip 

and pharyngeal muscles in patients with dementia. 

Materials and Methods

This study included 30 subjects with dementia. In all subjects, clinical assessments were 

consisted of the Iowa Oral Performance Instrument (IOPI) for tongue and lip, surface 

electromyography (sEMG) with Vital stim plus on suprahyoid muscles, the Mini-Mental 

State Examination (MMSE), and Clinical Dementia Rating (CDR) scales. 

Results

There was no difference between IOPI and sEMG among three sub-groups of dementia. 

The values of tongue IOPI from all three dementia groups were significantly lower than 

values of control (Figure 1). The comparisons for values of tongue IOPI among three 

dementia group were not significantly different from each other. The values of lip IOPI and 

sEMG of suprahyoid muscles were not different between three dementia groups and 

control. 

Conclusion

The tongue strength by assessing IPOI was decreased in patients with all stages of 

dementia than controls. These findings would be useful for making therapeutic strategies 

for dysphagia in dementia. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea (NRF) funded by the Ministry of 

Science and ICT (grant number:2017R1E1A1A01074324) 



Fig. 1. Comparisons of IOPI pressure between dementia and control. The values of tongue IOPI of all three 

dementia groups were significantly lower than the value of control. The comparison among three dementia 

groups did not differ from each other. 



노인재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F) 

P 1-22

Normative data on grip strength in a population-based study with adjusting 

confounding factors

Seong Hoon Lim1*, Jung Soo Lee2†, Yeo Hyung Kim2, Hyehoon Choi1

The Catholic University of Korea, College of Medicine, St. Vincent’s Hospital, Department 

of Rehabilitation Medicine1, The Catholic University of Korea, College of Medicine, 

Uijeongbu St. Mary’s Hospital, Department of Rehabilitation Medicine2

Purpose

We investigated population-based data on grip strength, analyzed for demographic factors, 

and proposed a formula to estimate grip strength that could be generalized to a population 

with different anthropometric and background characteristics. 

Materials and Methods

This study used a complex, stratified, multi-stage probability cluster survey with a 

representative sample of the population. Select household participants (n = 6,577) over 

age 10 who were able to perform daily tasks without issue were included. Grip strength 

was measured in both hands, alternately, three times using a digital grip strength 

dynamometer. 

Results

There was a curvilinear relationship between grip strength and age, and grip strength was 

higher in males than females. Hand preference significantly affected grip strength. Weight 

and height were positively correlated with strength in both hands, but waist circumference 

was negatively correlated with strength in both hands. The intensity of occupational labor 

did significantly affect grip strength in both hands. The formulas for estimating grip 

strength of each hand are presented as main results. 

Conclusion

To determine normative data on grip strength, we may consider factors such as 

occupations with different physical demands, underlying medical conditions, 

anthropometric characteristics, and unmodifiable factors such as age and sex. 
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The impact of anemic condition on mobility outcome of elderly patients 

after hip fracture

Jong-Min Lee1*, Jae-Young Lim1†

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine 1

Introduction

The influence of anemia on the functional outcome after hip fracture surgery has been 

controversial. However, anemic condition can make post-operative delirium and decrease 

the physical functions. We therefore conducted a prospective study to investigate the 

correlations between pre-operative laboratory findings and mobility outcome of patients 

after hip fracture surgery at postoperative 6 months. 

Methods

Fifty one hip fracture patients aged 65 years or over who underwent surgery and 

rehabilitation were followed up in one university hospital. Laboratory findings 

(Hemoglobin; Hb, HbA1c, total protein, albumin, C-reactive protein; CRP) were evaluated 

before surgery and mobility outcome (KOVAL) was measured before surgery (pre-KOVAL) 

and at 6 months after surgery (post-KOVAL). We defined anemia as a Hb level below 13 

g/dL in men and below 12 g/dL in women. 

Results

Among 51 patients, 30 patients(59%) were found to have anemia on first to three 

preoperative day. Anemic group was significantly associated with post-KOVAL (anemic 

group: 4.03±1.97 vs. non anemic group: 2.95±2.01, p=0.05). But, the other laboratory data 

were not associated with mobility outcome. A multivariate analysis integrating age, sex, 

weight and pre- and post- KOVAL showed that anemia before surgery led to marginally 

significant changes in post-KOVAL [OR 1.323 (0.982-1.783) P = 0.066]. 

Conclusion

We have identified anemia on pre-operative day had a detrimental impact on mobility 

outcome of patients at 6 months after hip fracture surgery. This result provides evidence 

for precise clinical reasoning in these specific patient group. 
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Vulnerability to Ageing in Rural Versus Urban area in South Korea

Eun Kyoung Kang1*†, Dabi Shin1

Kangwon National University Hospital, School of Medicine, Kangwon National University, 

Department of Rehabilitation Medicine1

Objectives

This study purposed to identify the vulnerability to ageing based on the rural-urban 

disparities, because the ageing process may be various and affected by environmental in 

addition to individual factors in older person. 

Theories and methods

South Korea today is experiencing ageing in both rural and urban communities. Moreover, 

influx of young people into the city has been the main cause of rapidly aged rural society. 

Clarifying the vulnerability to ageing, which means the sensitivity to ageing process, may 

be meaningful in predicting the future and in settling the coping strategies in vulnerable 

community. Older person (aged over 65 years) in social networking groups in a rural (n=29) 

and an urban (n=26) areas in South Korea were surveyed as following domains: physical 

(body composition by Bio-impedance Analysis, activity level by International Physical 

Activities Questionnaire, and physical performance by grip strength, Short Physical 

Performance Battery [SPPB] and timed up and go test), psychological (quality of life by 

short Form 36 [SF-36], and depression by Beck Depression Inventory [BDI]), and Cognitive 

(mini mental state examination [MMSE]). 

Results

Pearson’s correlation analysis showed significant associations only in rural area. Ageing 

was related to decreasing body mass index (r=-0.596, p=0.001), fat mass (r=-0.381, p=0.04), 

and lean mass of right (r=-0.448, p=0.015) and left (r=-0.438, p=0.017) arms and trunk (r=-

0.374, p=0.046). Moreover, total score of SPPB (r=-0.429, p=0.02), mental health in SF-35 

(r=-0.485, p=0.008), and MMSE (r=-0.572, p=0.001) were showed negative correlation with 

age. Finally, total score of BDI was increased with age (r=0.531, p=0.003). 

Conclusions

This study proved that older persons in rural area were prone to lose body mass, physical 

and cognitive function, and mental health with ageing compared to urban area. This 

vulnerability to ageing in rural area might emphasize the settling the specialized coping 

strategies based on the related factors in the future. 



Acknowledgment :This work was carried out with the support of the Cooperative Research 

Program for Agriculture Science and Technology Development (Project No: 

PJ012509042019), Rural Development Administration, Republic of Korea. 

Table 1 .Pearson's correlation coefficients between age and demographic characteristics.
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Clinical Effect of LV Diastolic function On Exercise Capacity After AMI during 

1-year follow-up

Yuri Choe1*, Jae-young Han2†, Hyun ju Yoon3, Seo-ra Yoon1, Sura Ryu1

Gwangju bohun veterans hospital, Department of Rehabilitation Medicine1, Chonnam 

National University Hospital, Department of Rehabilitation Medicine2, Chonnam National 
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Objective

Myocardial infarction impacts diastolic function and diastolic dysfunction has been known 

as an independent predictor of mortality after acute myocardial infarction. It is not clear 

how the diastolic function impacts on exercise capacity during cardiac rehabilitation 

program. This study aimed to examine the relationship between diastolic function and 

exercise capacity in patients who have participated cardiac rehabilitation program after 

onset of acute myocardial infarction. 

Design

Among the patients diagnosed as acute myocardial infarction and referred for cardiac 

rehabilitation (CR), 200 patients (178 men, 22 women; 57.90±11.63 years) who were 

performed a transthoracic echocardiography after percutaneous coronary intervention. 

The left ventricular ejection fraction (EF) of studied subjects was 54.4±12.65 % and body 

mass index (BMI) was 25.09±0.03kg/m2. All patients underwent graded exercise test with 

gas analysis to determine peak oxygen consumption (peakVO2), peak metabolic equivalent 

(MET) and total exercise time (TET) which were parameters of exercise capacity. The 

patients were divided into two groups according to diastolic dysfunction grade: those 

which were associated with grade 0 or 1 diastolic dysfunction (normal group) and those 

with grade 2 or grade 3 diastolic dysfunction (advanced group). 

Results

(1) PeakVO2 was significantly correlated with early diastolic velocity from tissue Doppler 

(E’), ratio between E velocity of mitral flow and E’ velocity from tissue Doppler (E/E’) and 

(RVSP). These diastolic function parameters were significantly correlated with peak MET 

and exercise time. (2) peakVO2, MET and TET were significant lower in advanced group 

than in normal group (25.8±6.51 vs. 21.04±6.58; p=0.004 , 7.4±1.72 vs. 6.0± 1.73; p<0.001 

and 12.3± 2.48 vs. 10.5± 3.04; p=0.001). (3) On multivariate analysis, peakVO2 and MET 

was significant lower in advanced group than in normal group (p=0.001 and p=0.001). (4) 

MET and TET were improved after completion of cardiac rehabilitation (CR) program 

(p=0.026 and p = 0.007). There is no significant different between two groups (p=0.782 and 



p=0.542) (5) During the one-year follow-up, major adverse cardiac events (MACE), which 

consist of cardiac death, myocardial infarction, revascularization, coronary artery bypass 

surgery, hospitalization due to heart failure, and cerebrovascular accident occurred in 5 

percent of patients. There are no significantly differences between two groups (p=0.721). 

Conclusion

Exercise capacity lowered in patients with advanced diastolic dysfunction after acute 

myocardial infarction, but improved over time after completing CR regardless of diastolic 

dysfunction grade. 

Keywords: Tolerance, Exercise, Diastoles, Myocardial infarction, Cardiac rehabilitations 

fig 1. Boxplots with maximal MET and peakVO2 according to diastolic dysfunction grade

fig.2 Change of exercise capacity according to diastolic dysfunction group



Table. 2 Correlation between exercise capacity parameter and echocardiographic parameter
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Prevalence and Associated Factors of Dysphagia in Lung Transplantation 
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Introduction

The number of lung transplantation (LTx) has recently increased. Dysphagia is a common 

complication after LTx and can cause severe aspiration pneumonia, particularly in 

immunocompromised patients. There are very few studies on dysphagia after LTx, 

especially domestic data have not been reported. The study is to investigate the 

prevalence and associated factors of dysphagia after LTx by a videofluoroscopic swallowing 

study (VFSS). 

Methods 

Lung transplant recipients from March 2017 to June 2019 were included. Dysphagia was 

assessed by VFSS to confirm laryngeal penetration and tracheal aspiration with or without 

symptoms. We investigated the duration of tubal feeding, duration of ventilator 

application, presence of tracheotomy and an intensive care unit acquired weakness 

(ICUAW). The duration was based on the day before the VFSS date. ICUAW was defined as 

Medical Research Council (MRC) sum score below 48 and the muscle strength was assessed 

in 12 muscle groups; shoulder abductors, elbow flexors, wrist extensors, hip flexors, knee 

extensors, and ankle dorsiflexors. We compared these factors with no 

penetration/aspiration (PA) group and PA group. All statistical analyses were performed 

with SPSS software using independent t-test and chi-square test. 

Results 

A total of 33 patients were enrolled in the study, including 23 men and 10 women. The 

mean age was 53.3 ± 10.5 years. The most common disease leading to LTx was interstitial 

lung disease and 90.9% received double LTx (Table 1). VFSS was performed on average of 

22 days after surgery. All patients were in the ICU and received nutrition via nasogastric 

tube before VFSS. Twenty-three (69.7%) patients showed penetration or aspiration in VFSS. 

Aspiration showed 50.5% of all patients, of which 84% were aspiration without symptom 

(Table 2). In comparison between no PA group and PA group, the presence of 



tracheostomy and ICUAW was significantly more in PA group (p<0.05). However, age, 

duration of tubal feeding and duration of ventilator application were not statistically 

significant between two groups (Table 3). 

Conclusions 

This is the first study to report the dysphagia of LTx recipients in Korea. We found that the 

prevalence of dysphagia after LTx was about 70% and the presence of the tracheostomy 

tube and ICUAW were associated with dysphagia after LTx. In addition, silent aspiration 

accounted for 84% of tracheal aspiration. For prevention of aspiration pneumonia, 

diagnostic evaluation of dysphagia after LTx is strongly recommended before starting oral 

feeding. 

Table 1. Demographics and clinical characteristics of the subjects

Table 2. Classification and distribution of dysphagia

Table 3. Comparison between PA group and no PA group. 
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Bioimpedance Analysis for Predicting Treatment Outcomes for Lower 

Extremity Lymphedema

Su Hwan Bae1*, Won Jun Kim1, JaYoung Kim1, Jae Yong Jeon1†

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

Objective

To investigate if bioimpedance analysis (BIA) predict treatment outcomes of complete 

decongestive therapy (CDT) in lower extremity lymphedema after gynecologic cancer 

surgery. 

Methods 

This study was a retrospective study of visits to a single lymphedema clinic after 

gynecologic cancer surgery from March 2015 to December 2018. CDT was performed on 

patients for 30 minutes per day, for 10 days (5 days per week). We conducted upper and 

lower extremity bioimpedance measurements using Inbody S10 (InBody, Seoul, South 

Korea) before and after CDT. Bioimpedance measurements were conducted after a 5 

minutes rest. Also, circumference measurement of both lower extremities at above knee 

20cm, above knee 10cm, below knee 10cm was conducted before and after CDT. To 

evaluate lower extremity lymphedema, we calculated the expected impedance at 0Hz (R0) 

of four extremities using multi-frequency BIA. To minimize BIA errors and compare the 

difference before and after CDT, we calculated the upper / lower extremity R0 ratio (R0U/L) 

using upper extremity R0 on the same side. We investigated the relationship between 

R0U/L of the affected side and the change of R0U/L and circumference before and after 

CDT in patients with unilateral lymphedema and bilateral lymphedema. Furthermore, we 

divided patients based on the duration between symptom onset and first BIA examination 

into acute group (within 6 months from onset) and chronic group (over 6 months from 

onset). Subgroup analysis was performed to determine the difference in BIA results 

between two groups. 

Results 

Total 59 patients were included analysis. 26 patients (31 lower limb) were included in acute 

group, and 33 patients (38 lower limb) were included in chronic group. R0U/L before CDT 

(initial R0U/L) was significantly correlated with R0U/L change before and after CDT in acute 

and chronic group. (r=0.373, p=0.04 in acute group, r=0.354, p=0.03 in chronic group) In 

acute group, R0U/L before CDT was significantly correlated with circumference change at 

above knee 20cm and 10cm. (r=0.427, p=0.02 at AK 20cm, r=0.399, p=0.03 at AK 10cm) 



(Fig.1) R0U/L before CDT was significantly correlated with R0U/L change after adjustment 

for age and BMI in acute and chronic group. (r=0.513, p<0.01 in acute group, r=0.423, 

p<0.01 in chronic group) R0U/L before CDT showed a tendency to be correlated with 

circumference change in acute group. (Table 2) 

Conclusions 

This study is meaningful in confirming the usefulness of Inbody S10 for predicting 

treatment outcomes of CDT for lower extremity lymphedema. The results suggested that 

Initial BIA value tend to be correlate with treatment outcomes for lower extremity 

lymphedema in acute group. These findings implied that BIA for lower extremity 

lymphedema could one possible modality to predict treatment outcomes in the early stage 

of lymphedema rather than in the chronic stage. For this work, further large-scale 

prospective studies will be necessary. 

Acknowledgment :none 

Table 1. Patients baseline characteristics and the change of bioimpedance value and lower extremity 

circumferences



Figure 1. Correlation of initial R0U/L and the change of lower extremity circumferences and R0U/L in acute 

group (A, B and C) and in chronic group (D)

Table 2. Partial correlation efficiency between initial R0U/L before CDT and the change of lower extremity 

circumference and R0U/L after adjustment for age and BMI
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Objective

Hemiparesis after stroke results in a unilateral primary impairment of the paretic leg that 

results in a disrupted walking pattern. Reduced descending neural drive to the paretic 

ankle joint causes muscle weakness and spasticity, often accompanied with foot drop 

which is characterized by the foot pointing downward and dragging on the ground during 

walking. The purpose of this study was to investigate the effect of the Gait Enhancing and 

Motivating System-Ankle (GEMS-A, Samsung Advanced Institute of Technology, Samsung 

Electronics Co., Ltd., Korea), on spatial-temporal, kinematic, and kinetic gait parameters in 

hemiplegic patients. 

Methods

A total of 45 eligible subjects (mean age; 54.11±13.94, 34 males) were recruited for the 

study. The participants were asked to walk at a self-selected normal speed along a 8-m 

walkway under the following three conditions in random order using a table of random 

numbers: free gait without robot assistance [FG], a 8-m walk without wearing the 

exoskeleton in order to measure baseline spatiotemporal, kinematic, and kinetic gait 

parameters; robot-assisted gait with zero torque [RAG-Z], a 8-m walk wearing the 

exoskeleton, but the desired torque was set to zero to verify the effect of wearing the 

exoskeleton on spatiotemporal, kinematic, and kinetic gait parameters; robot-assisted gait 

[RAG], a 8-m walk while wearing the exoskeleton and using the assist torque. Eight-camera 

motion capture system (Motion Analysis Corporation, USA) was used for three-

dimensional motion analysis and kinetic parameters were obtained using two force plates 

(TF-4060-B, Tec Gihan, Japan) embedded midway on a straight 8-m walkway. 

Results



The RAG condition demonstrated significantly greater gait speed, cadence, and stride 

length than the FG and RAG-Z conditions (p<0.05). In addition, we observed that at initial 

contact, the affected foot had positive tilting angle from the ground (heel strike the ground 

with foot pointing upwards) than the FG and RAG-Z (p<0.05), and toe clearance during 

swing phase was successfully achieved in RAG condition. The RAG condition had higher 

propulsive forces by altering their peak ankle power generation compared with FG and 

RAG-Z (p<0.05). 

Conclusion

The finding in this study indicates that the GEMS-A is a useful robotic device for enhancing 

walking performance by providing positive tilting angle at initial contact for heel strike and 

toe clearance during swing, and improving push-off intensity. 

Acknowledgment :This study was supported by the Samsung Advanced Institute of 

Technology (PHO018029) and by a grant from the NRF (NRF-2017R1A2A1A05000730, NRF-

2016R1A6A3A11930931, and NRF-2017M3A9G5083690), which is funded by the Korean 

government. 
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Purpose

Return to work(RTW) is a important for work–related injury workers, in that it enables 

economic income and psychological stability. However, even if they return to work, there 

is a considerable amount of cases in which employment does not continue due to reasons 

such as physical disability, aftermath of injury, poor work performance, and conflicts. In 

the Readiness for change model to return-to-work, proposed by Franche and Krause(2002), 

five stage in return-to-work process were conceptualized; precontemplation, 

contemplation, preparation for action, action, and maintenance. The Readiness for Return-

To-Work (RRTW) scale based on this model can be used to identify the stage of 

maintenance after returning to work. This study aims to evaluate the validity of the Korean 

version of the Readiness of Return-to-work scale for workers who had returned to work, 

and explore related factors of maintenance stages. 

Methods

Participants in this study were injured workers who had an accepted claim from the 

workers’ compensation system following a work-related musculoskeletal injuries in Korea. 

They were recruited from patient lists who had returned to work after functional capacity 

evaluation or work hardening program. A total of 72 injured workers completed survey 

questionnaires. The RRTW scale for a sample of workers who had returned to work, 

developed by Franche and collegues(2007), is a self-report measure and consists of 9 items 

with 2 sub-scales(proactive maintenance, uncertain maintenance). Exploratory factor 

analysis (EFA)(principal-axis factoring and Oblimin rotation) of RRTW items and logistic 

regression was used. 

Results

The exploratory factor analysis using the original 9 items for the working sample revealed 

2-factor model: item 1,2,3,4,5,and 8 for the Uncertain Maintenance dimension, and item 

6 and 7 for the Proactive Maintenance dimension. In the total sample, 45.8%(n=33) 

belonged to the Uncertain Maintenance stage and 54.2%(n=39) to the Proactive 

Maintenance stage. The t-test results showed that PM group and UM groups differ among 

groups in areas of depression, fear-avoidance-work, social support, perceived job 



performance, and workplace satisfaction. Logistic regression analysis showed that the 

workers who were over 40 years, returned to pre-injury job, and had lower depression 

were more likely to be in proactive maintenance stage than in uncertain maintenance 

stage. 

Conclusion

Psychometric properties of the Korean version of the RRTW scale for a working sample 

suggests that the readiness for change model to return-to-work is applicable to Korean 

workers with work-related injury. Policy attention should be paid to the maintenance 

phase after return-to-work and stage-specific services should be provided to meet workers’ 

needs. 

Acknowledgment :This study was funded by Korea Workers' Compensation and Welfare 

Service 

Table 1. Mean item scores and factor loadings from Principal-axis factoring analysis of the RRTW (N=72)



Table 2. Socio-demographic, Social, Physical and Psychological Frequency Analysis

Table 3. Predictive Factors of Proactive maintenance stage in RRTW (Logistic Regression)
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Introduction

It is well known that the occurrence of deep vein thrombosis and pulmonary embolism is 

common in patients with spinal cord injury. The sensitivity and negative predictive value 

of D-dimer are high, but the specificity and positive predictive value are low. And the 

absolute value of D-dimer is of low importance. However, in actual clinical practice, the 

absolute value of D-dimer is higher in patients with pulmonary embolism confirmed by 

embolism CT. The aim of this study was to determine the absolute value of D-dimer to 

predict pulmonary embolism in patients with spinal cord injury. 

Method 

We reviewed patients who visited the Seoul National University Bundang Hospital for 

outpatient or inpatients from April, 2003 to June, 2019. Among them, we recruited 32 

patients diagnosed with spinal cord injury in MRI and who underwent embolism CT and D-

dimer blood test. Student’s t-test was used to detect whether there is a significant 

difference of d-dimer between two groups. (Embolism-positive group and embolism 

negative group) Multivariate logistic regression analyses were performed to detect the risk 

factors for pulmonary embolism. Receiver operator characteristic (ROC) curve analysis was 

done to obtain the cut off value of d-dimer. 

Results 

Pulmonary embolism was detected in 12 patients. (37.5% of patients studied). <br>In the 

t-test, there was a significant difference in the mean of d-dimer between the two groups. 

(p=0.024) Multivariate logistic regression analyses revealed that d-dimer was significantly 

associated with pulmonary embolism. (p=0.046, OR=1.644; 95% confidence interval [CI], 

1.009-2.678) ROC curve analysis demonstrated that at the d-dimer value of 3.355, the 

sensitivity for detecting pulmonary embolism was 75% and the specificity was 55%. 

Conclusion 

This study showed that d-dimer was significantly associated with pulmonary embolism. 

Although the absolute value of the d-dimer for CT imaging cannot be determined, the high 



tendency of d-dimer in patients with pulmonary embolism may give clues to clinical

situation. Further studies involving more patients can be expected. 

Table 1. t-test between two groups

Table 2. Logistic regression 



Figure 1. ROC curve
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Diabetic polyneuropathy and the risk of carpal tunnel syndrome a 
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Objective 

Carpal tunnel syndrome (CTS) is a common clinical condition and various factors including 

repetitive wrist movements, obesity, and diabetes mellitus (DM) are considered to be risk 

factors for CTS. As the prevalence rate of DM increases, the prevalence of its complications 

is expected to rise. Diabetic polyneuropathy (DPN), which may cause complete sensation 

loss, is common complication of DM. Several studies revealed that DM influences the 

development of CTS. However, no study has specifically investigated whether DPN 

influences the development of CTS. The purpose of this study was to investigate the risk of 

CTS in DPN patients in Koreans, using data from the Korean National Health Insurance 

System (KNHIS). 

Participants and Methods 

This study was conducted based on records from the KNHIS for 12 years from January 1, 

2004 to December 31, 2015. Patients were identified as having DPN if they had visited 

clinics with a diagnosis DPN (ICD-10 code: E1041, E1141, E1341, E1441, G628, G629, G632, 

G633, G638) more than three times. Among the patients diagnosed with DM, we divided 

patients into two groups according to DPN presence and assessed the differences about 

the distribution of sex, age and baseline comorbidities using a chi-squared test between 

the DPN group and non- DPN group. Also, we assessed the effect of DPN on the risk of CTS 

using Cox proportional hazards regression analysis which was performed with the 

adjustment for age, sex, residential area, and comorbidities of hypertension, dyslipidemia, 

ischemic heart disease, congestive heart failure, and stroke. 

Results 

In total, 69,811 patients with DM were enrolled in the study: 4,952 in DPN group and 

64,859 in non-DPN group. CTS occurred in 3.03% of the DPN group and in 1.78% of the 

non-DPN group (p<0.001). After adjusting for age, sex, residential area, and comorbidities, 

DPN was associated with an increased risk of CTS occurrence (hazard ratio (HR), 1.328; 95% 

confidence interval (CI), 1.118-1.577). In sub-analyses, women (HR, 1.453; 95% CI, 1.198–

1.761), type 2 DM (HR, 1.357; 95% CI,1.120-1.643) and aged 35 to 64 (HR 1.352;95% CI, 

1.113~1.642) were significantly associated with increased risk of CTS occurrence. 



Conclusion 

The aim of this study was to figure out the risk of CTS in DPN patients and we found that 

patients with DPN had an increased risk of developing CTS compared non-DPN group, 

particularly among women, type2 DM and aged 35 to 64. 
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Radiation Exposure of the Physician during C-arm guided Injections and 

Effectiveness of a New Device
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Does Nonexistence of Your Hands on the Screen Guarantee No Radiation Exposure to Your 

Body? – Study on Radiation Exposure of the Practitioner during C-arm guided Injections 

and Effectiveness of a New Shielding Device 

Introduction 

Fluoroscopically assisted medical procedures are performed in many areas including 

lumbar transforaminal epidural steroid injections (TFESIs) to treat lumbar radiculopathy. 

C-arm fluoroscopy provides physicians with invaluable images that facilitate precise and 

effective intervention. However, C-arm exposes physicians to radiation, and the operator’s 

hands are particularly vulnerable to scatter radiation due to long exposure time and short 

distance from the radiation source. 

Objective 

This study aimed to determine the location of relatively low exposure to scatter radiation, 

in order to minimize the amount of exposure to the hands of the practitioner during C-arm 

guided procedures. We also sought to verify the effectiveness of a new, custom-designed 

shielding device. 

Materials and Methods 

Fluoroscopic examinations were performed on an anthropomorphic phantom model 

(Figure 1A). The standard C-arm configuration was used. Real-time radiation exposure data 

were collected using a multi-channel dosimetry system that displays real-time radiation 

exposure data (RaySafe i2, Unfors RaySafe, Billdal, Sweden) during 10 minutes of 

continuous use of C-arm fluoroscopy (Figure 1B). Radiation measurement was taken at 

horizontal distances of 0 cm, 10 cm, 20 cm, and 30 cm from the xiphoid process of the 

chest phantom, at three angular positions: 0° (L1), 45° (L2), 90° (L3) and three heights: at 

planes 0 cm (a), 5 cm (b), and 10 cm (c) above the phantom, or above the shielding device 

(Figure 2A). Measurements were made every 1, 3, 5, and 10 minutes. The same experiment 

was repeated using a newly designed shielding device. The equipment consists of 2-mm-



thick pure lead and 3.2-mm-thick stainless steel, and it is shaped so that practitioners can 

insert their hands through the hole during procedure (Figure 2B, 2C). 

Results 

Significant radiation accumulation was observed in the field where the practitioner’s hands 

may be placed during C-arm guided procedure. The longer the distance from the radiation 

resource and the shorter the exposure time, the smaller was the cumulative radiation 

expose dose (Table 1A). The new shielding device showed an excellent shielding rate (66.0–

99.9%) when the dosimeter was within the shielding range (Table 1B). 

Discussion 

C-arm fluoroscopy-guided procedures involve a marked risk of radiation exposure of the 

hands. In order to reduce the radiation, it is necessary to reduce the exposure time during 

the procedure and to keep an appropriate distance from the radiation resource. When 

using a shielding device such as the one we designed, keep the hands as close as possible 

to the device surface, remain within the device’s shielding range, and perform fluoroscopy 

as rapidly as possible. 

fig. 1 (A) Chest phantom composed of human bones surrounded by acrylic with approximately the same 

density as human soft tissue, (B) The chest phantom was laid on the operating table 50 cm above the X-ray 

tube. Using a chest phantom irradiated with X-rays under lumbar TFESI conditions, cumulative scatter 

radiation dose was measured every 1, 3, 5, 10 minutes at 36 points, using a dosimeter. 



fig. 2 (A) A photographic depiction of the measurement points, (B) The relationship between the chest 

phantom, shielding device, and the C-arm controller, (C) Side view of the shielding device.



fig. 3 (A) Radiation exposure dose at different points, without use of shielding device, (B) Radiation exposure 

dose at different points with device
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A preliminary study of importance of bone micro-architecture for diagnosis 

of knee osteoarthritis.
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Introduction 

The diagnosis of Osteoarthritis (OA) of the knee is typically based on assessing joint space 

width, achieved by X-ray. However, it is difficult to early detection and prediction of 

prognosis of OA using only this method. Changes in the microarchitecture of the trabecular 

bone are associated with the development and progression of OA, and parameter based 

on bony textures, bone structural value (BSV), can distinguish healthy individuals from 

patients with OA. BSV is an important parameter for the evaluation and analysis of bone 

microarchitecture, which delivers information about bone status by means of texture 

analysis. The present study was designed to use plain X-ray image to measure BSV and to 

show BSV has clinical value for diagnosis and prognosis of OA. 

Materials and Methods

From an available pool of 39 patients, we classified 8 patients with no signs of OA (Kellgren-

Lawrence (KL) grade = 0), 31 patients with signs of OA (KL grade ≥ 1), and 5 patients with 

clear signs of OA (KL grade = 2). These patients were graded on the KL scale and texture 

BSV using the analyzing software, KOALA (ImageBiopsy Lab GmbH, Vienna, Austria). The 

texture BSV mean values (BSV:M) from the medial compartment of the tibial plateau were 

calculated from the radiographs of these patients. An average BSV value was calculated for 

each patient. Mann-Whitney’s U-test used to analyze BSV among the three groups. 

Results

We found the BSV:M for all patients resulting in an average BSV:M of 0.38 for the clear 

sign of OA, 0.50 for the sign of OA, and 0.57 for the no sign of OA group. There was highly 

significant difference in the BSV:M between the clear sign of OA and the no sign of OA 

(p<0.01). These result suggest that the BSV:M can discriminate between these two groups. 

But there was no significant difference between the sign of OA versus no sign of OA groups. 

These results show that the population can be classified in roughly 3 categories based on 

the BSV:M : an osteoarthritic region, for low values of BSV:M (below 0.38), a healthy region, 

for high values of BSV:M (above 0.57), and an “at risk” category in between these two 

thresholds. 

Conclusion 



Our results show that bone texture carries enough information to distinguish between 

healthy individuals and patients with OA. Furthermore, microarchitecture of the trabecular 

bone, which is associated with the development and progression of OA, can be used for 

the early diagnosis and prediction of progression of OA from conventional radiographs, not 

requiring expensive imaging study. And ultimately, our results suggest standards of BSV 

which can be predictable value for OA. Although our findings have practical implications, 

our study design has some limitations. There was a small sample size, and patients were 

only Koreans. Thus, further studies are required to investigate more population and 

various races. 
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Ultrasonograpic characteristics of Adhesive capsulitis according to Clinical 

staging
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Introduction 

Adhesive capsulitis, or “frozen shoulder” is characterized by progressive pain and limited 

range of motion in glenohumeral joint, which is clinically divided into four stages. Since the 

clinical features resemble other shoulder pathologies, ultrasonography (US) could provide 

an adjunct clue to diagnosis. Recently, specific US parameters including thickening and 

hypervascularity of rotator interval (RI) and thickening of axillary recess (AR), are used to 

aid for proper diagnosis. The aim of this study was to estimate US features of adhesive 

capsulitis according to clinical staging. 

Methods and Materials 

We retrospectively enrolled 33 patients with unilateral adhesive capsulitis from November 

2017 to May 2019. Diagnosis of adhesive capsulitis was made according to three criteria; 

(i) unilateral shoulder pain, (ii) shoulder stiffness, (iii) limitation of passive and active range 

of motion with capsular pattern. Clinical staging was determined by duration of symptom 

(stage 1 : 0-3 months, stage 2 : 3-9 months, stage 3 : 9-15 months, and stage 4 : 15-24 

months). Thirteen patients were in stage 1 and 20 patients were in stage 2. There was no 

patient whose symptom duration is more than 9 months. Passive range of motion (PROM), 

numeric rating scale for pain (NRS) and shoulder pain and disability index (SPADI) were 

used to clinical assessment. Effusion of bicipital groove, thickness and vascularity of RI, and 

thickness of AR were evaluated by US. The ROC analysis was conducted for cut-off value 

for thickness of AR and RI. Subsequently, we analyzed the difference of US parameters 

according to the clinical staging. 

Results 

The mean thickness of RI and AR were significantly higher in the affected shoulder than 

the unaffected shoulder (p<0.05). The effusion of bicipital groove was significantly 

observed (p< 0.001), while there was no significant increased vascularity of RI (p-value = 

0.151). The ROC analysis the best diagnostic performance using US parameters. The 

sensitivity, the specificity and the value of the AUC were 75.8%, 72.7%, and 0.81 for the 

thickened AR (>3.5mm), and 66.7%, 63.6%, and 0.66 for the thickened RI (>2.0mm). In 



comparison with clinical stage 1 and 2, effusion of long head of biceps tendon sheath was 

frequently observed in stage 2 group (p<0.05). 

Conclusion 

In this study, thickness of AR and RI, and effusion of LHBT were significantly increased in 

adhesive capsulitis shoulder. In comparison with clinical stage, effusion of long head of 

biceps tendon sheath was frequently observed in stage 2. The ROC analysis revealed that 

thickened AR (>3.5mm) of the affected shoulder was best at distinguishing adhesive 

capsulitis patients from the unaffected shoulder. 

Table 1. Characteristics of subjects

Figure 1 . ROC curve of RI and AR thickness



Table 2. Ultrasound parameters according to clinical stage(n=33)
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The characteristics of falls in the elderly population in urban and rural area 

in Korea

Myeongkyu Kim1*, Yeo Joon Yun1, Si-Bog Park1, Mi-Soo Jang2, Eun-Woo Nam2, Sung-il Cho3, 

Sin Kam4, Bo Youl Choi5, Mi Jung Kim1†

Hanyang University Medical Center, Department of Rehabilitation Medicine1, Hanyang 

University Medical Center, Biostatistical Consulting and Research Lab, Medical Research 

Coordinating Center2, Seoul National University, Department of Epidemiology, Graduate 

school of Public Health3, Kyungpook National University Medical Center, Department of 

Preventive Medicine4, Hanyang University Medical Center, Department of Preventive 

Medicine5

A fall is an unintentional and sudden position change that causes a person to move quickly 

towards the ground. Injuries due to falls have a more serious impact on the elderly, and 

those cause socioeconomic losses. Researchers thought characteristics of falls would vary 

from region to region. However, there are few studies about regional differences of falls in 

Korea. Thus, this study aims to analyze whether there is any differences in the 

characteristics of fall in urban and rural areas. 

A questionnaire-based survey was conducted involving 2,012 elderly who lived in Guro-gu 

(Seoul), Yeongdeungpo-gu (Seoul), Yangpyeong-gun (Gyeonggi-do), Dalseong-gu (Daegu), 

and Jung-gu (Daegu) from September 1, 2015 to October 2, 2015. This questionnaire 

includes demographic characteristics and many factors about fall experience in the past. 

Yangpyeong-gun and Dalseong-gu were classified to rural area, and remaining three areas 

were classified to urban area. 

Rate of fall in lifetime in urban and rural area were 69.4% and 79.0%, respectively. Rate of 

fall in past one year in urban and rural area were 62.9% and 69.3%. Most common cause 

of fall was slippery floor in both groups (32.0% in urban and 40.7% in rural area). In the city 

area, rate of collision (11.4%) and stumbling on the door sill (13.5%) were higher than rural 

area (7.7% and 7.1%). Summation of monthly fall rates from November to March was 41.5% 

in the urban area and 33.3% in the rural area. Falls occurred the most in the afternoon in 

the city (58.1%), while in rural area the most occurred in the morning (46.9%). The majority 

of respondents said that they were walking at the time of fall in both groups (78.1% in 

urban and 63.3% in rural area). Cement (41.0%), soil (19.0%), and tile (16.1%) were the 

most common materials of floor in the urban area at the time of fall, and cement (38.3%), 

soil (27.1%) and linoleum (15.7%) in rural area. Patients were wearing running shoes 

(58.5%) the most or bare foot (17.1%) in the urban area at the time of fall, and running 

shoes (41.4%) and slippers (24.5%) the most in rural area. 



The incidence rate of injury after falls (85.7% in urban and 83.5% in rural area) and the rate 

of visits to medical institutions (56.7% in urban area and 59.3% in rural area) were similar. 

Among those visiting medical institution after fall except the case of hospitalization, 

patients mostly visited outpatient clinic (54.1% in urban and 64.5% in rural area) and 

oriental clinic (35.1% in urban and 11.7% in rural area). 

This study showed that there are some differences in the characteristics of falls in urban 

and rural area. The authors hope that the results of this study are used for making fall 

prevention education programs and policies suitable for local characteristics of falls. 
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Contributing Factors to Aspiration in Non-neurogenic Ill Patients with 

Dysphagia 

Kang Lip Kim1*, Hee Kyung Cho1†, Gi Young Park1, Dong Rak Kwon1, Sang Gyu Kwak2

Daegu Catholic University Medical Center, Department of Rehabilitation Medicine1, Daegu Catholic 

University Medical Center, Department of Medical Statistics, College of Medicine2

Objective

Swallowing difficulties can occur in medical care patients even they had no history of 

previous neurologic disease. The aim of this study is to investigate the factors contributing 

to aspiration in non-neurogenic ill patients who had swallowing difficulty.

Methods

This is a retrospective study including 52 non-neurogenic patients who complained of 

swallowing difficulty and were consulted to the department of rehabilitation medicine for 

videofluoroscopic swallowing studies (VFSSs) between January 2018 and June 2019. The 

patients were divided into two groups according to the presence of airway invasion 

(penetration or aspiration) based on VFSS findings; group 1 (n = 26) consisted of patients 

with airway invasion, and group 2 (n = 26) consisted of patients without airway invasion. 

Demographic information, activity level in the past 3 months, presence of pneumonia, 

nutritional status, degree of dehydration, history of stay in intensive care unit, history of 

endotracheal intubation, and videofluoroscopic dysphagia scale (VDS) were reviewed. 

Results

Patients with airway invasion exhibited decreased walking ability in the past 3 months, 

greater incidence of pneumonia, and lower serum albumin level than patients without 

airway invasion (p < .05) (Table 1). Airway invasion in non-neurogenic ill patients was 

significantly associated with walking ability (odds ratio [OR], 3.57; 95% confidence interval 

[CI], 1.14-11.19; p = .029), serum albumin level under 3.5 g/dL (OR, 4.90; 95% CI, 1.39-

17.32; p = .014), and presence of pneumonia (OR, 5.06; 95% CI, 1.56-16.44; p = .007) (Table 

2). VDS showed 37.18 in group 1 and 16.17 in group 2 (p < .05). Regarding to VDS, bolus 

formation, tongue-to-palate contact, premature bolus loss, vallecular residue, coating of 

pharyngeal wall, and aspiration score was significantly different between group 1 and 

group 2 (p < .05) (Table 3). 

Conclusion

Airway invasion in non-neurogenic ill patients was associated with decreased walking 

ability, lower serum albumin level, and presence of pneumonia. Additionally, patients with 



airway invasion had difficulty in oral phase of swallowing process. These results could help 

improve clinical management for preventing aspiration in non-neurogenic ill patients. 

Table 1. Demographics and clinical characteristics in non-neurogenic ill patients with dysphagia

Table 2. Multivariate logistic regression analysis for airway invasion in non-neurogenic ill patients



Table 3. Comparison for videofluoroscopic dysphagia scale in non-neurogenic ill patients with dysphagia
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The Influence of Comorbidities on Short-term Functional Outcomes after 

Unilateral TKA

Youn Ji Kim1*, Bo Ryun Kim1†, Sang Rim Kim1, Kwang Woo Nam1, So Young Lee1, Young Geun Park1, 

Min Ji Suh1, Won Bin Kim1

Jeju National University School of Medicine, Regional Rheumatoid and Degenerative Arthritis 

Center, Jeju National University Hospital, Jeju, Repubic of Korea, Department of Rehabilitation 

Medicine1, Jeju National University School of Medicine, Regional Rheumatoid and Degenerative 

Arthritis Center, Jeju National University Hospital, Jeju, Repubic of Korea, Department of 

Orthopedic Surgery2

Objective 

This study was undertaken to investigate the effect of comorbidities on physical function, 

quality of life and pain in patients with 3 months after unilateral total knee arthroplasty 

(TKA). 

Methods 

In this retrospective cohort study, we assessed a total of 140 patients (22 males and 118 

females; average age 72.3±5.8 years) who underwent a unilateral TKA. Comorbidities were 

classified into osteoporosis, sarcopenia (defined as a loss of skeletal muscle mass by 

Bioelectrical Impedance Analysis), degenerative spine disease, diabetes, and hypertension. 

All patients completed performance-based physical function tests including range of 

motion (ROM) of surgical knee, stair climbing test (SCT), 6-minute walk test (6MWT), timed 

up and go test (TUG), peak torque (PT) of the extensor of surgical knee, peak torque (PT) 

of the flexor of surgical knee and instrumental gait analysis for spatio-temporal parameters. 

Self-reported physical function and pain were measured using the Western Ontario 

McMaster Universities Osteoarthritis Index (WOMAC) and self-reported quality of life was 

measured using the EuroQOL five dimensions (EQ-5D) questionnaire. 

Results 

The prevalence of osteoporosis was 51.4 % (72 of 140) of patients, sarcopenia in 5.0 % (7 

of 140), degenerative spine disease in 15.7 % (22 of 140), diabetes in 19.3 % (27 of 140), 

and hypertension in 69.3 % (97 of 140). In the univariate analyses, patients with 

osteoporosis exhibited significantly longer time in SCT-ascent, SCT-descent and TUG, also 

lower scores in 6MWT and PT of the extensor of surgical knee. Patients with degenerative 

spine disease exhibited significantly negative scores in knee extension ROM. Patients with 

diabetes showed significantly negative correlation with PT of the extensor of surgical knee 

and knee flexion ROM and higher scores in WOMAC-stiffness. After adjusting for age, sex, 



BMI, preoperative physical function by the linear regression, WOMAC stiffness remained 

independently associated with patients with diabetes (ß=0.719, 95% CI 0.277, 1.161, 

p=0.002). 6MWT (ß=-56.469, 95% CI -88.477, -24.462, p=0.001), TUG (ß=0.633, 95% CI 

0.091, 1.175, p=0.022), SCT-ascent (ß=1.299, 95% CI 0.050, 2.547, p=0.042), and PT of the 

extensor of surgical knee (ß=-7.347, 95% CI -14.201, -0.493, p=0.036) showed a significant 

association with patients with osteoporosis. 

Conclusions 

This study suggested that several important comorbidities, especially osteoporosis and 

diabetes, could influence on short-term functional outcomes in terms of the several 

performance-based and self-reported physical function in patients with 3 months after 

unilateral TKA. 

Table 1. Demographic and Disease-Related Characteristics of the Subjects (N=140)



Table 3. The Comparison of Performance-based Physical Function, Self-reported Physical Function, Quality 

of Life and Pain according to Comorbidities at 3 months after unilateral TKA

Table 4. Factors of Performance-based Physical Function, Self-reported Physical Function, Quality of Life and 

Pain associated with Comorbidities at 3 months after unilateral TKA.
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Physical performance predictors of self-reported physical function and 

quality of life after uni-TKA

Won Bin Kim1*, Bo Ryun Kim1†, Sang Rim Kim2, Kwang Woo Nam2, So Young Lee1, Young 

Geun Park2, Min Ji Suh1, Youn Ji Kim1

Jeju National University School of Medicine, Regional Rheumatoid and Degenerative 

Arthritis Center, Jeju National University Hospital, Jeju, Repubic of Korea, Department of 

Rehabilitation Medicine1, Jeju National University School of Medicine, Regional 

Rheumatoid and Degenerative Arthritis Center, Jeju National University Hospital, Jeju, 

Repubic of Korea, Department of Orthopedic Surgery2

Objective 

This study was undertaken to identify postoperative physical performance factors 

predictive of self-reported physical function and quality of life at 3 month after unilateral 

total knee arthroplasty (TKA).

Methods 

In this cross-sectional study, we assessed a total of 158 patients (24 males and 134 females; 

average age 72.6±5.8 years) who underwent unilateral primary TKA. All patients completed 

performance-based physical function tests including stair climbing test (SCT), 6-minute 

walk test (6MWT), timed up and go test (TUG), instrumental gait analysis for spatio-

temporal parameters and isometric knee flexor and extensor strength of the surgical and 

nonsurgical knees. Self-reported physical function and pain were measured using the 

Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) and Visual Analog 

Scale (VAS), and self-reported quality of life was measured using the Euro-QOL five 

dimensions (EQ-5D) questionnaire. 

Results 

In the bivariate analyses, the postoperative WOMAC-function score had a significant 

positive correlation with postoperative age, WOMAC-pain score, WOMAC-stiffness score, 

TUG tests, SCT ascent, SCT descent, VAS, deficit of extensor and a significant negative 

correlation with postoperative EQ-5D, stride length, peak torque (PT) extensor of non-

surgical knee, PT flexor of non-surgical knee. The postoperative EQ-5D score had a 

significant positive correlation with postoperative 6MWT, cadence, PT extensor of non-

surgical knee, PT flexor of non-surgical knee, and a significant negative correlation with 

postoperative age, WOMAC-pain, WOMAC-stiffness, WOMAC-function, TUG, SCT ascent, 

SCT descent, VAS. In the linear regression analyses after adjustment for demographics and 

anthropometrics variables, the postoperative WOMAC-function score are significantly 



associated with age, WOMAC-pain, stride length, PT flexor of non-surgical knee and deficit 

of extensor and the postoperative EQ-5D score are significantly associated with age, 

WOMAC-pain, SCT ascent, and cadence. 

Conclusions 

This study demonstrated that self-reported physical function and quality of life were an 

important explanatory factor for functional recovery in patients 3 month after unilateral 

TKA, as reflected by WOMAC-function and EQ-5D in the early postoperative period. 

Table 1. Demographic and Disease-Related Characteristics of the Subjects (N=158).



Table 2. Correlation among postoperative self-reported physical function and quality of life and physical 

performance in patients 3 Months after Unilateral TKA.

Table 3. Factors predictive of self-reported physical function and quality of life by multi-variant linear 

regression analysis.
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Delayed diagnosis of amyotrophic lateral sclerosis in patients with 

preceding surgical treatments

Jang Woo Lee1*, Yewon Lee2,3, Seong-Woong Kang2,3†, Won Ah Choi2,3, Han-Eol Cho2,3, Jong 

Weon Lee1

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1, Gangnam Severance Hospital, Department of Rehabilitation Medicine, 

Rehabilitation Institute of Neuromuscular Disease 2, Gangnam Severance Hospital, 

Pulmonary Rehabilitation Center3

Objective 

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive motor neuron disease which can 

cause catastrophic muscular weakness. Disease modifying treatments that can change the 

eventual course of disease have not been identified thus far. However, drugs, such as 

reluzole, edaravone, and stem cell therapy, have proven its efficacy and are indeed used 

in clinical settings. Current researches are also aimed to target genes which can treat this 

enigmatic disease. Therefore, it is important to diagnose and treat ALS at an early stage. 

One of the obstacles of early diagnosis is the initial presenting symptoms which can be 

mistaken for other neurologic or musculoskeletal diseases. And some patients even 

undergo unnecessary surgical treatments with misdiagnosis. In our research, we aim to 

evaluate whether unnecessary surgeries due to misdiagnosis led to eventual delay of ALS 

diagnosis. 

Materials and methods 

We retrospectively analyzed medical records of ALS patients who visited the department 

of rehabilitation medicine of a single tertiary university hospital from Jan 2009 to Dec 2018. 

We excluded patients whose onset and initial symptoms could not be identified due to 

incomplete medical records. Also, motor neuron disease patients with uncertain diagnosis 

of ALS were left out from the analysis. 

Results 

Among 418 ALS patients, 36 (8.6%) patients underwent surgical treatments due to their 

initial presenting symptoms before the correct diagnosis of ALS. 31 out of 36 had spinal 

surgeries and 7 underwent limb operations. 2 patients first had limb operation and 

additionally underwent spinal surgery. Moreover, there were patients who underwent 

multiple spinal surgeries; one patient had 3 total spinal surgeries, while two patients 

received surgeries twice. 13 patients had cervical spine surgery and 17 had lumbar spine 

surgery. Remaining 1 patient received both cervical and lumbar spine surgeries. For limb 



operations, 1 patient had artificial joint replacement due to recurrent ankle sprain. 4 

underwent operation for carpal tunnel syndrome and 1 had cubital tunnel syndrome 

operation. Lastly, 1 underwent lipoma excision on shoulder. ALS patients with preceding 

surgical treatments showed mean diagnosis delay of 17.6 (± 13.7) months since the initial 

presenting symptoms. On the other hand, ALS patients who did not undergo surgeries 

demonstrated mean diagnosis delay of 12.8 (±12.5) months, which is a statistically 

significant difference (p = 0.02). 

Conclusion 

For ALS patients, early initiating symptoms can result in misdiagnosis of other neurologic 

or musculoskeletal problems and lead to unnecessary surgical treatments. This turn of 

events may delay timely treatments in ALS patients. Thus, it is utmost important to closely 

observe patients with limb weakness at an early stage and thoroughly perform diagnostic 

evaluations. 
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Prognositc Factor of Early Recovery among Patients with Idiopathic Facial 

Palsy 

Da Hye Ryoo1*, Young Ah Choi1, Min Wook Kim1†

Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon, 

Department of Rehabilitation Medicine1

Background

The criteria for good prognosis (House Brackmann(HB) grade I-II) of electroneurography 

(ENoG) has varied across studies, ≤75-90% degeneration and the overall range of positive 

predictive value for ENOG testing has been reported as 50% to 90%. Therefore, some 

patients who have ≥75-90% degeneration had recovered to HB grade I-II. The objective 

was to reexamine the cut off value of ENoG in predicting good prognosis of facial palsy. 

Furthermore, we investigated additional predictive value of early recovery in the 

interference pattern of facial electromyography (EMG). 

Methods

This study retrospectively analyzed the medical records of patients with acute idiopathic 

facial palsy, including demographics date, initial and approximately 2 month-follow-up HB 

grading score and electrodiagnostic test conducted within first 5-14 days of onset. The 

patients who returned to follow-up HB grade I or II after 2 months of onset were defined 

as fast recovery rate group. Receiver operating characteristic (ROC) curves were 

constructed for ENoG and follow-up HB grading. To investigate an additional predictive 

value of early recovery, the interference pattern motor unit action potential (MUAP) 

during maximal contraction in EMG conducted within 2 weeks of onset were qualitatively 

analyzed and Chi-square test was used. All data were calculated by software SPSS 23. P-

value was considered significant if <0.05. 

Results

Of the total ninety patients, 59 patients were finally analyzed (twenty-seven men and 

thirty-two women). The mean time from disease onset to the test was 8.7 ± 2.5 (range, 5-

14) days. Initial H-B scales were as follows: II, 7 (11.9); III, 31 (52.5%); IV, 15 (25.4%); V, 6 

(10.2%). The optimum cut-off value of ENoG 5–14 days after the onset of facial palsy was 

26.8% as prognostic value (sensitivity 73.0% and specificity 72.7%). Among 16 patients with 

ENoG value below 26.8%, 5 patients who returned to HB grade I or II at approximately 2 

month-follow-up showed reduced or discrete interference pattern in needle EMG. 

However, the other 11 patients who showed poor recovery at 2 month-follow-up revealed 

no MUAP or single MUAP in needle EMG. The difference of interference pattern of MUAP 



in EMG was significant regarding the number of patients between early and late recovery 

group (p=0.005). 

Conclusion

We conclude that more than 26.8% of facial nerve degeneration on ENoG is predictive of 

favorable recovery rate of Bell's palsy. In our EMG analysis, interference pattern in needle 

EMG was additional prognostic factor of early recovery rate among patients with low ENoG 

value below 26.8%. 
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Effect of fascia penetration on sensory nerve conduction in the later femoral 

cutaneous nerve

Mi-Jeong Yoon1*, Hye Min Park1, Sun Jae Won1†

Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 

Department of Rehabilitation Medicine1

Objective 

This study is to identify the effect of the fascia penetration and develop a reliable technique 

for the lateral femoral cutaneous nerve (LFCN) conduction study based on ultrasound-

guided tracking of LFCN. 

Methods 

Forty volunteers were randomly assigned to the conventional LFCN conduction group 

utilizing anterior superior iliac spine (ASIS) as a landmark and the ultrasound-guided LFCN 

conduction group. The fascia penetration site of LFCN was localized by ultrasound (Figure 

1A, 1B) and the LFCN was stimulated at the penetration point or 4 different sites, 2PPP 

(2cm proximal to penetration point), PP (penetration point), 2DPP (2cm distal to 

penetration point) and 4DPP (4cm distal to penetration point) (Figure 1C). Sensory nerve 

action potential (SNAP) amplitudes, latencies, spending time and visual analogue scale

scores were obtained. 

Results 

The cross-sectional area of the LFCN at penetration point was 1.50± 0.55 mm2, and the 

mean distance between the LFCN penetration point and the ASIS was 1.60 ± 1.29 cm. Using 

the ultrasound-guided penetration point (PP) conduction, SNAP responses were elicited in 

38 of 40 legs, whereas 33 of 40 legs using the conventional technique. The mean SNAP 

amplitude from ultrasound-guided PP conduction was slightly higher than conventional 

conduction of LFCN, although there was no significant difference between groups at 14 cm 

recording electrode. At more proximal recording electrodes (10 cm, 12 cm), SNAP 

amplitudes of LFCN were increased in ultrasound-guided PP conduction. The mean 

consuming time required to obtain the SNAP response of LFCN using ultrasound-guided PP 

conduction (the time from the placement of the ultrasound transducer on the skin to 

marking the course of the LFCN using ultrasound + the time obtaining LFCN SNAP) was 

202.7±43.87 sec, which is comparable to conventional technique (269.39±249.44 sec) 

(Table 1). Representative waveforms of SNAPs of LFCN obtained from 4 different 

stimulation sites are shown in Figure 1D. Statistical analysis showed significant difference 

between 2PPP, PP, 2DPP and 4DPP in terms of peak latencies and amplitudes (P<0.05 with 



Tukey’s ANOVA) (Table 2). SNAP amplitudes of PP and 2DPP were significantly higher than 

those of other tested points. 

Conclusion 

This study shows that ultrasound-guided PP conduction in LFCN would be a useful 

technique with higher response rate and time-saving advantage. We found that the SNAP 

of the LFCN significantly changes near the fascia penetration point and especially, 

stimulation at PP and 2DPP provide high amplitude. The results suggest that the fascia 

penetration point should be taken into consideration in LFCN conduction study. 

Figure 1. Sonography and sensory nerve conduction study of the lateral femoral cutaneous nerve (A) Lateral 

femoral cutaneous nerve (dotted circle with arrow) beneath the fascia of the sartorius muscle. (B) Lateral 

femoral cutaneous nerve (dotted circle with arrow) just after penetrating the fascia. (C) Stimulation point 

based on the penetration point (PP) in the lateral femoral cutaneous nerve conduction study. 2PPP, 2cm 

proximal to penetration point; PP, penetration point; 2DPP, 2cm distal to penetration point; 4DPP, 4cm distal 

to penetration point (D) Sensory nerve action potentials at different stimulation points.



Table 1. Mean SNAP amplitudes, latencies, no response, spending time and VAS score: comparison of the 

two techniques

Table 2. Sensory nerve conduction study of the lateral femora cutaneous nerve based on penetration point
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Factor analysis to affect muscle characteristics in DM patients: A pilot study

Chan Hyuk Park1*, Chang Beom Kim1, Hyung Ryu1, Chang Hwan Kim1, Myeong Ok Kim1†

Inha University Hospital, Department of Rehabilitation Medicine1

Objectives

Diabetic polyneuropathy (DPN) is peripheral nerve dysfunction, and one of the major 

complications with diabetic retinopathy and diabetic nephropathy. DPN in patients with 

DM is observed in 7% of cases within one year and more than 50% after 25 years. DPN 

presents with sensory disturbances. Afterward, motor disturbances can be generated in 

more severe conditions, inducing distal weakness and muscle atrophy of the lower leg and 

foot. The aims of this study represented correlation between parameters of DM and 

muscle characteristics measured during isometric contraction using surface 

electromyography (sEMG) in patients with DPN. Results expected to provide effective 

exercise program as well as EMG-based methods for quantification in muscle fatigue 

assessment for patients with DPN.

Methods

Fifteen of twenty-five patients with DM diagnosed DM neuropathy (DPN) with nerve 

conduction study (NCS) in upper and lower extremities, and calculated composite score 

(CS) after history taking. They performed laboratory test including HbA1c, fasting plasma 

glucose (FPG), total cholesterol, HDL, and LDL. Calf circumference (CC) for atrophy and 

surface EMG for the quantification for strengthening (RMS) and fatigue (MDF and MNF) 

were used. RMS, MDF, and MNF on medial gastrocnemius (GCM) were measured by 

isometric maximal voluntary contracture of plantarflexion (Table 1). This study showed the 

correlation and regression analysis between these parameters and characteristics of 

muscle. 

Results

The duration of DM was not only related to fatigue and CC of muscle, but CS (p<0.01). 

However, CC or CS did not affected fatigue. CC was associated with HbA1c (p<0.05, Table 

2.) Multivariate linear regression analysis depending on duration of DM was a statistically 

significant in MDF and MNF (p<0.01, Table 3). 

Conclusions

We found that the duration of DM affected the fatigue of muscle greatly, and recommend 

the steady endurance exercise in patients with DM. 



Table 1. Clinical characteristics of DM patients with or without DPN. (*p < 0.05, **p<0.01)

Table 2.The correlation between parameters in patients with DPN. (*p < 0.05, **p<0.01)

Table 3. Linear regression analysis in patients with DPN. (*p<0.05, **p < 0.01)
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Appropriate electromyographic needle insertion site for the flexor 

digitorum longus

Ki Hoon Kim1*†, Dong Hwee Kim1, Chae Hyeon Ryou1

Korea University Ansan Hospital, Department of Rehabilitation Medicine1

Objective

Electromyographic needle access to the flexor digitorum longus (FDL) is often challenging 

due to small muscle size and the overlying soleus muscle. Also, there is a concern about 

saphenous nerve injury during needle insertion to the FDL, because the saphenous nerve 

runs close to the FDL. This study aimed to investigate the FDL anatomy associated with the 

saphenous nerve using ultrasonography and to determine the appropriate needle 

insertion point for needle electromyography of the FDL. 

Materials and Methods

The FDL and the saphenous nerve in 32 legs of 16 healthy subject were evaluated using 

high-resolution ultrasonography. Three levels were defined in the leg. Level 1 is the 

junction of the middle and distal third of the leg, level 3 is the midpoint of leg length 

measured from the medial tibial plateau to the medial malleolus, and level 2 is the 

midpoint between two levels. At each level, the cross sectional area (CSA) of the FDL and 

the distance between the saphenous nerve and the medial margin of the tibia were 

measured. 

Results

The mean age and body mass index were 34.4 ± 10.6 years and 21.8 ± 2.0 kg/m2, 

respectively. The CSA of the FDL was 102.8 ± 45.1 mm2 in level 1, 137.1 ± 47.9 mm2 in level 

2, and 117.0 ± 36.6 mm2 in level 3. The saphenous nerve was observed at a mean distance 

of 7.9 ± 2.8 mm in level 1, 10.8 ± 4.0 mm in level 2, and 13.5 ± 4.6 mm in level 3 from the 

tibia. The FDL was covered by the soleus in 2, 10, and 21 legs in level 1, level 2, and level 3, 

respectively. 

Conclusion

The appropriate needle insertion point to the FDL is the midpoint between level 1 (the 

junction of the middle and distal third of the leg) and level 3 (midpoint of the leg) within 

approximately 5 mm from the medial margin of the tibia. 



신경근육재활 및 전기진단

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-44

Predictive Value of H-reflex in S1 radiculopathy using fluoroscopy-guide 

TFESI

Soo In Yun1*, Eunseok Choi2†, Sook Jung Lee2, Saerom Kang2, Ho Young Jeong2

St. Paul Hospital, The Catholic University of Korea, Department of Rehabilitation Medicine1, 

The Catholic University of Korea Daejeon St. Mary`s Hospital , Department of 

Rehabilitation Medicine2

Introduction

H-reflex is routinely used in to electrophysiologically diagnose S1 radiculopathy. However, 

there are some cases in which the clinical symptoms and/or the findings of imaging studies 

suggestive of S1 radiculopathy do not correlated with H-reflex parameters. 

Objective

Predictive value of H-reflex in patients with L5 and/or S1 radiculopathies due to disc 

herniation was analyzed using fluoroscopy-guide transforaminal epidural steroid injection 

(TFESI). 

Patients and Method

A retrospective chart review was done on 85 patients (mean age 56.5 years) who 

complained of more than 3 months of low back pain and/or radicular pain to ipsilateral 

lower extremity. Of them, subjects who had polyneuropathy such as diabetes mellitus, 

previous spine surgery were excluded. Each subject underwent MRI of lumbosacral spine, 

electrodiagnostic study, and fluoroscopically-guided TFESI. Of the remaining 60 patients, 

no responses or delayed latency (more than 1.5 ms) of H-reflex were 34, thus given S1 

TFESI (abnormal H-reflex group). 26 patients with normal H-reflex were injected L5 TFESI 

(normal H-reflex group) (Table 1). Post-injection pain was compared with pre-injection one, 

and grouped as effective (more than 50% decrease of pain score) or not-effective group 

(less than 50%). 

Result

Sensitivity of H-reflex in S1 radiculopathy was 51.43%, specificity 36%, positive predictive 

value 52.94%, and negative predictive one was 34.62%. 

Conclusion 

Predictive value of H-reflex in diagnosis of S1 radiculopathy confirmed by fluoroscopy-

guide TFESI might have moderate validity, thus typical symptom and/or sign such as 

decreased ankle jerk also should be considered in diagnose S1 radiculopathy. 
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Value of the blink study with infraorbital stimulation in orbital wall fracture

Jae Sam Seo1*, Young Sook Park1†, Hyun Jung Chang1, Jin Gee Park1, Eun Sol Cho1, Kyo Hun 

Ku1, Chang Woo Kim1, Se Hwi O1

Samsung Changwon Hosipital, Department of Rehabilitation Medicine1

Objective 

This study aimed to find frequenct fracture site in orbital wall fracture and correlation 

beetween the fracture site and trigeminal neuropathy. In addition, we found the 

electrodiagnostic value of the blink study with infraorbital stimulation. 

Methods 

Between January 2016 and May 2019, 82 patients who underwent reduction surgery due 

to orbital wall fracture were evaluated. We classified the group based on the fracture site. 

The first group was patients suffered simple fracture and these group subdiveded by 

involved fracture site that superior, inferior, medial, lateral side. And then, the remaining 

patients with combined fractures were also subdivided by the fracture site. (Fig-1, Fig-2) 

We performed blink study in two different ways which one is supraorbital stimulation and 

the other is infraorbital stimulation. The value of study consists of each stimulation, details 

are as follows; ipsilateral R1, R2, contralateral R2 of fracture side and ipsilateral R1, R2, 

contralateral R2 of non-fracture side. In addition, we calculated R1 of fractured side - R1 

of non-fracture side, R2 of fractured side - R2 of non-fracture side, R2 of fracture side - cR2 

of non-fracture side. The indicated reference values were referred to Kimura. (Fig-3) At 

least one of the result value is higher than reference value was diagnosed as a trigeminal 

neuropathy. 

Result 

Of the 82 cases in total, there were 38 simple fractures; 2 of supraorbital fracture, 32 of 

inforbital fracture, 2 of medial orbital fracutre, 2 of lateral orbital fracutre. 7 cases of simple 

fracture showed abnormal results. (Fig-1) There were 44 combined fracture; 9 cases 

involving superior orbital wall, 43 cases involving inferior orbital wall, 12 cases involving 

medial orbital wall, 35 cases involving lateral orbital wall. (Fig-2) All 26 trigeminal 

neuropathy patients were diagnosed through infraorbital stimulation, 7 of them were also 

identified as abnormal values in supraorbital stimulation. Sensitivity was hightest for R1 by 

infraorbital stimulation, followed by [R1 Fx - R1 Non] and [R2 Fx - cR2 Non]. The specificities 

were 100% except for infraorbital stimulation [R1 Fx - R1 Non] and supraorbital stimulation 

[R1 Fx - R1 Non]. 



Conclusion

The most common site of post-traumatic orbital wall fractures was infraorbital wall. As a 

result, infraorbital nerve injury was more frequent than the supraorbital nerve injury. In 

this study, there were no the supraorbital neuropathy alone but only the cases which the 

supraorbital neuropathy were combined with infraorbital neuropathy. In order to confirm 

for the trigeminal neuropahty with orbital wall fracture, it is recommended that stimulate 

not only supraorbital but also infraorbital. 
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Transcranial Electrical Stimulation for Motor Evoked Potential in 

Intracerebral Aneurysm Surgery

Ji Woo Park1*, Min Cheol Joo1†

Wonkwang University School of Medicine & Hospital, Department of Rehabilitation 

Medicine1

Objective 

This study aimed to analyse the use of transcranial electrical stimulation (TES) for eliciting 

muscle motor evoked potentials (MMEPs) in intracranial aneurysm surgery and to 

correlate permanent or transient TES-MMEP changes with clinical motor outcome. 

Methods 

TES were intraoperatively performed in 48 patients. MMEPs were obtained in muscles 

belonging to the vascular territory of interest. Monopolar, anodal stimulation was 

achieved with a train of five stimuli consisting of an individual pulse width of 0.5 ms, an 

interstimulus interval of 4 ms, a train repetition rate of 0.5-2 Hz, and maximum stimulation 

intensities up to 200 mA.

Results 

In 36/48 (75%) patients, no changes in MMEPs occurred and none of these patients 

suffered a permanent motor deficit. The motor status remained unchanged in 33/36 

patients (91.7%) without MMEP changes. No single patient of this group suffered a 

permanent motor deficit. One out of 36 patients (2.8%) developed a transient motor deficit 

and 2/36 patients (5.6%) developed a non-motor transient neurological deficit. In 12/48 

(25%) patients, we observed three (25%) temporary changes, five (41.7%) permanent 

deteriorations. (Table 1) 

Conclusion 

Unchanged MMEPs may be follow by a transient change in motor status, but never be a 

permanent severe deficit. Therefore, intraoperative MMEPs monitoring is an effective and 

feasible tool for predicting postoperative prognosis. 



Table 1. Intraoperative MMEP changes and clinical outcome



신경근육재활 및 전기진단

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-47

Sonographic Assessment of Palmar Cutaneous Branch of Median Nerve in 

Carpal Tunnel Syndrome patient

Young Ha Jeong1*, Seok Kang1, Joon Shik Yoon1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1

Objective

To evaluate the characteristics of palmar cutaneous branch of the median nerve (PCBMN) 

in the carpal tunnel syndrome (CTS) patients using high-resolution ultrasound (HRUS) 

Method

We included 17 wrists of 14 healthy volunteers and 41 wrists of 31 CTS patients defined by 

electrodiagnostic testing. All CTS patients were divided into three group, according to the 

severity of electrophysiologic CTS impairment: mild, moderate and severe (Table 1). Using 

HRUS, cross-sectional areas of PCBMN were measured at three different locations along 

its course: proximal wrist crease, bistyloid line and distal wrist crease (Figure 1). The largest 

value of CSAs measured in three different locations was defined as maximal CSA. 

Result

The maximal CSAs of PCBMN of control, mild, moderate and severe CTS groups were 0. 27 

± 0.08, 0.30 ± 0.07, 0.35 ± 0.10 and 0.47 ± 0.13 ㎟, respectively. In severe CTS group, 

maximal CSA of PCBMN were significantly larger than other CTS and control groups (Figure 

2). 

Conclusion

We demonstrated that PCBMN could be affected concomitantly in the severe CTS patients, 

using HRUS. Additionally, the present findings may help explain why CTS patients often 

exhibit sensory symptoms beyond the median nerve dermatome.



Table 1. Baseline characteristics of study participants CTS, carpal tunnel syndrome; BMI, body mass index

Figure 1. Cross-sectional sonogram of PCBMN and its schematic diagram at three different location (A to C) 

(A) Proximal wrist crease (B) Bistyloid line (C) distal wrist crease RA, radial artery; MN, median nerve; FCR, 

flexor carpi radialis; PL, palmaris longus; FDS, flexor digitorum superficialis; FPL, flexor pollicis longus; Lat, 

lateral



Figure 2. Distribution of maximal CSA of PCBMN according to the severity of CTS CSA, cross-sectional area; 

PCBMN, palmar cutaneous branch of the median nerve; CTS, carpal tunnel syndrome
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Dynamic Ultrasonography of A Patient with Posterosuperior Labral Tear

Byung Joo Lee1*, Donghwi Park1†, Hyunseok Moon1

Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Among the types of glenoid labral tear, it has been shown that the posterosuperior(PS) 

labral tear can occur in both athletes and non-athletes using overhead throwing motion 

with posterosuperior impingement or having tension overload in the rotator cuff and 

repetitive shearing of the humeral head against the PS labrum. For the definite diagnosis 

of PS labral tear, arthroscopy, arthrography, or magnetic resonance imaging(MRI) are 

usually required. However, in recent studies, the ultrasound(US) arthrosonography has 

been reported as one of useful method to diagnose PS labral tear. In addition to 

conventional US scanning of shoulder labrum, we propose a novel method for dynamic 

evaluation of the PS labral tear. When examining the PS labrum with US, a high-

frequency(5-12 MHz) linear probe is used, with the patient sitting down in front of the 

examiner. First, the conventional US scanning of PS labrum, with the patient’s arm 

passively adducted and internally rotated with the elbow flexion of 90 degrees, is done. 

Than a dynamic examination is performed by abducting and externally rotating the arm, 

passively. The humeral head is rotated externally when the arm is passively abducted and 

external rotated, which gives stress to the PS labrum(ABER stress test). In a normal PS 

labrum, there would not be any significant finding(Figure 1). However, in injured PS labrum, 

this stress may cause posterior and medial detachment of the labrum, or joint fluid leakage 

through the torn PS labrum(Figure 2). 

fig.1 Ultrasound image of normal labrum in neutral and ABER posture



fig.2 Ultrasound image of torn labrum in neutral and ABER posture



신경근육재활 및 전기진단

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:04-10:08 Room G(3F) 

P 1-49

Concomitant trigeminal nerve and hypoglossal nerve injury after anterior 

surgery to cervical spine

Sang Hoon Lee1*, Dong Hyun Kim2, Seong-min Chun1, jun young Ahn3, Joung Hyun Doh4, 

Yoon-Hee Choi1†

Soon Chun Hyang University Seoul Hospital, Department of Physical medicine and 

rehabilitation1, Seoul National University Boramae Medical Center, Department of 

Radiology2, Soon Chun Hyang University Bucheon Hospital, Department of Physical 

Medicine and rehabilitation3, Soon Chun Hyang University Cheonan Hospital, Deparment 

of Physical medicine and rehabilitation4

Introduction 

The anterior surgical approach to the cervical spine has been commonly used for the 

treatment of cervical discopathies and it has been associated with complications such as 

dysphagia, dysphonia and airway compromises. The hypoglossal nerve arises from the 

hypoglossal nucleus and passes through the hypoglossal canal. The hypoglossal nerve 

reforms and descends through the neck to the angle of the mandible and travels 

underneath the tongue to innervate the tongue muscles. The cervical segment of 

hypoglossal nerve can be exposed during various surgical interventions in the cervical spine 

and neck area. The trigeminal nerve has three sensory and one motor nuclei. The spinal 

trigeminal tract emerges from the sensory root in the pons and descends as low as the C3 

or C4 segments of the spinal cord. This is the first report to present a case of concomitant 

trigeminal nerve and hypoglossal nerve injury confirmed by an electrodiagnostic study 

after anterior surgery to the cervical spine. 

Case presentation 

A 59-year-old man with no past medical history had complained of 1-year old weakness of 

both upper and lower extremities, tingling sensation on both upper extremity, difficulty of 

voiding and defecation. MRI had revealed herniated intervertebral disc on the C3-C4 level 

and direct cord compression with cord signal change on the same level. He had received 

anterior cervical disc fusion through the right side approach on the C3-C4 level. Following 

the surgery, he complained of difficulty of tongue movement, dysarthria, hypophonia, 

mastication and swallowing. He had hypesthesia along the lower margin of right mandible, 

weakness and atrophy of right tongue with deviation to the right side whereas his facial 

motor was intact. The strength of trapezius and sternocleidomastoid muscle was intact. 

Both vocal cord mobility and airway was intact. Neck MRI showed atrophy and signal 

change of right tongue suggesting secondary deformity related with right hypoglossal 

nerve palsy. The video fluoroscopic swallowing study showed impaired oral phase of 



swallowing. The articulation test revealed he had mild dysarthria. The abnormal 

spontaneous activities such as complex repetitive discharge and decreased recruitment 

pattern in right tongue muscle were presented in the needle electromyography. Also, 

trigeminal somatosensory evoked potential study revealed delayed response on the right 

side. Even though he received rehabilitation therapy regarding impaired tongue 

movement for more than 2 years, his condition maintained without recovery. 

Conclusions 

We report a case of concomitant trigeminal and hypoglossal nerve injury after anterior 

surgery to the cervical spine. It is necessary to remind the complexity of the anatomy of 

hypoglossal nerve and trigeminal nerve system and to be cautious to avoid severe 

morbidity caused by damage on those neural structures during the surgical procedure. 

Preoperative images of cervical spine MRI (A) showing diffuse disc bulging on the C3-C4 level and direct 

compression of spinal cord with internal cord signal change and postoperative images of neck MRI (B) 

showing central canal decompression of spinal cord after anterior cervical disc fusion at the C3-4 level.



Fig. 1 Photograph showing deviated and atrophied tongue toward the right side.

Fig. 2 Neck MRI images showing T2 high signal change with atrophy of right tongue (yellow arrows).
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Pan-brachial Plexopathy as a Presentation of Diffuse Large B Cell Lymphoma.

Hyundong Kim1, Nami Han1†, Mija Eom1, SangHoon Jung1, YunHo Kim1, JeeYoung Kim1*, 

Heesung Nam1

Inje University Busan Paik Hospital, Department of Physical Medicine and Rehabilitation1

Introduction

Neurolymphomatosis is a rare manifestation of hematological malignancy and is 

characterized by direct infiltration into the peripheral nervous system. It is known to have 

a typical pattern of progressive painful neuropathy and diffuse or nodular thickening of the 

affected nerve on enhanced MRI. Involvement of the brachial plexus is rare and outcomes 

seemed to be more poor in diffuse large B cell lymphoma(DLBCL). We report a rare case of 

a DLBCL patient who presented pan-brachial plexopathy, which was not the result of mass 

effect of lymphoma. 

Case report 

A 67-year-old female presented 3-months of pain in left shoulder and rapid progression of 

weakness in left arm. At the time of her deficits, the brain and cervical magnetic resonance 

imaging(MRI) taken at the previous clinic showed no evidence of CNS involvement or 

cervical radiculopathy. The spinal tapping showed no evidence of cerebrospinal fluid(CSF) 

inflammation and paraneoplasic antibody(Ab) tests for possible peripheral neuropathy 

associated with her symptoms were all negative. After transfer to rehabilitation unit 

electromyography(EMG) and nerve conduction study(NCS) showed left pan-brachial 

plexopathy above trunk level(Table.1). She also complained tender erythematous patch on 

left chin and biopsy result of this lesion reported suggestive of DLBCL. So we performed 

positron emission tomography PET)/CT and there found one more possible lymphoma near 

the left brachial plexus(Fig.1). Brachial plexus itself showed slightly increased uptake. As 

we found possible lesion at shoulder, additional MRI focused on axillary region was 

done(Fig.2). An axillary mass of 0.6cm diameter was found, and high signal intensity and 

thickend appearance were observed along the whole left brachial plexus. Consequently, 

sono-guided biopsy for the axillary mass was conducted and pathologic report comfirmed 

the involvement of DLBCL. The patient was trransferred to hemato-oncology department 

right after the diagnosis for chemotherapy. After the first chemotherapy, shoulder pain 

had been released mostly but the weakness persisted with no change. A follow-up EMG 

and NCS is planned after six-cycle of chemotherapy. 

Conclusion 



Involvement of lymphoma to peripheral nerve has been reported. However, invasion into 

the whole brachial plexus is very rare and hard to diagnos the underlying malignancy. 

When a unusual presentation of peripheral nervous system occurred and the 

pathophysiology is uncertain, possible relation to malignancy should be considered as an 

option of assessement because earlier intervention is the key prognositic factor for the 

malignancy. 

Table 1. Result of initial EMG/NCS; brachial pan-plexopathy.



Fig.1. Positron emission tomography of patient. Chin lesion(blue circle) and axillary lesion(red circle)

Fig.2. C-spine MRI of patient. Compared to the other side, marked thickening and increased signal intensity 

along the left brachial plexus was seen.
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A Case Report of Acute intermittent porphyria with a good prognosis

Kyungmin Kim1*, Hyun Haeng Lee1, Jongmin Lee1†

Konkuk University Medical Center, Department of Rehabilitation Medicine1

Introduction

Porphyria is a complex and uncommon metabolic condition caused by deficiencies in the 

pathway of heme synthesis. Acute intermittent porphyria(AIP) is an autosomal dominant 

disorder due to deficiency of porphobilinogen(PBG) enzyme deficiency and it presents 

diverse group of symptoms making its early diagnosis difficult. We report a case of AIP 

which the diagnosis was delayed. 

Case report 

A 23-year-old female had an abdominal pain and visited emergency room (ER) at 11 Feb. 

2018. Intussusception was suspected and laparoscopic exploratory laparotomy was done. 

Her symptoms relieved spontaneously so she discharged from hospital at 2018.02.24. She 

had a generalized tonic-clonic seizure in the day of discharge and revisited ER. She had four 

more GTC type seizure in ER. She was admitted to the Intensive Care unit in Department 

of Neurology. Magnetic resonance imaging(MRI) was performed which showed 

PRES(Posterior reversible encephalopathy syndrome). The GTC type seizure continued and 

she was treated with sedative agents and anti-epileptic drugs. Her motor weakness was 

not evaluated early, manual muscle test result in all limbs were grade P to F. The EMG 

result showed motor dominant polyneuropathy and clinicians suspected Guillain-Barre 

Syndrome at first. And because acute severe abdominal pain and neuropathy occurred 

same time clinicians suspected AIP so urine PBG test was done. PBG result was positive, 

and she was diagnosed as AIP. Although intravenous hemin therapy was applied her the 

motor weakness and respiratory paralysis did not recover. Intermittent positive pressure 

ventilation was applied after tracheostomy. She kept on rehabilitation for her motor 

weakness. While she was treated her abdominal pain started and she could not breath in 

and out fully even though ventilation was applied. 10% dextrose water relieved abdominal 

pain but was transient and dyspnea kept on. Urine PBG result were increased and AIP 

recurrence were suspected. She had four days of intravenous hemin treatment for AIP. Her 

abdominal pain disappeared and she kept on rehabilitation and wean out ventilator 

successfully in 2018.08.28. Her K-MBI(Korean modified barthel index) was 0 and 

FAC(Functional ambulation category) scale was 0 on 18.06.28. Follow up EMG showed 

regeneration evidence. The K-MBI score was 34 and FAC scale was 2 on 18.10.31. At the 

point of 19.07.01 her K-MBI score is 92 and FAC scale is 4.



Conclusion 

Abdominal pain has a variety of possible causes. But abdominal pain with neurological 

symptoms should consider porphyria. It can be considered that toxicity of porphyria can 

cause various neurologic symptoms including peripheral neuropathy and PRES. In this case 

young female recovered from her severe neurological condition with an appropriate 

medical service and sufficient rehabilitation. Although further studies should be taken, it 

can be suggested that severe neurological involvement due to AIP can have good prognosis. 
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Progressive Muscular Atrophy with Past History of Hypokalemic Periodic 

Paralysis : Case Report

Sung Hwan Ryu1*, Jae Hyun Lee1, Young Joo Sim1, Ho Joong Jeong1, Ghi Chan Kim1†

Kosin University Gospel Hospital, Department of Rehabilitation Medicine1

Introduction 

Progressive muscular atrophy (PMA) is a very rare disease and one of the neuromuscular 

diseases with lower motor neuron(LMN) symptoms. LMN degeneration occurs, resulting 

in muscle weakness, atrophy, and fasciculation. Hypokalemic periodic paralysis (HypoPP) 

is an autosomal dominantly inherited channelopathy, which is temporarily paralyzed with 

a decrease in potassium level in the blood. The life expectancy is normal, but in some cases, 

proximal myopathy may occur at a late age. However, PMA in HypoPP patients is not well 

known. We report a case in which a patient with a history of HypoPP is identified as PMA. 

Case report 

A 64 - year - old patient visited the outpatient clinic due to weakness of the ankle. The 

patient had a history of periodic paralysis that improved after potassium injection in his 

childhood. In MMT, the first left toe and ankle dorsiflexor muscle was grade 1, and the 

patient complains of tingling pain in the left whole lower extremity. In both knee and ankle, 

DTR was normotonous and UMN sign was not observed. Atrophy was detected in the left 

vastus medialis, tibialis anterior, and extensor digitorum brevis muscles. In the 

electromyography test, Left lower limb CMAP amplitude was abnormal compared to the 

right. H-reflex was normal on both side. The reinnervation pattern was confirmed in the 

left lower limb muscles(Table 1). Lt. Lumbosacral plexopathy with sciatic neuropathy was 

diagnosed and sciatic neuropathy was considered to be improving. Two years later, the 

patient returned to the outpatient clinic due to weakness on the contralateral lower 

extremity. In MMT, bilateral ankle and 1st toe dorsiflexor muscle strength were identified 

as grade 1. Muscle strength of bilateral toe, left plantarflexor, and left knee and hip were 

grade 2. Other leg strengths were identified as grade 3. The bilateral DTR was decreased 

in both sides. Both lower limb CMAP amplitudes were abnormal. The denervation pattern 

and reinnervation pattern were observed in needle EMG performed in both lower 

extremities muscles(Table 2). The patient was admitted with suspicion of motor neuron 

disease, and there were no lesions that caused weakness in brain and spine MRI(Figure 1). 

Genetic testing excluded other genetic diseases. Tongue fasciculation was confirmed and 

UMN sign did not appear. The patient was diagnosed with PMA. 

Discussion 



Myopathy after HypoPP is relatively well known, and because of the specific findings in 

electromyography, rapid diagnosis is possible, but the relationship between PMA and 

HypoPP is not well known. It is difficult to diagnose PMA patients whose initial symptoms 

is foot drop because they show similar findings to polyradiculopathy in electromyography 

study. Therefore, if a patient with a history of HypoPP develops weakness after middle age, 

serial electromyography study must be performed and careful observation should be made 

to see if a new abnormality has occurred in the area that was initially normal. 

Figure 1. Sagittal T2-weighted images of the spine



Table 1. Electromyography in both lower extremities.



Table 2. Electromyography in both lower extremities.
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Acute Myeloradiculitis associated with Unilateral limb weakness: A Case 

Report

Seung-Hwan Jung1*, Hyun-Min Oh1, Ju-Hyun Kim2, Jae-Gyeong Jeong1, Chul-Hyun Kim1, Yu-

Sun Min2†

Kyungpook National University Hospital, Department of Rehabilitation Medicine1, 

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine2

Introduction 

It is known that myelitis or myeloradiculitis should often come with viral infection of the 

nervous system, presenting paraplegia. In this report we present a young age patient with 

unilateral leg weakness without any history of infection or trauma. 

Clinical presentation 

A 19-year-old man presented to our electrodiagnosis unit while he was registered on 

Pediatrics department in May 2019. He complained of sudden onset right leg weakness for 

3 weeks. He was previously diagnosed with DLBCL at age 16 and confirmed complete 

remission 2 and a half years ago. His weakness started 3 weeks ago while he was shopping 

in a franchise market. His right leg showed sudden weakness while he was walking beside 

a display stand, without any history of trauma situation. Enhanced Brain MRI showed no 

focal lesion in brain parenchyma, which was not intracranial hemorrhage or 

infarction.(Fig.1) With no abnormal findings in Brain MRI, this patient was consulted to our 

electrodiagnosis unit. Neurologic examination showed no abnormalities on central 

nervous system. Manual motor function test revealed mild weakness in hip flexor G, knee 

extensor G, Ankle dorsiflexor F, Great toe dorsiflexor F-, Ankle plantarflexor F. His bot harm 

and left leg were evaluated as normal. Sensory function was intact with Achilles tendon 

and Patella tendon hyporeflexia. 

Results 

The needle electromyography revealed abnormal spontaneous activity in right tibialis 

anterior, peroneus longus, tensor fascia lata, gastrocnemius, semimembranosus muscles 

with polyphasic motor unit action potential(MUAP) of tibialis anterior muscle, while 

compound muscle action potentials(CMAPs) and sensory nerve action potentials(SNAPs) 

findings of nerve conduction study in peroneal and tibial nerves were normal. 

Consequently Enhancement L spine MRI was conducted to confirm no evidence of 

compressive polyradiculopathy. Gadolinum contrast revealed diffuse enhancement of the 

cauda equina.(Fig. 2) Laboratory examinations including viral markers were conducted to 

show most of their results came out negative while EBV EBNA IgM(EIA) turned out 



equivocal. Cerebrospinal fluid(CSF) study was also examined, which is IgG 27.82mg/dL, 

Albumin 252.82 mg/dL, WBC 130/uL, total Protein 248.0mg/dL. As final diagnosis was 

myeloradiculitis, patient started on steroid pulse therapy(Methylprednisolone 

1000mg/day) for 5 days and discharged with Solondo medication for a month. He fully 

recovered from weakness on one month follow up. 

Discussion 

This case was suspicious of polyradiculopathy at first because his weakness was only 

limited on right leg and our electrodiagnostic study shows acute denervation potential with 

spared SNAP. But considering his age and no history of trauma, we performed Enhanced L 

spine MRI and found myeloradiculitis. Even patient with unilateral weakness and no other 

history of infection, those myelitis or myeloradiculitis should not be excluded especially in 

pediatric cases.

fig. 1 Axial T2 and FLAIR Brain MRI shows no evidence of stroke.



fig. 2 L spine MRI shows diffuse enhancement in nerve roots(white arrows).
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Botulinum toxin in the treatment of Cubital Tunnel Syndrome Caused by 

Anconeus Epitrochlearis muscle

Chae Hyeon Ryou1*, Ki Hoon Kim1, Dong Hwee Kim1†

Korea University Ansan Hospital, Department of Rehabilitation Medicine1

INTRODUCTION

Cubital tunnel syndrome is the second most common compression neuropathy after carpal 

tunnel syndrome. Several space-occupying lesions and anomalous muscles have been 

described to cause ulnar nerve compression at the elbow. Anconeus epitrochlearis (AE) 

muscle is an accessory muscle that extends between the medial border of the olecranon 

and the medial epicondyle on the humerus. AE protects the ulnar nerve and prevents 

subluxation of the nerve, but it can also cause ulnar nerve entrapment at the elbow. EMG 

is the most important diagnostic tool, and ultrasonography or MRI is used to confirm the 

presence of the AE muscle. We present three cases with cubital tunnel syndrome caused 

by AE muscle, which showed improvement with botulinum toxin injection. 

CASE SERIES 

CASE 1: A 30-year-old woman complained of tingling sensation of the 4th and 5th finger of 

her right hand. The ulnar motor nerve conduction study showed slow conduction velocity 

across the elbow segment and the ulnar sensory nerve showed low amplitude. 

Ultrasonographic examination revealed right AE muscle with swelling of the ulnar nerve. 

15 Units of Clostridium botulinum toxin A were injected to the right AE muscle. After 1 

month, her symptom was relieved. After 3 months, motor nerve conduction velocity was 

improved and ultrasonographic examination showed decreased size of right AE muscle. 

Case 2: A 48-year-old woman complained of nocturnal paresthesia of the both 4th and 5th 

fingers. Ultrasonographic examination revealed bilateral AE muscles. Despite the injection 

of the steroid to the ulnar nerve and medical treatment, her symptom persisted. As the 

patient refused the surgical treatment of AE muscle, 20 Units of clostridium botulinum 

toxin A were injected to the each AE muscle. After 1 month, her symptom improved 

completely and ultrasonographic examination showed decreased size of the both AE 

muscles. Case 3: A 44-year-old man complained of left hand weakness and tingling 

sensation of the left 4th and 5th fingers. The ulnar motor nerve conduction study showed 

slow conduction velocity across the elbow segment and the ulnar sensory nerve showed 

low amplitude. Ultrasonography and MRI revealed left AE muscles with swelling of the 

ulnar nerve. 50 Units of clostridium botulinum toxin A were injected to the left AE muscle. 

After 2 weeks, his symptom improved and both ultrasounographic and electrodiagnostic 

findings showed some improvement. 



CONCLUSION

Although rare, Cubital tunnel syndrome caused by AE muscle should not be ignored. 

Ultrasonography or MRI is used to confirm the presence of AE muscle. In our 3 patients, 

after the injection of botulinum toxin A to AE muscle, symptoms improved. Also, 

ultrasonographic examination showed decreased size of AE muscle and electrodiagnostic 

examination showed some improvement. Although surgical treatment of AE muscle is 

recommended for AE muscle-associated ulnar neuropathy, botulinum toxin A for the AE 

muscle should be considered. 

Figure 1. Cross-sectional sonograms of the elbow (Case 3). The volume of AE muscle decreased after the 

injection of botulinum toxin A. Ulnar nerve (*). Anconeus epitrochlearis (**). ME: Medial epicondyle. 
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Case report : Gemcitabine-induced radiation recall myositis

Jin Ho Park1*, Yoon Kim1, Ji Hye Hwang1†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of 

Physical and Rehabilitation Medicine1

Introduction

Recall myositis should be considered in patients under palliative cancer therapy presenting 

sudden edema of extremity combined with severe pain. Radiation recall is an uncommon 

phenomenon in which administration of a chemotherapy or another systemic agent 

induces an acute inflammatory reaction in previously irradiated tissues, often weeks to 

years after completion of radiotherapy. Gemcitabine can induce an inflammatory reaction 

within an area of prior radiation. 

Case report 

A 56-year-old male patient visited emergency room presenting both thigh edema and 

severe pain. He had a history of nasopharyngeal cancer with metastasis to lung, both femur, 

and pelvic bone. Both femur and pelvic bone metastasis was treated with palliative 

radiation therapy. He presented emergency department 9 month after completing the 

final course of radiotherapy, 6 month after the first dose of gemcitabine, and 1 month after 

the final dose of gemcitabine. There was obvious enlargement of both thigh with firmness 

and tenderness. The patient complained of severe pain at knee flexion and the range of 

motion of knee joint was limited without loss of muscle strength. Initial laboratory study 

showed remarkably elevated creatine kinase and myoglobin, suggesting myopathic feature. 

On Magnetic resonance imaging (MRI), diffuse enhancement in bilateral pelvic girdle and 

thigh muscles was observed. Given that edema was most pronounced in the region of 

remote radiation fields and symptom was noted after chemotherapy but not after 

radiation therapy, gemcitabine-induced radiation recall myositis was more relevant than 

radiation myositis. After diagnosis, methylprednisolone was administered and the 

patient’s pain, swelling, limitation of knee joint motion dramatically improved. MRI, 

conducted 4 months after, showed progression of diffuse heterogeneous enhancement in 

both anterior compartment thigh muscle and gluteus muscle. Physical therapy of gentle 

stretching and passive range of motion exercise was performed. The patient received gait 

training with bilateral ergo cane in order to prevent possible fracture of metastatic femur 

during weight bearing. 

Conclusion 



Gemcitabine-induced radiation recall myositis is a phenomenon wherein the 

administration of gemcitabine induces an inflammatory reaction within an area of prior 

radiation. Although sudden bilateral femoral pain and edema are usually suspected of 

femur fracture, deep vein thrombosis, cellulitis and radiation induced myositis or fibrosis, 

it is important to include radiation recall as part of differential diagnosis when a patient 

undergoing chemotherapy experiences an inflammatory reaction at a prior site of radiation. 

Fig1. Time line of the case

Fig2. MRI axial view of patient



Fig3. MRI coronal view of patient
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Anconeus epitrochlearis as a source of chronic compressive ulnar 

neuropathy: A new treatment

Jinyoung Park1*, Yewon Lee1, Sun Woong Kim2, Young Seok Kim1, Min Cheol Ha3, Jung Hyun 

Park1†

Department of Rehabilitation Medicine, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Seoul, Republic 

of Korea1, Department of Physical and Rehabilitation Medicine, Armed Forces Capital 

Hospital, Seongnam, Korea2, Department and Research Institute of Rehabilitation 

Medicine, Severance Hospital, Yonsei University College of Medicine3

Introduction

Anconeus epitrochlearis muscle originates from the inferior surface of the medial 

epicondyle of the humerus and inserts to olecranon process. As ulnar nerve runs beneath 

this muscle, this anatomical relationship provides the chance to develop entrapment or 

compression of the ulnar nerve by this muscle (Figure 1). There is no report that the nerve 

conduction velocity recovered right after the muscle releasing, especially using electrical 

twitch obtaining intramuscular stimulation (ETOIMS). 

Case

In May 16, 2019, a 26-year-old male patient visited a neuromuscular clinic complaining of 

tingling pain (visual analogue scale, VAS 4-5) on ulnar side of Rt. hand and hypersensitivity 

of Rt. 4th and 5th fingers which has been persisted after suture of the lacerated lesion in 

Rt. elbow after a pedestrian traffic accident occurred 2 years ago. He had no weakness and 

deep tendon reflex of biceps and triceps were normal. Lhermitte and spurling sign was 

negative. The magnetic resonance image of Rt. elbow taken after the accident revealed no 

specific lesion in the joint. The first electrodiagnostic study (EDx) performed in January 18, 

2018. The motor nerve conduction study (NCS) for Rt. ulnar nerve demonstrated decreased 

velocity (38.4 m/sec) in the segment between 2cm above and below lateral epicondyle of 

humerus. Sensory NCS revealed normal for Rt. ulnar nerve. Needle electromyography 

(EMG) showed increased insertional activities in Rt. flexor carpi ulnaris and adductor digiti 

minimi muscles. These results were suggestive of Rt. ulnar neuropathy at elbow level. In 

June 14, 2019, on following 2nd EDx, the motor NCS revealed increased amplitude and 

increased velocity at the segment between the epicondyle and 2cm above the epicondyle. 

However, the conduction velocity between the epicondyle and 2cm below the epicondyle 

was still slow (38.4 m/sec) (Table 1). By physical examination, slight compression of the Rt. 

anconeus epitrochlearis triggered the tingling pain on the ulnar aide of Rt. hand. Presuming 



that the anconeus epitrochlearis muscle compresses the ulnar nerve, ETOIMS was applied 

using Clavis (Alpine Biomed ApS, Denmark) for the muscle releasing. After confirming the 

bony landmarks by palpation, a monopolar needle electrode was inserted into the Rt. 

anconeus epitrochlearis as reference electrode attached onto the nearby skin. The 

stimulations were delivered with 2-mA intensity, 0.2-ms pulse duration, 2-Hz frequency 

with unipolar negative square waves for 10 seconds at two stimulation points (Figure 2). 

Right after the ETOIMS, the conduction velocity got faster from 38.4 m/sec to 66.7 m/sec 

(Table 1). The tingling pain was relieved (VAS 0) and the hypersensitivity was disappeared. 

After 1 week, only the minimal hypersensitivity remained. 

Conclusion

The anconeus epitrochlearis muscle can cause a chronic compressive ulnar neuropathy. 

The ETOIMS is effective in releasing the anconeus epitrochlearis and even can restore the 

conduction velocity. 

Table 1. Serial electrodiagnostic studies before and after ETOIMS.



Figure 1. Anatomical relationship between anconeus epitrochlearis muscle and ulnar nerve.

Figure 2. ETOIMS in the Rt. anconeus epitrochlearis muscle.
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Extracorporeal Shock Wave Therapy as a Treatment of Painful Hematoma in 

Calf: A Case Report

Ji Won Jung1*, Si-Bog Park1†, Kyu Hoon Lee1, Mi Jung Kim1, Jung Ho Yang1

Hanyang University College of Medicine, Department of Rehabilitation Medicine1

Introduction

Extracorporeal Shock Wave Therapy (ESWT) is applied to various musculoskeletal 

conditions including calcific tendinitis [1]. The muscle injuries can lead to hematomas, and 

unabsorbed hematomas sometimes cause pain. We report a case of painful hematoma 

successfully treated by ESWT. 

Case report

A 65-year-old man visited outpatient department for left calf pain with swelling. Two 

weeks ago, he slipped in the mountain and injured his left leg. He took pain medication 

from the pharmacy, but the pain persisted and, the swelling on his legs became 

increasingly severe. His pain was getting worse, so he visited the hospital. At that time, his 

pain was about visual analog scale (VAS) 7. On physical examination, oval-shaped localized 

stiff mass with bruise was on his left upper posterior calf. During palpation, tenderness was 

localized to left proximal gastrocnemius. He could not even walk without crutch. Lower 

limb neurological and peripheral vascular examinations were within normal limits. Initial 

diagnostic ultrasound showed a hematoma in left gastrocnemius measuring 4.3 cm x 1.5 

cm x 4.9 cm. There was no active bleeding and texture of hematoma was firm, stiff with 

low heterogenicity. Left tibia MRI confirmed rupture of gastrocnemius in medial head with 

hematoma between medial and lateral head of gastrocnemius. We applied ESWT to 

hematoma 3000 shocks delivered at a rate of 6 Hz with and energy of 0.056 mJ/mm2. After 

the procedure, his pain was decreased immediately to VAS 3, the mass was softened. 

Texture of hematoma was changed more heterogeneously in ultrasound. Due to the 

planned overseas travel, he returned 3 month after the initial visit and we could know the 

pain was dramatically relived during travel. 

Conclusion

This is the first reported case, to our knowledge, of painful intramuscular hematoma 

treated with ESWT. Until now, ESWT was applied to plantar fasciitis, lateral epicondylitis, 

and other calcific tendinopathies [1]. We propose a painful hematoma as a new indication 

for ESWT.



신경근육재활 및 전기진단

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F) 

P 1-58

Quantitative analysis of Vincristine induced- peripheral neuropathy in 

children with ALL

Ju-Hyun Kim1*, Hyun-Min Oh2, Seung-Hwan Jung2, Hyun-Woo Jung1, Chul-Hyun Kim2, Tae-

Du Jung1†
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Kyungpook National University Hospital, Department of Rehabilitation Medicine2

Objective 

Motor problems of children with acute lymphoblastic leukemia(ALL) after vincristine 

administration are frequently reported. This is thought to be vicristine-induced neuropathy, 

which has dose-related, length-dependent and axonal pattern. In particular, the weakness 

of lower extremities is seemed more apparent in children than in adults. In this study, we 

analyzed vincristine induced peripheral neuropathy in children quantitatively. 

Methods 

Electrodiagnostic examinations were conducted in 32 children who had been treated with 

vincristine and showed signs of peripheral neuropathy. 

Results 

Electrodiagnostic examination showed an axonal neuropathy with a length-dependent 

pattern. Motor nerve abnormalities were observed in all 32 patients, and sensory 

neuropathy was accompanied in 12 of them(37.5%). The number of affected nerves was 

3.31±0.85 (mean±SD) of four motor nerves, which was 0.78±1.18 in the sensory nerve. This 

difference between motor and sensory nerve was significant. Compared with pediatric 

reference value, the mean compound muscle action potential(CMAP) amplitude was 

39.2±20.5% in the median nerve and 11.6±12.3% in the peroneal nerve. Meanwhile, 

sensory nerve action potential of sensory nerve amplitude was 107.0±52.9% in the median 

nerve and 133.3±68.2% in the superficial peroneal nerve. There was statistically significant 

difference between amplitude of the compound muscle action potential and sensory nerve 

action potential. 

Conclusions 

Vincristine is well known neurotoxic agent used for treatment of leukemia, lymphomas and 

cancers. Its main side effect is a dose-related, length-dependent axonal neuropathy. 

Especially, motor predominance has been reported in children. In this study, we conducted 

electrodiagnostic examination and motor predominance neuropathy was shown due to 

incomplete myelination in children. 



Table 1. Clinical characteristics of patients (N=32)

Table 2. Involvement pattern of nerve in Vincristine induced peripheral neuropathy in childhood

Table 3. Quantitative analysis of CMAP and SNAP amplitude in motor and sensory nerve in Vincristine 

induced peripheral neuropathy in childhood ALL
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Relationship Of Intervertebral Foraminal Stenosis With Dermatomal 

Somatosensory Evoked Potentials

Nam-Gyu Jo1,2*, Young-Bin Oh1,3, Gi-Wook Kim1,3, Yu Hui Won1,2, Sung-Hee Park1,2, 

Myoung-Hwan Ko1,3, Jeong-Hwan Seo1,2†

Chonbuk National University Medical school and Hospital, Department of Physical 

Medicine and Rehabilitation1, Chonbuk National University and Hospital, Research 
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University Hospital, Translational Research & Clinical Trial Center for Medical Device3

Introduction 

The dermatomal somatosensory evoked potential (DSEP) study is a method for evaluating 

the abnormality of the somatosensory tract, which extends from the peripheral nerve to 

the cerebral cortex. In patients with radiculopathy, DSEP can be an auxiliary diagnostic 

regimen secondary to needle electromyography. 

Objectives 

This retrospective study was performed to identify if there is a relationship between 

stenosis of intervertebral foramen (IVF) and DSEP findings 

Methods 

This study reviewed patients (n=37) who were examined by DSEP and lumbar spine MRI 

from 2017 to 2018. For the evaluation of IVF size, bilateral L4/5 and L5/S1 IVF were 

selected and measured at the narrowest IVF image of sagittal MRI view, and the pixel count 

of the area was defined as the size using the Lasso Tool of the adobe photoshop CC 2019 

program. In addition, foraminal stenosis was graded to 4-point-scale. DSEP results were 

divided into normal and abnormal. 

Results 

Depending on the results of L4 DSEP, L4/5 IVF (n=74) were assigned to normal DSEP site 

(n=49), abnormal DSEP site (n=25). Likewise, depending on L5 DSEP results, L5/S1 IVF (n=74) 

were assigned to normal DSEP site (n=16), abnormal DSEP site (n=58). The average IVF size 

were smaller in the abnormal DSEP sites than normal DSEP sites (L4/5 level; mean pixel 

count = 226.08±77.03 VS 187.24±73.18, L5/S1 level; mean pixel count = 186.06±47.65 vs 

161.12±70.08). There was a significant difference in the pixel count between the normal 

and abnormal DSEP sites in only L4/5 level (p=0.041). In L5/S1 level, there was no 

significant differences in IVF size between the normal and abnormal DSEP sites (p=0.106). 



There was no significant difference in IVF stenosis grade between the normal and 

abnormal DSEP sites. 

Conclusion 

Our results showed that IVF size was significantly related to L4 dermatomal somatosensory 

pathway dysfunction patients. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number: HI15C1529). 
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Ulnar Nerve Conduction Studies:Reference Standard with Extended 

Uncertainty in Healthy Korean Adults

Hyun Jun Chae1*, Byung-Mo Oh1†, Eunkyung Kim1

Seoul National University Hospital, Department of Rehabilitation Medicine1

INTRODUCTION

Since the nerve conduction study (NCS) is widely used to diagnose neuromuscular 

disorders, solid reference data is of critical importance to differentiate normal from 

abnormal. While there have been several reports with small sample size, still there are no 

unified reference data in Korea because of methodological limitation and uncertainty. <br> 

OBJECTIVE

To develop reference standards for motor and sensory ulnar NCSs in Korean population 

with detailed consideration of uncertainty 

METHODS

The NCS results from a total 97 healthy subjects (50 in twenties including 25 men and 25 

women; 47 in fifties including 23 men and 24 women) were included in the analysis. We 

conducted standardized ulnar motor and sensory NCSs according to a standardized 

protocol in 3 university hospitals (Figure 1). We calibrated 5 NCS instruments of 3 sites with 

a standard current generator. Uncertainty factors including intra- and inter-observer 

variability, instrumental variation, distance measurement with a tape ruler, skin surface 

temperature, and the resolution of NCS machines were considered. The indoor 

temperature and humidity were maintained to pre-defined ranges. In motor conduction 

study, we produced reference standards of onset latency, baseline to peak amplitude, peak 

to peak amplitude, negative peak area, duration, and nerve conduction velocity. In sensory 

conduction study, we produced reference data of onset latency, baseline to peak 

amplitude, area, and duration. Finally, we produced normal cut-off value for each 

parameter with mean value and expanded uncertainty. 

RESULTS

In the motor nerve conduction study, the mean latency of ulnar distal CMAP was 2.55ms 

(cut-off value, 3.27ms). The mean amplitude of ulnar distal CMAP was 11.33mV (cut-off 

value, 7.14mV), and the average distal conduction velocity was 60.43m/s (cut-off value, 

47.89m/s). In the sensory nerve conduction study, the mean latency of ulnar distal SNAP 

was 2.39ms (cut-off value, 2.96ms), and the mean amplitude of ulnar distal SNAP was 

43.94uV (cut-off value, 12.68uV). Each parameter`s specific mean and cut-off value for 



each group are presented in Table 1 and 2. We compared value of main parameters 

between each group, and there was significant difference in baseline to peak amplitude in 

all comparisons (p<0.05). 

CONCLUSION

We present the reference standards of motor and sensory NCSs for the ulnar nerve with 

due consideration of uncertainty. These standards are expected to improve the diagnostic 

reliability for the ulnar nerve abnormalities. 

Acknowledgment :This work was supported by the Technology Innovation Program 

(20003641, Development and Dissemination on National Standard Reference Data) funded 

By the Ministry of Trade, Industry & Energy(MOTIE, Korea)“ 

fig. 1 Demonstration of ulnar nerve motor and sensory conduction study technique

a)Active electrode(G1) is placed over the belly of the abductor digiti minimi and reference electrode(G2) 

is attached on the proximal phalanx of the fifth digit. Distal motor sites is at 8cm proximal to the active 

electrode, just lateral to the flexor carpi radialis tendon at the wrist stimulation

b)First proximal motor stimulation site is at 4cm distal to the midpoint of line connecting medial 

epicondyle and medial tip of olecranon. The arm is abducted and externally rotated with the elbow is 

flexed, and forearm slightly supinated

c)Second Proximal motor stimulation site is at 6cm proximal to the medial epicondyle, between the 

biceps and medial head of the triceps.

d)For sensory stimulation, active electrode(G1) is placed halfway on the proximal phalanx of the fifth 

digit and reference electrode(G2) ) is placed 4cm proximal to the active electrode, Stimulation is 

performed 14cm proximal to the active electrode, near the tendon of the flexor carpi ulnaris at the wrist.



Table 1. Reference data for each group in ulnar nerve motor conduction study



Table 2. Reference data for each group in ulnar nerve sensory conduction study
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Change of the Movement and Morphology of the Median Nerve according 

to Steroid Injection in the CTS
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Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Introduction 

Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy of the 

peripheral nerves. Currently, ultrasonography is used to diagnose entrapment neuropathy 

of the upper extremities, and most of them have focused on a key findings of focal swelling 

of the median nerve at the carpal tunnel. Among many methods, steroid injection is an 

easy, safe and effective treatment that is frequently used. Although Several studies have 

investigated the sonographic changes after steroid injection in CTS, we compared the 

deformation and displacement of the median nerve in accordance with 

electrophysiological severity between patients with mild stage of CTS and healthy controls. 

Participants and Methods 

We studied 14 asymptomatic healthy without any history of CTS, and We also studied 24 

with mild stage. The severity of CTS was graded into 7 subgroups based on the Bland scale, 

and only CTS patients in mild stage (Bland scale 1-3) were included in this study. To study 

the deformation and transverse movement of the median nerve, cross-sectional images of 

the carpal tunnel were obtained by placing the transducer at the proximal carpal tunnel. 

Cross-sectional ultrasound images were obtained during maximal voluntary motions of the 

finger and wrist joint. Under sterile conditions, a single injection of 0.5 ml 20 mg 

triamcinolone and 1.25 ml of 1% lidocaine and 0.9% normal saline was injected by the same 

physiatrist. All participants were examined by the same physiatrist using high resolution 

Ultrasound at post-injection 2 weeks. 

Results 

Because it may vary according to individual hand size, The distance that the median nerve 

moves with the movement of the finger and hand is corrected by dividing the distance 

between carpal bone and pisiform. This distance was 13.02 ±4.41 in pre-injection patients 

with mild stage CTS, 14.39 ±5.46 in post-injection patients. Also, it may vary according to 

individual median nerve size, The area that the median nerve moves with the movement 

of the finger and hand is corrected by dividing the CSA. This area was 24.65 ±11.76 in pre-

injection patients, 32.05 ±11.93 in post-injection patients. Because it may vary according 

to individual median nerve size, the circumference length that the median nerve moves 



with the movement of the finger and hand is corrected by dividing median nerve 

circumference length at neutral position. This circumference length was 20.71 ±12.35 in 

pre-injection patients, 21.84 ±7.28 in post-injection patients. 

Conclusion 

In our study, there is no significant difference in transverse movement of median nerve. 

However, there is significant difference in the median nerve area that the median nerve 

moves with the movement of the finger and hand between pre-injection and post-injection 

patients with mild stage CTS. (p=0.036) 
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Ultrasound-Guided Injection of the Sternocleidomastoid Muscle: A 

Cadaveric Study
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Background and Aims 

Ultrasound (US)-guided botulinum toxin injection is a commonly performed procedure for 

reducing pain and improving quality of life in patients with cervical dystonia. 

Sternocleidomastoid (SCM) is usually targeted, as sustained contraction of the muscle play 

a key role in abnormal rotational posture. To verify the safety of US-guided injection and 

suggest a guarded technique, (1) baseline ultrasonographic features of SCM were 

measured, and (2) dye dispersion patterns according to different solution volumes and 

injection sites were analyzed. 

Methods 

36 SCM muscles of 18 embalmed cadavers (11 male and 7 female) with a mean age ± SD 

of 79.2 ± 10.7 years were examined. One rehabilitation medicine physician evaluated 

baseline ultrasonographic parameters of SCM, cross-sectional area (CSA) and muscle 

thickness, at 3 quartile points. The physician also measured total SCM length with a 

tapeline. Other experienced physician injected methylene blue solution at the three points 

of SCM (12 muscles per each point) with two different dye volumes depending on the side 

(3cc on the right and 5cc on the left) under US-guidance. One anatomist blinded to the 

injection point and solution volume dissected the cadavers to identify dyed structures, 

then the longitudinal lengths (LL) of dye dispersion along the muscles were measured. The 

dispersion ratio (DR) was defined as the longitudinal length of dye dispersion divided by 

total SCM length.

Results 

The thickness of upper, middle, and lower quartile SCM were 5.4 ± 1.2, 6.6 ± 2.0, and 5.5 ± 

1.9 mm, respectively. The CSA of the quartile points were 1.1 ± 0.3, 1.4 ± 0.6, 1.1 ± 0.53 

cm², respectively. All injections were successful except in one case of 3.5mm-thickness 

SCM that dye reached the omohyoid muscle, jugular vein, and common carotid artery. The 

mean LL of dye dispersion was significantly different between 3cc and 5cc groups: 6.2 ± 2.6 



cm (range 2-12) versus 11 ± 2.1 cm (range 7.5-15), respectively. The mean DR was also 

significantly different between the two groups: 0.35 ± 0.13 (range 0.11-0.6) versus 0.64 ± 

0.12 (range 0.46-0.84), respectively. No statistically significant differences in LL and DR 

were found between the three groups of distinctive injection sites. 

Conclusions 

US-guided injection into the SCM is considered as a safe procedure. The middle point of 

SCM is regarded as a proper injection point with respect to the safety issue since the 

thickness and CSA was the largest. However, caution is required as there is a risk of needle 

advancement beyond the target in case when the SCM muscle is thin. When it comes to 

the volume of solution, 5cc-injections dispersed more extensively than 3cc-injections. 

Clinicians could expect broader dispersion with 5cc-injections, while 3cc-injections could 

be intended for focal effects. 
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Relationship between lower extremity motor power and nerve conduction 

study in cauda equina syndrome
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Objective

To investigate the relationship between lower extremity muscle strength and 

electrophysiological parameters in patients with peripheral neuropathy including cauda 

equina syndrome . 

Subjects & Methods 

We conducted the prospective study among patients admitted into our rehabiliation 

facility from Sep. 2018 to June 2019. Patients 18 years of age or older with limb paralysis 

due to cauda equina injuries were included in this study. Patients who had an upper motor 

neuron injury level higher than conus medullaris, a history of diabetes mellitus, undergone 

treatment of chemotherapy, or traumatic injury of lower extremity like fractures were 

excluded. Patients underwent a electrophysiological examination and muscle strength 

evaluation for more than 21 days after the injury. Muscle strength of the both knee 

extensor, ankle dorsiflexor and plantarflexor was measured using manual muscle test and 

isometric strength test(IST). Electrophysiological parameters, such as latency and 

amplitude of CMAP were measured for both femoral nerve, peroneal nerve, and tibial 

nerve. Correlations between the eletrophysiologic data and the muscle strength were 

analyzed via spearman correlation in this study. 

Result 

A total of 11 patients with cauda equine syndrome were enrolled in this study. Subject ages 

ranged from 52 to 78 years with a mean of 67.63 years and the study group was composed 

of 6 men and 5 women. There was significant statistical correlation between knee extensor 

muscle strength and femoral nerve amplitude(R=0.604, p<0.01). Also, Ankle dorsiflextion 

muscle strength was correlated with peroneal nerve amplitude(R=0.597, p<0.01). But, a 

significant correlation was not observed between ankle plantarflexion muscle strength and 

tibial nerve amplitude(R=0.153, p=0.498). 

Conclusion 



We found that the cauda equine patients had a significant correlation with lower extremity 

motor power and nerve conduction study amplitude especially in knee extensor and ankle 

dorsiflexor. To be useful for predicting the objective muscle strength from 

electrophysiologic parameters, further study is needed. 

Table 1. Demographic and clinical characteristics



Figure 1. Correlation between lower extremity motor power and nerve conduction study amplitude 
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Single center experience with SAPHO in locomotor pain clinic at the 

university hospital

Yu Jin Im1*, Seung Mi Yeo1, Duk Hyun Sung1†

Samsung Medical Center, Department of Rehabilitation Medicine1

Abstract 

Purpose

There is a lack of awareness with SAPHO in clinics specialized in osteoarticular or skin 

lesions. We reviewed the clinical and image findings of 66 patients with SAPHO in single 

center. 

Method

We retrospectively investigated 66 patients with SAPHO who visited to the locomotor pain 

clinic from 2006 to 2018. The diagnostic criteria proposed by Kahn, was used in diagnosis 

of SAPHO. 

Results

The chief complaints were anterior chest wall pain (28.2%), skin lesions in hand or foot 

(26.9%), back pain (19.2%), dorsal pain (15.4%) and the others. The first medical 

departments visited by patients were physical medicine and rehabilitation (45.5%), 

dermatology (30.3%), orthopedics or neurosurgery (10.6%), cardiology (9.1%) and the 

others. The presence of skin lesions was in 46 patients (69.7%). The skin lesions were 

palmoplantar pustulosis (PPP) (27/46, 58.7%), scale or erythematous eczema lesions in 

hand or foot (16/46, 34.8%) and the others. Skin lesions preceded osteoarticular symptoms 

in 66.0%, occurred later than osteoarticular symptoms in 20.8% and occurred concurrently 

with osrteoarticular symptoms in 13.2%. There were 5 patients with only a history of skin 

lesions like PPP. The osteoarticular symptoms sites were anterior chest wall (33.1%), 

thoracic spine (20.1%), lumbar spine (17.5%), cervical spine (8.4%), sacroiliac bone (7.8%) 

and the others. The presence of increased radiouptake in bone scintigraphy was in 93.8%. 

There were 5 cases performing bone biopsy under the impression of neoplastic or 

infectious etiology. 3 patients were treated with antibiotic therapy and 1 patient 

underwent orthopedic surgery for dorsal pain before the diagnosis of SAPHO. 

Conclusion

There were a large number of SAPHO cases even though it was a single center experience. 

There were quite a few cases in which there were no skin lesions (30.3%) or typical PPP 



(59.1%). The results of this study will contribute to developing diagnostic methodology in 

the study of SAPHO. 

Table 1. Basic characteristics of patients with SAPHO
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The effect of pulmonary rehabilitation on respiratory muscle strength and 

factors to affect it

Dong-Ha Kang1,2*, Young-Bin Oh1,2, Gi-Wook Kim1,2, Sung-Hee Park1,2, Myoung-Hwan Ko1,2, 

Jeong-Hwan Seo1,2, Yu Hui Won1,2†

Chonbuk National University Medical school and Hospital, Department of Physical 

Medicine and Rehabilitation1, Chonbuk National University and Hospital, Research 

Institute of Clinical Medicine and Biomedical Research Institute2

Objective

The importance of pulmonary rehabilitation (PR) in chronic obstructive pulmonary disease 

(COPD) patients has already been demonstrated. It is known that COPD affects the 

weakness of inspiratory muscle and patients with muscle weakness are suggested to 

proceed with PR including inspiratory muscle training. The purpose of this study was to 

evaluate the change in respiratory muscle strength of COPD patients who underwent PR 

for more than 2 months, and to investigate factors to affect the effectiveness of 

rehabilitation. 

Method 

A retrospective review was conducted on COPD patients from January 2015 to May 2019. 

Patients who had 2 month hospital based PR or home based PR with initial education 

session in a tertiary university hospital were included. They were referred to outpatient 

department of rehabilitation medicine after hospital discharge, or were continuously 

followed up through outpatient clinic. PR program consisted of aerobic exercise, resistance 

exercise, breathing retraining, and secretion management. Inspiratory muscle training was 

performed if necessary. The evaluation values include modified medical research council 

dyspnea scale (mMRC), CAT score, pulmonary function test results, maximal inspiratory 

pressure (MIP), and maximal expiratory pressure (MEP) recorded before and after the PR. 

Results 

The results of the evaluation values of all patients were described in table 1. The mMRC, 

CAT score, MEP, and MEP% showed a significant improvement after 2 month PR. The 

results of patients who started PR within one month after acute exacerbation (AE) and who 

had stable outpatient clinic follow-up is described in table 2. While MIP, MIP%, MEP, MEP%, 

FEV1, FEV1%, and FEV1/FVC were found to be increased significantly in AE group, the 

mMRC, MEP, and MEP% showed improvement in stable group. When comparing the 

changes in evaluation values after the PR between the two groups, the improvement in 

FEV1, FEV1% and PCF were greater in the AE group than in the stable group. Table 3 shows 



the results of groups that consistently performed PR in hospital and groups that performed 

home exercise with initial education session. In hospital PR group, significant improvement 

was observed in mMRC, CAT score, MIP, MIP%, MEP, and MEP%, whereas only FEV1% is 

increased significantly in home-based exercise group. When comparing the changes in 

evaluation values between the two groups, the change in MIP and MIP% were greater in 

the hospital PR group than in the home-based exercise group. 

Conclusion 

There was improvement in the assessment about clinical symptom (mMRC, CAT score) 

after PR, but without respiratory muscle specific training, no significant change were seen 

in MIP. Meanwhile, PR under the guidance and supervision of therapists at hospital has 

had a significant impact on the improvement of respiratory muscle strength. We also found 

that PR after AE of COPD influenced the improvement of respiratory muscle strength as 

well as other values. 

Table 1. Parameters of pre- and post-pulmonary rehabilitation of COPD patients



Table 2. Comparison of parameters of pre- and post-pulmonary rehabilitation between acute exacerbation 

of COPD and stable COPD

Table 3. Comparison of parameters of pre- and post-pulmonary rehabilitation between Hospital-based 

pulmonary rehabilitation group and Home-based exercise group
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The Effects of Recumbent Ergometer Exercise on Cerebral Blood Flow and 

Ankle Brachial Index

Eun Young Han1*, Sang Hee Im2, Seong-Dae Kim3†, Il-Gyu Jeong3†

Jeju National University, Department of Rehabilitation Medicine1, Severance Hospital, 

Yonsei University College of Medicine, Department and Research Institute of 

Rehabilitation Medicine2, Hannam University, Department of Sports Science3

Objectives

To investigate the effects of recumbent bicycle ergometer exercise on cerebral blood flow 

velocity (CBFV), arterial stiffness index and rate pressure product (RPP). 

Methods

Seventeen young male volunteers (20.2±1.5 yrs) were enrolled in this study from January, 

2018 to June, 2018. They were asked to perform the incremental bicycle ergometer 

exercise (SRH100H®,NanoBioLife Inc, Seoul, Korea) (Monark Ergometer 881®, Varberg, 

Sweden_ three times in the upright, 65° recumbent (R), and 30°postures with a week 

interval, respectively. Exercise intensity was set initially at 50W and increased by 25W 

every 2 minutes to 150W. CBFV in middle cerebral artery (MCA) (SONARA Transcranial 

Doppler ultrasound®, VIASYS Co. Ltd., USA) and arterial stiffness including cardio ankle 

vascular index (CAVI) , ankle brachial index (ABI) and augmentation index (AIx) (VaSera VS-

2000 instrument®, Fukuda Denshi Co. Ltd., Tokyo, Japan) were measured at rest, 5 minutes, 

10 minutes during exercise and 10 minutes recovery. 

Results

CBFV in 65°R and 30°R was significantly higher than in upright posture at 5 minutes (75±14, 

76±8 vs. 63±12 cm/s, p<.05) and 10 minutes during exercise (87±20, 88±18 vs. 69±19 cm/s, 

p<.05). ABI in 65°R was significant higher than in upright posture at immediately after 

exercise (1.03±0.08 vs. 0.94±0.11, p<.05). AIX in 65°R was significant lower than in upright 

posture at 10 minutes after exercise (0.68±0.10 vs. 0.84±0.15, p<.05). Rate pressure 

product (RPP) in 65°R and 30°R was significantly lower than in upright posture at 

immediately after exercise (18446.5±2407.5, 17639.5±2474.6 vs. 24186.7±4322.5

mmHg×beat/min, p<.05) 

Conclusion



The bicycle ergometer exercise in recumbent posture has more beneficial effects on 

cerebral blood flow, arterial stiffness and myocardial O2 consumption than in upright 

position. Therefore, it might be suggested for severely deconditioned patients. <br> 

Acknowledgment :1. This work was supported by the Technology development 

Program(S2673714) funded by the Ministry of SMEs and Startups(MSS, Korea) 2. 이

논문은 2018 년도한남대학교교비학술연구조성비지원에의해연구되었음

Table 1 . Changes Mean, Peak, Maximum End-diastolic Velocity in Cerebral Blood Flow Velocity of Middle 

Cerebral Artery

Table 2. Changes of Cardio Ankle Vascular Index(CAVI), Ankle Brachial Index (ABI) and Augmentation Index 

(Aix)



Table 3 . Changes Of Rate Pressure Product
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Heart Rate Recovery after Hospital-based Rehabilitation in MI with low 

ejection fraction

Sang Beom Kim1†, Kyeong Woo Lee1, Jong Hwa Lee1, Young Hwan Kim1*

Dong-A University Hospital, Department of Rehabilitation Medicine1

Introduction

Heart rate recovery (HRR) is defined as the rate at which heart rate decrease within the 

following minutes after the cessation of physical exercise and is non-invasive assessment 

of autonomic cardiac dysfunction. It has been implicated with risk of cardiovascular events 

and mortality. Thus, it is widely used as a guide to monitor changes in training status. And 

several studies showed CR improved HRR in the patients with various heart diseases. 

Objectives

To evaluate the effects of hospital-based cardiac rehabilitation (CR) on HRR and functional 

capacity according to the ejection fraction (EF) after acute myocardial infarction (AMI). 

Method

We retrospectively reviewed the medical records of the AMI patients who had done 

Hospital-based CR from 2016 to 2018. Thirty three patients were recruited. The patients 

were divided into two groups according to EF. Patients with EF 50% and over were 

allocated to normal EF group and patients with EF under 50% were to low EF group. All 

patients underwent an exercise tolerance test (ETT) 2 weeks after AMI for the first time. 

According to the result of initial ETT and functional ability, patients started hospital-based 

CR. And second test was conducted 3 months after AMI. After achieving a peak workload, 

the treadmill was stopped and the patients recovered in a comfortable and relaxed seated 

or standing position. HRR was defined as the difference between the maximal heart rate 

(HR) and the HR measured at specific time intervals – one minute after cessation (HRR1) 

and 5 minutes after cessation (HRR5). 

Results

There were no significant differences in the baseline characteristics between two groups 

except for ejection fraction (Table 1). After hospital-based CR, normal EF group showed 

improvements in maximal HR, exercise time and HRR5. Low EF group showed 

improvements in maximal systolic blood pressure, peak oxygen consumption, maximal 

metabolic equivalents, exercise time and HRR5 (Table 2). After hospital-based CR, the 

changes in maximal systolic blood pressure, maximal heart rate, heart rate immediately 



and 5 minutes after cessation of the test between groups showed significant differences 

(Table 3). 

Conclusion

The results showed that hospital-based CR improved HRR and functional capacity, 

irrespective of initial ejection fraction. But the difference of effect size on HRR and 

functional capacity seemed not significant, when patients were divided by the criteria of 

EF 50%. 

Table 1. Baseline characteristics



Table 2. Comparison of exercise capacity in exercise tolerance test



Table 3. Comparison of changes in exercise capacity after hospital-based cardiac rehabilitation
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Accuracy of Wearable Heart Rate Monitoring During Conventional Walking 

and Nordic Walking

Sora Baek1*†, Yuncheol Ha2, Hee-won Park1, Young-Kee Min1

Kangwon National University School of Medicine, Department of Rehabilitation Medicine1, 

Kangwon National University Hospital, Physical Therapy2

Objective

Nordic walking requires brisk grasping and releasing of a walking pole, and the heart rate 

(HR) extraction from a wrist-band-type may not be sufficiently accurate during Nordic 

walking. The accuracy of chest-strap type and wrist-band type wearable devices measuring 

HR during Nordic walking have not yet reported. We investigated the accuracy of both 

wearable devices during conventional and Nordic walking, and the accuracy results were 

compared according to walking types. 

Methods

Fifteen volunteers (all men; aged 23.7 ± 3.0 years) performed conventional walking and 

Nordic walking while wearing 12-electrocardiographic leads, a Polar H7 chest-strap 

monitor, and a Fitbit Charge 2 wrist-worn monitor. The accuracy of the Polar H7 and Fitbit 

Charge 2 was assessed against electrocardiographic HR measurements, and agreement 

was assessed using Lin’s concordance correlation coefficient (rc), mean absolute difference, 

and limit of agreement (LoA) from the Bland–Altman plot. 

Results

For both walking methods, Polar H7 agreed better with ECG (rc = .96) than did Fitbit Charge 

2 (rc = .84). The mean absolute difference of Polar H7 was not significantly different 

between walking methods, but that of the Fitbit Charge 2 was significantly higher during 

Nordic walking than conventional walking (6.60 vs. 3.68 bpm, respectively; P < .001). The 

LoA of the Fitbit Charge 2 was wider than for the Polar H7 during both walking methods. 

Conclusion

HR measurements of chest-strap monitor agreed well with the ECG measurement during 

both conventional walking and Nordic walking, but the accuracy of a wrist-band monitor 

varies between walking methods. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korea government (MSIT) (No. NRF-2017R1C1B5076976). 



Fig. 1. Hand movements during Nordic walking.

Fig. 2. Bland–Altman Plots and 95% limits of agreement with electrocardiograph (ECG)–measured heart rate 

(HR) for conventional walking (A, B) and Nordic walking (C, D).
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Reliability and Validity of the Modified Korean Version of COPD Assessment 

Test

Sung Woon Baik1,2*, Young-Bin Oh1,3, Gi-Wook Kim1,3, Sung-Hee Park1,2, Myoung-Hwan 

Ko1,3, Jeong-Hwan Seo1,2, Yu Hui Won1,2†

Chonbuk National University Hospital, Department of Rehabilitation Medicine1, Chonbuk 

National University and Hospital , Research Institue of Clinical Medicine and Biomedical 

Research Institute2, Chonbuk National University Hospital, Translational Research & 

Clinical Trial Center for Medical Device3

Objective 

Chronic obstructive pulmonary disease (COPD) is a debilitating disease that decrease the 

quality of life. The Korean version of COPD assessment test (CAT) is a widely used and 

validated respiratory questionnaire that shows health status and disease severity of the 

COPD patients. However, current numerical scoring system of the CAT is somewhat 

difficult for eldely patients. In this study, we made the modified Korean version of COPD 

assessment test (M-CAT) which had changed numerical scores of each items in the current 

CAT into specific terms of Korean explaining contents. And, we wanted to determine the 

reliability and validity of the current CAT and the M-CAT. 

Method 

Twenty-six patients diagnosed as COPD according to Global initiative for chronic 

obstructive lung disease (GOLD) were assessed with the CAT and the M-CAT at the 1st day 

of pulmonary rehabilitation by a rehabilitation resident (physician 1). And, second 

assessment of the CAT and the M-CAT was done in 3 days later (at least within 1 weak) by 

another rehabilitation resident (physician 2). We also analyzed their mMRC, pulmonary 

function test, peak cough flow, hand grip power, and 6 minute walk test (6MWT). 

Results 

Inter-rater reliabilities were statistically significant in both the CAT and the M-CAT 

(Cronbachs alpha coefficient=0.975, 0.995, respectively). Also, intra-rater reliabilities 

between the CAT and the M-CAT in each physicians were statistically significant (Cronbachs 

alpha coefficient=0.972, 0.956, respectively). The correlations of the CAT with mMRC 

(rho=0.541, p<0.05) and 6MWT (Pearson=0.576, p<0.05) were statistically significant. Also, 

the correlations of the M-CAT with mMRC (rho=0.451, p<0.05) and 6MWT (Pearson=0.500, 

p<0.05) were statistically significant. 



Conclusion 

The results showed that both the CAT and the M-CAT are reliable and valid for the 

assessment of COPD patients. Also, the M-CAT is not inferior to the current CAT. The M-

CAT could be a useful tool for assessing quality of life of COPD patients in elderly who have 

difficulties in numerical scoring system. 

Keywords: COPD assessment test, Reliability, Validity 

Fig. Korean version of COPD assessment test and modified Korean version of COPD assessment test. 

Table 1. A) Inter-rater reliability of the CAT and the M-CAT, B) Intra-rater raliability between the CAT and the 

M-CAT in each physician.



Table 2. Correlation of the CAT and the M-CAT with other respiratory parameters.
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Overweight and obesity do not have beneficial effect on Aerobic and 

Functional Capacity in MI

Eun Young Han1*, Sang Hee Im2†

Jeju National University, Department of Rehabilitation Medicine1, Severance Hospital, 

Yonsei University College of Medicine, Department and Research Institute of 

Rehabilitation Medicine2

Background and Objective

The obesity paradox, which suggests that overweight and obesity exert protective effects 

on patient survival after acute myocardial infarction (AMI), has been reported in the 

existing researches.Thus, the aim of this study was to compare and to determine if the 

overweight and obesity have positive effects on the cardiorespiratory fitness parameters 

and lower limb muscular strength, arterial stiffness, walking endurance and body 

composition in MI patients with overweight and obesity (BMI (body mass index) ≥ 25) vs 

with normal weight (BMI<25) . 

Methods 

38 overweight and obese patients (58.7 ±10.7 years, 31 males) and 41 normal (61.1 ± 11.6 

years, 34 males) were enrolled from January 2015 to March 2016. Brachial ankle pulse 

wave (BaPWV) was measured and calculated using an automated device within 3 days after 

onset. At the initial outpatient visit, cardiovascular fitness was evaluated with an expired 

gas analyzer. The isometric muscular strengths of bilateral knee flexors and extensors were 

measured with an isokinetic dynamometer. Gait endurance was assessed by 6 minute walk 

distance (6MWD) and body composition was measured with a bioelectrical impedance 

analysis device. 

Results 

BMI, fat mass, muscle mass and skeletal muscle mass were higher in overweight and obese 

group than normal weight group. However, there were no significant differences between 

two groups in in peak oxygen consumption (VO2peak), gait endurance, isometric strength 

of both hamstring and quadriceps and BaPWV (p value<0.05). 

Conclusion 

Overweight and obesity do not have positive effect on cardiorespiratory parameter, gait 

endurance, isometric lower limb strength and arterial stiffness in MI patients. But, further 

comprehensive and extensive researches should be warranted. 
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Hemiplegic and non-hemiplegic diaphragmatic motion and thickness in 

subacute stroke patients

Sora Baek1*†, Young-Kee Min1, Eun-Kyoung Kang1, Gowun Kim1

Kangwon National University Hospital, Kangwon National University School of Medicine, 

Chuncheon, Korea, Department of Rehabilitation Medicine1

Background

Diaphragm excursion and thickness are measured using sonography to assess diaphragm 

function and predict successful mechanical ventilation weaning. Pulmonary function is 

known to be reduced in stroke patients. Diaphragmatic sonography revealed reduced 

diaphragmatic movements and relationship with pulmonary functions. There was a 

significant positive correlation between diaphragmatic excursion and inspired volume in 

hemiplegic patients. The movement of hemiplegic and non-hemiplegic diaphragm could 

be differently altered in hemiplegic patients. We aimed to investigate whether 

diaphragmatic movements and thickness ratio could be differently related with stroke 

severity, functional level, pulmonary functions. 

Methods

A total of 22 subacute stroke patients with unilateral hemiplegia within 6 months after 

onset were enrolled. Diaphragm movement amplitude (cm) during quiet breathing (QB), 

deep breathing (DB), voluntary sniffing (VS), and voluntary coughing (VC) were measured 

in bilateral diaphragm using M-mode sonography. Diaphragm thickness at maximal 

inspiration and end expiration was measured using B-mode sonography, and thickness 

ratio was calculated. Percent predicted forced vital capacity (FVC%pred), percent predicted 

forced expiratory volume in 1 second (FEV1%pred), maximum inspiratory pressure (MIP), 

maximum expiratory pressure (MEP), and peak cough flow (PCF) were measured for 

respiratory function. National Institutes of Health Stroke Scale (NIHSS) and modified 

Barthel Index (MBI) were assessed for stroke severity and functional level. 

Results

Subjects with pneumonia event were negatively correlated with VC (rho=-0.424, p<.05) 

and DB (rho=-0.449, p<.05) of hemiplegic diaphragm and DB (rho=-0.449, p<.05) of non-

hemiplegic diaphragm. MIP was significantly related with thickness ratio of hemiplegic 

diaphragm (rho=.560, p<.05). MEP was significantly related with hemiplegic side VS 

(rho=.560, p<.05). PCF was significantly related with thickness ratio and DB of hemiplegic 

diaphgram (rho=.625, p<0.01; rho=.601, p<0.01). FVC%pred and FEV1%pred were 



significantly related with non-hemiplegic side VC (rho=.674, p<.05; rho=.674, p<.05). NIHSS 

score was not significantly related the sonographic diaphragmatic thickness ratio and 

movements. MBI score was significantly related with thickness ratio, QB, VS, VC, and DB of 

hemiplegic diaphragm, and DB of non-hemiplegic diaphragm. 

Conclusion

Pneumonia events were related with reduced diaphragmatic movements in both 

hemiplegic and non-hemiplegic diaphragm. Inspiratory and expiratory pressures were 

related with hemiplegic diaphragm measurements, while vital capacity and expiratory 

volume in 1 second were related with non-hemiplegic diaphragm movements. We 

recommend sonographic diaphragmatic evalution of both hemiplegic and non-hemiplegic 

side for stroke patients. 

Table 1. Spearman correlation coefficients
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A relation between left ventricle ejection fraction and respiratory function 

in DMD patients

Yewon Lee1,2*, Jang Woo Lee3, Han Eol Cho1,2, Justin Byun1,2, Rhee Seung Yeon3, Won Ah 

Choi1,2, Seong-Woong Kang1,2†

Department of Rehabilitation Medicine, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Seoul, Republic 

of Korea1, Pulmonary Rehabilitation Center, Gangnam Severance Hospital, Yonsei 

University College of Medicine, Seoul, Korea2, Department of Physical Medicine and 

Rehabilitation, National Health Insurance Service, Ilsan Hospital, Goyang, Korea3

Introduction 

Duchenne muscular dystrophy (DMD) is a fatal disease caused by a mutation of dystrophin 

gene. It affects one in 4,000 male births and progressively results in muscle weakness, 

respiratory failure and heart failure. The lack of dystrophin impairs the connection 

between the cytoskeleton and the extracellular matrix, leading to progressive muscle 

weakness. In the heart, the degeneration of cardiomyocytes causes fibrosis and gradual 

decrease of systolic left ventricle ejection fraction (LVEF), eventually leading to dilated 

cardiomyopathy (DCMP) with heart failure. Proper and timely medical treatment of DCMP 

has been known to be crucial for survival in the DMD patients. Thus, accurate prediction 

and evaluation of cardiac function is important to proper treatment of DCMP in DMD 

patients. In DMD patients, respiratory function parameters are almost the only functional 

parameter that can be measured in advanced stage. Therefore, this study aims to 

determine if pulmonary function parameters can predict cardiac function in DMD patients. 

Materials and Methods 

Medical records of patients diagnosed with DMD admitted to the department of 

rehabilitation medicine were retrospectively collected, from January 1999 to March 2015. 

During admission, transthoracic echocardiogram (TTE) was performed to evaluate the 

cardiac function and various parameters of respiratory function, such as forced vital 

capacity (FVC) , maximum insufflation capacity (MIC), maximal inspiratory pressure (MIP), 

maximal expiratory pressure (MEP), and peak cough flow (PCF) were also evaluated. We 

excluded the patients whose TTE and respiratory function test were not available. For 

patients with multiple admissions in the period, the only data for the first hospitalization 

period were included in the analysis. Among 179 patients, 72 were excluded due to missing 

TTE results. 7 patients were excluded because of insufficient TTE data. As a result, data 

from 100 patients were qualified and finally analyzed. Pearson correlation and regression 

analysis were used to determine the degree of correlation. 



Results 

LVEF of the patients was 44.7 ± 16.2 %. And respiratory function parameters as follows; 

FVC 19.5 ± 14.6 %, MIC 1319 ± 511 mL, MIP 20.9 ± 17.9 %, MEP 13.3 ± 9.8 % and PCF 150 

± 58 L/min. On Pearson correlation study, various pulmonary function parameters (FVC, 

MIC, PCF, MIP and MEP) and LVEF showed no significant correlation on Pearson correlation 

(Table 1). And also, on simple linear regression analysis, respiratory function parameters 

(FVC, MIC, PCF, MIP and MEP) were not associated with LVEF (Table 2). 

Conclusion 

There was no statistically significant relationship between various pulmonary function 

parameters and LVEF. Therefore, heart failure in DMD, is only independent factor that has 

to be evaluated. 

Table 1. Pearson correlation between LVEF and pulmonary functions in DMD patients

Table 2. Association between LVEF and pulmonary functions (simple linear regression analysis)
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Emotional distress in patients with cardiovascular disease and the factors 

associated with it

Chang Bae Lee1*, Eun Jae Ko1†

Ulsan University Hospital, Department of Rehabilitation Medicine1

Introduction 

Emotional distress, symptoms of depression and anxiety, is common among patients after 

a cardiovascular disease (CVD) and is associated with an increased risk of cardiovascular 

morbidity. However, there is still lack of data in Korea. 

Objective 

The aim was to describe emotional distress in patients with CVD and to determine factors 

associated with it. 

Methods 

It was a retrospective study and 49 patients who were admitted to the hospital due to CVD 

from March to June 2019 were enrolled. Emotional distress of depression and anxiety were 

evaluated with Beck anxiety inventory (BDI) and Beck anxiety inventory (BAI) respectively, 

which were performed in a week since disease onset. Baseline characteristics including sex, 

age, type of CVD (myocardial infarction or angina), previous history and family history of 

CVD, hypertension, diabetes mellitus, dyslipidemia, body mass index (BMI), smoking, 

alcohol consumption, and Korean activity scale index (KASI) were collected. The 

relationship between the presence of emotional distress and the baseline characteristics 

were analyzed with Chi-square test or Mann-Whitney U test. The relationship between the 

degree of emotional distress assessed with raw score of BDI and BAI and the baseline 

characteristics were analyzed with Pearson’s correlation analysis. 

Results 

The baseline characteristics of the patients are shown in Table 1. Depression was found in 

18 (37.5%) patients, and anxiety was found in 24 (50.0%) patients. Presence of depression 

after the CVD showed correlation with presence of family history of CVD (p=0.022) and low 

KASI raw score (p=0.043). Presence of anxiety after the CVD showed correlation with high 

KASI class (p=0.044) (Table 2). When relationship between the degree of emotional distress 

assessed with raw scores of BDI and BAI and the baseline characteristics were analyzed, 

KASI raw score was negatively associated with BDI raw score (p=0.019) (Table 3). 



Conclusion 

Many patients with cardiovascular disease experience depression and anxiety in a week 

since disease onset. Family history of CVD was related with depression and decreased 

activity was related with depression and anxiety. Because persistent emotional distress is 

associated with increased mortality, follow up assessment of emotional distress and 

specific treatment are needed in this group. 

Table 1. Baseline demographic characteristics, and emotional distress in patients with cardiovascular 

diseases



Table 2. Relationship between the presence of depression and anxiety and the baseline characteristics

Table 3. The relationship between the degree of emotional distress and the baseline characteristics
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Sleep Disturbance in Community-Dwelling Patients Using Home Mechanical 

Ventilator

Myung Hoon Moon1*, Zee Won Seo1, So Jung Lee1, Young Mo Kim2, Soo-Yeon Kim1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University Hospital, Department of Rehabilitation Medicine2

Objective 

In patients with respiratory distress, the mechanical ventilator is a life-sustaining 

treatment. In recent years, home mechanical ventilators (HMVs) have been widely used in 

Korea and government support has been provided, allowing caregivers to take care of 

patients at home. Unfortunately, patients using HMV require more attention to prevent 

respiratory complication and to manage the machine than those who are not. Also, the use 

of HMV increases the discomforts of the patients, such as sleep disorders, anxiety and 

unsynchronized respiration with the machine. This study is designed to investigate the 

current state of HMV use of community-dwelling patients and their discomforts as sleep 

disturbance through questionnaires. 

Methods 

A total of 136 patients using HMV and their caregivers answered the questionnaire. The 

questionnaire was composed of 2 sections about the pattern of HMV use and sleep 

disturbance of the patient. Depending on the item, there were missing data due to non-

responders due to sensitive topics or special circumstances of the patients and family 

members. Items about sleep quality were analyzed the correlation between the patients 

using non-invasive ventilation (NIV) and those who using invasive ventilation via 

tracheostomy. 

Results 

Demographics and descriptive data are shown in Table 1. Patients were using HMV for an 

average of 16.73±8.76 hours a day. About two-thirds of subjects were ventilated via 

tracheostomy, and the others were using non-invasive ventilation with various types of 

interface. Only 11 (8.2%) patients answered that they experienced HMV-induce accidents 

less than once a month (Table 2). The average sleep time of the patients using non-invasive 

ventilation (NIV) and invasive ventilation were 7.41±2.85 and 7.45±1.94 hours, respectively, 

and showed no significant difference between 2 groups. All the subjects reported 

moderate to severe degree of sleep disturbance. The tracheostomy group complained 

more difficulty in initiating sleep than the NIV group (p=0.027). They also reported that 

sleep disturbance interferences their lives more severely than the other group (p=0.044). 



The subjects using invasive ventilation rated their psychologic problems and discomfort 

due to HMV use as a disturbing factor of sleep, compared with those who are using NIV 

(p=0.002 and 0.010, respectively). Detailed answers of the patients are listed in Table 3. 

Conclusion 

In this study, we found that the patients using HMV has a moderate to severe degree of 

sleep disturbance. They were more disturbed by difficulties in starting sleep and daily lives 

due to sleep disturbances than those who are using NIV. They also reported more 

psychologic problems and discomforts due to HMV use. 

Table 1. Demographics and analyzed data of the subjects



Table 2. State of home mechanical ventilator use

Table 3. Sleep quality and interferences in patients according to the type of ventilator use
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Psychological Issues in Lung Transplant Recipients

Sungchul Huh1*, Jihyang Kim2, Taehwa Kim3, Hye Ju Yeo3, Woo Hyun Cho3, Bong Soo Son4, 

Do Hyung Kim4, Hyun-Yoon Ko1,5†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Rehabilitation Hospital, Pusan National University Yangsan Hospital, Department of 

Rehabilitation Medicine2, Pusan National University Yangsan Hospital, Department of 

Pulmonary, Allergy and Critical Care Medicine3, Pusan National University Yangsan Hospital, 

Department of Thoracic and Cardiovascular Surgery4, Pusan National University School of 

Medicine, Department of Rehabilitation Medicine5

Introduction 

Candidates for lung transplantation experience severe fear, anxiety, depression, and stress 

because of their shortness of breath and uncertainty of being a recipient. The psychological 

state and quality of life (QOL) are important issues but understudied outcome after lung 

transplantation. The aim of this study is to investigate the mental health of the recipients 

before and after lung transplantation. 

Methods 

Between January and June 2019, data was collected from 27 (14 men, 13 women; mean 

age 56.19 years) lung transplant candidates and 19 (11 men, 8 women; mean age 58.79 

years) lung transplant recipients. Korean-Beck Depression Inventory-II (K-BDI-II), Korean-

Beck Anxiety Inventory (K-BAI), and Korean-Beck Hopelessness Scale (K-BHS) were 

assessed for psychological functioning and the Short Form-36 (SF-36) for general quality of 

life measure. Pre-transplantation group and the post-transplantation group were 

comparatively analyzed using the frequency analysis, t-tests, and ANOVA (SPSS Statics ver. 

21). 

Results 

There were no significant differences in age, education level, and sex ratio between pre-

transplantation and post-transplantation group. Most subjects reported depression 

(65.2%), anxiety (45.7%), and hopelessness (69.6%). Some were severely depressed (8.7%) 

and hopelessness (6.5%). There was a significant difference in K-BAI total score between 

the two groups. In the post-transplantation group, anxiety was lower than the pre-

transplantation group (p<0.05) and the mood was less depressive than the pre-

transplantation group (p<0.1). There were statistically significant differences in the 

subscales in SF-36 compared to the pre-transplantation group. The post-transplantation 



group showed a higher QOL in physical functioning (p<0.01), role limitation due to physical 

health (p<0.01), energy (p<0.001), emotional well-being (p<0.05), social functioning 

(p<0.05), pain (p<0.05), and general health (p<0.05). 

Conclusion 

Lung transplant recipients reported a highly satisfying quality of life in terms of physical 

function, energy, emotional well-being, and social functioning. They also reported a lower 

level of anxiety and depression than the pre-transplantation group. However, most of 

them are more depressed, more hopeless, and have a lower QOL state than the published 

normal population. In a hospital setting, psychosocial interventions with physical 

rehabilitation are expected to help adaptation after lung transplantation. 

Table 1. Demographic data of the subjects

Table 2. Mental Health



Table 3. Quality of Life
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Relationship between respiratory exchange ratio and respiratory function 

in pulmonary diseases

Gun Jae Lee1*, Jang Woo Lee1†, So Myoung Jeon1, Young Hwan Kim1, Seong-Woong Kang2,3, 

Justin Byun2,3

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1, Gangnam Severance Hospital, Department of Rehabilitation Medicine, 

Rehabilitation Institute of Neuromuscular Disease2, Gangnam Severance Hospital, 

Pulmonary Rehabilitation Center3

Objective 

Cardiopulmonary exercise test (CPET) is a gold standard to evaluate exercise capacity in 

patients with cardiopulmonary diseases. CPET provides oxygen consumption (VO2) 

representing the power of the aerobic energy system as the best indicator of aerobic 

fitness. Peak VO2 (VO2peak) is individual’s capacity to aerobically resynthesize ATP and 

important prognostic parameter in the patients as well as healthy population. However, 

VO2peak can be underestimated when patient’s effort is insufficient in the test. The 

respiratory exchange ratio (RER), calculated as expired carbon dioxide divided by inspired 

oxygen is measured via respiratory gas analyzer. In strenuous exercise, breathing increased 

to disproportionately high levels compared with the intrinsic metabolic demands to 

eliminate carbon dioxide produced during anaerobic metabolism generating lactate. RER 

is an objective indicator representing patient’s level of exhaustion. And it is considered 

sufficient effortful CPET when the RER reaches at or above 1.10. However, in patients with 

pulmonary disease, limitation of ventilation can prevent RER from reaching sufficient value. 

This study is to investigate relationship between RER and respiratory function in patients 

with pulmonary disease. 

Materials and Methods 

Symptom limited CPET was performed on patients with pulmonary disease. Patients were 

evaluated for respiratory function with the following parameters: forced vital capacity 

(FVC), forced expiratory volume (FEV1), FEV1 / FVC and maximum voluntary ventilation 

(MVV). FVC, FEV1 and MVV were converted to the proportion of normal predictive value. 

We analyzed the correlation between RER and respiratory function. Patients who have 

chest wall deformity or comorbid cardiac diseases, and could not complete symptom 

limited CPET due to early termination, resulting in submaximal test were excluded. And 

CPETs fulfilled by bicycle ergometer because of neurologic or musculoskeletal conditions 

of patients were also excluded from the analysis. 



Results 

Overall, 19 patients were enrolled for the analysis. Of these, 12 patients were diagnosed 

with obstructive lung disease (10 for COPD, 2 for asthma), and 7 patients underwent 

operation on lung cancer. The mean age of the patients was 66.2 (± 8.3) years, VO2peak 

was 19.0 (± 4.1) mL/min/kg, and RER was 0.89 (± 0.08). According to the Spearman 

correlation analysis, RER had no statistical relationship with proportion of normal 

predictive value of FVC (r = 0.142, P = 0.562), but had significant correlation with that of 

FEV1, FEV1/FVC, and MVV (r = 0.560, 0.627 and 0.539 respectively, P = 0.013, 0.004 and 

0.017 respectively). 

Conclusion 

In this study, RER was associated with parameters of respiratory function in CPET 

performed in patients with pulmonary diseases. There was no association with FVC but has 

correlation with FEV1, FEV1/FVC, and MVV. 



심폐재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-77

Is Cardiorespiratory Fitness Level maintained after Cardiac Rehabilitation?

Jin Hyuk Jang1*, Chul Kim2†

Inje University Sanggye Paik Hospital, Department of Rehabilitation Medicine1, Inje 

University Sanggye Paik Hospital, Department of Rehabilitation Medicine2

Introduction

The impact of cardiac rehabilitation (CR) to reduce mortality and morbidity has been 

evidenced through several meta-analyses and improving patients' cardiorespiratory fitness 

(CRF) is an important therapeutic effect of CR. However, CR program does not mean only 

attending exercise sessions for a while after discharge, but also maintaining regular 

physical activity in the community during the rest of life. Thus, it is important to keep track 

of the patients’ CRF level properly after discharge, but research in this area has been 

limited. The purpose of this research is to examine whether patients who participated in 

CR program after being hospitalized for acute coronary syndrome (ACS) are properly 

maintaining optimal level of CRF. 

Subjects and Methods

The subjects of this study were patients who received percutaneous coronary intervention 

(PCI) or coronary artery bypass graft (CABG) surgery at OO Hospital cardiovascular (CV) 

Center for ACS and participated in CR program and five years of follow-up evaluation. The 

patients were divided into hospital-based CR (HBCR) group which participated in ECG 

monitored exercise training in hospital setting, and community-based CR (CBCR) group 

which received only education about physical exercise and underwent self-exercise in the 

community. The subjects’ medical records and CPX (cardiopulmonary exercise) test results 

on the first CR visit were set as the baseline and the follow-up CPX test results during the 

following five years were observed by retrospective review of electronic medical records. 

Results

In the HBCR group (n=37), 29 (74%) patients participated in ECG monitored exercise in 

hospital for more than six weeks, and 3 (7.6%) patients dropped out early in two or less 

sessions. On average, HBCR group and CBCR group received 9.1 (1.8) and 10.0 (2.5) follow-

up of CPX tests, respectively, and there was no significant difference between the two 

groups (Table 1). In both groups, the VO2max and VO2AT increased during the first 6 weeks 

of follow up, were maintained at a steady-state for the first year but decreased after a year 

of follow up; however the extent of decrease was larger in the CBCR group (Figure 1, Table 

2). The rate pressure product and the rate of perceived exertion at stage 3 decreased only 



in HBCR group during the first 6 weeks of follow up and maintained at a steady-state for 

the first year but returned to almost baseline level afterward (Table 2). 

Conclusion

It is important that patients maintain proper CRF level continuously after CR, but in this 

study, the participants did not keep their CRF level adequately one year after CR, especially

those in CBCR group. This implies that it is difficult to make behavioral changes in short-

term CR program to keep constant physical exercise afterwards. According to the results, 

continuous support should be given to patients to maintain optimal CRF level after 

completing CR program. 

Table 1. Characteristics of patients in CBCR group and HBCR group 



Table 2. Comparison of Cardiopulmonary Exercise Test Results between Two Groups

Figure 1. Five years trend of VO2max, VO2AT, and METs. 

CBCR, community-based cardiac rehabilitation; HBCR, hospital-based cardiac rehabilitation; METs, metabolic 

equivalents of task; AT, anaerobic threshold.
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Cardiac Rehabilitation in Patients with Coronary Artery Disease in High-Risk 

Cardiac Patients 

Dahye Kong1*, Soo-Hyun Soh1, Hyunjun Kim1, Ji Hee Kim1†

Wonkwang University School of Medicine & Hospital, Department of Rehabilitation 

Medicine1

Background and Aim 

To compare the effect of cardiac rehabilitation (CR) program on cardiorespiratory fitness 

(CRF), hand grip strength, balance, degree of physical activity between high-risk cardiac 

patients and participants without high-risk criteria. 

Methods 

Of the patients undergoing percutaneous coronary interventions for coronary artery 

diseases who received hospital-based CR from 2017 to 2018, we retrospectively reviewed 

the medical records of the patients who continued follow-up through the outpatient clinic. 

A total of six high-risk cardiac patients were recruited as subjects of the experimental group. 

Another ten CR participants without any high-risk criteria were recruited as controls. Both 

groups underwent 8 weeks of CR exercise training. The primary outcome was CRF 

parameters examined by cardiorespiratory exercise test. The secondary outcome 

measures were the results of hand grip strength test, Timed Up and Go (TUG) test, and the 

Korean version of International Physical Activity Questionnaires- Short Form (IPAQ-SF). 

Outcome measures were assessed before and after completion of the CR program . 

Results

Exercise time (p=0.012), peak oxygen consumption (VO2peak) (p=0.019), peak minute 

ventilation (VEpeak) (p=0.015), anaerobic threshold (p=0.018), grip power (p=0.004), TUG 

result (p=0.006) improved significantly after CR in the experimental group. Exercise time 

(p=0.004), VO2peak (p=0.006), VEpeak (p=0.004), respiratory exchange ratio (RER, 

p=0.045), and anaerobic threshold (p<0.001), grip power (p=0.008), TUG result (p<0.001) 

also improved after the intervention in the subjects of the control group. IPAQ-SF result 

showed no significant improvement over time in both group (p=0.872, p=0.973, 

respectively). Significant time and group interaction effect was observed in the VO2peak 

between group (p=0.025). 

Conclusions



High-risk cardiac patients who completed a supervised CR program demonstrated 

significant improvements in CRF parameters, balance, hand grip strength. CR should be 

actively considered for high-risk cardiac patients.
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The Effect of Preoperative Rehabilitation on Postoperative Complication 

after Surgery: Pilot Study

Eun Jeong Lee1*, Dong Hwan Yun1†, Hee-Sang Kim1, Jong Ha Lee1, Seung Don Yoo1, Dong 

Hwan Kim1, Jinmann Chon1, Seung Ah Lee 1, Yun Soo Soh1, Yong Kim1, Young Rok Han1, 

Myung Chul Yoo1

College of Medicine, Kyung Hee University, Department of Rehabilitation Medicine1

Objective 

To examine the effect of preoperative rehabilitation on postoperative complication after 

surgery 

Method 

A retrospective cohort study was conducted. Preoperative rehabilitation include 

pulmonary rehabilitation (breathing re-training, secretion removal training, inspiratory 

muscle exercise, chest expansion exercise, accessory muscle exercise) and aerobic exercise 

(treadmill, bicycle ergometer, upper limb ergometer). From January to June 2019, forty-

five patients who underwent cancer surgery (colorectal cancer; 14 patients, breast cancer; 

8 pateints, thyroid cancer; 5 patients, gastric cancer; 1 patients and hepatic cancer; 1 

pateitns) and spine surgery with 16 patients, conducted preoperative rehabilitation. 

Control group included forty-five patients who underwent surgery but did not conduct 

preoperative rehabilitation, matched with factors of age, gender and diagnosis. Outcome 

were postoperative complications, whether they had been treated in the intensive care 

unit (ICU) and numeric rating sclae (NRS) at discharge in patients with spine surgery. In

subgroup analysis depend on diagnosis, outcome was length of hospital day after surgery. 

Comparisons between preoperative rehabilitation group and control group was conducted 

by Chi-squared test, Fisher’s exact test and Mann-whitney U test. 

Results 

Of 90 patients, 14 had postoperative complications (preoperative rehab group; 4 patients, 

no rehab group; 10 patients) and 17 patients had ICU treatment (preoperative rehab group; 

8 patients, no rehab group; 9 patients). No rehab group reported more postoperative 

complications and ICU treatment than preoperative rehab group, but it was not statistically 

significant (P = .14, P = .78, respectively). Length of stay in ICU was not significantly 

different between preoperative rehab group and no rehab group (2.87 ± 1.35 days, 2.55 

± .72 days, respectively). NRS at discharge in patients with spine surgery was not 

significantly different between preoperative rehab group and no rehab group (1.33 ± 



1.65, .93 ± 1.38, respectively). In subgroup analysis, length of stay after surgery were not 

significantly different between preoperative rehab group and no rehab group in colorectal 

cancer, breast cancer, thyroid cancer and spine surgery (P = .11, P = .83, P = .22, P = .08, 

respectively). 

Conclusion 

Preoperative rehabilitation group reported less postoperative complications and received 

less ICU treatment than no rehab group, but it was not significantly statistical. Because of 

the limited number of patients, further research is needed. 
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Isolated Suprainguinal Deep Vein Thrombosis in Gynecologic Cancer 

Patients

Won Jun Kim1*, Ja Young Kim1, Dae Hwan Park1, Jae Yong Jeon1†

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

OBJECTIVE 

Lower extremity (LEx) edema is a common complication in gynecologic cancer patients. 

There are two main cause of edema in these patients, lymphedema and deep vein 

thrombosis (DVT). Early diagnosis and treatment of DVT are certainly important, but it is 

often difficult to evaluate proximal DVT by using ultrasound. The aim of this study is to 

recognize the prevalence of proximal DVT and to investigate factors to predict deep vein 

thrombosis in gynecologic cancer patients. 

METHODS 

This study was designed as a retrospective study. We collected information from medical 

chart review. We screened 633 gynecologic cancer patients who referred to the 

department of rehabilitation medicine for lower extremity edema from January 2007 to 

December 2018. Among them, 426 patients who evaluated CTA or CTV LEx were recruited. 

We evaluated the following: type of malignancy, level of d-dimer, body mass index, 

regional lymph node involvement, distal organ metastasis, duration of malignancy, 

comorbidities, history of chemotherapy, radiation therapy, surgery, a difference of 

circumference at above suprapatella 10cm and below infrapatella 10cm between both 

extremities. We analyzed each factor that correlated with the frequency of DVT. In DVT 

patients, the location of thrombosis was evaluated, too. 

RESULTS 

Sixty-one patients were diagnosed with deep vein thrombosis and 365 patients were not. 

The clinical characteristics of the patients were listed in Table 1. Figure 1 indicated that the 

location of DVT in DVT groups. Five patients have thrombosis in IVC, 33 patients have 

thrombosis in an iliac vein (common iliac and external iliac vein), 30 patients have 

thrombosis in the femoral vein, 20 patients have thrombosis in the popliteal vein, and 27 

patients have thrombosis in the calf, peroneal or muscular vein. Twenty-eight patients 

have thrombosis in only proximal vein such as IVC and iliac vein. In these patients, 

Incidence of pulmonary embolism was significantly higher (p=0.03). Relationships between 

each factor and DVT were shown in Table 2. There was no correlation with the type of 



treatment such as radiotherapy, and surgery, comorbidities, above 10cm and below 10cm 

circumference. However, DVT group showed higher proportion patients with metastasis 

to a distal organ (52.5% vs 33.8%, p<0.00) and regional lymph node metastasis (55.0% vs 

25.3%, p<0.00) than the non-DVT group. 

CONCLUSION 

In our study, many of gynecologic cancer patients have proximal DVT, and the proportion 

of diagnosed with pulmonary embolism is higher in proximal DVT patients. In addition, 

regional lymph node metastasis, distal organ metastasis, and higher d-dimer are associated 

with the incidence of deep vein thrombosis. In high-risk gynecologic cancer patients, CTA 

or CTV LEx is a useful tool for diagnosing DVT.

Fig 1. Location of thrombosis in DVT group



Table 1. Characteristics of subjects

Table 2. Relating factors for DVT 
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Two Different Ways of Extracorporeal Shock Wave Therapy in a Rat Model 

of Secondary Lymphedema

Hee Kyung Cho1*†, Gi-Young Park1, Woo Jung Sung2, Youn Ju Lee3

Catholic University of Daegu School of Medicine, Department of Physical Medicine and 

Rehabilitation1, Catholic University of Daegu School of Medicine, Department of 
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Background

Lymphedema is a clinically incurable disease that occurs commonly after lymph node 

dissection and/or radiation. Several studies have recently demonstrated that low-energy 

extracorporeal shock wave therapy (ESWT) could promote vascular endothelial growth 

factor (VEGF) and lymphangiogenesis. Although low-energy ESWT is suggested to be 

therapeutic strategy for lymphedema, its effective methodologic approach is unclear. We 

thus studied the effectiveness of two different ESWT methods on lymph node dissection 

induced secondary lymphedema. 

Methods

A rat forelimb model of lymphedema was created by right axillary lymph node dissection. 

Ten days after surgery, 17 Sprague-Dawley rats were randomly divided into 3 groups; a 

group that received 500 shots of ESWT only in lymphedematous forelimb (Forelimb/ESWT, 

n = 5), a group that received 300 shots of ESWT in axilla area as well as 200 shots of ESWT 

in lymphedematous forelimb (Axilla+Forelimb/ESWT; n = 5), and a lymphedematous limb 

group (control, n = 7). Low-energy shock waves (0.05 mj/mm2) were applied three times 

per week for four weeks. Circumferences of wrist and 2.5 cm above wrist were measured 

3 days, 7 days, and 10 days after surgery and every 1 week during ESWT application, and 

14 days after the last ESWT application. Immunohistochemical staining of pan-endothelial 

marker (CD31) and lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1) and 

western blot analysis of VEGF-C and VEGF receptor 3 (VEGFR3) were performed at 14 days 

after the last ESWT application. 

Results

Circumferences of wrist and 2.5 cm above wrist were decreased at both Forelimb/ESWT 

and Axilla+Forelimb/ESWT groups compared to control group (Fig. 1). 

Immunohistochemistry of the rat forelimbs showed that mean (±SD) CD31-positive vessels 

was 5.7(±0.61) in Axilla+Forelimb/ESWT group, 4.6 (±0.91) in Forelimb/ESWT group, and 

4.02(±1.06) in opposite forelimbs that were not induced edema. Mean (±SD) LYVE-1-



positive vessels showed 9.77(±2.02) in Axilla+Forelimb/ESWT group, 9.52(±0.87) in 

Forelimb/ESWT group, and 8.86(±0.88) in opposite forelimbs that were not induced edema 

(Fig. 2). Western blot analysis showed that the expression of VEGF-C was 2.83-fold in 

Axilla+Forelimb/ESWT group, 1.87-fold in Forelimb/ESWT group, and 1.67-fold in in 

opposite forelimbs that were not induced edema. The expression of VEGFR3 was 2.49-fold 

in Axilla+Forelimb/ESWT group, 1.53-fold in Forelimb/ESWT group, and 1.27-fold in 

opposite forelimbs that were not induced edema (Fig. 3). 

Conclusion

Our preliminary study suggested that angiogenesis and lymphangiogenesis could be 

differently induced according to the ways of ESWT application on lymphedema. Further 

complementary studies involving larger case numbers are warranted to corroborate these 

findings. 

Acknowledgment :This work was supported by the grant of Research Institute of Medical 

Science, Catholic University of Daegu(2018) 

Figure 1. The circumferences of wrist (A) and 2.5 cm above wrist (B) were measured in each group.



Figure 2. Immunohistochemical analysis of CD31 and LYVE-1 markers in the rat forelimb on 14 days after the 

last ESWT application. (A) Microscopic immunohistochemistry using anti-CD 31 and LYVE-1 antibodies in 

ESWT only in lymphedematous forelimb group (Forelimb/ESWT), ESWT in axilla area as well as 

lymphedematous forelimb group (Axilla+Forelimb/ESWT), and opposite forelimbs that were not induced 

edema (naïve). The vessels are seen as brown (arrows). (B) Quantification of CD31-positive vessels and LYVE-

1-positive vessels in each group. Vessel density measurements were counted the number of CD31-positive 

and LYVE-1-positive vessels in consecutive 10 high-power fields (hpf) (x400 magnification). 

Figure 3. Western blot analysis of VEGF-C and VEGFR3 proteins in the rat forelimb on 14 days after the last 

ESWT application. (A) Western blot showing VEGF-C and VEGFR3 in lymphedematous forelimb group 

(Forelimb/ESWT), ESWT in axilla area as well as lymphedematous forelimb group (Axilla+Forelimb), and 

opposite forelimbs that were not induced edema (naïve). (B) Relative expression of each protein across the 

different groups. 
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Bioelectrical Impedance Analysis of Mild to Moderate Degree Breast Cancer-

Related Lymphedema

Ji-Ho Park1,1*, Woo-Jin Kim1,1†, Hwan-Kwon Do1,1

Inje University Haeundae Paik Hospital, Department of Rehabilitation Medicine1

Background and aims 

Bioelectrical Impedance Analysis(BIA) is recently been adopted to calculate volume of 

Breast Cancer Related-Lymphedema(BCRL). Bioelectrical impedance Phase Angle(PhA) can 

be an indicator of cellular integrity in terms of cellularity, cell membrane integrity and cell 

function. The purpose of this study is to investigate the clinical feasibility of segmental 

Multi Frequency BIA(s-MFBIA) for lymphedema severity assessment compared with Tape 

circumference Volume Measurement(TVM), as well as to evaluate the association 

between lymphedema severity and cellular integrity of the affected arm by segmental PhA 

values in subjects with mild to moderate BCRL, especially in Asian population with a small 

volume difference. 

Methods 

InBody S10®, a s-MFBIA device was used to measure the segmental PhA and ECW/TBW 

ratio of bilateral arms in 128 BCRL patients. Inter-limb volume ratio was measured using 

TVM. The inter-limb ECW/TBW ratio by s-MFBIA was correlated with inter-limb volume 

ratio by TVM using Pearson’s correlation analysis. Inter-limb ECW/TBW ratio and inter-limb 

volume ratio were correlated with inter-limb PhA ratio to demonstrate association 

between lymphedema severity and arm cellular integrity. <br> <br>Results <br>The inter-

limb ECW/TBW ratio and inter-limb volume ratio were positively correlated(r=0.654, 

p<0.001) and the same result was obtained when age, BMI, duration of after surgery and 

duration of lymphedema were adjusted(r=0.636, 0.653, 0.652 and 0.648, p<0.001). The 

inter-limb PhA ratio demonstrated significant negative correlations with inter-limb 

ECW/TBW ratio and inter-limb volume ratio(r=-0.896, -0.562, p<0.001). 

Conclusions 

In mild to moderate degree BCRL in smaller built Asian patients, the s-MFBIA seems to be 

clinically feasible with high consistency with the conventional TVM method. Use of s-

MFBIA for assessment and monitoring of lymphedema severity, and its relation to cellular 

integrity by segmental PhA enables better understanding of the cellular state of the 

affected-limb in mild to moderate degree BCRL. 



Figure 1. Correlations between the inter-limb ECW/TBW ratio, PhA ratio and volume ratio 

Table 1. Values of Bioelectrical impedance analysis and Tape circumferential volume measurement 
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Changes in muscle mass and grip strength after breast cancer surgery

Seongwook Son1,1*, Chung Reen Kim1,1†

Ulsan University Hospital, Department of Rehabilitation Medicine1

Recently interest in sarcopenia has increased in cancer survivors as well as that in cachexia 

of terminal cancer patients. Sarcopenia did not simply mean a decrease in muscle mass, 

but has recently been considered to impair muscle strength and physical function. Muscle 

strength is usually assessed by the hand grip strength (HGS), and skeletal muscle mass is 

measured using dual energy X-ray absorptiometry and bioimpedance. Previous studies 

have reported that muscle strength and muscle mass in breast cancer survivors are 

associated with quality of life. However, since there were few related studies, the purpose 

of this study was to evaluate the muscle strength and hand grip strength of patients with 

breast cancer survivors by periodic evaluation 

The subjects were breast cancer survivors referred to the Department of Physical Medicine 

and Rehabilitation after surgery. Patients with metastatic terminal cancer or bilateral 

breast cancer surgery were excluded. Muscle strength was measured by HGS, and skeletal 

muscle mass was measured using bioimpedance. Before chemotherapy, and at 3 and 6 

months after chemotherapy, tests were performed and the significance of change was 

analyzed using the Friedman test. 

At the baseline evaluation, the age of the patient was 53.8±10.9 years old, height 

157.3±4.4cm, body weight 57.6±6.2kg and BMI 23.3±2.5 kg/cm2. The muscle mass was 

19.7±1.2 kg and the skeletal muscle index was 8.0±0.5kg/cm2. HGS was 22.7±3.0kg in the 

operated side and 21.0±2.6kg in the non-operated side. Muscle mass was improved until 

3 months of follow-up and remained similar thereafter. Meanwhile, until 3 months follow-

up, there was a significant change of HGS in both operated and non-operated side. 

However, HGS of both sides decreased after 3 months follow-up. 

In conclusion, muscle mass was recovered for the first 3 months after surgery, but it 

remained with continued chemotherapy and radiotherapy. Although muscle strength also 

recovered early in the postoperative period, it was not maintained as long as the cancer 

treatment was continued. From this study, we could understand the changes of patient's 

physical status by periodic muscle mass and muscle strength measurements. And, in order 

to continuously improve the muscle mass and strength, proper exercise and nutrition 

support should be necessary according to treatment phase. 
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Determinants associated with participation in physical activity among 

patients with prostate cancer

Sehee Kim1*, Kyung Eun Nam1, Yongjun Jang1, Jong-in Lee1†

Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 

Korea, Department of Rehabilitation Medicine1

Introduction

Prostate cancer has the highest relative survival rate over 5 years after surgery compared 

with other cancers. In many studies, exercise has been studied as an effective intervention 

for reducing side effects of cancer treatment and improving quality of life. In spite of 

physical activity(PA) recommendations for cancer survivors and proven evidence of the 

benefits of exercises, recent studies suggest that the majority of cancer patients, including 

prostate cancer survivors, are failing to meet guidelines. Understanding the factors that 

affect participation in PA is essential to enhance health promotion strategies. 

Objective

We investigate the determinants affecting PA of prostate cancer patients. General 

demographics, socioeconomic status and physical measurement, including weight, body 

mass index (BMI), and grip strength of patients were collected. The degree of PA measured 

by International physical activity questionnaire (IPAQ) in patients diagnosed with prostate 

cancer was also obtained. 

Method

A total of 90 patients were enrolled. Patient enrollment was conducted from August 2015 

to January 2016. The inclusion criteria were (1) 50 years of age or older, (2) histologically 

confirmed prostate adenocarcinoma, and (3) treatment with radical prostatectomy, 

radiation therapy, or ADT. Muscle mass was measured using a direct segmental 

multifrequency bioelectrical impedance analysis system. 2-minute walking test performed 

and handgrip strength was assessed using a hand-held dynamometer. Patients were 

divided into 2 groups based on the physical activities measuring by IPAQ, one group was 

defined as 'inactive or minimally active ' and the other group was defined as 'health 

enhancing physical activity(HEPA) active' groups. To find determinants associated with PA, 

PA measured by IPAQ was defined as dependent variable, and other clinical characteristics 

including general demographics, physical status, socioeconomic status, social history and 

difficulty of voiding or defecation were entered into a multivariate logistic regression 

model. 



Results

The mean age of 90 patients was 69.44 ± 7.26 years and mean body mass index was 24.35 

± 2.54 (Table 1). 59 patients were classified as 'inactive or minimally active’ group and the 

remaining 31 were classified as 'HEPA active' groups. In this study, we elucidate that 

urinary difficulty associated with lower physical activity (Table 2).

Discussion

PA has been shown to be related to quality of life and lower fatigue symptom in cancer 

patients. Knowing the factors that determine PA will allow physicians to encourage more 

exercise for patients who are expected to have less physical activity. Urinary difficulty is 

adversely affecting physical activity, so it is necessary to try to improve these complications. 

In addition, evaluation of the urinary difficulty at the initial assessment may help to predict 

the baseline physical activity of the patient and may be useful for exercise prescription. 

table1. general demographics.



table2. Determinants associated with participation in physical activity among patients with prostate cancer.
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Does breast cancer surgery affect spine alignment ?

Kyung Eun Nam1*, Inah Kim1, Yongjun Jang1, Jong In Lee1†

Seoul St. Mary`s Hospital, The Catholic University of Korea College of Medicine, Seoul, 

Korea., Department of Rehabilitation Medicine1

Introduction

Breast cancer is the second most common cancer in Korean women. The patients with 

breast cancer are in a risk condition of scoliosis due to a combination of asymmetrical body 

mass distribution by surgical procedure and increased risk of osteoporosis by systemic 

therapies such as chemotherapy or hormone therapy. For that reason, we have to 

attention to the association between breast cancer treatments and scoliosis. A few 

research has been carried out regarding the effect of breast cancer surgery on the postural 

changes using DEXA scan, chest radiographs or photogrammetry. We conducted this study 

to determine the impact of breast cancer surgery on scoliosis with whole spine 

anteroposterior standing radiographic assessment to look at the alignment of the entire 

spine. 

Methods 

This retrospective study was carried out from April 2014 to June 2019. Inclusion criteria 

are as follows: 1) patients who diagnosed with breast cancer and treated with 

mastectomy(MA) with or without immediate breast reconstruction(IBR)); 2) patients who 

underwent whole spine anteroposterior standing radiography within 60days after breast 

cancer surgery and repeated radiography at least 300days later. Exclusion criteria were 1) 

bilateral breast cancer operation; 2) spine operation in the past; 3) previous chemotherapy, 

hormone or radiation treatment for other cancer; 4) bone metastasis; 5) recurrent breast 

cancer; 6) delayed breast reconstruction surgery. The curvature of the spine was measured 

by using the Cobb method. 

Result 

Total 91 women met the criteria .The demographic characteristics in the two groups are 

shown in table 1. We found no significant differences between groups with the exception 

of age. Women in MA with IBR group were younger than those in MA without IBR group 

(p=0.002). The mean interval of X-ray follow up was 711 days and difference in Cobb angle 

was 1.41 ± 1.34. We did not observe a significant time × group interaction effect in Cobb 

angle after adjusting for age. At initial assessment, 10 out of our 91 women (10.98%) 

showed scoliosis. 3 more women had scoliosis during the follow-up and scoliosis was 



present in total 13 out of 91 women, at a prevalence rate of 14.28%. 3 women who had 

scoliosis during the follow-up were in MA with IBR group and mean change in cobb angle 

was 3.7 degree. 

Conclusion 

Our findings suggest that breast cancer surgery did not affect scoliosis in breast cancer 

survivors. Mean interval of follow up in our study was about 2 years and further 

investigation is necessary to confirm the more long-term effect. 

Table1. Demographic characteristics (n=91)
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Factors related to hand grip strength of breast cancer survivors

Seongwook Son1,1*, Chung Reen Kim1,1†

Ulsan University Hospital, Department of Rehabilitation Medicine1

Hand grip strength (HGS) has been widely used, because it could be easily evaluated as an 

indicator of overall physical strength. There were reports of HGS and prognosis in various 

cancer survivors, and the relationship between HGS and fatigue in breast cancer survivors 

has also been reported. In general population, HGS was known to decrease with age and 

have is inversely related to height, weight, body mass index, and muscle mass. In this study, 

we tried to analyze factors related to HGS in breast cancer survivors. 

Ten subjects with stage I-III breast cancer who underwent breast surgery and adjuvant 

chemotherapy were included in this study. As a baseline evaluation, data related to patient 

physical status, social status, breast cancer and treatment were collected. Also HGS was 

measured before chemotherapy. Then, at 3 and 6 months after baseline workup, 

reassessment of HGS and physical status was performed. Nonparametric and linear 

regression analysis were used for statistical analysis. 

The results of the study showed that HGS of the surgical side at baseline was lower at older 

age (r=-0.709), but higher at higher body weight (r=0.647) and muscle mass (r=0.732). The 

HGS of the non-surgical side at baseline was not significantly correlated with any factor. 

However, at 6 months after baseline, HGS of surgical side was significantly associated with 

baseline HGS of surgical side (r=0.749), HGS of both hands at 3 months (r=0.906, surgical 

side and r=0894, non-surgical side) and HGS of non-surgical side at 6 months (r=0.870). In 

the case of the unoperated side, HGS was related to the HGS of surgical side at 6 months 

(r=0.870) and non-surgical side at 3 months (r=0.808). 

In conclusion, in the early postoperative period, HGS was associated with factors already 

known to be related to HGS, but it was found that the association with these factors was 

weakened during chemotherapy. Rather, high HGS itself was associated with sustained 

strong HGS. Therefore, it is necessary to maintain the high muscle strength by continuing 

the strengthening exercise during the chemotherapy in breast cancer survivors. 
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Correlation with cognitive function, cardiorespiratory fitness, and 

chemotherapy in breast cancer

Geon Sang Lee1*, Ji Hee Kim1†

Wonkwang University, School of Medicine, Department of Rehabilitation Medicine1

Objective

To investigate the effect of chemotherapy on cognitive function, cardiorespiratory fitness 

and physical activity in breast cancer patient. 

Method

This study was designed as a retrospective study. A total of 25 participants who 

experienced breast cancer were recruited from June 2017. Patients treated with 

chemotherapy are chemotherapy group (n=16), and patients who did not receive 

chemotherapy are non-chemotherapy group (n=10). All outcomes were measured after 

surgery (T0, baseline) and immediately after the anti-cancer therapy (T1). Age, types of 

breast cancer surgery, history of chemotherapy and radiotherapy, Korean version of the 

Mini-Mental State Exam (K-MMSE), the Korean version of Montreal cognitive assessment 

(MOCA-K), Computerized Neuro-cognitive Function Test (CNT), International Physical 

Activity Questionnaire (IPAQ), cardiopulmonary exercise test using modified Bruce 

protocol, Beck depression inventory (BDI) were collected as demographic data. 

Result

Among the chemotherapy group, the mean age was 57.6 ± 10.5, and 51.0 ± 4.9 in the non-

chemotherapy group. K-MMSE, BDI scores did not showed significant differences between 

two groups (Table 1). No significant differences were found between two groups in the 

cognitive function outcomes at T0. There was also no significant change in cognitive 

function outcomes between T0 and T1 in both groups when compared within each group. 

In IPAQ, there was no significant difference between the two groups, but the ratio of 

Category 2 at T1 was increased in both groups (Table 2). Similarly, there was no significant 

difference between the two groups in the cardiorespiratory fitness parameters at T0 (Table 

3). 

Conclusion

Chemotherapy did not significantly affect cognitive function, cardiorespiratory fitness, and 

physical activity at the time immediately after chemotherapy in breast cancer patients. 



However, further evaluation of the effect of chemotherapy on these parameters over time 

will be needed in future through a long-term follow up evaluation. 

table 1. Baseline characteristics of subjects 



Table 2. Comparison of cognitive function, physical activity between two groups at baseline, post anti-cancer 

therapy



Table 3. Comparison of cardiorespiratory fitness between the two groups at baseline, post anti-cancer 

therapy



암재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-88

Prognosis of BCRL after ALND and RT with good lymphoscintigraphic finding.

Ah Ran Kim1†, Ji Young Lim1, Yoon Kim1, Ji Hye Hwang 1

Samsung Medical Center, Department of Physical & Rehabilitation Medicine1

OBJECTIVE

The aim of this retrospective observational study is to investigate the prognosis of breast 

cancer-related lymphedema (BCRL) after axillary lymph nodes dissection (ALND) and 

radiation therapy (RT) with good lymphoscintigraphic finding. 

SUBJECTS AND METHOD

The affected limbs of patients with BCRL after breast cancer treatment were measured 

initially and every 6 months with infrared optoelectronic volumetry. Among patients with 

BCRL, 37 patients with good lymphoscintigraphic finding with follow-up period of 1.5 years 

were recruited. The patients were divided into 4 groups based on the degree of initial 

lymphatic edema, and the serial volume changes were observed. 

RESULTS

Patients with good Patients with good lymphoscintigraphic finding were reviewed for their 

past therapeutic history. All patients underwent resection of more than 6 axillary lymph 

nodes by surgery. 43.2% had RT only in breast area, compared to 56.8% with extended RT 

field of breast, sternoclaviculomastoid, and neck area. The patients were divided in 4 

groups according to the initial degree of lymphatic edema (volumetry,%). The result was 

as follows: <5%: 29.7%, 5-10%: 51.4%, 10% -20%:18.9%. These patients received proper 

lymphedema therapy and were followed up for at least 1.5 years. In their serial volume 

change, 64.9% maintained or improved the degree of lymphedema, while 35.1% showed 

worsened results. 

CONCLUSION

In conclusion, patients with BCRL and good lymphoscintigraphic finding are less likely to 

have severe lymphatic edema in spite of increased dissection of lymph nodes and large RT 

field. Mild initial lymphedema patients tend to present maintenance or improvement after 

1.5 years of follow-up. 



Table 1. The characteristics of patients after ALND and RT with good lymphoscintigraphic finding.

Table 2. The characteristics of lymphedema 

Fig 1. The serial volume changes 
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Outcome measure with bioimpedance spectroscopy in lymphedema 

treatment

Kye Hee Cho3†, Eun Young Han2†, Ji Cheol Shin1, Min Cheol Ha1, Yu Sang Jung1, Seok Young 

Chung4, Sang Hee IM1*

Severance Hospital, Yonsei University College of Medicine, Department and Research 

Institute of Rehabilitation Medicine1, Jeju National University School of Medicine, 

Department of Rehabilitation Medicine2, CHA Gumi Medical Center, CHA University, 

Department of Rehabilitation Medicine3, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Department of 

Rehabilitation Medicine4

Introduction 

We aim to analyze the correlation between inter-limb ratio (ILR) of circumference, volume 

and bioelectrical impedance in lymphedema patients and to reveal the usability of 

bioelectrical impedance analysis (BIA) in the evaluation of lymphedema, especially as an 

outcome measure of treatment. 

Method 

This is a prospective study of 54 patients with cancer treatment related lymphedema (CTRL) 

who were admitted to a secondary university hospital for a short-term treatment. Among 

them, only patients who had agreed to participate in the study and have completed the 

complex decongestive therapy were included. Lymphedema was evaluated with BIA and 

circumference measure at admission and before discharge. The volume of limb was 

calculated from circumference measures using the formula for a truncated cone. The ILRs 

of circumference, volume and bioimpedance on the affected and unaffected limb were 

calculated. The initial and follow-up results of circumference, volume, bioimpedance and 

ILRs for each parameter were compared. The correlations between initial and follow-up 

ILRs, and changes of each ILR were analyzed. 

Result

Total 29 CTRL patients were included in this analysis. Follow-up results of circumference, 

volume, bioimpedance and ILRs of each parameter showed significant improvement (Table 

1, p<0.05). The absolute values and change of ILR were the highest using BIA. Initial and 

follow-up ILRs of each parameter showed significant correlations (Table 2). 

Conclusions 



As initial and follow-up ILRs of bioimpedance correlates with respective circumference and 

volume, and the absolute values and change of ILR was the highest in bioimpedance results, 

BIA can be used as a useful tool for outcome measure of lymphedema treatment. 

Table 1. Change of evaluation parameters after complex decongestive therapy

Table 2. Correlation between initial and follow up inter-limb ratio of circumference, volume and 

bioimpedance
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Characteristics of treatment-related lower limb lymphedema in patients 

with melanoma 

Yoon Kim1*, Ji Young Lim2, Seung Mi Yeo1, Jung Han Kim3, Ji Hye Hwang1†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of 

Physical and Rehabilitation Medicine1, Center for Clinical Medicine, Samsung Medical 

Center, Samsung Biomedical Research Institute2, Samsung Medical Center, Sungkyunkwan 

University School of Medicine, Department of Surgery3

INTRODUCTION

The aim of this retrospective study was to investigate the characteristics of treatment-

related lower limb lymphedema in melanoma patients by observation of serial volume 

difference measured with infrared optoelectronic volumetry. 

METHODS

Medical records of melanoma patients who had diagnosed of unilateral leg lymphedema 

after surgery with wide local excision and unilateral inguinal lymph node biopsy or 

dissection were retrospectively reviewed. Limb lymphedema was diagnosed by 

characteristic physical findings and clinical history. The volume of bilateral lower limb was 

measured with infrared optoelectronic volumetry and inter-limb difference in volume was 

calculated by subtracting the volume of unaffected limb from the volume of affected limb. 

RESULTS

Total of 20 patients presented with clinical treatment-related lower limb lymphedema 

after surgery for melanoma. 14 patients (70%) had initial regional lymphedema at proximal 

thigh. Among them, 9 patients showed over 5% increased inter-limb difference regionally 

in proximal lower limb without distal edema (Ps-group) and 5 patients had regional 

proximal lymphedema below 5% difference (Pm-group). Rest of the patients showed initial 

whole lower limb lymphedema (W-group), with over 5% increased inter-limb difference in 

whole lower limb. The mean lymphedema onset time after surgery was 1.61 month. The 

mean number of dissected lymph node was 12.44 (PS), 11.2 (Pm), and 18.33 (W). All 

patients were educated to perform self manual lymphatic drainage, stretching exercise, 

and received proper compression stockings. All patients of W-group received CDPT, 

compared to 44.4% of Ps-group and 20% of Pm-group. 50% of W-group performed 

bandaging, while 22.2% and 20% of Ps- and Pm-group, respectively, applied compression 

bandage. After 1month, the mean total volume decline was greatest in Ps-group (67%) 

followed by W-group (57.37%), while total volume was increased in Pm-group (232.88%). 



In serial difference of total volume between limbs, Ps-group showed gradual decline during 

the initial 6 month, while Pm-group presented increased value after 1 month follow-up, 

which was later decreased at 6 month follow-up. W-group showed reversed pattern 

compared to Pm-group. In Ps- and Pm-group, the patterns of serial difference of proximal 

volume between limbs were similar to the pattern of serial difference of total volume 

between limbs, indicating greater decline of proximal volume difference than distal area. 

The W-group presented sequential decrease in inter-limb volume difference of distal limbs, 

while volume difference of proximal limbs decreased at 1 month follow up and increased 

at 6 month follow up. 

CONCLUSION

In patients with melanoma, treatment-related lower limb lymphedema may appear 1-2 

month after surgery. Most patients with lymphedema are likely to have proximal dominant 

edema, and severe proximal lower limb lymphedema may show stiff decline of volume 

difference 1month of lymphedema treatment. 

Fig. 1 Inter-limb difference of total lower limb



Fig. 2 Inter-limb difference of proximal lower limb

Fig. 3 Inter-limb difference of distal lower limb
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Pain Mediators Can Affect Regeneration Potency of Tendon Derived Stem 

Cell in Tendinopathy

Yong Taek Lee1†, Sun Up Noh1*, Kyung Jae Yoon1, Jong Geol Do1, Jin-Tae Hwang1, Jae 

Hyeong Choi1

Kangbuk Samsung Medical Center, Department of Rehabilitation Medicine1

Introduction 

Histologically, tendinopathic tissue shows a failed healing status characterized by tissue 

metaplasia including chondrocyte phenotypes, fatty infiltration, and bony deposits. 

Tendon-derived stem cells (TDSCs) in tendons are responsible for tenogenesis and tendon 

healing. Nontenogenic differentiation of TDSCs have been suggested as pathogenesis of 

tendinopathy. Therefore, regulatory factors for either tenogenic or nontenogenic 

differentiation of TDSC could be targets for the treatment of tendinopathy. Pain mediators, 

such as substance P and macrophage migration inhibitory factor (MIF), have been 

increasingly discussed as an important factor in the pathogenesis of tendinopathy. The 

purpose of this study was to evaluate whether the pain mediator associated with pain 

signal pathway affects tenogenic differentiation of TDSC.

Methods and Materials 

For in vivo study, we established tendinopathy rat model with supraspinatus overloading 

exercise. The supraspinatus tendon tissues were harvested and prepared for real-time 

reverse transcription polymerase chain reaction (RT-PCR). For the isolation of TDSC, we 

stripped off the tendon sheath of SD rats and cut tendon tissues into small pieces and 

digested with collagenase and single-cell suspensions were cultured in DMEM, 

supplemented with FBS and antibiotics. For in vitro study, Isolated TDSC were treated with 

recombinant Substance P and recombinant MIF, and small interference RNA (siRNA) 

transfected MIF for knockdown of MIF, and prepared for real-time RT-PCR. 

Results 

For in vivo study, as compared to sham rats, tenogenesis related genes, such as SCX, Egr1, 

Tnmd (tenomodulin) and collagen type 1, and pain mediators in pain signal pathway, such 

as MIF and TRPV1, and proinflammatory cytokine, TNF-a was up-regulated in tendinopathy 

rats. On the other hand, there was no differences of chondrogenesis related genes, such 

as BMP2, aggrecan and Sox9, between the two groups. (Fig.1) For in vitro study, compared 

with control TDSC, Substance-P treated TDSC culture mediums showed down-regulated 

expression of tenogenic genes (SCX, Egr1, Tnmd and collagen type 1), and up-regulated 



expression of pain mediators (MIF and CGRP). In terms of chondrogenic genes, the 

expression of BMP2 and aggrecan was similar between Substance P treated TDSC media 

and control except Sox9 (up-regulated in Substance-P treated TDSC). In addition, 

recombinant MIF treated TDSC culture mediums showed increased CGRP and 

chondrogenic genes expression (BMP2, aggrecan and Sox9) whereas tenogenic genes (SCX, 

Egr1, Tnmd and collagen type 1) were decreased, compared with control TDSC. Intriguingly, 

siRNA-transfected knockdown of MIF in TDSC showed findings in reverse as with 

recombinant MIF. (Fig. 2) 

Conclusion 

Our results suggest that pain mediator (Substance-P and MIF) is associated with 

pathogenesis of tendinopathy via suppression of tenogenic differentiation of TDSC, rather 

than aberrant nontenogenic differentiation of TDSC. 

Fig.1

Fig.2
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Ultrasound Microflow imaging for Diagnosis of Adhesive Capsulitis of the 

Shoulder

Yoon-Hee Choi1*†, Dong Hyun Kim2

Soonchunhyang University Seoul Hospital, Department of Physical Medicine and 

Rehabilitation1, SMG-SNU Boramae Medical Center, Department of Radiology2

Background 

Ultrasonography has higher resolution than standard MRI and other imaging studies and 

can perform a real-time dynamic study. Several ultrasonographic findings have been 

reported to be helpful in diagnosis of adhesive capsulitis. Microflow imaging (MF) is a 

recently developed Doppler ultrasound imaging technique. It is useful for the diagnosis of 

disorder of the tendons and earlier detection of active inflammation in arthritis.

Objective 

To assess diagnostic accuracy of MF by detecting vascular flow at subcoracoid fat triangle 

for diagnosis of adhesive capsulitis of the shoulder compared to power Doppler imaging 

(PD), and investigate whether vascular flow on MF is correlated with clinical features such 

as range of motion, pain intensity and duration of symptom. 

Materials and Methods 

This study included 39 patients with adhesive capsulitis and 35 patients with normal 

shoulder as control. Vascular flow in subcoracoid fat triangle was evaluated using MF and 

PD. Area of vascular flow in MF and PD (MF and PD area) were analyzed. Echogenicity in 

rotator interval and coracohumeral ligament thickness were also evaluated. To evaluate 

diagnostic accuracy, ROC analysis was performed. Correlations of US findings with range 

of motion, pain intensity, and duration of symptom were also evaluated. 

Results 

MF area in the adhesive capsulitis group was higher than that in the control group (2.95 vs. 

0 mm2, p < 0.01). Vascular flow in MF was significantly higher than that in PD in all patients 

(0.64 vs. 0 mm2, p < 0.01). The presence of vascular flow was also significant different 

between MF and PD (p < 0.01). The vascular flow was only detected with MF, but not with 

PD, in 15 of 74 (20.27%) patients. MF area were only useful findings for diagnosis, as more 

than 1.95 mm2, in six (17.14%) patients of the adhesive capsulitis group. In ROC analysis, 

MF area showed higher diagnostic performance with an AUC of 0.90 than the other US 



findings. MF area was also negatively correlated with external rotation and forward flexion 

(p < 0.05) in adhesive capsulitis group. 

Conclusion 

Measurement of vascular flow at subcoracoid fat triangle using MF was useful in diagnosis 

of adhesive capsulitis, and it can detect vascularity with improved resolution and sensitivity 

compared to PD. It also showed correlation with limitation of range of motion in the 

shoulder joint. 

Fig. 1. Anatomy and US examination of the subcoracoid fat triangle. Oblique sagittal MRI (left column) and 

US images (right column) of subcoracoid fat triangle (dotted triangle). Subcoradcoid fat triangle is the 

triangular space between the coracohumeral ligament and the coracoid process, showing high echogenicity

Fig 2. Measurement of vascular flow using microflow imaging. Area of vascular flow measured by microflow 

imaging was automatically calculated.



Fig. 3. Receiver operating characteristic (ROC) analysis of US parameters. MF, Microflow imaging; PD, power 

Doppler imaging; CHL, coracohumeral ligament; RI echo, rotator interval hypoechogenicity 
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Is scapular stabilization exercise effective for managing non-specific chronic 

neck pain?

Yong Gon Seo1*, Won Hah Park1, Chong Suh Lee1, Kyung Chung Kang2, Jae Chul Yoo1†

Samsung Medical Center, Department of Orthopedic Surgery1, Kyung Hee University 

Medical Center, Department of Orthopedic Surgery2

Purpose

Scapular stabilization is thought to have an important role in improving pain and 

dysfunction around the neck and shoulders, but evidence of this is lacking. We aimed to 

systematically review the effect of a scapular stabilization exercise (SSE) on pain and 

dysfunction in patients with non-specific chronic neck pain (NP). 

Methods

We searched the PubMed, EMBASE, CINAHL and Cochrane Library databases using the 

terms (neck pain [mesh] OR neck pain OR cervical pain OR neck ache OR cervicalgia) AND 

(scapular exercise OR periscapular exercise OR scapular stabilization exercises). We 

included suitable studies the met the study’s inclusion criteria. 

Results

Among the 227 studies identified by our search strategy, a total of four (three randomized 

controlled studies, one prospective study) met the inclusion criteria. The SSE was intense 

3 and included there sets of 10 repetitions. In most of the studies, the exercises were 

conducted with three times per week. The most studies reported that the SSE improved 

pain and dysfunction in patients with non-specific chronic NP but the reviewed articles did 

not use the same variables for measurement and had a small sample size. 

Conclusion

Although several studies showed that SSE might improve the neck pain and dysfunction, 

the effects of SSE on pain and dysfunction of neck region remain unclear because the 

number of studies was small. Further high-quality studies are necessary to identify the 

detailed effects of SSE in patients with NP. 



Fig. 1 Flowchart of articles search

Fig. 2 Summary of study characteristics and findings for reviewed studies about the scapular stabilization 

exercise
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Outcome of IA Lumbar Facet Joint Corticosteroid Injection According to the 

Severity of FJ arthritis

Dong Gyu Kwak1*†, Sang Gyu Kwak1†, Ah Young Lee1†, Min Cheol Chang1†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1, 

College of Medicine, Catholic University of Daegu, Department of Medical Statistics2, 

College of Rehabilitation Sciences, Deagu University, Department of Physical Therapy3

Lumbar facet joint osteoarthritis (FJOA) due to degenerative change(s) is known to be the 

main cause of facet joint-origin low back pain (LBP). Intra-articular lumbar facet joint (IA 

LFJ) corticosteroid injection is currently widely used for controlling pain induced by FJOA. 

We evaluated outcomes of IA LFJ corticosteroid injection according to the severity of FJOA. 

Fifty patients who received IA LFJ corticosteroid injection for the treatment of LFJ pain 

were recruited. Patients were classified into three groups according to the severity of FJOA 

revealed on lumbar axial magnetic resonance imaging (MRI). Ten patients were assigned 

to group A (mild FJOA), 27 to group B (moderate FJOA), and 13 to group C (severe FJOA). 

Pain intensity was evaluated using a numerical rating scale (NRS) before treatment, and at 

1, 2, and 3 months after treatment. Twenty-six of 50 (52%) patients experienced a 

successful treatment outcome (> 50% reduction in NRS score at 3 months). Patients in all 

groups demonstrated a significant decrease in NRS scores at 1, 2, and 3 months after IA LFJ 

corticosteroid injection (p < 0.001). However, the effect of IA LFJ corticosteroid injection 

was not significantly different among the three groups (p = 0.889). Facet joint-origin LBP 

was significantly reduced after IA LFJ corticosteroid injection, regardless of the severity of 

FJOA. Results of this study suggest that IA LFJ corticosteroid injection can be a beneficial 

clinical option for managing LBP caused by FJOA 

Acknowledgment :None 



Fig. 1 Grading of facet joint osteoarthritis (FJOA) in representative T2-weighted axial magnetic resonance 

images of the lumbar spine: (A) group A, narrowing of the lumbar facet joint space and the presence of a 

small osteophyte; (B) group B, narrowing of the joint space, moderate osteophytes, and/or subchondral 

erosions; and (C) group C, narrowing of the joint space, large osteophytes, and subchondral erosion/cysts 

are apparent.

Fig. 2 (A) Changes in mean numerical rating scale (NRS) scores in all recruited patients. The mean NRS scores 

at 1, 2, and 3 months after intra-articular lumbar facet joint corticosteroid injection were significantly 

decreased compared with pretreatment values. (B) Changes in mean NRS in each group. In all three groups, 

the mean NRS scores from pre-treatment to each evaluation time point were significantly more reduced. 

However, the changes in the mean NRS scores over time for each group were not significantly different 

among the 3 groups.



Fig. 3 Fluoroscopy-guided IA LFJ corticosteroid injection
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Clinical effect of polydeoxyribonucleotide injection for treatment of 

supraspinatus tendinopathy

Seok Kang1*, Seung Nam Yang1, Ha Mok Jeong4821, Joon Shik Yoon1†

Korea University Guro Hospital, Department of Rehabilitation Medicine 1

Introduction 

Supraspinatus tendinopathy is one of the most common cause of shoulder pain. Generally, 

painful supraspinatus tendinopathy is managed by conservative treatments. In many cases, 

corticosteroid injections could have showed successful treatment effect for short-term, 

but supraspinatus tendinopathy often generates recurred pain and aggravation of 

pathology. Repeated steroid injections could cause critical adverse effects. 

Polydeoxyribonucleotide (PDRN) is known to have regenerative effect and anti-

inflammatory effect for the soft tissue injury. PDRN injection has revealed treatment effect 

in some musculoskeletal disorders, such as plantar fasciitis and lateral epicondylitis. The 

purpose of this study was to investigate the clinical effect of PDRN on the treatment of 

supraspinatus tendinopathy. 

Method 

This is a prospective double blind case-control study. We enrolled 48 patients with painful 

supraspinatus tendinopathy, which revealed hetero- or hypo-echogenicity, or incomplete 

partial/full thickness tear of the tendon in screening ultrasound evaluation. Patients with 

complete tear of supraspinatus tendon, or pathology in other tendons such as bicipital 

tendiopathy and infraspinatus tendinopathy were excluded. Patients were evaluated 

visual analogue scale (VAS), shoulder ROM and ultrasound. The ultrasound shoulder 

pathology rating scale (USPRS) was used for grading the ultrasound findings. All the 

patients were allocated by randomization into case group and control group (Figure 1). 

Patients of case group were received PDRN injection and control group were 0.5% 

lidocaine. The injections were performed around the supraspinatus tendon, 3 times at 

interval of one week. Follow-up evaluations were performed at 1 week, 2week, 6 week, 

and 12 weeks after last injection. Repeated-measure ANOVA was performed for the 

comparison between the group. 

Results 

There were no significant differences between the groups in age, sex, and side of 

supraspinatus tendinopathy (Table 1). The comparisons of baseline measurement revealed 



no significant intergroup differences (Table 1). All the patients who received the PDRN 

injections showed significant improvement of pain. In comparison with control group, 

significant differences were observed (Figure 2-A). In follow-ups of USPRS score, the scores 

were significantly improved after PDRN injection. However, 0.5% lidocaine injection did 

not showed significant interval changes. There were significant intergroup differences, as 

well (Figure 2-B). In addition, case group patients showed significantly more improvement 

of shoulder abduction and internal rotation than control group (Figure 2-D, E). 

Conclusion 

The PDRN injection showed significant improvement of shoulder pain and ROM. In addition, 

the ultrasound findings were significantly improved. These findings suggest that the PDRN 

could be a good optional treatment for the patients with painful supraspinatus 

tendinopathy. 

Figure 1. Enrollment and allocation of patients.



Table 1. Comparisons of demographic characteristics and baseline assessment between the groups

Figure 2. Results of follow-up evaluations and comparisons between the groups. 
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The Rate of Carpal Tunnel Release in Carpal Tunnel Syndrome Patients with 

Diabetic Polyneuropathy

Tae Hwan Cho1*, Seo Yeon Yoon1†, Tae Im Yi1, Joo Sup Kim1, Hyun Im Moon1

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1

Objective

Previous studies have reported that which factors of Diabetes Mellitus(DM) affect Carpal 

Tunnel Syndrome(CTS) and whether the DM or Diabetic Polyneuropathy(DPN) have any 

effect on the surgery outcome. However, there have been few studies about the 

correlation of DM or DPN and the rate of surgical treatement in patients of CTS. The 

purpose of this study was to identify whether the DM and DPN increase the rate of carpal 

tunnel release(CTR) in patients with CTS or not. 

Method

We conducted a retrospective nationwide cohort study using the Korean National Health 

Insurance Database between 2004 and 2015. International Classification of Disease, 10th 

Revision (ICD-10) diagnositc codes and surgery fee codes were used to identify the patients 

who were diagnosed with CTS(G56.0), DM(E10-E11, E13-E14) and DPN(E10.41, E11.41, 

E13.41, E14.41, G62, G62.8, G62.9, G63, G63.2, G63.3, G63.8), and the patients who were 

recived CTR(N0931, N0932). And we enrolled the CTS patitents who had visited the clinic 

more than 3 times on same code. Adjusted hazard ratios (aHRs) with 95% confidence 

interval(CI) of CTR were estimated using the Cox proportional hazards model after 

controlling for age, sex, type of insurance, income, residential area and comorbidities 

(hypertension, dyslipidemia, ischemic heart disease, cerebrovascular disease, stroke, 

hypothyroidism, rheumatoid arthritis). We calculated the surgery rate of CTS using the 

Kaplan–Meier method, and the differences were determined using log-rank tests. Data 

analyses involved use of SAS System for Windows, version 9.4 (SAS Inc., Cary, NC, USA). P 

value < 0.05 was considered statistically significant. 

Results

A total of 12,419 CTS patients were enrolled and underwent surgical treatment in 3,039 

among them. CTS without DM group had higher CTR rate (26.11%, 2,187/8,376) than CTS 

with DM group (21.07%, 852/4,043) and adjusted HR was 0.889(95% CI, 0.813-0.973). 

There were 548 of DPN patients in the 4,043 of CTS with DM cohorts. Increased rate of CTR 

was associated with DPN(aHR, 1.290, 95% CI, 1.064-1.562) compared to CTS patients with 



only DM. Especially in male patients with CTS and DPN, aHR was more increased compared 

to CTS patients with DM only. (aHR, 1.653, 95% CI, 1.083-2.525). Type of insurance, 

household income and residential area were not significantly related with surgery rate. 

Conclusion

DM was not associated with the surgical treatment rate in the patients with CTS. However, 

DPN increase the surgical treatment rate in the patients with CTS, especially in the male. 
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The correlation between sagittal balance and lower extremities alignment 

in patients with back pain

Jaehoon Sim1*, Dong Jin Koh1, Kyunghoon Min1†

CHA Bundang Medical Center, CHA University School of Medicine, Department of 

Rehabilitation Medicine1, CHA University, Rehabilitation and Regeneration Research 

Center2

Introduction 

Spinopelvic alignment in sagittal plane is known be related to low back pain (LBP). 

Additionally, leg length discrepancy and abnormal foot arch have been proposed as 

possible risk factors for LBP. However, there is lack of the previous studies about the 

relationship between sagittal balance and lower extremities alignment measured in plain 

X-ray. This study aims to analyze an association between sagittal spinopelvic parameters 

and lower extremities radiologic alignments in for patients with LBP. 

Methods 

Medical records of patients with LBP between August 2014 and June 2019 were reviewed. 

Patients who had undergone back or leg surgery were excluded. Their standing X-rays in 

barefeet such as lateral view of whole spine with hip joints, orthoradiograms of whole 

lower extremities, and lateral view of both feet were assessed.The radiographic 

parameters examined were thoracic kyphosis (TK), lumbar lordosis (LL), pelvic incidence 

(PI), pelvic tilt (PT), sacral slope (SS), sacrofemoral distance (SFD), sagittal vertical axis (SVA), 

spinosacral angle (SSA), C7 plumbline/sacrofemoral distance ratio (C7PL/SFD), quadriceps 

angle (Q-angle), leg length discrepancy (LLD) and calcaneal inclination (CI) (Figure). All 

measurements were performed using Picture Archiving Communication System (PACS, M-

view; Marosis, Seoul, Korea) software. Spearman’s correlation test was used on all 

parameters. Statistical analysis was performed using SPSS version 21 (SPSS Inc., Chicago, 

IL, USA). 

Results 

A total of 15 patients with chronic low back pain were enrolled for this study. Table 

summarizes correlations between all parameters. As in the previous studies, the 

correlation between TK and LL was significant. All of the sagittal spinopelvic parameters 

had no significant correlation with Q-angle and LLD. However, CI measured in lateral view 

of both feet showed a significant negative correlation with PI and SFD. 

Conclusion



Sagittal spinopelvic parameters did not correlate with Q-angle and LLD, but showed a 

significant correlation with CI. These findings suggest that the evaluation of foot 

longitudinal arch alignment deformity is necessary as well as sagittal balance in patients 

with chronic LBP. Further study with larger sample size will be required to find more 

reliable results. 

Acknowledgment :Acknowledgement This work was supported by a grant of the Korea 

Health Technology R&D Project through the Korea Health Industry Development Institute 

(KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (No. HI16C1559). 

Figure. Radiologic measurement of sagittal spinopelvic parameters and lower extremities alignment

Table. Spearman’s correlation coefficients between all parameters for patients with chronic low back pain
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Efficacy of anti-gravity treadmill after a hip fracture in patients with

sarcopenia

Yun jeong Jang1*, Hoisik Min1, Hayoung Byun1, Min-Kyun Oh1, Eun Shin Lee1, Chul Ho Yoon1, 

Heesuk Shin1, Chang Han Lee1†

Gyeongsang National University School of Medicine and Gyeongsang National University 

hospital, Department of Rehabilitation Medicine1

Abstract

Objective

To compare the effects of antigravity treadmill (AGT) with conventional rehabilitation and 

conventional rehabilitation among patients who had surgery for the elderly hip fracture 

with sarcopenia.

Design 

A prospective double-blind randomized controlled trial. 

Setting and participants

Acute hip fracture patients with sarcopenia, aged 65 or older, after hip fracture surgery, 

admitted to rehabilitation center.

Methods 

Participants were randomly assigned to experimental group (n=19) or control group (n=19). 

All patients received 50 minutes of individualized therapy time on each of 10 consecutive 

working days. Patients in the experimental group received AGT for 20 minutes and other 

individualized physical therapy for 30 minutes. Patients in the control group received 50 

minutes of individualized physical therapy every day. 

Main Outcome Measures 

Participants were evaluated prior to the treatment, 3 weeks, 3 months, and 6 months after 

treatment. As the primary outcome measure, Koval walking ability scores (KOVAL) and 

functional ambulatory category (FAC) were used. Secondary outcome measures included 

Berg Balance Scale (BBS), Korean version of the Mini-Mental Status Examination (K-MMSE), 

Euro Quality of Life Questionnaire Five-Dimensional Classification (EQ-5D), Korean version 

of the modified Barthel index (K-MBI), and hand grip strength. 

Results 



There were no significant differences between the two groups for any demographic or 

baseline measures except for hip operation type. There were significant differences 

between the two groups for primary and secondary outcomes except for grip strength 

(right and left) and K-MMSE at the all follow-ups (Table 1). In both groups, obvious changes 

were noted for the KOVAL, FAC, BBS, EQ-5D, and K-MBI scores at 3 weeks, 3 months. The 

degree of improvement was higher in the experimental group and the therapeutic effect 

also lasted longer in that group. However, in both groups, from 3 months to 6 months, the 

KOVAL, FAC, BBS, EQ-5D, and K-MBI scores were slightly improved or showed plateau 

(Table 2). We also examined the changes of primary and secondary outcomes over time 

between the groups. During the study, KOVAL scores were lower in the experimental group 

compared to the control group (β=0.368). FAC and BBS scores were higher in the 

experimental group compared to the control group (β=0.242 and β=3.053 respectively) 

(Table 3). 

Conclusions

Our results suggest that conventional rehabilitation with antigravity treadmill was more 

effective for long-term functional recovery in elderly hip fracture with sarcopenia. Future 

studies with larger number of subjects are necessary. 

Acknowledgment :Abstract Objective To compare the effects of antigravity treadmill (AGT) 

with conventional rehabilitation and conventional rehabilitation among patients who had 

surgery for the elderly hip fracture with sarcopenia. Design A prospective double-blind 

randomized controlled trial. Setting and participants Acute hip fracture patients with 

sarcopenia, aged 65 or older, after hip fracture surgery, admitted to rehabilitation center. 

Methods Participants were randomly assigned to experimental group (n=19) or control 

group (n=19). All patients received 50 minutes of individualized therapy time on each of 

10 consecutive working days. Patients in the experimental group received AGT for 20 

minutes and other individualized physical therapy for 30 minutes. Patients in the control 

group received 50 minutes of individualized physical therapy every day. Main Outcome 

Measures Participants were evaluated prior to the treatment, 3 weeks, 3 months, and 6 

months after treatment. As the primary outcome measure, Koval walking ability scores 

(KOVAL) and functional ambulatory category (FAC) were used. Secondary outcome 

measures included Berg Balance Scale (BBS), Korean version of the Mini-Mental Status 

Examination (K-MMSE), Euro Quality of Life Questionnaire Five-Dimensional Classification 

(EQ-5D), Korean version of the modified Barthel index (K-MBI), and hand grip strength. 

Results There were no significant differences between the two groups for any demographic 

or baseline measures except for hip operation type. There were significant differences 

between the two groups for primary and secondary outcomes except for grip strength 

(right and left) and K-MMSE at the all follow-ups (Table 1). In both groups, obvious changes 

were noted for the KOVAL, FAC, BBS, EQ-5D, and K-MBI scores at 3 weeks, 3 months. The 

degree of improvement was higher in the experimental group and the therapeutic effect 

also lasted longer in that group. However, in both groups, from 3 months to 6 months, the 

KOVAL, FAC, BBS, EQ-5D, and K-MBI scores were slightly improved or showed plateau 

(Table 2). We also examined the changes of primary and secondary outcomes over time 

between the groups. During the study, KOVAL scores were lower in the experimental group 

compared to the control group (β=0.368). FAC and BBS scores were higher in the 



experimental group compared to the control group (β=0.242 and β=3.053 respectively) 

(Table 3). Conclusions Our results suggest that conventional rehabilitation with antigravity 

treadmill was more effective for long-term functional recovery in elderly hip fracture with 

sarcopenia. Future studies with larger number of subjects are necessary. 

Table 1. The outcome measures for the experimental and control groups at 4 evaluation times



Table 2. Changes of each outcome measures from baseline to the 3-week, the 3-month and 6-month follow-

up evaluations

Table 3. Changes of primary and secondary outcomes over time between the groups
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The effect of ESWT to pain intensity and PPT on MPS in neck and 

shoulder:Meta-analysis

Choong Sik Chae1*, Yongjun Jang2, Geun-Young Park3†, Sung Jun Kim1

Cheonan Medical Center, Department of Rehabilitation Medicine 1, The Catholic University 

of Korea Seoul St. Mary`s Hospital , Department of Rehabilitation Medicine2, The Catholic 

University of Korea Bucheon St. Mary`s Hospital , Department of Rehabilitation Medicine3

Purpose 

Extracorporeal shock wave therapy(ESWT) has been widely used in myofascial pain 

syndrome(MPS) to date. Our study is first trial to investigate the effect of ESWT on MPS in 

neck and shoulder. 

Methods

A comprehensive search was done via online databases (PubMed, EMBASE and Web of 

Science) until 30, May, 2019 to select the randomized controlled trials(RCTs). Cochrane 

handbook used to evaluate the methodological quality of the included RCTs. Main 

outcomes were selected associated with pain intensity(VAS and other pain scale with with 

self-estimated 10cm points) and pressure pain threshold(PPT). This study was not yet 

registered with PROSPERO. All statistical analyses were performed using RevMan5.3. For 

outcomes that were measured using different scales and metric, we used the standardized 

mean difference (SMD) with 95% CI. 

Results

Eleven RCTs were included finally. Results proposed that, at post-intervention, ESWT 

showed medium effect size on improving pain intensity(p=0.01, SMD -0.70, 95% CI -1.24 

to -0.16, Fig1), and PPT(p=0.03, SMD 0.67, 95% CI 0.06 to 1.28, Fig2) in patients with MPS 

compared with other treatments. Subgroup analysis for the comparison between ESWT 

and sham-ESWT showed that ESWT had larger effect size on alleviating pain 

intensity(p<0.00001, MD -2.02, 95% CI -2.86 to -1.76, Fig3) and PPT at post-

intervention(p<0.00001, SMD 1.39, 95% CI 0.82 to 1.96, Fig3) over sham-ESWT than when 

compared with other treatments. At follow up, No statistically significant improvement 

was shown on pain intensity(p=0.18, SMD -0.38, 95% CI -0.94 to 0.17, not shown). 

Discussion

Our result showed that ESWT reduced pain intensity and improving PPT in patients with 

MPS compared to other useful treatments at post-intervention. At follow-up, there is no 



significant effect size of ESWT group to control pain intensity over other treatments. Most 

included RCTs were done as control groups under other interventions such as dry 

needlding, ultrasound, low-energy laser therapy, which had some evidence about the 

effectiveness proven by previous meta-analyses. Therefore, we note that the SMD values 

of our meta-analysis can be underestimated compared to only sham-ESWT as a control 

group. Recently, a various hypothesis on the effectiveness of ESWT is presented, which can 

provide a good clue to solve the cause of MPS. But, we have certain hypotheses regarding 

how MPS is formed, it remains unclear how ESWT may affect them. In this regard, our 

result on the therapeutic effect of ESWT for MPS will clinically serve as a meaningful bridge 

to enhance further understanding of MPS and ESWT, respectively. 

Conclusion

Our result showed that significantly medium effect size in improving pain intensity and PPT 

at post-intervention. Large RCT will be needed to compare the effectiveness between 

other treatments and ESWT. Network meta-analysis is a good trial for further study about 

managing MPS symptom. 

Figure 1. The effect of ESWT on pain intensity at post-intervention

Figure 2. The effect of ESWT on PPT at post-intervention



Figure 3. The effect of ESWT vs Sham-ESWT on pain intensity and PPT at post-intervention
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The association between CT measurement of back muscle area and disc 

height change

Gowun Kim1,2*, Ki Hoon Park1,2, Eun Kyoung Kang1,2, Hee-won Park1,2, Sora Baek1,2†

Kangwon National University School of Medicine, Department of Rehabilitation Medicine1, 

Kangwon National University Hospital, Center for Farmers’ Safety and Health2

Background and aims

Disc height change on lumbar radiographs is one of the common indicator for 

intervertebral disc degeneration. Generally, disc degeneration is believed to be related 

with low back pain and degenerative lumbar diseases. In several imaging studies, low back 

pain was associated with paraspinal muscle cross-sectional surface area (CSA). The aims of 

this study were to evaluate the association between CSA of back muscles and disc height 

change (DHC). 

Methods

Total 590 farmers in Gangwon-do, South Korea were recruited. Twenty-one subjects were 

excluded due to history of spine surgery. Total 569 subjects were included in final analysis. 

Two hundred and fifty-nine subjects (45.5%) were male and average age of subject was 58 

years old. Spine radiograph was obtained in standing posture. A DHC was defined if there 

is a difference of 25% or more, with compare to two adjacent discs. The CSA of back muscle 

was derived from standard computerized tomography (CT) images at mid-level of L4. CSA 

of total abdomen, total fat, visceral fat, subcutaneous fat, total muscle, back muscle, 

abdominal muscle, paraspinal muscle and psoas muscle was measured. 

Results

Lumbar DHCs were observed in 475 subjects (83.5%), most frequently observed in L5-S1 

(69.6%). There are no significant difference of total abdomen CSA (p = 0.063). However, 

subjects with DHC were showed higher total fat tissue CSA (p = 0.003) and less total muscle 

CSA (p = 0.031). There was no difference of abdominal muscle CSA (p = 0.236). In the 

subjects with DHC, back muscle CSA, especially paraspinal muscle CSA were lower than 

subjects without DHC (p<0.05). CSA of psoas muscle was different between subject with 

and without DHC of L4-5 disc (p = 0.007). 

Conclusions



CSA of back muscles were significantly smaller in subject with DHC than subject without 

DHC. The role of paraspinal muscle morphology on the etiology, prognosis, and treatment 

of patients with DHC and back pain must be further investigated. 

Table 1. Area measurements (cm2) in mid-level of L4 using CT.

Table 2. Area measurements (cm2) of subjects with DHC in each lumbar disc.
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Relationships of spinopelvic parameters and CSA of paraspinal muscles in 

Korean elderly.

Hyundong Kim1,3, Nami Han1,3†, Mija Eom1, SangHoon Jung1, YunHo Kim1, JeeYoung Kim1, 

Heesung Nam1*, JeongHo Kim2,3

Inje University Busan Paik Hospital, Department of Rehabilitation Medicine1, Inje 

University College of Medicine, Department of Occupational and Environmental Medicine2, 

Ministry of Oceans and Fisheries, Center for fishermen’s safety & health3

Objectives 

Sarcopenia, characterized by generalized loss of skeletal muscle, is an emerging health 

problem in an aging society.In sarcopenia, muscular atrophy is caused by fatty infiltration 

and muscle degeneration, which leads to muscular and postural imbalances. Therefore, 

elderly with postural imbalances and gait disorders, sarcopenia should be considered. In 

these cases, examinations are only restricted to extremeties in the process of sarcopenia 

diagnosis. Therefore, these examinations are seems to have low association with spine and 

postural imbalances. Recently, studies about assessment tools of spinal sacropenia are 

actively progressing. Paraspinal muscle cross-sectional area(CSA) is known as assessment 

technique of spinal sacropenia. But MRI or CT used to measure cross-sectional area is 

difficult to examine repeatedly. On the other hand, spinopelvic parameters are assessment 

technique of postural disturbances and it can be examined easily. So the purpose of this 

study was to find out and utilize the relationships between spinopelvic parameters and 

paraspinal muscle CSA. 

Methods 

The medical records of 107 people, who participated in the health screeing program for 

elderly fishermen, were retrospectively reviewed. Spinopelvic parameters were measused 

in whole spine x-ray and CSAs of paraspinal muscle were measured in MRI. Among 

paraspinal muscles, psoas and erector spinae were selected in MRI(figure 1). Among 

various spinopelvic parameters, sagittal vertical axis(SVA), pelvic incidence (PI), sacral 

slope(SS), pelvic tilt(PT), perlvic obliquity(PO) and cobbs angle(CA) were measured. 

Correlations between CSA of paraspinal muscle and spinopelvic parameters were analyzed 

by Pearson correlation coefficient(Table 1). Participants were grouped by spinopelvic 

parameters respectively and statistical difference was confirmed between each groups by 

independent t-test. The cut off values were refered by normative values. (Table 2). 

Results 



SVA, SS and PT were significantly correlated with erector spinae CSA and psoas CSA. But 

there was no statistical correlation with PI, PO, CA and paraspinal muscle CSA. (Table 1). 

Participants were divided by spinopelvic parameters that have correlation with paraspinal 

muscle CSA. Each groups divided by SVA, PT and SS had statistically significant differences 

of paraspinal muscle CSA(Table2). 

Conclusion 

Among several spinopelvic parameters, SVA, SS and PT had statistically significant 

correlation with CSA of erector spinae and psoas. Measuring CSA esential but it is not cost-

effective. Spinopelvic parameters, especially SVA, SS and PT, can be used as a screening for 

the candidate of MRI to evaluate sarcopenia and also as a followup for the effects of spinal 

exercise or rehabilitation therapy periodically. 

Table 1. Correlations between paraspinal muscle CSA and spinopelvic parameters

Table 2. Comparison between groups divided by SVA, PT and SS.



Figure 1. Erector spinae and psoas muscle CSA measurement by MRI
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Assessment of real thickness of plantar fascia using ultrasound

Jaeki Ahn 1†, Jun Hyeong Song 1*

Sanggye Paik Hospital, Inje University, Department of Rehabilitation Medicine1

Background 

Plantar fascia (PF) thickness measured by ultrasound is the length from anterior edge of 

inferior calcaneal border vertically to superficial aspect (=lower margin) of PF. True 

insertion site of PF tend to locate posterior to the anterior edge. Therefore, the 

conventional values can be different from its real thickness. The aim of this study was to 

compare the PF thickness measured by conventional method to its real thickness. 

Methods

99 feet of 50 healthy adults without foot pain were measured. Unlike conventional method 

measuring PF thickness from the anterior edge (conventional thickness group=CT), 

subjects were assessed by detecting thickness from upper margin of plantar fascia (real 

thickness group=RT) (Figure 1). These parameters were measured in long and short axis 

views when the fascia was in relax. The same process was done when plantar fascia was in 

stretched position. 

Results 

In relaxed feet, CT and RT values were obtained in long and short axis views. CT values 

were significantly larger than RT values (p<0.05) in long axis views (CT: 3.6±0.7mm vs RT: 

2.8±0.5mm). Also, CT values were significantly larger in short axis views (CT: 3.4±0.7mm vs 

RT: 2.8±0.6mm). There was no significant difference between CT and RT values in 

accordance with axis of ultrasound. Also, effect of stretching PF on its thickness was 

evaluated. CT values were significantly larger when PF was stretched (Rest: 3.6±0.7mm vs 

Stretched: 3.8±0.7mm)(p<0.05). However, stretching PF did not affect RT values, which 

means it’s more constant than CT values. 

Conclusion 

Conventional method for measuring PF thickness is widely accepted. However, this 

method can be disorienting as it cannot reflect the real thickness of PF. In this study, RT 

values were constant regardless of patient’s foot position or ultrasound views. New 

method for detecting thickness by using other anatomical landmark is considerable. 



Fig. Schematic drawing of measuring plantar fascia thickness
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Lower limb energetics in leg length discrepancy

Woo Sub Kim1†, Hae-Ryong song2, Mi Hyun Song2, Hyuk Sung Choi1*

Korea University Guro Hospital, Department of Rehabilitation Medicine1, Korea University 

Guro Hospital, Department of Orthopedic Surgery2

Objective

To investigate effects of LLD severity and center of mass (CoM) position on energetics of 

lower limb during level walking because the relationship between LLD and lower limb 

energetics are unclear. 

Methods

Thirty one participants with LLD more than 1 cm were included in the analysis. We 

excluded participants with neurologic or orthopedic problems which could disturb walking, 

such as cerebral palsy, LCP, focal peripheral neuropathy, joint contracture etc. Participants 

walked on 8m level walkway with 2 force plates. 3D motion analysis was conducted. We 

obtained gait parameters (temporo-spatial, joint angle, joint moment, joint power, 

external work, and IA (inclination angle) between CoM and CoP) (Fig 1). External power 

(EP) and external work (EW) were compared between shorter and longer limbs with paired 

t-test (Fig 2). LLD severity (difference between both limbs) and IA effects on EP and EW 

were investigated with linear regression model. 

Results

Negative EW showed significant difference between longer limb (-2.13±0.71) and shorter 

limb (-1.79±0.98). In shorter limb, LLD severity showed significant relationships with 

positive EP (R2 = 0.375, slope = -0.002, p = 0.001), negative EW (R2 = 0.543, slope = 0.051, 

p < 0.001) and positives EW (R2 = 0.429, slope = -0.048, p < 0.001). In longer limb, LLD 

severity showed significant relationships with, negative EW (R2 = 0.263, slope = 0.029, p < 

0.013) and positives EW (R2 = 0.416, slope = -0.027, p < 0.001). These significant 

relationships in linear model were on the control of walking speed. In shorter limb, 

maximal and minimal IA did not show significant relationships with negative EP, positive 

EP, negative EW and positive EW. In longer limb, minimal IA showed significant relationship 

with negative EP (R2 = 0.2682, slope = 0.2837, p = 0.012). Minimal IA in smaller and longer 

side did not show significant relationships with LLD severity. 

Conclusion



Larger limb length discrepancy induces smaller negative and positive external work, 

indicating smaller energy absorption and generation. Compensation strategy shifting CoM 

to longer side may increase negative work in longer limb. 

Figure 1. Inclination angle between CoP and CoM in frontal plane

Figure 2. External power (W∙Kg-1) and external work (J∙Kg-1) during normalized stance phase. External work 

indicates body work for moving center of mass. Blue = right lower limb, red = left lower limb. In external 

work, positive graph means cumulative generative work and negative graph means cumulative absorptive 

work during stance phase.
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Six-month changes of traumatic compression fractures in patients visited for 

disability certficates

Jin Seok Bae1*, Jong Keun Kim1, Jong Youb Lim1†

Eulji University Hospital, Department of Rehabilitation Medicine1

Objective

Spine injuries after major trauma are common, but changes of vertebral compression 

fractures were mainly studied in patients with osteoporosis-related fractures. The purpose 

of this study was to identify the natural changes of traumatic vertebral compression 

fractures after 6 months in patients visited for disability certificates. 

Methods

This retrospective study was performed using the medical records and radiographs of 

patients who visited the outpatient clinic of rehabilitation medicine department of one 

university hospital for disability certificates from 2016 to 2018. Inclusion criteria were older 

than 18 years, initial images were transferred to picture archiving and communication 

system, images for disability certificates were taken within 180-210 days from the onset. 

Exclusion criteria were vertebroplasty or kyphoplasty, spinal fusion, more than 2 levels of 

compression fractures, initial images were not available to be compared. Patients' data as 

age, sex, and information about compression fractures were collected. Initial and follow-

up images taken around 180-210 days were measured and compared. Vertebral height, 

Cobb's angle, and local kyphotic angle were measured, and anterior-to-posterior ratio, 

middle-to-posterior ratio, and compression ratio were calculated. Thoracic and lumbar 

compression fractures were compared. 

Results

During the study period, 82 patients with traumatic compression fractures visited the 

outpatient clinic of rehabilitation medicine department for disability certificates after 180-

210 days from the onset. Among them, 52 patients were excluded according to relevant 

criteria. The remaining 30 patients included 11 men and 19 women. The mean age was 

54.67 ± 13.39 years, and 194.00 ± 9.75 days had passed from the onset. Fourteen patients 

had thoracic compression fractures, and 16 patients had lumbar compression fractures. Of 

the spinal bone with the compression fracture, anterior height changed as -3.11 ± 2.26 mm 

(-14.56 ± 10.08 %), middle height as -2.61 ± 2.50 mm (-14.30 ± 13.98 %), and posterior 

height as -1.30 ± 1.16 mm (-4.68 ± 5.02 %). The anterior-to-posterior ratio changed as -



7.44 ± 8.05 %, middle-to-posterior ratio as -6.52 ± 9.26 %, and compression ratio as 7.63 ± 

8.55 %. Cobb’s angle changed as 5.42 ± 3.74 degrees and local kyphotic angle as 4.19 ± 3.71 

degrees. All values were different between initial time and 6 months later (P=0.000). In 

comparison between thoracic and lumbar compression fractures, % difference of only 

anterior height of fractured spine was statistically different (P=0.028). 

Conclusion

Even short period as 6 months from onset, the spine with traumatic vertebral compression 

fractures change significantly. Compression ratio would increase, and Cobb’s angle and 

local kyphotic angle would decrease by around 4-5 degrees. Despite different absolute 

values of thoracic and lumbar spines, changes of thoracic and lumbar compression 

fractures were mainly not different. 
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Short-term Walking Outcomes in Diabetic and Non-diabetic Unilateral 

Transtibial Amputees

Dong Gyu Kwak1*†, Jeong Yong Hur1†, Jun Sung Moon1, Min Cheol Chang1

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1, Shinsegae 

Prosthesis & Orthosis Center, Department of prosthesis2, , College of Medicine, Yeungnam 

University, Division of Endocrinology and Metabolism, Department of Internal Medicine3

This study compared short-term walking outcomes in diabetic amputees after prosthesis 

fitting to that in non-diabetic amputees. We retrospectively investigated walking outcomes 

at 3 months after starting gait training with a prosthesis. Outdoor and indoor independent 

walking for 100 m without assistive devices was evaluated. Walking ability with a cane was 

also evaluated. Forty-four unilateral transtibial amputees with (n=18) and without DM 

(n=26) were included. At 3 months after gait training with a prosthesis, only 2/18 (11.1%) 

and 3/18 (16.7%) diabetic amputees were capable of independent outdoor and indoor 

walking without assistive devices, respectively. However, 21/26 (80.8%) and 24/26 (92.3%) 

non-diabetic amputees were capable of independent outdoor and indoor walking without 

assistive devices, respectively. With a cane, 7 (38.9%) and 9 (50.0%) diabetic amputees and 

24 non-diabetic amputees (92.3%) were capable of outdoor and indoor walking, 

respectively. Outdoor/indoor walking outcomes without assistive devices or with a cane 

were significantly different between diabetic and non-diabetic amputees. After 3 months 

of prosthesis training, significantly more non-diabetic amputees were capable of 

indoor/outdoor walking, compared with diabetic amputees. 

Acknowledgment :No potential conflict of interest relevant to this article was reported. 

Walking outcomes with and without a cane in diabetic and non-diabetic amputees
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Intraarticular steroid injection improves pain of non-injected shoulder in 

bilateral frozen shoulder

Kil-Yong Jeong1*, Hyoung-Jun Cho1, Seung-Hyun Yoon1†

Ajou University Hospital, Department of Rehabilitation Medicine1

Intra-articular corticosteroid injection improves pain of non-injected shoulder in bilateral 

frozen shoulder: retrospective comparative study 

Objective

To evaluate the improvement of pain and range of motion (ROM) in non-injected shoulder 

after intra-articular corticosteriod injection to one side in bilateral frozen shoulder. 

Method

This is retrospective comparative study. Participants were bilateral primary frozen 

shoulder patients (n=125), who had ultrasound-guided corticosteroid (triamcinolone 

acetonide, 20-40mg) injection in one shoulder. Outcome measurements were numeric 

rating scale (NRS) and passive ROM (① abduction; ② external rotation; ③ 

hyperextension and internal rotation, length from the spinous process of C7 to tip of

extended thumb; ④ flexion) evaluated at pre and post-injection. Paired T test was 

performed to compare the changes of pain and passive ROM between pre and post-

injection in injected and non-injected shoulder, respectively. If Shapiro test was significant,

Wilcoxon Signed-Rank test was conducted instead of paired T test. 

Result

Of the 125 patients, 49 were men, 76 were women. Mean age was 54.03±8.04. Mean value 

of symptom duration was 6.51±2.84months. Mean value of triamcinolaone acetonide 

dosage was 30.0±3.94mg. Mean value of follow-up weeks after injection was 

3.74±0.78weeks. For injected shoulder, NRS and passive ROM (① abduction; ② external 

rotation; ③ hyperextension and internal rotation; ④ flexion) were improved with 

statistically significance. Interestingly, NRS and passive ROM were also improved for non-

injected shoulder with statistically significance. 

Conclusion

This study shows intra-articular corticosteroid injection improves outcomes of non-

injected shoulder. Therefore, in bilateral frozen shoulder, we suggest that clinicians would 



be better to observe the non-injected shoulder after one side injection rather than do 

injection both shoulders simultaneously. 

Table 1. Baseline characteristics of patients

Fig. 1 Improvement of shoulder pain



Fig. 2 Improvement of shoulder PROM
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Pain distribution in maintenance hemodialysis patients

Ji Woong Park1†, Yang Kyun Lee1, Yoon-Hee Choi1, Jeongse Noh1, Sanghoon Lee1, Hyunchul 

Cho1, Kyu Dong Noh2, Jong Burm Jung3, Sungche Lee1*

Soonchunhyang University College of Medicine, Seoul, Korea, Department of Physical 

Medicine & Rehabilitation1, Soonchunhyang University College of Medicine, Bucheon, 

Korea, Department of Physical Medicine & Rehabilitation2, Soonchunhyang University 

College of Medicine, Cheonan, Korea, Department of Physical Medicine & Rehabilitation3

Introduction 

There were numerous studies regarding the characteristics, location, and causes of pain in 

maintenance hemodialysis (MHD) patients. However, limited information still remains 

about pain distribution pattern, the association between vascular access site and pain, and 

timing of emerging/aggravating pain. 

Materials and Methods 

MHD patients were interviewed and asked to complete a questionnaire including a pain 

drawing system by Margolis et al. Patients were allocated into three groups according to 

the presence of pain and the timing of the emerging/aggravating pain: Group 1 as those 

who does not have any pain; Group 2 as those who have dialysis-associated pain but no 

pain reported in daily living; Group 3 as those who have pain not associated with dialysis 

session. Pain distribution patterns were divided further by vascular access sites: site 1 as 

of right upper arm; site 2 as of right forearm; site 3 as left upper arm; site 4 as a left forearm. 

We used the heatmap to visualize pain distribution according to vascular access and the 

timing of emerging/aggravating pain. 

Results 

Total 107 patients were enrolled and there was no significant difference in demographics 

and clinical characteristics among the groups (Table 1). About 17.4 % of the patients 

reported pain emergence less than an hour during MHD in Group 2. Pain occurred between 

one and two hours in 15.2 % and two and three hours in 30.4 % of the Group 2 patients. 

23.9 % of the Group 2 patients reported pain after three hours of the MHD session. In the 

case of a proximal portion of the upper limb (sites 1 and 3), the tendency of the pain to 

spread to the proximal part of the body including the shoulder was higher than that of the 

distal sites (sites 2 and 4). This tendency was more pronounced in Group 3 than in Group 

2. The pain felt by the dialysis patients showed a tendency to be distributed mainly in the 



shoulder and hand as well as the location of the vascular access. The pain in the hands was 

present in the contralateral side to the vascular access as well as the ipsilateral side, but in 

all cases, the pain rate was higher in the side of the hand where the vascular access was 

located. Similarly, pain in the shoulder was higher in the six cases of the eight combinations 

than in the non-dialysis patients on the side of the vascular access. 

Conclusion 

Pain during MHD is an important factor that can be easily neglected and has variable 

patterns associated with vascular access in MHD patients. This study shows detailed 

characteristics of pain in MHD patients and further study with a large sample size should 

be required to clarify these tendencies. 

Table 1. Demographic and clinical characteristics of participants



Figure 1. Pain distribution patterns among different vascular access sites
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Diagnostic Value of Shear Wave Elastography in Myofascial Pain Syndrome

Sang Jun Kim1*†, Hae Won Oh2, Sang Moon Yun1, Jong Dae Eun1, Byung Chan Lee1, Eun 

Kyung Kim1

Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 

Department of Physical and Rehabilitation Medicine1, School of Public Health, University 

of Illinois, Chicago, USA, Division of Health Policy and Administration2

Introduction

Myofascial pain syndrome (MPS), one of the most common causes of muscle pain, is 

diagnosed by muscle palpation to identify muscle stiffness or so-called “taut band”. The 

diagnostic criteria of MPS are entirely based on clinical examination, and there is no

objective finding to assist in diagnosis of MPS. Shear wave elastography can show objective 

data in muscle tightness by measuring shear wave elasticity (SWE) or shear wave velocity 

(SWV). The aim of this study was to compare SWEs according to different factors and to 

identify taut bands by the highest points of SWE. 

Materials and Methods 

Patients were recruited from the outpatient clinic of the Department of Physical and 

Rehabilitation Medicine in Samsung Medical Center from December 2018 to April 2019.

McGill pain questionnaires were assessed for evaluation of pain severity. Muscle thickness 

at the tenderest point in the symptomatic side of the upper trapezius muscle was 

measured in longitudinal and axial views by a linear probe using an ultrasound machine 

(RS85 version 1.03, Samsung Medison Co., Ltd., Republic of Korea). The thickness at the 

same point in the asymptomatic side was measured with B-mode images. Shear wave 

elastography was performed at both upper trapezius muscles in the same area with 

measurement of muscle thickness. To identify correlation of SWE with age, sex, symptom 

duration, involved side, or McGill pain questionnaire, Spearman correlation analyses were 

conducted for continuous variables and independent t-tests were conducted for 

categorical variables. To identify differences in SWE between affected and intact sides, a 

paired t-test was conducted. 

Results 

A total of 30 patients (9 men and 21 women) with unilateral MPS in the trapezius muscle 

were recruited in our study. Thickness of the trapezius muscle in the longitudinal and axial 

directions was 9.4±2.2 mm and 9.5±2.4 mm in the affected side and 8.4±3.0 mm and 



9.1±2.3 mm in the intact side. These values were not significantly different (P-values were 

0.071 and 0.162 by paired t-test, respectively). Mean values of SWE at 10 areas in the 

longitudinal and axial directions were 38.5 kPa and 56.8 kPa in the affected side and 36.6 

kPa and 57.6 kPa in the intact side. These values were not significantly different (P-values 

are 0.36 and 0.78 by paired t-test, respectively). Spearman correlation analyses showed a 

significant negative correlation between SWE in the impaired side in the longitudinal 

direction and the McGill pain questionnaire (P=0.013). 

Conclusion 

Our study showed that SWE in the longitudinal direction of the muscle decreased as pain 

severity increased, and a specific area showing the highest SWE in the longitudinal 

direction was present in measured areas. Decreased SWE with severe pain was related to 

more severe muscle disruption, and specific areas showing the highest SWE might be taut 

bands in MPS. 

Figure 1. Shear Wave Elasticity of Patients with Myofascial Pain Syndrome. SWE was measured at 10 circular 

ranges of interest with diameter of 3 mm, the center of which was designated as the tenderest point. 



Figure 2. Distribution of Shear Wave Elasticity. Area 6 in the affected side showed higher SWE than other 

areas in the longitudinal view while the intact side did not show any significant differences compared to 

other areas. 

Figure 3. Spearman Correlation between Shear Wave Elasticity and McGill Pain Questionnaire. There is a 

significant negative correlation between SWE in the impaired side in the longitudinal direction and the McGill 

pain questionnaire (P=0.013). Two points in the red box show the highest shear wave elasticity which 

suggests taut band. 
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Feasibility of ultrasound shear wave elastography guided TPI on the 

myofascial pain syndrome

Seunghun Park1*, Jung Joong Kang1, Jungin Kim1, Sungwoo Paek1, Tae Hee Kim1, Dong Kyu 

Kim1†

School of Medicine, Konkuk University , Departments of Rehabilitation Medicine1

objective 

To research the accuracy and effectiveness on injection with Ultrasound Shear Wave 

Elastography (SWE) at upper trapezius muscle myofascial trigger point(MTrP) <br> To 

imaging the stiffness at MTrPs and to assess the feasibility of SEW in US-guided MTrP 

injection. 

methods 

40s with focal pain on upper trapezius muscle were assigned to the group (n=40). Changes 

in Visual Analogue Scale (VAS), shoulder Range of Motion (ROM), manual muscle test 

(MMT) graded by Medical Research Concil, shoulder pain and disability index (SPADI), and 

number of analgesics per day at 2 weeks from baseline served as primary outcomes 

measures. Moreover, correlations of primary outcome measures with changes in tissue 

elasticity with SWE (kPA) at 2 weeks from baseline in the trial and control group served as 

secondary ones. 

Results 

Of efficacy outcome measures, differences in changes in pain VAS scores, NDI scores, SPADI 

scores, tenderness and number of palpable tender nodules at 2 weeks from baseline 

between the two groups reached statistical significance (p=0.003, 0.012, 0.018, 0.036 and 

0.019, respectively). A Pearson’s correlation analysis showed that stiffness at the MTrPs 

had a significant correlation with the VAS (r=0.378 and p=0.015), SPADI (r=0.323 and 0.039) 

and NDI scores (r=0.389 and p=0.012) 

Conclusion 

SWE might be useful in increasing the efficacy of US-guided MTrP injection in patients with 

MPS. <br>SWE is feasibility in identifying pathological tissue but also efficient in 

quantifying changes in effectiveness of MTrPs injection 



Table1. Baseline characteristics of the patients (n=41)

Table2. Efficacy outcomes



Fig. Pre-TPI and Post-TPI injection
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Clinical ability of contrast-enhanced MRI to predict treatment outcomes for 

lumbar facet joint pain

Min Cheol Chang1, You Gyoung Yi2, Hea-Eun Yang2, Jang Ho Lee2*, Ji Hwan Kim2, Kyung Hee 

Do2†

College of Medicine, Yeungnam University, Daegu, Korea, Department of Physical 

Medicine and Rehabilitation1, Veterans Health Service Medical Center, Seoul, Korea, 

Department of Physical Medicine and Rehabilitation2

Objective

Several radiologic imaging techniques have been used to predict the effects of treatment 

on lumbar facet joint (LFJ) pain. However, there are no reports on the use of contrast-

enhanced magnetic resonance imaging (MRI) in the management of LFJ pain. In the current 

study, we aimed to evaluate the clinical ability of contrast-enhanced MRI using gadolinium 

to predict treatment outcomes for LFJ pain. 

Methods

A total of 26 patients with LFJ pain were recruited and intraarticular corticosteroid 

injections were performed to each patient. The treatment outcomes were assessed using 

a numerical rating scale (NRS), and the enhancement of the LFJ and the grading for 

osteoarthritis were investigated independently by two radiologists. 

Results

Intraarticular corticosteroid injections were administered to 26 patients (12 women and 

14 men; mean age: 65.19±11.05 years) with LFJ pain. Among the 26 patients, 16 patients 

were included in the enhanced group, and the remaining 10 patients were included in the 

non-enhanced group, based on contrast-enhanced MRI scans using gadolinium. In both the 

enhanced and non-enhanced groups, NRS scores significantly decreased at 1, 2, and 3 

months after treatment (p < 0.05). However, we saw no significant difference between the 

groups from pretreatment to three months after treatment (p > 0.05). 

Conclusions

The routine use of contrast-enhanced MRI using gadolinium is not recommended in 

patients with LFJ pain. 



Acknowledgment :Acknowledgements: This study was supported by a VHS Medical Center 

Research Grant, Republic of Korea (grant number: VHSMC18019). 

Figure 1. Enhancement and non-enhancement of the lumbar facet joint in axial contrast-enhanced T1 

magnetic resonance imaging. (A) Enhanced lumbar facet joint (B) Non-enhanced lumbar facet joint

Figure 2. Comparative results of numerical rating scale of lumbar facet joint pain in enhanced and non-

enhanced groups. *p<0.05
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Effect of stabilization, walking, and flexibility exercise on lumbar lordosis 

and low back pain

Sun Myoung Lee1*, Ju Seok Ryu2†

Seoul National University Hospital, Department of Rehabilitation Medicine1, Seoul 

National University Bundang Hospital, Department of Rehabilitation Medicine2

Objective 

The aims of this study were to determine whether lumbar stabilization exercise, walking 

exercise, and flexibility exercise contribute to the improvement of lumbar lordosis, and 

whether the improvement of lumbar lordosis is correlated with the alleviation of chronic 

low back pain. 

Method 

This study was conducted on 32 participants prospectively, who were over 20 years old 

and suffered from chronic (> 3 months) low back pain, between May 2016 and April 2017. 

Participants were randomly assigned to three groups; lumbar stabilization, walking, and 

flexibility exercise programs. And each group participated in an assigned exercise program 

for a total of 6 weeks, five days a week, 30 minutes a day. The lumbar stabilization exercise

group carried out individualized graded lumbar stabilization exercise program, which 

consisted of stretching and stabilization exercise. The walking exercise group performed a 

quick 30-minute walk through the flat surface with abdominal bracing, and the flexibility 

exercise group performed stretching exercises. Both before and after 6-week exercise 

programs, lumbosacral x-rays were checked for each participant. Researchers measured 

lumbar lordosis with lumbosacral x-rays and assessed the degree of low back pain and 

radiating pain by using visual analogue scale (VAS) at two time points. To confirm 

significant differences in lumbar lordosis before and after exercise, paired t-test and 

Wilcoxon signed rank test were used. Spearman’s rank correlation analysis was used to 

evaluate the correlation between changes in lumbar lordosis and changes in low back pain 

and radiating pain, before and after exercise. 

Results 

32 participants were included in analysis, with eleven in lumbar stabilization exercise group, 

ten in walking exercise group and eleven in flexibility exercise group. Compared to before 

starting exercise, lumbar lordosis in all participants was increased by 2.8 degree (mean 

value, p=0.075) after performing 6-week exercise programs. Although not statistically 



significant, the analysis by each group also found an increase in lumbar lordosis after 

performing each program and walking exercise group showed a greater increase in lumbar 

lordosis than other groups. In terms of the correlation between low back & radiating pain 

and lumbar lordosis, there was no significant correlation in all groups between the changes 

in lumbar lordosis and changes in low back & radiating pain before and after exercise, 

except for negative correlation between the changes in lumbar lordosis in flexibility 

exercise group and the changes in low back pain in worsening condition (rho=-0.611, 

p=0.046). 

Conclusion 

Our findings imply that all three exercises may contribute to increasing lumbar lordosis, 

and walking exercise may have a greater effect on the improvement of lumbar lordosis 

than other exercises. Further studies are needed with larger study populations to evaluate 

the correlation between lumbar lordosis and chronic low back pain. 

Table 1. The changes of lumbar lordosis and pelvic incidence in all participants after 6-week exercise 

programs.

Table 2. The changes of lumbar lordosis and pelvic incidence in each group after 6-week exercise programs.



Table 3. Correlation between lumbar lordosis and pain before and after 6-week exercise programs.
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Blind intra-articular injection with low- and high-dose corticosteroid in 

frozen shoulder

Minchul Kim1*, Hyoung-Jun Cho1, Dae hwan Kim1, Kil-Yong Jeong1, Doo-Hyung Lee1, Seung-

Hyun Yoon1†

Ajou University Hospital, Department of Rehabilitation Medicine1

Background

A recent study found no difference of efficacy of ultrasound-guided intra-articular injection 

according to 2 different doses (high dose as 40mg of triamcinolone vs low as 20mg) in 

frozen shoulder (FS). However, the study did not reflect the reality, as most primary 

clinicians use blind intra-articular injection without the use of ultrasound. 

Objective

To determine whether blind intra-articular injection with a high-dose corticosteroid 

improves pain and function in patients with FS better than a low dose. <br> <br>Methods : 

Participants (N=64) with primary FS were randomly assigned to receive blind intra-articular 

injections with 40mg triamcinolone acetonide (high-dose group, N=32) or 20mg 

triamcinolone acetonide (low-dose group, N=32). Inclusion criteria were (1) age, 20 to 70 

years old, (2) stage 2 (frozen stage) of FS at least 1 month of pain duration: pain and 

stiffness in predominantly one shoulder for ≥1 month; restriction of passive motion of 

greater than 30° in two or more planes of movement, measured to onset of pain with a 

long-arm goniometer, and (3) average pain intensity during a day defined as a score of 5 

points or more on a 10-cm visual analog scale (VAS) rated from 0 (no pain) to 10 (worst 

imaginable pain). Exclusion criteria were (1) secondary FS, (2) definite rotator cuff lesion; 

complete or full-thickness tear of the rotator cuff, (3) previous corticosteroid injection at 

the affected shoulder within 1 month, (4) high-risk bleeding tendency, (5) uncontrolled 

serum glucose level in diabetes patient (>180mg/dl), or (6) previous history of shoulder 

surgery. The outcome measures include visual analog scale (VAS) for average shoulder pain 

level, Shoulder Pain and Disability Index (SPADI), and passive range of motion including 

flexion, abduction, extension, external rotation, and internal rotation before treatment 

and weeks 3 and 6 after treatment. 

Results



There are no statistical differences between the 2 groups in baseline characteristics. 

Repeated-measure analysis of variance shows no significant difference between the 2 

groups (P>.05). 

Conclusions 

We assessed the efficacy of corticosteroid injections according to 2 different doses that 

are mostly widely used in blind intra-articular injections for FS. This study shows that there 

were no significant differences between the low- and high-dose corticosteroid groups, 

indicating the preferred use of a low dose in the initial stage. 

Table 1. Baseline characteristics of patients



Table 2. Changes of outcome measurements After Intra-articular Injections
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Comparison of the effect according to type of interventions to patient with 

lumbar facet joint pain

Dong-Ha Kang1,2*, Young-Bin Oh1,2, Yu Hui Won1,2, Sung-Hee Park1,2, Myoung-Hwan Ko1,2, 

Jeong-Hwan Seo1,2, Gi-Wook Kim1,2†

Chonbuk National University Medical school and Hospital, Department of Physical 

Medicine and Rehabilitation1, Chonbuk National University and Hospital, Research 

Institute of Clinical Medicine and Biomedical Research Institute2

Introduction 

Facet joints are considered to be a common source of chronic axial back pain. Facet joint 

interventions including medial branch nerve block (MBB) and intra-articular injections (IA) 

are used to manage lumbar facet joint pain. Studies comparing the effect of MBB and IA 

have been already reported. However, the study comparing the therapeutic efficacy of the 

combination of the two interventions and each intervention separately have rarely been 

reported. 

Objective 

The purpose of this study was to compare the efficacy of pain relief when MBB, IA, or both 

of the two methods combination (MBB+IA) were administered to patients with lumbar 

facet joint pain.

Method 

This study retrospectively reviewed patients who underwent lumbar facet intervention 

from November 2016 to May 2019. Among these patients, 44 patients recorded Oswesty 

Disability Index (ODI) and Number Rating Scale (NRS) before injection and within 6 weeks 

of injection were enrolled. The ODI and NRS were used to assess patient’s subjective pain 

and functional impairment secondary to the pain. We divided three groups according to 

the type of intervention. MBB group included 20 patients and IA group and MBB+IA group 

included 12 patients each. 

Results 

The ODI and NRS were found to be significant decreased after the intervention in all three 

groups. The change in ODI and NRS before and after the procedure were 4.9(p=0.001) and 

1.3(p=0.002) in MBB group, 4.58(p=0.036) and 1.59(p=0.012) in IA group, and 4.75(p=0.019) 

and 1.25(p=0.032) in MBB+IA group, respectively (Table 1). Meanwhile, when the effects 

of intervention were compared among three groups, there was no difference in the change 

of ODI and NRS before and after treatment in the three groups (Table 2). 



Conclusion 

Although MBB, IA, and MBB+IA contributed to reducing ODI and NRS, respectively, there 

was no procedure for better efficacy of these interventions in lumbar facet joint pain. 

Table 1. Parameters of pre- and post- intervention

Table 2. Comparing effect of intervention among groups
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Do the thickness of structure on ultrasonography reflect clinical findings in 

hind foot pain?

Jae Hyeong Choi1*, Yong Taek Lee1†, Kyung Jae Yoon1, Jong Geol Do1, Kun Woo Kim1, Jin 

Tae Hwang1, Jin Woo Suh1

Kangbuk Samsung Medical Center, Department of Rehabilitation Medicine1

Introduction 

The main ultrasonographic findings of plantar fasciitis include thickening of plantar fascia, 

loss of fibrillar pattern, hypoechogenicity. Especially, it is established that plantar fascia 

thickness more than 4mm indicates plantar fasciitis. However, the utility of measurement 

of tendon thickness in Achilles tendinitis is controversial. The aim of the present study is, 

therefore, to evaluate whether measurement of the thickness on ultrasonography reflects 

clinical findings of Achilles tendinitis. 

Method  

Subjects  Consecutive 44 patients (88 feet) with hind foot pain who visited our foot clinic 

and performed ultrasonography from 2016.02. to 2019.05. were included. Clinical 

diagnosis was based on the clinical symptom and sign (tenderness on the medial calcaneal 

area in plantar fasciitis; tenderness on the Achilles tendon insertion area in Achilles 

tendinitis). Sonographic evaluation Ultrasonography was conducted in our foot clinic using 

a 3-12-MHz linear transducer with ultrasound system. The patient kept the foot 

perpendicular to the leg in a prone position. Both feet were evaluated regardless of the 

symptoms. Thickness of plantar fascia and Achilles tendon were measured in the calcaneal 

insertion area. Statistical analysis Chi-square test, Mann-Whitney U-test were performed 

to identify difference in thickness or echogenicity. P-value<0.05 was considered to indicate 

statistical significance. 

Results 

Of the 44 patients (88 feet), 17 was men and 27 was women. The mean duration of 

symptom was 12.46 months. 29(33%) feet was clinically diagnosed with plantar fasciitis, 

10(11.4%) feet with Achilles tendinitis, 25(28.4%) feet with both plantar fasciitis and 

Achilles tendinitis. The thickness of Achilles tendon on ultrasonography in the feet with 

Achilles tendinitis was similar with those without Achilles tendinitis (P=0.746), whereas the 

thickness of plantar fascia in plantar fasciitis was significantly thicker than those without 



plantar fasciitis (P=0.001). In terms of echogenicity, there was significant difference 

between feet with Achilles tendinitis and those without it (P<0.001). The mean thickness 

of Achilles tendon in feet with clinical diagnosis of Achilles tendinitis was 4.38mm and 

4.34mm in those without, respectively. When tenderness exists, the odds ratio to show 

hypoechogenicity was 12.97. 

Conclusion 

Unlikely plantar fasciitis, thickness of Achilles tendon on ultrasonography does not seem 

to reflect clinical findings such as tenderness in Achilles tendinitis. Thus, other findings then 

thickness, such as echogenicity should be considered for the diagnosis of Achilles tendinitis 

using ultrasonography. 

Table 1. Relationships between ultrasonographic and clinical findings 

Figure1. Ultrasonography of plantar fasciitis and achilles tendinitis 
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The Effects of Pain Scrambler Therapy on Shoulder Pain in Patients with 

Rotator Cuff Tear

Nam-gyu IM1*, Woo-yong Shin1, Min-ji Ahn1, Kyung-rok Oh1, Seo-ra Yoon1†, Su ra Ryu1, Yu-

ri Choe1

Gwangju veterans hospital, Department of Rehabilitation Medicine1

Objective 

The aim of this study is investigate the effect of pain scrambler therapy on pain relief in 

patient with rotator cuff tear. 

Subjects and method 

This study wad designed by randomized and controlled study. All thirty four patients who 

were diagnosed with rotator cuff tear based on MRI findings and met in our criteria were 

included. The subjects were classified into 2 groups by randomization: Seventeen patients 

(Group I) was treated by conventional therapy and seventeen patients (Group II) was 

treated by conventional therapy and pain scrambler therapy. Conventional therapy 

included medication or physical modalities. Pain scrambler therapy was performed by 

using 4 electrode patches that attached 4cm away from the most painful areas. The 

subjects received the treatment once a day every 30 minutes for 10 days. Visual analogue 

scale (VAS) and University of California at Los Angels (UCLA) score were used to evaluate 

severity of symptoms and functions. These scales measured at before treatment, after 10 

sessions and 4 weeks after treatment. 

Results 

There are no significant differences in the baseline characteristics (Gender, Age, height, 

weight) and initial severity of symptoms and physical functions between tow groups. 

Significant improvements in VAS (Visual analogue scale) and UCLA (University of California 

at Los Angels) score were observed in the Group II when compared with Group I. (p<0.05) 

Conclusion 

Our result showed that pain scrambler therapy may be beneficial treatment option for 

patients with rotator cuff tear. Further studies that compare pain scrambler therapy to 

other treatment such as rotator cuff repair operation and injection therapy are needed. 
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Comparative study of mud and peat intervention relieving chronic pain in 

shoulder: A pilot study

Myeongkyu Kim1*, Hyeonseong Kim1, Mi Jung Kim1, Kyu Hoon Lee1, Si-Bog Park1†

Hanyang University Medical Center, Department of Rehabilitation Medicine1

Introduction

Peat is made when plant materials can not be completely decayed in acidic and anaerobic 

conditions. Mud is natural product that consists of a water and any combinations of 

different kinds of soil produced from geological processes. Peat and mud have been used 

as therapeutic options for musculoskeletal diseases in many European countries. Especially, 

plentiful humic substance in peat is suggested as mechanism of anti-inflammatory effects 

of peat. The aim of this study is to compare the effects of peat and mud on patients with 

chronic shoulder pain. 

Methods

Twenty four patients with chronic shoulder pain were randomly allocated to two groups 

after signing the informed consent. Mud is applied to 12 participants, and peat is applied 

other 12 participants on both shoulders. Patients with shoulder replacement surgery, 

intra-articular steroid injection to shoulder in one month, and current systemic infection 

were excluded. Mud or peat intervention was applied a total of 8 sessions over 5 days, and 

each session lasted for 20~25 minutes. The mud or peat temperature was maintained at 

40 to 43 °C using one infrared lamp per shoulder. Participants were asked visual analog 

scale (VAS) and shoulder pain and disability index (SPADI). SPADI is composed of pain scale 

(0~50) and disability scale (0~80), and total score is 130. Ultrasound images were checked 

to see the changes of shoulder structures. All participants were evaluated before and after 

the intervention.

Results

VAS and SPADI were significantly decreased after the intervention in both groups (p value 

< 0.05). Changes in VAS were 2.75 ± 1.14 and 4.00 ± 2.26 in peat and mud groups, 

respectively. Effect size between two groups was medium (Cohen’s d=0.70). However 

there was no significant difference. Furthermore, changes in SPADI were 31.08 ± 17.63 and 

43.58 ± 29.22 in peat and mud groups without significance, and effect size of SPADI was 

medium (Cohen’s d=0.52). If pain scale and disability scale in SPADI were analyzed 

separately, both reduced after the mud and peat intervention respectively with statistical 



significance. In the analysis of changes of disability scale, effect size between mud and peat 

intervention group (Cohen’s d=0.57) was larger than effect size in pain scale analysis 

(Cohen’s d=0.40). Ultrasound exam on both shoulders showed a decrease in the thickness 

of the subacromial subdeltoid bursa in some patients. 

Conclusion

In conclusion, both peat and mud can be considered as supportive therapy options on 

chronic shoulder pain, and peat may have better effects on pain relief and shoulder 

function. 

Acknowledgment :This research was a part of a project titled ‘The base study to discover 

and to commercialize for the resources of sea healing to activate marine industry’, funded 

by the Ministry of Oceans and Fisheries, Korea. 
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Changes of Range of Motion after Intra-articular Corticosteroid Injection in 

Frozen Shoulder

Dae hwan Kim1*†, Hyoung-Jun Cho1, Seung-Hyun Yoon1

Ajou University School of Medicine, Department of Physical Medicine and Rehabilitation1

Objective

To evaluate (1) the degree of reduction of passive range of motion (PROM) in affected 

shoulder compared to non-affected side (2) the degree of improvement of PROM in 

affected shoulder after intra-articular corticosteroid injection in patients with frozen 

shoulder (FS). 

Method

This is retrospective comparative study. Participants were FS patients (n=120), who had 

ultrasound-guided corticosteroid injection. PROM of all planes of shoulder except 

adduction were measured for both affected and non-affected sides at the initial diagnostic 

period and 12 weeks after injection. Outcome measurements were (1) the ratio of (PROM 

of affected side) to (PROM of non-affected side) and (2) the ratio of (Changes of PROM 

after injection) to (PROM before injection). 

Result

Of the 120 patients, 34 were men, 86 were women. 54 were dominant, 66 were non-

dominant for affected shoulder. Mean age was 54.1±4.7. Mean value of symptom duration 

was 7.01±2.32months. At the initial diagnostic period, PROM of affected side was limited 

in the order of external rotation, internal rotation, abduction, extension and flexion 

(P<0.001). At 12 weeks after injection, the plane in which PROM was most improved was 

external rotation compared to abduction, extension and flexion with statistically 

significance (P<0.001). However, there was no statistically significance compared to 

internal rotation. 

Conclusion

To our knowledge, this is the first study to quantify the degree of improvement of PROM 

in each plane after intra-articular corticosteroid injection in FS. Based on the results of our 

study, we can identify the clinical features of FS and predict the effectiveness of intra-

articular corticosteroid injection in FS. 
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Effect of adductor canal block on medial compartment knee pain in patients 

with knee osteoarthritis

Hyoung-Jun Cho1*, Dae hwan Kim1, Minchul Kim1, Kil-Yong Jeong1, Seung-Hyun Yoon1†

Ajou University School of Medicine, Department of Physical Medicine and Rehabilitation1

Objective 

To identify the efficacy of ultrasound-guided adductor canal block (ACB) as a therapeutic 

option for refractory anteromedial knee pain owing to knee osteoarthritis (KOA) 

Methods 

Seventeen patients with anteromedial knee pain owing to KOA were randomly allocated 

to either ACB group (n=8) or placebo group (n=9). Inclusion criteria were (1) patient with 

anteromedial knee pain for at least 3 months and diagnosed with osteoarthritis by physical 

examination and X-ray, (2) at least or above 45 years, and (3) grade of Kellgren-Lawrence 

grading scale 2 to 4 of osteoarthritis. Exclusion criteria were (1) presence of other obvious 

knee pathology, such as a fracture, infection or rheumatic diseases or (2) prior surgery to 

the knee. In ACB group, ultrasound-guided ACB was performed in the medial side of thigh 

by 1% lidocaine 10ml. In placebo group, 1% lidocaine 1ml injected to the sartorius muscle. 

The primary outcome was visual analog scales (VAS) for knee pain intensity compared for 

pre-, and 4 weeks post-injection. The secondary outcome were Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC), the timed up and go test, numbers 

of analgesic ingestion per day and opioid consumption per day compared for pre-, and 4

weeks post-injection. 

Results 

There are no significant differences in baseline characteristics of patients between two 

groups. At 4 weeks post-injection, ACB group shows significant difference on VAS 

compared to control group (P<0.05). However, WOMAC, the timed up and go test, 

numbers of analgesic ingestion per day and opioid consumption per day do not show 

significant difference. And there were no adverse events reported such as bleeding, 

infection, cellulitis, or weakness. 

Conclusions 



To our knowledge, this is the first prospective study to assess the efficacy of ACB for 

patients with KOA. ACB may be an effective and safe treatment option for patients who 

are either unresponsive or unable to take analgesics. 

Table 1. Baseline characteristics of patients

Table 2. Changes of outcome measurements
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Therapeutic Effect of PDRN Prolotherapy in Patients with Subacromial 

Subdeltoid Bursitis

Jae Hwal Rim1*, Dae Gil Kwon2†, Jong Wook Kim 3, Seong Ho Jo 1

Medical Center of 7th Infantry Division of Republic of Korean Army, Department of 

Rehabilitation Medicine 1, Comprehensive&Integrated Medicine Hospital, Department of 

Rehabilitation Medicine2, Korea Airforce 17th Fighter Wing Aeromedical Squadron, 

Department of Internal Medicine 3

Objective

To evaluate the short-term effect of polydeoxyribonucleotide (PDRN) prolotherpay in 

patients with subacromial subdeltoid (SASD) bursitis. 

Material and Methods 

Fourteen patients (9 male, 5 female, mean age 41.4; range 32-54) with SASD bursitis were 

included. All patients were diagnosed by ultrasound (US) and treated with US guided PDRN 

prolotherapy. Visual analogue scale (VAS), shoulder pain and disability index (SPADI), single 

assessment numeric evaluation (SANE) were measured pre-treatment, 1, 3weeks after 

treatment. 

Results

One and 3 weeks after treatment, VAS, AOFAS, SANE score were significantly improved 

compared with pretreatment (Table 1). There was no complications after PDRN 

prolotherapy. 

Conclusion

PDRN prolotherpay can be a useful treatment in patients with SASD bursitis.



Table 1. Outcome measurements after treatment
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Ultrasound vs fluoroscopy-guided caudal epidural block the treatment of 

post spinal surg syndrome

Jun hyeong Song1*, yongbum park1†

Inje University Sanggye Paik Hospital, Department of Rehabilitation Medicine 1

Objective

This study is to compare advantages and mid-term effects of ultrasound (US)-guided to 

fluoroscopy (FL)-guided caudal epidural block (CEB) for post spinal surgery syndrome (PSSS) 

by assessing pain relief and improvement of functionality. 

Methods

Patients with radicular pain in PSSS who received US-guided method (n=26) or FL-guided 

method (n=26) were included in this retrospective study. All procedures were performed 

with either FL or US. The complication frequencies during the procedures, adverse events, 

treatment effects, functional improvements were compared at one, three, and six months 

following the last injection. 

Results

Both oswestry disability Index and verbal numeric pain scale scores demonstrated 

enhancements in both groups at all one, three, and six months following the last injection, 

without meaningful differences between the groups (p<0.05). Moreover, no meaningful 

differences were present between the groups in terms of treatment success rate at every 

time point. Logistic regression analysis demonstrated method of injection (US- or FL-

guided), sex, use of analgesics, pain duration, number of injections, and age were not 

independent variables for successful treatment results. There was blood aspiration before 

injection in 14.3% (n=3) patients of the US-guided group, and 10.7% (n = 3) of the FL-guided 

group. In 2 patients of FL-guided group, contrast spread intravascularly during injection. 

Conclusion

Compared to FL-guided CEB, US-guided CEB requires a shorter administration duration 

while relieving pain and improving function similarly. Consequently, US-guided CEB is a 

promising choice for conservative management of PSSS 
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Therapeutic Effect of PDRN Prolotherapy in Patients with Traumatic 

Complete Rupture of ATFL

Jae Hwal Rim1*, Dae Gil Kwon2†, Seong Ho Jo 1, Jong Wook Kim 3

Medical Center of 7th Infantry Division of Republic of Korean Army, Department of 

Rehabilitation Medicine1, Comprehensive&Integrative Medicine Hospital, Department of 

Rehabilitation Medicine2, Korea Airforce 17th Fighter Wing Aeromedical Squadron, 

Department of Internal Medicine3

Objective

To evaluate the short-term effect of polydeoxyribonucleotide (PDRN) prolotherpay in 

patients with traumatic comcplete rupture of anterior talofibular ligament (ATFL). 

Material and Methods 

Fifteen patients (13 male, 2 female, mean age 34.4; range 20-54) with traumatic comcplete 

rupture of ATFL were included. All patients were diagnosed by ultrasound (US) and treated 

with US guided PDRN prolotherapy after ATFL injury following 2 or 3days. After PDRN 

prolotherpay, immobilization and clutch gait were applied for 3 weeks. Visual analogue 

scale (VAS), american orthopedic foot and ankle score (AOFAS), single assessment numeric 

evaluation (SANE) were measured pre-treatment, 1, 3weeks after treatment. 

Results

One and 3 weeks after treatment, VAS, AOFAS, SANE score were significantly improved 

compared with pretreatment (Table 1). There was no complications after PDRN 

prolotherapy. 

Conclusion

PDRN prolotherpay can be a useful treatment in patients with traumatic complete rupture 

of ATFL. 
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fluoroscopy guided transforaminal vs caudal block the treatment of post 

spinal surgery sydrome

Suh Mi Rim1*, yongbum park1†

Inje University Sanggye Paik Hospital, Department of Rehabilitation Medicine1

Objective

This study is to compare advantages and mid-term effects of fluoroscopy (FL)-guided 

transforaminal (TF) to caudal (CA) epidural block for post spinal surgery syndrome (PSSS) 

by assessing pain relief and improvement of functionality. 

Methods

Patients with radicular pain in PSSS who received FL-guided CA (n=21) or FL-guided TF 

(n=28) were included in this retrospective study. All procedures were performed with FL. 

The complication frequencies during the procedures, adverse events, treatment effects, 

functional improvements were compared at one, three, and six months following the last 

injection. 

Results

Both oswestry disability Index and verbal numeric pain scale scores demonstrated 

enhancements in both groups at all one, three, and six months following the last injection, 

without meaningful differences between the groups (p<0.05). Moreover, no meaningful 

differences were present between the groups in terms of treatment success rate at every 

time point. Logistic regression analysis demonstrated method of injection (US- or FL-

guided), sex, use of analgesics, pain duration, number of injections, and age were not 

independent variables for successful treatment results. There was blood aspiration before 

injection in 14.3% (n=3) patients of the CA-guided group, and 17.8% (n = 5) of the -guided 

group. In 3 patients of FL-guided group, contrast spread intravascularly during injection. 

Conclusion

Compared to FL-guided TF, C-guided CEB requires a shorter administration duration while 

relieving pain and improving function similarly. Consequently, TF-guided CEB is a promising 

choice for conservative management of PSSS 
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The usefulness of the median nerve to ulnar artery cross-sectional area ratio 

in diagnosing the CTS

Hyuk Sung Choi1*, Eun Seok Kim1, Joon Shik Yoon 1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1

Introduction

Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy. Due to its 

advantage of non-invasive and painless feature, there has been increasing use of 

ultrasound sonography in diagnosis of CTS. The ratio between CSA of median nerve at the 

wrist and the other parameters, for examples, CSA of median nerve at the forearm level 

(WFR), CSA of ulnar nerve at the wrist (MUR) etc., thought to be the better diagnostic 

parameter than medina CSA only because it has high specificity and sensitivity in diagnosis 

of CTS, especially the WFR. There has been several studies to identify the usefulness of the 

median to ulnar nerve CSA ratio (MUR) in diagnosing the CTS. They suggested that it is 

effective sonographic marker of diagnosing CTS because it is simple compared to WFR 

measurement, it scans only at the wrist, and it correlates with electrophysiologic severity. 

However, there are some controversies in MUR; status of CTS can affect the ulnar nerve 

either in electrodiagnositc manner or physiological aspect, shape and diameter. Therefore, 

we suggest a new control parameter that is not affected by the circumstance of CTS and 

can be measured as easily as ulnar nerve, the CSA of ulnar artery. The aim of this study is 

to identify the usefulness of this parameter as a new stable parameter in diagnosing the 

CTS 

Material and methods 

Eighteen patients who newly diagnosed as a CTS were involved in this study. They have no 

surgical history or treatment history before and are classified into three electrophysiolgic 

stage groups of CTS. We measured the CSA of median nerve in wrist crease and 7cm 

proximal from it. We also evaluate the CSA of ulnar artery at the moment of fully dilated 

state in wrist crease level.(Fig.1) We measure the same parameter in the control group, 

fifteen normal healthy volunteers, too. Using these parameters, we obtain the WFR and 

MUAR of each group and evaluate the validity and usefulness of the CSA of the ulnar artery 

and MUAR in diagnosing the CTS. 

Result 



From the data of Table 1 and 2, we found that there is no statistical difference in the CSA 

of ulnar artery either between the control and CTS group or between the each severity 

groups. This finding suggest that the CSA of the ulnar artery is not affected by the 

pathophysiologic state of CTS. From the result of Fig.2 and Table 3, we also found that 

MUAR is as useful as WFR which has been proven in previous studies as a meaningful 

diagnostic sonographic value of CTS. 

Conclusion 

In this study, we first proposed the CSA of the ulnar artery as a new sonographic control 

parameter which is simple for measure and not affected by the pathophysiologic state of 

CTS. The MUAR was as useful value in diagnosis of CTS as the WFR. It provided a means to 

overcome the limitation of the MUR, and could be an easy and stable control parameter 

in diagnosis the CTS by ultrasound sonography. 

Table 1. Comparison of sonographic values among two groups

Table 2 Sonographic findings according to the electrophysiologic stage of CTS

Table 3 Values in Receiver Operating Characteristic Curve for WFR and MUAR in the CTS group

Fig1. Sonographic view of median nerve and ulnar artery at the wrist crease. A: CSA measurement of MN and 

UA B: color Doppler image of UA CSA = cross sectional area; MN = median nerve; UA = ulnar artery



Fig2. Receiver operating characteristic curve WFR = wrist to forearm ratio; MUAR = median nerve to ulnar 

artery ratio
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Ultrasonographic description of the the posterior antebrachial cutaneous 

nerve in healthy volunteer

Jun Ho Choi1,1*, Joon Shik Yoon1,1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1

Introduction 

The posterior antebrachial cutaneous nerve (PACN) is one of the cutaneous branches of 

the radial nerve, which courses posterior to the lateral intermuscular septum and deep to 

the lateral head of triceps brachii. It also provides sensory innervation to the posterolateral 

forearm. Surgical intervention and needle injury around the distal upper arm may cause 

injury of the PACN leading to lateral epicondylar pain. Some cadaveric studies available 

demonstrated the anatomy of the PACN. However, there is no sonographic anatomic study 

of the PACN in the healthy volunteer. The aim of this study was to describe the PACN in 

the distal upper arm and suggest the risk zone susceptible to injury of the PACN in the 

normal subjects. 

Material and methods 

Twenty healthy volunteers over 19 years old were recruited in the study. Exclusion criteria 

included a history of cervical radiculopathy, any disease which causes peripheral 

neuropathy, any trauma around the upper extremity and family history of hereditary 

neuropathy. From the mid-level of the upper arm of the subjects, the PACN was scanned 

proximal to distal. We used the term called epicondylar line connecting the lateral 

epicondyle and the medial epicondyle. We have used the line to quantify the positional 

relationship of the PACN (Fig1). We have identified the location (A) where the radial nerve 

and the PACN are separated, the location (B) where the anterior (AD) and posterior division 

(PD) of the PACN are separated, and the location (C) where the PACN posterior division is 

divided by the epicondylar branch (Epi) and the anconeus branch (Anc). The distances from 

the epicondylar line were measured at A, B and C positions. The cross section area of each 

nerve and the depth from the nerves to the skin were measured at the level A,B,C. 

Result

The mean distances from the epicondylar line to A, B, C were 10.01±0.82cm, 7.46±0.98cm, 

4.02±1.16cm, respectively. The mean depths to the skin at the level A, B, C were 

1.00±0.19cm, 0.72±0.19cm, 0.51±0.12cm, respectively. In all subjects, we identified the

PACN and its major branches (AD, PD, Epi and Anc) (Fig2). We also confirmed that the PACN 



runs deeper behind the lateral intermuscular septum and lateral head of the triceps brachii. 

The size of the nerves and depth from the nerves to the skin at each level are shown in 

Table1. 

Conclusion

This study was the first study to confirm the PACN using ultrasonography in normal 

subjects. The precise location of the nerve may contribute to reducing the risk of nerve 

injuries in invasive procedures such as injection or surgery around the upper arm. 

Table1. Cross section area of the each nerve and depth from the nerves to the skin at the level A, B, C

Fig1. Diagram of the posterolateral upper arm representing the course of the posterior antebrachial 

cutaneous nerve (PACN)



Fig2. Sonographic anatomic relationship of each nerve to the surrounding muscles at the level A, B, C 
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Accuracy of physical examination for lumbosacral radiculopathy in chronic 

and non-chronic state. 

Ju Hyong Jeoung1*, Jeong Min Kim1, Eun Seok Kim1, Joon Shik Yoon1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1

Objective 

To investigate the diagnostic accuracy of a 2 physical examination, Bragard test and 

straight leg raise (SLR) test, in patient with magnetic resonance imaging (MRI) and 

electrodiagnostic evidence of nerve root compression in chronic and non-chronic state. 

Method

The study involved 182 participants with signs and symptoms consistent with lumbosacral 

radiculopathy confirmed by magnetic resonance imaging (MRI) and electrodiagnostic 

study. Patients were evaluated from March 2015 to March 2018 in the physical medicine 

and rehabilitation outpatient clinic. Bragard test and straight leg raise (SLR) test were 

performed during the assessment of all the patients. They were divided in two groups by 

the symptom duration lasting more than 12 weeks in chronic group and less than 12 weeks 

in non-chronic group. Accuracy of clinical tests in detecting MRI and electrodiagnostic 

study was evaluated using sensitivity, specificity, and positive and negative likelihood 

ratios (LR). 

Results 

The diagnostic performance of clinical tests using MRI and electrodiagnostic study as 

reference showed rather disappointing value. The SLR test had the highest sensitivity in 

detecting Edx during non-chronic group was 84.1%, but specificity was 53.1% low. In 

patients with symptom duration of less than 12 weeks, diagnostic accuracies of both tests 

increased compared to the chronic state. 

Conclusions 

In general, individual physical test used to identify lumbar radiculopathy shows poor 

diagnostic accuracy. However Bragard and SLR tests are easy to perform and combination 

of those tests may improve diagnostic accuracy. Clinical assessments confirmed by 

electrodiagnostic study show higher sensitivity than MRI in general. As predicted, both 

physical examination revealed higher sensitivity in the non-chronic phase of disease 

compare to the chronic state, but there is no statistical difference in specificity.



Table 1. Sensitivity, Specificity, Positive and Negative LRs in chronic group

EDx: electodiagnosis, SLR test: straight leg raise test, LRs: Likelihood Ratios

Table 2. Sensitivity, Specificity, Positive and Negative LRs in non-chronic group

EDx: electodiagnosis, SLR test: straight leg raise test, LRs: Likelihood Ratios
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The Clinical Usefulness of Lymphedema Measurement Technique Using 

Ultrasound

Myung Hoon Moon1*, Sung Jin Heo2, Seo-Yoon Lee3, Eun-Ho Yu1, Ji Hong Min1, Soo-Yeon 

Kim1, Chang-Hyung Lee1,4†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University Yangsan Hospital, Research Institute for Convergence of 

Biomedical Science and Technology2, Rehabilitation Hospital, Pusan National University 

Yangsan Hospital, Department of Rehabilitation Medicine3, Pusan National University 

School of Medicine, Department of Rehabilitation Medicine4

Introduction 

Various techniques are used for measuring the status of lymphedema, however, no gold 

standard test is recommended considering structural change with cost efficiency. We 

previously reported the efficacy of the new ultrasonographic (US) measurement technique 

to measure the cross-sectional area of the lymphedema on healthy participants and 

showed a strong correlation with circumference and volumetry. The purpose of this study 

was to determine whether measurement using US is useful in patients with lymphedema. 

Methods 

Total 69 female patients admitted to our hospital who had been diagnosed as of unilateral 

upper limb lymphedema were recruited for the study. The severity of Lymphedema was 

evaluated with circumference measure, bioimpedance analysis (BIA) and US on the same 

day. Arm circumference was checked by tape measure at 10 cm above (AE) and below (BE) 

elbow crease. The BIA was performed by a trained physical therapist, and we used 

impedance (Z) at 5 Hz of each side of the upper limb. Fully experienced physician measured 

soft tissue thickness, the distance between skin and the fascia of the muscle, three times 

each at superior (a), medial (b), inferior (c) and lateral (d) aspect of the bilateral arm using 

ultrasonography, at 10 cm AE and BE. The amount of soft tissue in the cross-sectional area 

(ΔCSA) has been calculated by a designed formula using the mean values of the thicknesses 

on 16 sites. For evaluating inter- and intra-rater reliability, ΔCSA has been measured by 

two examiners in 29 patients. Statistical analysis was performed for correlations among 

the parameters, and for intra- and inter-class reliability of ΔCSA. 

Results 



Demographic data are shown in Table 1. The total reliability at all tissue locations was very 

strong for both intra- and inter-rater correlation (r ?) (Table 2). In the lesion side, the ΔCSA 

measured both at 10cm AE and BE showed a strong positive correlation with circumference 

(rho=0.951, p=0.000 and rho=0.901, p=0.000, respectively). On the other hand, the ΔCSA 

measured both at 10cm AE and BE revealed moderate negative correlations with Z at 5 Hz 

of upper limbs (rho=-0.360, p=0.002 and rho=-0.486, p=0.000, respectively). Similar results 

were seen in the sound side (Table 3).

Conclusion 

Compared to other measurements, our newly developed technique measuring the ΔCSA 

changes has advantages in considering structural change evaluation with cost-

effectiveness. Our results showed a moderate to strong correlation of reliability with other 

conveniently used methods, thus it could be recommended as a useful method in 

determining the status of lymphedema.

Table 1. Demographics and analyzed data of the subjects

Table 2. Inter- and intra-rater reliability of ΔCSA



Table 3. Correlation between ΔCSA and other parameters
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Efficacy of Multiple Trigger Point Injection in Chronic Tension-type 

Headache: a pilot study 

Dong Rak Kwon1†, Kang Lip Kim1*, Gi Young Park1, Jae Hyuk Kwak2, Dae Gil Kwon3

Daegu Catholic University Medical Center, Department of rehabilitation medicine1, Daegu 

Catholic University Medical Center, Department of Neurology2, Comprehensive and 

Intergrative medicine hospital, Department of Rehabilitation Medicine3

Objective

There are several pharmacological and non-pharmacological therapies for the patients 

with chronic tension-type headache (CTTH). Trigger point injections (TPIs) with local 

anesthetics are performed to treat the tension-type headache. However, repeated 

injection of local anesthetics cause toxicity to the muscles. The aim of this study is to 

investigate the efficacy of multiple TPIs with isotonic saline, which has no side effects with 

repeated injections, in CTTH. 

Methods

Eleven patients of the 26 total headache patients were selected for inclusion if they were 

at least 18 years of age, met HIS (International Classification of Headache Disorders) 

criteria for CTTH, had identifiable cervical myofascial trigger points (TPs) that referred pain 

corresponding to their characteristic headache pattern, had no other significant pain 

problems and had pain intensity greater than 2cm on the Visual Analog Scale (VAS). All 

patients had little response to the pharmacological therapy. Patients received isotonic 

saline injections into the active trigger points identified in the physical examination under 

ultrasound guidance once per week. Headache intensity was the primary outcome 

measure, which was assessed using a 10 cm horizontal VAS on each visit. Quality of life was 

evaluated using the Henry Ford Headache disability inventory (HDI) and the amount of 

acetaminophen (AAP) used was counted as the secondary outcome measures. Wilcoxon 

signed rank test was used to compare the outcomes between at the baseline and after the 

last injection. 

Results

This study included 11 patients (7 males and 4 females; mean age, 55.8 years; range, 37-

74 years) with a mean symptom duration of 49.9 months (Table 1). Mean number of 

injections was 6.4 [3 to 14]. The splenius capitis and the upper trapezius was the most



frequently injected muscles (Table 1). Baseline and after the last injection, Visual Analogue 

Scale (VAS) decreased from 6.1 ± 2.3 to 1.7 ± 2.1 (P<0.05, Table 2). Eight of 11 patients who 

were assessed HDI, HDI score reduced from 49.0 ± 41.5 at baseline to 22.0 ± 24.7 after the 

last injection (P<0.05, Table 2). Each patient showed improvement in VAS and HDI over 

repeated trigger point injections (Figure 1). Four patients of 11 who were taking AAP 

without prescription, AAP counts decreased from 8.4 pills per week at the baseline to 0.1 

pills per week after the last injection. There were no adverse effects or untoward events 

reported. 

Conclusion

This pilot study showed that multiple trigger point injections to the head and neck muscles 

with isotonic saline in patients with chronic tension-type headache is effective and safe in 

relieving headache intensity, improving the quality of life, and reducing pills counts. 

Keywords: Trigger point injection (TPI); Chronic tension-type headache (CTTH); Visual 

Analogue Scale (VAS); the Henry Ford Headache disability inventory (HDI) 

Table 1. Demographics and clinical characteristics of patients

Table 2. Improvement of VAS, HDI between baseline and after the last injection



Figure 1. Change of the the VAS and HDI over the number of Trigger point injections
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Swallowing difficulty caused by neck laceration on suicide attempt

Jin Seok Bae1*, Jong Keun Kim1, Yong Sung Jeong1, Hyo Sik Park1, DaWa Jung1, Kang Jae 

Jung1, Jong Youb Lim1†

Eulji University Hospital, Department of Rehabilitation Medicine1

Introduction 

Normal deglutition requires a complex and coordinated interaction of the head and neck 

structures. Abnormalities and disorders of oropharyngeal anatomy and physiology at any 

level will lead to some perceptible dysphagia. The dynamic nature of swallowing requires 

the mobility of structures. Laryngeal elevation and pharyngeal contraction occur during a 

normal swallow. Limitation or impairment of mobility leads to dysphagia. The presence of 

a tracheostomy, scarring, fibrosis, and muscle injury can impede normal movement and 

result in dysphagia. Here we report a patient with dysphagia after direct neck laceration 

caused by attempted suicide with a knife. 

Care report 

A 53-year-old man visited an emergency room with right lateral neck laceration due to a 

suicide attempt. He received emergency surgery. Thyroid cartilage was exposed during the 

surgery, but there was no anterior laryngeal wall injury or penetration wound. Muscle 

repair and tracheostomy were done. After the transfer from intensive care unit to general 

ward, water intake was found to be difficult, and the patient was referred to the 

Rehabilitation Medicine Department for the evaluation of dysphagia. On videofluoroscopic 

swallowing study (VFSS), there were no particular findings on the oral and esophageal 

phases. On the pharyngeal phase, Grade 2 residue was observed in vallecular and right 

pyriform sinus. On attempt to swallow liquid and thick liquid, supraglottic penetration was 

shown. During a soft blended diet, subglottic aspiration was observed. Nasogastric feeding 

was recommended, and the head turning to the right side during swallow was trained. 

Effortful swallowing, isometric lingual exercise, Shaker’s exercise, and pharyngeal electrical 

stimulation were also performed. On VFSS after 1 week, a residue of right pyriform sinus 

decreased somewhat, aspiration was observed only in liquid diet. Nasogastric tube was 

removed and dysphagia diet was tried. There were no particular problems after oral 

feeding. 

Conclusion 



During a normal swallow, there is a complex coordination of nearly all oral, pharyngeal and 

laryngeal muscles, and sensory surfaces in these regions. When a direct injury affects any 

of these sites or structures, the orchestration breaks down, and the result will be dysphagia. 

Although sometimes treatment options are limited, a proper diagnosis can guide therapy 

and assist the patient in understanding the etiology of the problem. It is important to 

conduct VFSS to check dysphagia if there is a direct neck trauma. It can also assist in the 

prevention of malnutrition and possible life-threatening pneumonia. 

fig. A residue in the right pyriform sinus on videofluoroscopic swallowing study.
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Nerve Hydrodissection for Sciatic Neuropathy due to Spontaneous 

Piriformis Rhabdomyolysis

Gi Young Park1†, Dong Rak Kwon1, Kang Lip Kim1*

Daegu Catholic University Medical Center, Department of Rehabilitation Medicine1

Background

Piriformis syndrome is a condition which is thought to result from compression of the 

sciatic nerve around the piriformis muscle. Causes may include trauma to the gluteal 

muscle, anatomical variation, an overuse injury, or swelling of the piriformis muscle. 

Rhabdomyolysis can be one of the cause of degeneration and swelling of muscle, and the 

swelling of muscle can cause compression of a peripheral nerve. Previous studies have 

reported peripheral neuropathies due to rhabdomyolysis. However, sciatic neuropathy 

due to spontaneous piriformis rhabdomyolysis is extremely rare. Clinical 

Presentation

A 27-year-old man was admitted to our rehabilitation department due to severe left 

buttock pain radiating to sole that developed after climbing the mountain 12 days ago. On 

a day after climbing the mountain, the patient visited and admitted to local clinic, and his 

serum creatine kinase (CK) was elevated to 14,928 IU/L. After intensive hydration therapy, 

serum CK level was normalized to 74 IU/L, but the painful weakness of left lower extremity 

persisted. At admission, manual muscle tests revealed 3 medical research council (MRC) 

grade in left knee flexor, 4- MRC grade in left hip extensor and left ankle dorsiflexor, and 

4+ MRC grade in left hip abductor. There was decreased sensation to pinprick and light 

touch at left sole and dorsum of left fifth toe and a normal deep tendon reflex of left knee 

and an absence of deep tendon reflex of left ankle. Pelvis MRI demonstrated edematous 

change in left gluteus maximus, medius, and minimus, piriformis muscle and soft tissue 

edema around the left sciatic nerve (Fig. 1). Ultrasound showed left gluteus medius, 

minimus, and piriformis muscle degeneration and swelling of left sciatic nerve compared 

to the right one (Fig. 2). A nerve conduction study showed low amplitude of compound 

muscle action potentials of left tibial and common peroneal nerves and low amplitude of 

sensory nerve action potentials of left sural nerve. An electromyography revealed 

abnormal spontaneous activities in left gluteus maximus, gluteus medius, tibialis anterior, 

peroneus longus, gastrocnemius, short head of biceps femoris, and semimembranosus 

muscles. Our electrodiagnosis was left incomplete sciatic neuropathy with gluteal 



myopathy. Ultrasound guided nerve hydrodissection with dexamethasone (1ml) and 5% 

dextrose water (5cc) was performed around left sciatic nerve beneath piriformis muscle 

(Fig. 3). Immediately after the procedure, his motor power of left knee flexor was increased 

from 3 to 4- MRC grade. Follow-up ultrasound at a month after procedure revealed the 

decreased swelling of Lt. sciatic nerve. At 5 months after procedure, manual muscle tests 

revealed 4+ MRC grade in left ankle plantar flexor and 5 in the other left lower extremity 

muscles. 

Conclusion

We report successful treatment of sciatic neuropathy due to spontaneous piriformis 

rhabdomyolysis using ultrasound guided sciatic nerve hydrodissection. 

Fig 1. Axial (A) and coronal (B) MRI images of left spontaneous gluteal rhabdomyolysis. Increased signal 

intensity on T2-weighted images in left gluteus maximus, medius, minimus, piriformis muscle and soft tissue 

around the left sciatic nerve (arrow). G. Max; Gluteus maximus, G. Med.; Gluteus medius, P; Piriformis. 

Fig 2. Ultrasound images of left spontaneous gluteal rhabdomyolysis. Transverse ultrasound image showed 

left gluteus medius and minimus muscles degeneration (A) and swelling of left sciatic nerve (arrow) 

compared to the right one (B). G. Max; Gluteus maximus, G. Med.; Gluteus medius, G. Min.; Gluteus minimus, 

P; Piriformis 



Fig 3. Before (A) and during (B) left sciatic nerve hydrodissection under ultrasound guidance. Ultrasound 

guided nerve hydrodissection was performed using dexamethasone (1ml) and 5% dextrose water (5cc) 

around the left sciatic nerve (arrow) beneath piriformis muscle. Needle (arrow heads). 
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Analysis of Intraoperative Neurophysiological Monitoring in Neuromuscular 

and Idiopathic Scoliosis

Myungsang Kim1*, Jung Hyun Park1, Yu Sang Jung2, Jinyoung Park1†

Department of Rehabilitation Medicine, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Seoul, Republic 

of Korea1, Department and Research Institute of Rehabilitation Medicine, Severance 

Hospital, Yonsei University College of Medicine2

Adolescent idiopathic scoliosis (AIS) is the most common scoliosis accounting for 80%. The 

progression of the abnormal curvature does not cease even after the growth spurt finished. 

The prevention of the progression is important and bracing is known to be the only 

effective non-surgical treatment. As the muscles of concave side would be more shortened 

by progress, we hypothesized that the relaxation of these muscles by extracorporeal shock 

wave therapy (ESWT) would reduce the Cobb’s angle in patient with AIS. 

Case 1. 

A 19-year-old female patient visited a neuromuscular clinic for management of AIS which 

first detected at the age of 13. She had no motor or sensory deficit. When she flexes 

forward, rib hump was noticed on the Rt. lower thoracic area. By lateral lumbar flexion 

test, the distance between the 3rd finger’s tip and infrapatellar line were 3.8 cm / 10.6 cm 

(Rt./Lt.). There was no leg length discrepancy. In a simple plain image of whole spine 

standing PA, type III (by King-Moe classification) scoliosis of Lt. concave curvature from T11 

to L3 with the apex level at L1 and Cobb’s angle of 32.7° (Figure 1A) was presented. Onto 

the ongoing manual therapy, a total 8 sessions of ESWT were applied during 6 months 

using AR2 electromagnetic ESWT (Donier MedTech, Kennesaw, GA, USA). In one session, 

2,000 shocks were applied on Lt. paravertebral muscles between T11-L3, and another 

2,000 shocks on Rt. multifidus originating from L3-L5 and quadratus lumborum muscles 

with tolerable intensity (0.05~0.1 mJ/mm2, energy level of 4~6) and frequency (6~8 Hz). 

The values of the lateral lumbar flexion were improved and the gap between both sides 

were decreased (Figure 2). The Cobb’s angle was decreased to 27.6° (Figure 1B). 

Case 2.

A 20-year-old female patient visited this clinic for the management of AIS which first 

detected at the age of 14. She had no motor or sensory deficit. The rib hump was noticed 

with the Rt. lower thoracic area when flexed forward. By lateral lumbar flexion test, the 

distances were 4.0 cm / 2.0 cm (Rt./Lt.). There was no leg length discrepancy. By the simple 



plain image of the whole spine standing PA, the type III scoliosis of Lt. concave curvature 

from T10 to L3 with the apex level at L1 and Cobb’s angle of 27.2° (Figure 1C) were 

presented. Onto the ongoing manual therapy, a total 7 sessions of ESWT were applied 

during 2 months. In one session, 2,000 shocks were applied on Lt. paravertebral muscles 

between T10-L3, and another 2,000 shocks on Rt. multifidus originating from L3-L5 and 

quadratus lumborum muscles with tolerable maximum intensity (0.05~0.1 mJ/mm2, 

energy level of 4~6) and frequency (6~8 Hz). The values of the lateral lumbar flexion were 

improved and the gap between both sides were decreased (Figure 3). The Cobb’s angle

was decreased to 21.6° (Figure 1D). From these cases, we suggest the ESWT would be 

effective in improving the Cobb’s angle itself in AIS, and further data accumulation would 

be needed. 

Figure 1. The Cobb’s angles before and after serial ESWT. The simple plain images of whole spine standing 

PA and the Cobb’s angles before ESWT in case 1 (A), after ESWT in case 1 (B), before ESWT in case 2 (C), and 

after ESWT in case 2 (D).



Figure 2. Improvement of lateral trunk flexion in case 1.

Figure 3. Improvement of lateral trunk flexion in case 2.
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The effects of bariatric surgery on the physical functions among obese 

patients
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Introduction 

Overweight is widely considered as one of the major health problems which can induce 

various chronic conditions, such as hypertension, cardiovascular diseases, type 2 diabetes. 

Also, a wide variety of musculoskeletal complications are related to obesity. Nowadays, 

bariatric surgery is considered as a treatment option for extremely overweight people. It 

has been shown to have the effect in weight loss and metabolic comorbidities, irrespective 

of the type of surgery. This case series describes 3 patients who underwent bariatric 

surgery. We compared pre-surgery and post-surgery physical function (performance) 

including balance and strength. 

Patient and measures 

Among the patients who underwent bariatric surgery, 3 patients completed pre-surgery, 1 

and 3 months post-surgery evaluation. Pre-surgery and post-surgery physical function 

evaluations include timed up and go (TUG) test, Berg-balance scale (BBS), isokinetic 

strength test, dynamic posturography, and grip strength test. For TUG test, patients were 

requested to rise from a chair, walk 3 meters away, and return to the chair and sit down. 

It has a relation with balance, gait speed, and stair climbing. The isokinetic strength test is 

intended to measure the isokinetic concentric strength of quadriceps and hamstring 

muscles, 4 repetitions at the angular velocities of 60°/sec and 15 repetitions at 180°/sec. 

Peak torque values were recorded. For dynamic posturography measure, limits of stability 

analysis, which aims to measure the participants’ ability to move the center of gravity (COG) 

was used. The patients were to move COG to 8 directions with fixing their feet on the 

sensor board. The sum of distances of 8 directions (total surface area) was measured. Area 

of 28000mm² or more is normal. The grip strength was measured using dynamometer. 

Additionally, body weight, body mass index (BMI), systolic blood pressure (SBP), body fat, 

and Hemoglobin A1c (HbA1c) were collected. 



Result 

The summary of the results is described in table 1, 2. All the patients showed improved 

BBS and TUG test. Two patients revealed improved total surface area measured by 

dynamic posturography and 1 patient showed similar normal results of pre-surgery and 

post-surgery evaluations (Fig 1). Grip strength revealed to have a tendency to increase in 

all patients. However, the isokinetic strength of knee flexion and extension were shown to 

have less consistency. All of the patients got total weight, body fat, BMI, SBP, and HbA1c 

reduction. Patient 1 and 2 showed reduced muscle mass, and patient 3 showed unchanged 

muscle mass. 

Discussion 

This case series presented 3 patients who got bariatric surgery. Three months after surgery, 

the patients showed improved balance, revealed by BBS, TUG test, and dynamic 

posturography. Also, it showed improved grip strength, although the results of the 

isokinetic strength of knee flexion and extension were inconsistent. Further studies are 

needed to verify the results. 

Figure 1. Surface area of dynamic posturography of the patients 



Table 1. Pre-surgery and 3 month post-surgery results of BBS, TUG, isokinetic strength, and dynamic 

posturography.

Table 2. Pre-surgery and 3 months post-surgery results of weight, BMI, body fat, muscle mass, systolic blood 

pressure, and HbA1c
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Sacral Sore Treatment with Radiation-induced Fibrosis

Chang Hoon Bae1*, Junhee Lee1, Hasuk Bae1†

Ewha Womans University Mokdong Hospital, Department of Rehabilitation Medicine1

Radiation-induced fibrosis is a long-term side effect of radiation therapy for cancer. It is a 

result of a misguided healing response; local inflammation process ultimately evolves to a 

fibrotic change characterized by increased collagen deposits, poor vascularity, and 

scarring.. We report a case of sacral sore treatment in a patient with radiation induced 

fibrosis using multidisciplinary approach and negative-pressure wound therapy. 

An 85-year-old female patient who had uterine cancer and radiation therapy history visited 

with complaints of coccyx pain, redness, and yellowish discharge with foul odor. She had 

uterine cancer in 1975 and received surgical cancer resection and post-operation radiation 

therapy for three months. She had a frequent GI problem after radiation, and experienced 

colon perforation in 1993 and received another surgical correction. There was no 

noticeable difficulty in performing daily activities independently afterward. In March 15th, 

2019, the patient noticed pain and foul odor from coccyx area, but did not visit hospital at 

the time. The symptoms aggravated in following days, and the patient visited the 

emergency room and admitted for evaluation and abscess management. The patient was 

examined via contrast magnetic resonance imaging on pelvis area. The imaging study 

revealed pressure sore with abscess at sacrococcygeal region of 9-cm long, combined with 

osteomyelitis at lower sacrum and adjacent soft tissue infection (Fig. 1). 

The patient started intravenous antibiotic treatment (cefazolin) and underwent surgical 

incision. The surgical incision revealed the broad infection at sacrococcygeal region and 

drainage of abscess was hindered by the fibrotic tissue, assumed to be formed from 

previous radiation therapy on uterus. After multidisciplinary review, the patient’s 

antibiotics changed from cefazolin to ertapenem and she underwent weekly surgical 

incision and drainage on fibrotic infection site to remove gross inflammation. 

After five surgical drainages, she showed improved inflammatory markers, yet the results 

suggested infection remained. We started using Alginate-Ag foam inside the 

sacrococcygeal pocket to drain the abscess from the fibrotic tissue for daily dressing; the 

foam showed limitation in draining the abscess from the fibrotic tissue. Following the 6th 

surgical incision and drainage, we applied negative-pressure wound therapy using 

CuraVAC® (Fig. 2). The wound was filled with polyurethane foam, cut as the shape of the 



abscess pocket, and non-collapsible tube, via suction head on the foam, was connected to 

the vacuum. Negative pressure of 125mmHg was applied, and maintained for three days. 

Following negative pressure therapy, there was almost no visible drainage and the 

inflammatory marker returned to normal level; thus, negative pressure wound therapy 

effectively removed the tissue infection from fibrotic tissues. 

We report the case of sacral sore treatment with radiation-induced fibrosis. 

Fig. 1. Pelvis MRI (a, left) Sagittal view of sore with abscess at sacrococcygeal lesion (b, right) Axial view of 

the lesion

Fig. 2. Wound preparation before negative-pressure apply (a, left) Abscess pocket was filled with 

polyurethane foam and the protective dressing for adjacent skin (b, right) Negative-pressure abscess 

drainage from fibrotic tissue



Fig. 3. Gross wound appearance (a, left) At admission (b, right) After 4 session of negative pressure wound 

therapy



통증 및 근골격재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F)

P 1-133

Peri-brachial Plexus PDRN Injection for A Patient with Postherpetic Brachial 

Plexopathy

Ju Young Cho1*, Donghwi Park1†, Kwang Jae Yu1, Hyunseok Moon1, Sungwon Park1, Byung 

Joo Lee1, Zeeihn Lee1, Jong-Min Kim1

Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Most complications of herpes zoster (HZ) are associated with the spread of varicella-zoster 

virus (VZV) from the initially involved sensory ganglion. However, motor nerve impairment 

after HZ, such as limb weakness, is a rare but burdensome complication that is difficult to 

treat. The corticosteroids have previously been reported to be effective in managing 

postherpetic motor and sensory neuropathies. However, it’s use may be limited because 

of various side effects. Recently, polydeoxyribonucleotide (PDRN) has been reported as a 

viable substitute for corticosteroids in various musculoskeletal disorders. Here, we 

reported a case of a patient with brachial plexopathy following HZ (postherpetic brachial 

plexopathy), who showed improvement after administration of ultrasound-guided PDRN 

injection around the brachial plexus. 

Case 

A 73-year-old female with a history of well-controlled hypertension and hyperlipidemia 

presented with sudden left upper limb pain, graded Numeric rating scale (NRS) 9, and 

weakness. 3days after development of the pain, characteristic grouped vesicles and 

surrounding erythema were developed on the dermatome of 5th and 6th cervical root. 

There was a weakness in the left shoulder, which was rated Medical Research Council 10 

(MRC) grade 2 in the manual muscle test (MMT). The remaining neurological examination 

was insignificant. With clinical identification of HZ, antiviral and pain control therapy was 

started with IV acyclovir, pregabalin, and Helium-Neon laser for 8 days. Despite resolution 

of the vesicles and erythema, the weakness did not improve. In electrophysiological studies, 

performed 3 weeks after onset of symptoms, left brachial plexopathy was diagnosed. 

Brachial plexus MRI, acquired 21 days after the onset of symptoms demonstrated mild 

swelling and increased signals in the left brachial plexus, especially in the C5 and C6 dorsal 

root ganglia and roots. With the result of studies and clinical history, postherpetic brachial 

plexopathy was diagnosed. Patient was initially treated with oral medications, but these 

were discontinued due to the side effects. Next, the patient was recommended for 

corticosteroid injection around the brachial plexus, but she refused the injection due to 

concerns regarding the metabolic side effects of corticosteroids. Then, after she was 



adequately informed about the anti-inflammatory effects of PDRN, the patient agreed to 

receive a PDRN injection. Ultrasound-guided injection was performed with PDRN around 

the left brachial plexus. After single day, the patient showed marked alleviation of left arm 

pain from NRS 9 to 4. Three more PDRN injections were performed at a weekly interval. 

After the treatments, the left arm pain was maintained at NRS 3 for 6 months and motor 

weakness improved from MRC grade 2 to 4. 

Conclusion

PDRN injection can be considered a viable substitute of corticosteroid injection, when the 

use of corticosteroid is restricted due to side effects. 

(A) The erythematous vesicular eruption is distributed around the left shoulder. (B) Brachial plexus magnetic 

resonance images (MRI) acquired 21 days after the onset of symptoms. Coronal T2-weighted short tau 

inversion recovery images demonstrate mild swelling and increased signals in the left brachial plexus 

especially in the C5 and C6 dorsal root ganglia and roots (white arrow) (C) and (D) Ultrasound-guided 

polydeoxyribonucleotide (PDRN) injection (white arrow) to the left C5 and C6 root.
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Ultrasound-guided Hip Intra-articular Injection using Posterior approach 

and Color Doppler

Ju Young Cho1*, Donghwi Park1†, Kwang Jae Yu1, Hyunseok Moon1, Sungwon Park1, Byung 

Joo Lee1, Zeeihn Lee1, Jong-Min Kim1

Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Introduction

The majority of the literature advocating for this sonographic technique in treating the hip 

joint have described an anterior approach. To the best of our knowledge, there has only 

been a few studies evaluating US-guided hip IA injection using the posterior approach and 

color Doppler to observe the flow of an injected materials. Hence, we report a new method 

of US-guided hip IA injection using the posterior approach and color Doppler imaging to 

confirm the accuracy of the injection. 

Case 

A 72-year-old female complained of dull pain in the right hip, especially when weight was 

applied. She had no history of trauma. On her physical examination, the Patrick`s test was 

positive; however, there was no loss of passive motion in the hip joint and no tenderness 

in the sacroiliac joints. The initial level of pain at the hip was rated 7 out of 10, on a numeric 

rating scale (NRS) during Patrick`s maneuver. On magnetic resonance image of the hip joint, 

there was no abnormal finding except degenerative osteoarthritis. The patient was placed 

in the left-lateral decubitus position with the hip flexed slightly. After finding the hip joint 

space as close as possible to the femur neck using a 2-5 MHz curved ultrasound probe, it 

was regarded as the target of US-guided hip IA injection to avoid injury of cartilage around 

the femoral head. The needle is inserted in-plane to the transducer in a medial to lateral 

direction. To confirm the accuracy of the injection, the flow of the injected material can be 

observed using color Doppler imaging. After the injection, she was educated on the 

appropriate posture and exercise. One week after the injection, she reported significant 

pain relief; pain intensity decreased from 7 to 3, on NRS. 

Conclusion

US guided hip IA injection has been shown to be just as accurate as fluoroscopic guided hip 

IA injection. Moreover, this noninvasive imaging modality eliminates radiation exposure. 

However, in the anterior approach, the needle is inserted lateral to the femoral 

neurovascular bundle. Hence, it may not be possible for physiatrists to completely avoid 



causing injuries to the neurovascular tissues during this procedure. In contrast, US-guided 

hip IA injection using the posterior approach may be advantageous in that it may minimize 

the risk of injury to the neurovascular tissues, because vulnerable neurovascular tissues, 

such as the femoral nerve, are not located in the needle pathway. Moreover, the use of 

color Doppler allows the location of vulnerable vessels to be determined in advance and 

allows the identification of the flow of the injected materials, which can add to the 

accuracy of intra-articular injection. Hence, a new method of US-guided hip IA injection 

using the posterior approach and color Doppler imaging can be a good alternative method 

for hip IA injection 

(A) Anatomy around the hip joint. (B) The patient was placed in left-lateral decubitus position with slight hip 

flexion (20 degree). As in a figure 1-B, the probe was moved by an examiner for searching a proper position 

of US-guided hip intra-articular (IA) injection. (C), (D) Sequential ultrasound images around the hip joint. After 

finding the hip joint space as close as possible to the femur neck, it was regarded as the target of US-guided 

hip IA injection (asterisk) to avoid injury of cartilage around the femoral head. A; Acetabulum, F; femoral 

head, N; femur neck, Arrowhead; glenoid labrum, Dotted arrow; the pathway of US-guided hip IA injection. 

Asterisk; intra-articular space of hip joint



Ultrasound (US)-guided right hip intra-articular (IA) injection was performed. (A) Consecutive color Doppler 

image during US-guided hip IA injection. Dotted arrow; the pathway of needle during US-guided hip IA 

injection, Arrow; injected material in the hip joint space. 
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Sciatic nerve injury involving only tibial division by post-traumatic cyst: A 

case report

Yong Sung Jeong1*, Jong Keun Kim1, Jin Seok Bae1, Hyo Sik Park1, DaWa Jung1, Jong Youb 

Lim1, Kang Jae Jung1†
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Introduction 

The sciatic nerve is composed of L4 – S3 spinal nerves and is the thickest nerve in the body. 

It begins in the lower back and runs through the buttock and down to the lower limb. 

Regarding injuries to the sciatic nerve in the gluteal region, the peroneal division can be 

damaged much more frequently than the tibial division. The funicular arrangement of the 

two divisions and the tethering of the two divisions contribute to this result. Here we 

report a case of sciatic nerve injury involving only tibial division, the cause of which was 

later diagnosed as a post-traumatic cyst by electromyography and ultrasonography.  

Case report 

A 60-year-old woman visited the outpatient department of the orthopedic surgery in April 

2019. The patient could not do toe walking after a falling from a bike in October 2018. The 

patient was referred to the department of rehabilitation medicine to rule out nerve injury. 

The patient did not complain of any pain and could do heel walking. Neurological 

examination demonstrated 3/5 Medical Research Council grade muscle power on the left 

plantar flexion. Electrophysiologic study was performed, and the incomplete lesion of the 

left sciatic nerve above the knee level was found, and it involved only tibial division. 

Ultrasound revealed left gluteal capsular cyst about 2.5 × 3.1 cm. The mass lesion in the 

left piriformis area was found on computed tomography. About 7 cc of yellow gelatinous 

liquid was aspirated ultrasonographically. However, muscle strength unchanged after the 

aspiration, and she was undergoing ankle plantarflexion strengthening rehabilitation. 

Conclusion 

An isolated injury to the tibial division is rare among sciatic neuropathy. We report a case 

of sciatic neuropathy isolated to the tibial division only caused by a post-traumatic cyst, 

and it was diagnosed by using electromyography, ultrasound, and computed tomography. 

Even with a history of trauma, the tibial division can be injured in isolation by a formation 

of a cyst. 



Fig. 1. Computed tomography showed left gluteal mass.

Fig. 2. Ultrasound-guided aspiration.
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Freiberg infraction misconceived as a metatarsophalangeal joint arthritis: A 

Case Report

Kun Woo Kim1*, Kyung Jae Yoon1, Jong Geol Do1, Jin Tae Hwang1, Jae Hyeong Choi1, Jin 

Woo Suh1, Yong Taek Lee1†

Kangbuk Samsung Hospital, Department of Rehabilitation Medicine 1

Introduction

Freiberg disease, also known as a Freiberg infraction, is a form of avascular necrosis in the 

metatarsal bone of the foot. It generally develops in the second metatarsal, but can occur 

in any metatarsal bone. Physical stress causes multiple tiny fractures which impair blood 

flow to the end of the metatarsal resulting in the osteonecrosis. It is a rare condition, 

occurring most often in young women and athletes. It usually presents as metatarsal pain, 

and is often difficult to be diagnosed in early stage. Here, we describe a case of Freiberg 

infraction in second metatarsal bone, which was initially misconceived as other mimicking 

disease including metatarsophalangeal (MTP) joint synovitis and metatarsalgia. 

Case Description

A 24 year-old woman visited the department of orthopedic surgery in a tertiary-care 

hospital with right forefoot pain. The pain had developed 3 weeks ago, and she had visited 

a local clinic and underwent plain radiograph. A plain radiograph showed subtle flattening 

and sclerotic change in second metatarsal head, which was regarded as normal at initial 

interpretation. (Fig.1). Ultrasonography revealed the synovial hypertrophy and increased 

joint effusion in the second MTP joint space (Fig.2). The patient was diagnosed as second 

MTP joint synovitis and was referred to our hospital. There was no trauma history, and she 

worked mostly in a standing position. On physical exam, there was local tenderness on 

second metatarsal head without redness or heating sensation. The patient was diagnosed 

with metatarsalgia and treated conservatively with non-steroidal anti-inflammatory drug 

(NSAID) and short leg splint for 3 weeks. Despite of 3 weeks of splinting, the symptom did 

not improve and she underwent magnetic resonance imaging (MRI). On MRI, there was an 

ill-defined low signal lesion in second metatarsal head on proton density-weighted image 

and surrounding diffuse bone marrow edema on T2-weighted image, suggesting Freiberg 

infraction (Fig. 3-A,B). The patient received NSAID treatment, however, the symptom 

sustained in her activity of daily living. She visited foot clinic in our department because of 

persisting pain. We prescribed crutches to avoid the impact on forefoot. She suspended 

from work and the pain started to improve gradually. After the sharp pain was relieved, 



we prescribed the rigid carbon fiber insole with metatarsal dome to relieve pressure under 

the metatarsal heads. The pain continued to improve and the patient returned to work. 

Her symptom maintained improved state with slight discomfort. Six months later, she re-

visited our clinic. She reported that the pain had remained tolerable state for the last six 

months, while taking analgesics occasionally. On follow-up MRI, the low signal lesion 

slightly reduced in extent and the bone marrow edema decreased compared to previous 

imaging (Fig. 3-C,D).

Fig. 1 The plain radiograph of right foot



Fig. 2 Ultrasonography of right MTP joints 



Fig. 3 Initial and follow-up MRI



통증 및 근골격재활

게시일시 및 장소 : 10 월 18 일(금) 08:30-12:20 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 10:00-10:45 Room G(3F) 

P 1-137   

US Guided Musculocutaneous Nerve Block using Ethanol for Dystonia of 

Elbow Flexor: A Case Report

Gi-Young Park1†, Dong Rak Kwon1, Do Yoon Kwon1*

Daegu Catholic University Medical Center, Department of Rehabilitation Medicine1

Background

Athetoid cerebral palsy is a type of cerebral palsy, characterized by both hypertonic and 

hypotonic muscle tone associated with damage to the basal ganglia. Uncontrolled dystonia 

of athetoid cerebral palsy can lead to severe deformities of muscles and dislocations of 

multiple joints, making it a great challenge for patients and caregivers to perform activities 

of daily living. Chemodenervation combined with ultrasound using ethanol can 

dramatically relieve dystonia by safe and accurate localization of the specific muscles and 

nerves for maximum efficacy, which can last up to 6 months. To the best of our knowledge, 

no case has been reported to treat dystonia of elbow flexor by nerve block. We present a 

case of ultrasound guided musculocutaneous nerve block using ethanol for dystonia of 

elbow flexor in a patient with athetoid cerebral palsy. 

Clinical presentation

A 36-year-old man visited the department of rehabilitation, suffering from continuous right 

elbow flexion posture for a year, causing chocking of his own neck and breathing difficulty. 

The patient was diagnosed with athetoid cerebral palsy 20 years ago, took oral medications 

and received conservative treatments. He received a botolinum toxin injection in right 

biceps brachii 1 year ago for dystonia of elbow flexor, and had partial and temporary relief 

of the symptom. However, the symptom aggravated 8 months after the injection, severe 

enough to cause choking, and provoke sleep disturbance. 

The patient underwent sedation by using midazolam (3mg) before injection to reduce 

dystonic movement. The skin was disinfected and right musculocutaneous nerve was 

identified using ultrasound. Ethanol (50%, 3cc) was injected under ultrasound guidance to 

block the musculocutaneous nerve. Ultrasound after the injection showed no evidence of 

active bleeding or other complication. After injection, physical examination revealed 

decreased dystonia of right elbow and no involuntary elbow flexion movement, and his 

choking posture was disappeared. At a day after the injection, the patient complained of 

mild hypoalgesia at the lateral aspect of right forearm that may be caused by injury of 

lateral antebrachial cutaneous nerve, a branch of musculocutaneous nerve. There was no 

other serious complication after procedure.



The patient was discharged at 2 days after injection. Follow-up of the patient was done by 

phone interview at 8 weeks after injection. He was able to flex his elbow involuntarily up 

to 60 degrees but had complete resolution of choking posture. 

Conclusion

We report successful treatment of severe dystonia in elbow flexor after ultrasound guided 

musculocutaneous nerve alcohol block in the patient with athetoid cerebral palsy. 

The patient’s posture of pre-injection (A) and post-injection (B).



Ultrasound image demonstrates ethanol (50%, 3cc) being injected around the musculocutaneous nerve. The 

musculocutaneous nerve is found between the biceps brachii(BB) and coracobrachialis(CB).
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Freiberg Disease in the Patient with a History of Breast Cancer
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Introduction

Freiberg disease, also known as Freiberg infraction, describes ischemic injury to the 

epiphysis of the head of the second, third, or fourth metatarsal at the metatarsophalangeal 

joint. It is more common in female and is known to be the most prevalent in adolescent 

females. It is also known that repeated trauma or anatomic variants are associated with. 

The purpose of this report is to present a case of foot pain caused by Freiberg disease in a 

middle-aged female patient with a history of breast cancer. 

Case report

A 53-year-old female who underwent modified radical mastectomy and chemotherapy for 

breast cancer five years ago visited the outpatient clinic due to right foot pain and swelling. 

There was no recurrence or metastasis of breast cancer in the studies performed 2 months 

before the visit. Foot pain and swelling began 2 weeks ago. There were no related factors 

causing pain or swelling at the time, such as excessive or repetitive exercise or trauma. In

the physical examination, the patient complained of tenderness on the second and third 

web spaces of the right foot, and redness of the skin was observed at the corresponding 

lesion. A positive squeeze test was also found in the right foot. However, the plane 

radiograph of the right foot revealed no definite abnormality. Therefore, blood tests were 

performed to figure out the infection and nonsteroidal anti-inflammatory drug (NSAID) 

was prescribed. The patient complained that she still had pain and swelling at the 

outpatient clinic one week later. She also complained that the pain persists for both 

walking and resting. Therefore, magnetic resonance image (MRI) study was performed to 

assess the causes of pain and swelling. On MRI study, bone marrow edema was identified 

in the third metatarsal head and shaft. Moreover, a small amount of joint effusion was 

confirmed at the third MTP joint. However, no joint destruction or subchondral irregularity 

was observed. Thus, the patient was diagnosed with Freiberg disease. NSAID was 

prescribed for pain relief and to alleviate bone marrow edema, and crutch was used to 

reduce the weight-bearing on the right foot. One week later, the patient reported that the 

pain in the right foot was improved by 70% or more. The tenderness on the right third 



metatarsal head and positive squeeze test result persisted, but the intensity of pain 

improved. The Patient was prescribed NSAID for two more weeks and was instructed to 

wear shoes that could reduce weight-bearing of the right foot. 

Conclusion

This case report presents Freiberg disease in the middle-aged female patient with a history 

of breast cancer. The possibility of Freiberg disease should be considered in patients 

complaining of foot pain, despite the absence of risk factors, such as recurrent or excessive 

exercise. Further study is required to identify the relevance of chemotherapy to Freiberg 

disease. 
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Recurrent Wrist Pain Mimicking the Carpal Tunnel Syndrome

Yong Min Lee1*, Kyeong Eun Uhm1†

Konkuk University Medical Center, Department of Rehabilitation Medicine1

Introduction

Ganglion cysts are benign cystic masses which occur in association with musculoskeletal 

structures. They are the most common soft-tissue mass of the hand and wrist. Volar wrist 

ganglion cysts account for 18% to 20% of all ganglion cysts of the hand and wrist, and they 

generally occur just radial to the flexor carpi radialis tendon. The purpose of this report is 

to describe a case of long segmental ganglion cyst underneath the flexor tendon around 

the carpal tunnel causing recurrent volar wrist pain. 

Case report

A 48-year-old male was referred to the Department of Rehabilitation for the left wrist pain 

at palmar crease. Until this clinical visit, he had a past history of receiving peri-neural 

injection for carpal tunnel syndrome and had pain relief in some degree. At this time, he 

presented with intermittent numbness in the left hand, and worsening pain with grasping. 

This symptom has waxed and waned since it began 4 years ago without a specific event 

including trauma. On clinical examination, no external signs or palpable masses around 

volar side wrist were present, but the patient had mild tenderness at around carpal tunnel. 

He had no pain to force ulnar or radial side of the wrist, but provoked pain with active 

flexion or passive extension of the fingers as well as full flexion or extension of the wrist. 

Also, Phalen’s test and Tinel’s sign were negative. The plain film of the wrist revealed the 

ulnar positive variance. Since ultrasonography around left wrist before 4 years ago showed 

no definite abnormality and the symptom was sustained, wrist MRI examination was 

performed at this time. MRI showed a 5.3cm multi-lobulated segmental ganglion cyst 

underneath the flexor digitorum profundus tendon, which is originating from the carpal 

tunnel to the 3rd intermetacarpal space as well as a thinning of the triangular fibrocartilage 

complex. In addition, nerve-conduction studies of the left median nerve and 

electromyography were intact although he complaint intermittent hand numbness. During 

follow-up, management options including surgical excision were discussed with the patient. 

However, the patient reported slight relief of symptoms while taking NSAIDs and modifying 

his daily activity; therefore, he selected for conservative management and delayed his 

operation schedule. 



Conclusion

This study presents with a long segmental ganglion cyst in the carpal tunnel. The possibility 

of a space-occupying lesion should be kept in mind in differential diagnosis of recurrent 

wrist pain, and MRI can aid in the definitive diagnosis. 

Keywords: ganglion cyst; wrist pain; a rare location 
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Spontaneous Muscle Hematoma on Hemiplegic Lower Limb of Post-Stroke 

Patient : a case report

Eun Woo Park1*, Soyoung Lee1, Yong Min Choi1†

Keimyung University Dongsan Medical Center, Department of Rehabilitation Medicine1

Introduction

Spontaneous Muscle Hematoma (SMH) is an uncommon condition often overlooked or 

misdiagnosed. For a quick diagnosis and to choose the best treatment, a high degree of 

suspicion is necessary especially in patients with acute stroke, because they receive 

antiplatelet or anticoagulant therapy. We report 1 case associated with SMH of the 

hemiplegic lower limb. 

Case 

A 61-year-old woman was admitted to gynecology department of our hospital to receive 

Laparoscopically Assisted Vaginal Hysterectomy (LAVH). A one day after LAVH, she 

complained right side weakness and dysarthria. Her National Institutes of Health Stroke 

Scale score was 23 points. Because brain Magnetic Resonance Imaging (MRI) showed 

cerebral infarction caused by narrowing of the left anterior cerebral artery, aspirin 100mg 

and clopidogrel 75mg were started. Two weeks after starting antiplatelet therapy, she 

complained right hip pain. A physical examination revealed the tenderness on her right 

posterolateral side of hip and restricted straight leg raise and limited passive hip flexion 

with a bent knee. But there was no trauma history and no visible skin color change like 

bruise and petechiae. Simple radiography of hip showed swelling of right hip side, and 

there was no definite bony abnormality (Figure 1A). After day, she was transferred to our 

department for rehabilitation. We administered painkillers to modulate her pain, but the 

pain was aggravated over time. After 4 days, we performed contrast enhanced MRI of hip, 

and it showed deep soft tissue hematoma of right buttock (Figure 1B). To find out damage 

of large vessel, Computed Tomography (CT) angiogram was performed, and there was no 

abnormality of large vessels (Figure 1C). Her hemoglobin level at the time was 9.9 g/dL. 

The aspiration of hematoma was not performed because large needle aspiration could 

encourage another bleeding. We stopped antiplatelet after consulting with neurology 

department of our hospital to prevent additional hemorrhage. After one week, pain was 

improved and hemoglobin level was increased to 10.6 g/dL. One week follow up contrast 

enhanced CT of low extremities was done, and it revealed that slight reduction of 

hematoma (Figure 1D). After discussing with neurology department, we resumed aspirin 



100mg and clopidogrel 75mg. The patient was followed-up at 1 week after starting 

antiplatelet drugs again, she showed a normal clinical examination with absence of 

symptoms and her hemoglobin level was increased to 11.1 g/dL. 

Discussion 

We have presented a case associated with deep soft tissue hematoma of hip in hemiplegic 

limb. A notable point is that there was no trauma history on her total admission period. 

SMH can be developed in acute stroke patients who take drugs to prevent recurrence of 

stroke. This case highlights the need to consider SMH as a differential diagnosis of 

unexplained muscular pain after starting antiplatelet or anticoagulant therapy in acute 

phase of stroke. 

Figure 1. Imaging Series of Spontaneous Muscle Hematoma
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The Effect of Botulinum Toxin in Intractable Plantar Fasciitis: a case report

Sueng-Wook No1*, Soyoung Lee1, Yong Min Choi1†

Keimyung University Dongsan Medical Center, Department of Rehabilitation Medicine1

Introduction 

Plantar fasciitis is one of the most common causes of foot pain. Most people who have 

plantar fasciitis recover with conservative manage. When conservative manage are not 

effective, more invasive procedures including injections are considered. We describe a 

case of botulinum toxin injection in a patient with intractable foot pain. 

Case 

A 73-year-old male visited, presented with a one year history of right severe posterior heel 

pain (Numerical Rating Scale [NRS]: 9) and feeling like walking on the stones. He had no 

history of recent trauma or vigorous sports activity. At first, he has visited local medical 

center and received oral medications and steroid injection on his heel, however symptom 

was not improved. On physical examination, motor, sensory and deep tendon reflexes 

were normal. He had severe tenderness on his right heel area. Laboratory studies were 

unremarkable. Ultrasonography revealed a significantly thicker plantar fascia about 7mm 

on right heel compared to the contralateral side. (Fig 1) He received injections of Botulinum 

toxin A 50 IU in the right flexor digitorum brevis muscle, 35 IU in the gastrocnemius muscle 

and 15 IU in the soleus muscle using ultrasonography guidance. Patient had marked 

improvement of his symptoms at 3 weeks follow-up (NRS: 2) and remained up to 3 months. 

Discussion 

There are a variety of underlying causes of foot pain and often difficulty in successful 

treatment. Multiple steroid fat pad injections may cause permanent functional impairment 

due to fat pad atrophy. If the patient does not improved with any conservative manage or 

steroid injections, Botulinum toxin A injection can be considered as a treatment option. 



Figure 1. Ultrasonography of the right foot demonstrates plantar fascia about 7 mm thickness. (cross marks) 
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The Botulinum Toxin Injection as a Treatment for Complex Regional Pain 

Syndrome

Hyo Joon Jin 1*, Yong Min Choi1†

Keimyung University Dongsan Medical Center, Department of Rehabilitation Medicine1

Introduction

Pain associated with complex regional pain syndrome (CRPS) is frequently excruciating and 

intractable. Sensitization of the nociceptive system, both peripherally and centrally, is 

believed to be a key pathogenic process. Botulinum toxin (BT) which has relaxing effect on 

skeletal muscles is widely used for the symptomatic relief of spasticity, dystonia, and other 

movement disorders. Recently, many researches are reporting that BT seems to have an 

anti-nociceptive action that is independent of its muscle relaxing action and may be due to 

inhibition of central and peripheral sensitization. So we hypothesized that BT may be a 

helpful to intractable CRPS related pain 

Case report 

A 51 years old man with CRPS was referred to our department about right calf pain. 

Although he had spinal cord stimulators on cervical and thoracic spine, taking morphine 

injection three times a week, and also did multiple trigger point injections and sympathetic 

ganglion blocks on his lumbar spine, pain continues. Severity of pain was about 8 by 

numerical rating system (NRS) for pain. After referred to us, we assumed that his right calf 

pain can be improved by intramuscular BT injection. So we did BT injection on right 

gastrocnemius [35IU] and soleus [15IU] with L5 dermatome subcutaneous BT injection 

[50IU]. After injection, right calf pain was improved, from 8 to 4 by NRS. Decrease of pain 

maintained for 4 months. 

Discussion 

CRPS is an incompletely understood, frequently devastating condition characterized by 

severe neuropathic pain. It is believed that CRPS can produce neuropathic pain by 

peripheral and central sensitization. There are several conventional therapies for CRPS, 

from physical therapy and oral medications to invasive therapy like sympathetic blockade, 

spinal cord stimulation and surgical sympathectomy. Although there is many clinical 

options, CRPS related pain is difficult to treat, and the natural history of CRPS is marked by 

unremitting worsening of the pain. BT is commonly used for movement disorders. Recently 

many studies are reporting that BT seems to have an early anti-nociceptive by several 



mechanisms including muscle relaxation, sensitization of c-fiber nociceptor, decreasing 

release of neurotransmitters including substance p, calcitonin gene-related peptide, and 

glutamate which cause local blood flow and blood vessel leakage leading to edema and 

pain. In this case report, patients have intractable calf pain despite various medications, 

injections and spinal cord stimulation. So we did BT injection via intramuscular and 

subcutaneous. After injection pain reduced from 8 to 4 by NRS and unlike other methods, 

decrease of pain maintained for 4 months. And also there were no adverse effects. 

According to this case, we report that BT injection can be helpful to intractable CPRS 

related pain. 
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Error Assessment of Ultrasonographic Evaluation on Measuring Skin and 

Subcutaneous thickness - Case serial

Junhee Lee1*, Aeri Jang1, Hasuk Bae1†

Ewha Womans University Mokdong Hospital, Department of Rehabilitation Medicine1

Commonly, ultrasonographic techniques are first used to assess various musculoskeletal 

disease in clinical fields. When evaluating patients with ultrasonography, we first approach 

to skin and subcutaneous tissue. Then, we can get information about skin and 

subcutaneous thickness through applying sono probe. However, in this situation, 

unexpected pressure may be offered by examiner. Skin and subcutaneous tissue will be 

pushed by this pressure, so, the measurements may have a chance to be underestimated. 

As a result, there can be a critical misinterpretation due to the method of application a 

probe. To analyze this problem, we compared several sonographic measurement with 

applying ultrasound transmission gel only or applying additional gel pad can be applied on 

before application of probe. 

10 out-patients who visited our clinic were evaluated by ultrasonography. Outcomes were 

consisted with direct depth for measurements of skin thickness and subcutaneous 

thickness with applying ultrasound transmission gel only and applying additional gel pad. 

The examination was held at same location : above 10cm and below 10cm of elbow or 

knee level of each patients. And two clinical practitioner whose major is rehabilitation 

medicine, participated in this analysis, therefore, each patients took this examination 2 

times repeat. Table 1. and Figure 1. shows the example of ultrasonographic examination. 

There was no significant difference in measurements of skin thickness and subcutaneous 

thickness with applying ultrasound transmission gel only and applying additional gel pad. 

Also, there was no clear difference in results between two clinical practitioner. 

We reports that there is no significant difference in skin and subcutaneous thickness 

between applying ultrasound transmission gel only and applying additional gel pad. This 

findings suggest that it is not necessary to consider the possibility of misestimation due to 

pressure when measuring skin and subcutaneous thickness with using ultrasound 

transmission gel in conventional way. 



Table 1. Example of comparing the result of skin and subcutaneous thickness with applying ultrasound 

transmission gel only or additional gel pad 

Fig. 1 Example of skin and subcutaneous thickness measured by ultrasonography
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Severe acute inflammatory response with inflammatory arthritis after 

zoledronic acid infusion

Jayoon Choi1*, Sora Baek1†

Kangwon National University Hospital, Kangwon National University School of Medicine, 

Department of Rehabilitation Medicine1

Zoledronic acid (ZA) is the later generation bisphosphonate which is used for the treatment 

of the metabolic bone diseases including osteoporosis. The common side effect is the acute 

phase response (APR): fever, myalgia, nausea and vomiting, which are usually tolerable 

and transient. However, inflammatory arthritis and severe APR necessitating 

hospitalization are very rare. We present a rare case of severe complication after ZA 

infusion: severe inflammatory arthritis combined with the severe acute systemic 

inflammatory response. 

A 54-year-old woman with a past history of asthma, allergic rhinitis, gastroesophageal 

reflux disease and severe osteoporosis, visited our outpatient clinic for the both knee pain. 

Radiography of the knees indicated bilateral osteoarthritis and hyaluronic acid injections 

were done to the bilateral knee joints. No immediate complication was found. Four days 

after the knee injection, the patient was given 5mg of intravenous (i.v.) ZA for the 

treatment of osteoporosis. Severe arthralgia at both knee joints with fever, myalgia, 

nausea and vomiting were occurred later that night. The patient visited the Emergency 

Room (ER) and was admitted for inpatient treatment on the 3rd day after the infusion. In 

the ER, fever up to 39.6℃ was noted, and it was subtly subsided to 37.9℃ at admission. 

On examination, swelling with tenderness and heating sensation was found in bilateral 

knee joints and was more severe in the right. Laboratory tests revealed elevation of 

erythrocyte sedimentation rate and C-reactive protein, but no definite abnormalities in 

others. No possible fever focus was found in imaging studies. Arthrocentesis of bilateral 

knee joints was done. The synovial fluid was light yellowish and the white blood cell count 

was 3400/μL in the right and 8800/μL in the left, indicating inflammatory arthritis. Culture 

of the blood, urine, sputum and synovial fluid found no growth of the pathologic organism. 

Fever was subsided by the 4th day after the infusion, and myalgia was relieved on the 5th 

day after the infusion. The patient was discharged to home on the 7th day after the 

infusion. However, nausea and knee pain continued after the discharge, and the patient 

was re-admitted on the 9th day after the infusion. Oral prednisolone 20mg was applied on 

the 10th day and 11th day after the infusion, was withheld for 3 days, and was re-



administered for 10 days with a dose of 15mg. Nausea and knee pain were resolved by the 

16th day after infusion, and the patient was discharged at the 19th day after the infusion. 

ZA is one of the most common treatment for osteoporosis. While the well-known 

complication such as the APR is often mild, severe complications such as the systemic 

inflammatory response or the flare-up of arthritis are rare but could require hospitalization 

and aggressive managements. Therefore, the physician needs to be aware of these adverse 

effects and has to prevent for the possible risk. 

Figures 1. Radiographs of the bilateral knee joints at the 1st admission (on the 3rd day after infusion). 

Degenerative change of both knee joints was identified (A) and joint effusion was observed in the right knee 

(B). Joint effusion was not significant in the left knee (C).

Figure 2. Chronological changes of body temperature (BT), C-reactive protein (CRP), and symptoms. ZA, 

zolendronic acid; ER, emergency room; Adm, admission; Pd, prednisolone

Table 1. Joint fluid laboratory test.
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The Effect of rTMS on Sleep Quality and Pain in Patients with Fibromyalgia-

Case Series

Jae-Hyung Kim1*†, Da-Ham Kim1, Si-Woon Park1, Doo-Young Kim1

Catholic Kwandong University International St. Mary’s Hospital, Incheon & Catholic 

Kwandong University School of Medicine, Gangneung, Republic of Korea, Department of 

Physical Medicine & Rehabilitation1

Aims

this report is to know the effect of rTMS on sleep quality and pain in fibromyalgia. 

Subjects

Case 1, Patient is a right-handed 38-year-old female and diagnosed as having suffered from 

fibromyalgia since 2012. She is married and has three children. She was following a 

combined pharmacological management consisting of ant-depressant, sedatives and 

NSAIDs. She is a housewife and has never been working home outside. The Fibromyalgia 

impact questionnaire (FIQ) showed a score of 43.8 in the prior to beginning rTMS with a 

global Pittsburgh sleep quality index (PSQI) score of 18. Case 2, Patient a right-handed 45-

year-old female diagnosed as having suffered from fibromyalgia since 1999. The patient is 

not married. She want to stop working because of widespread pain and fatigue. She was 

undergoing treatment with po NSAIDs. Sometime she takes a medication for sleep 

induction. The FIQ showed a score of 62.7 in the prior to beginning rTMS with a global PSQI 

score of 13. Case 3, Patient is a right-handed 37-year-old female and diagnosed as having 

suffered from fibromyalgia since 2018. She is married and has no child. She was following 

a combined pharmacological management consisting of ant-depressant, NSAIDs. She is a 

housewife and is working beauty shop for a long time. The FIQ showed a score of 38.6 in 

the prior to beginning rTMS with a global PSQI score of 15. 

Methods

magnetic stimulation was applied using a Super-Rapid Magstim Stimulator with a figure-

of-eight-shaped coil. Each treatment session consisted of 25 series of eight-second pulses, 

with 52 s interval between series, at a stimulation frequency of 10 Hz and 80% resting 

motor threshold intensity, giving a total of 2000 pulses per session. The treatment protocol 

consisted of one session per day for five consecutive days followed by 2 days without 

treatment and then another five consecutive days of treatment. The PSQI was assessed for 

sleep quality. It consists of 19 items and seven domains: subjective sleep quality, sleep 



latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and 

daytime dysfunction. The FIQ and brief pain inventory-short form (BPI) were checked for 

pain quantification. Beck depression inventory (BDI) was also checked. 

Results

1) The global PSQI score and sleep duration were improved in all patients (Table 1). Sleep 

duration and daytime sleep dysfunction were improved in case 1. Sleep quality, sleep 

latency and sleep efficiency were improved in case 2. Sleep quality and sleep disturbance 

were improved in case 3. 2) The pain severity scale and pain interference scale of BPI were 

improved in only case 3 (Fig. 1). The pain interference scale of BPI and total FIQ score were 

improved in case 2 (Fig. 2). There was no pain scale improvement in case 1. All cases had 

improved BDI score. 

Conclusions

we think that rTMS could be better helpful method for improving sleep quality and depressive 

mood than reducing pain in patients with fibromyalgia. 

Fig. 1. The Brief Pain Inventory-short form 

Fig. 2. Fibromyalgia impact questionnaire and Beck depression inventory 



Table 1. Sleep quality by PSQI 
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Delayed diagnosed unilateral quadriceps tendon rupture in cerebellar 

hemorrhage patient

Ho Jun Lee1†, Dong In Lim1*, Yongjin Cho1, Bum Sun Kwon1, Jin-woo Park1, Kiyeon Nam1

Dongguk University Ilsan Hospital, Department of Rehabilitation Medicine1

Quadriceps tendon rupture is uncommon and occurs less often than patellar tendon 

rupture. We report a case of delayed diagnosed unilateral quadriceps tendon rupture with 

ultrasonograpy in cerebellar hemorrhage patient. Sixty fiver years old woman with 

diagnosis of both cerebellar hemorrhage combined with subarachoid hemorrhage was 

transferred to department of rehabilitation at 4 months after onset and first surgery. 

Mental status was not alert and non-invasive ventilator was applied due to respiratory 

difficulty and muscle power was quadriplegic state (incomplete). Previously she had 

suffered from mild hemiplegia in right side for twenty years due to left basal ganglia 

hemorrhage and she had no history of diabetes mellitus(DM) and renal failure. After 

transfer to rehabilitation, active physical therapy including tilting table standing and 

extensive passive ROM exercise was started. After one week left knee was reported as 

swollen state without heating sense and ecchymosis (Fig. 1). Only osteoarthritic findings 

were found in simple radiography. Ultrasonography was performed and showed retracted 

quadriceps tenon, which means rupture at myotendinous junction of rectus femoris 

muscle, with no hemorrhage or fluid collection around rupture site (Fig. 2). Her daughter 

told she was previously diagnosed as knee lipoma for recurrent swelling. For 2 weeks with 

conservative treatment (resting, limitation of knee flexion and ice pack) no ecchymosis was 

found around patella and swelling was not changed. Therefore we concluded left knee 

swelling was result of retracted quadriceps tendon after rupture and could be aggravated 

after prolonged passive ROM exercise. Risk factors of quadriceps tendon rupture were 

suggested as increased age, chronic diseases such as DM and chronic renal failure (usually 

associated with secondary hyperparathyroidism), polyneuropathy and drugs (anabolic 

steroid abuse, fluoroquinolone). We have no idea of the situation and predisposing factors 

of quadriceps tendon rupture, but we first report uncommon quadriceps tendon rupture 

in hemiplegic or quadriplegic patient and careful evaluation with ultrasonography even 

was necessary and important for knee joint problem in hemiplegic or quadriplegic patient. 



Fig. 1 Left knee swelling on patella

Fig. 2 Ultrasonography (panoramic view) showed retracted tendon (white arrow) and defect in rectus femoris 

muscle.
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Dorsal Midfoot Interosseous Compression Syndrome (DMICS)

Soyoung Lee1*†, Du Hwan Kim1, Seung Wook No 1

Keimyung University, School of Medicine, Daegu, Korea , Department of Rehabilitation 

Medicine1

Introduction 

Dorsal Midfoot Interosseous Compression Syndrome (DMICS) is recognized by many 

physicians around the world as a relatively common cause of dorsal midfoot pain.We 

experienced DMCIS patient and through the clinical experience, we want to share the case 

and review the causes, diagnosis, and treatment of the disease. 

Case Report 

A 58 years old female with recalcitrant foot dorsum pain for over 1 year was referred to 

the foot clinic. She complained of pain along with the dorsal aspects of her left midfoot 

joints during weight-bearing activities. Upon taking the history, she pointed to the area of 

the metatarsal-cuboid joint as the source of most of her pain. The pain generally worsens 

with increased weight-bearing activities and either occur just before heel off and at the 

initiation of propulsion of walking gait. She has had several injections with a steroid and 

physical therapy for pain before visit foot clinic but there was no improvement of the pain. 

On physical examination, there is discrete tenderness along the dorsal joint lines of the 

metatarsal-cuboid joint but no tenderness along the dorsal aspects of the extensor 

tendons with dorsiflexion resistance applied at the digits. Edema is not present at the 

dorsal midfoot area. There is no pain with forceful manual dorsiflexion of the forefoot on 

the rearfoot. However, there is very significant pain with plantarflexion of the forefoot on 

the rearfoot. On the biomechanical evaluation of her foot, there is moderate rearfoot 

valgus and ankle instability on her left foot. She couldn’t do the squat position due to short 

Achilles tendon and showed flattened medial arch on the podoscopy. On the imaging study, 

there was no bony or soft tissue abnormality on her feet (Fig1, 2). We prescribed stretching 

exercise for her short Achilles tendon and ordered custom made foot orthosis for support 

her medial and lateral longitudinal arch. After 1 month later, her foot pain was much 

improved from VAS 7 to VAS 3 on ADLs and VAS 0-1 after 3months later. 

Conclusion 

It is the repetitive trauma at these dorsal midfoot joint surfaces with each step which 

causes the pain from DMICS. Treatment revolves around both reducing the inflammation 



to the dorsal midfoot joints and trying to eliminate the mechanical factors causing the 

increased flattening moments on the medial and lateral longitudinal arches. All patients 

with DMICS have very significant pain with plantarflexion of the forefoot on the rearfoot. 

Walking barefoot or in low-heeled shoes usually exacerbates the pain, while walking in 

shoes that are loosely tied with an increased heel height usually eases the pain. 

Fig 1. Foot AP X-rays shows no bony abnormalities except mild osteoarthritis on both 1st MP joint. 



Fig 2. Three phase bone scan shows no asymmetric radiotracer uptake.

Fig 3. Three phase bone scan shows no abnormally increased radioactivity. 
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Spinal cord injury by direct damage during trigger point injection: A case 

report

Min Cheol Chang1†, Jong Bum Kim1*

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Trigger point injection (TPI) is commonly performed for the management of myofascial 

pain syndrome, but can occasionally lead to complications such as bleeding, muscle 

hematoma, vasovagal syncope, skin infection, and pneumothorax. This study reports on 

the first case of iatrogenic spinal cord injury (SCI) caused by TPI. A 59-year-old woman 

experienced an electric shock sensation throughout the lower extremity upon receiving 

TPI by blind injection in the left thoracolumbar paraspinal muscle, and later complained of 

weakness (manual muscle test grade: 0–2) and neuropathic pain (numeric rating scale: 7) 

in the lower left extremity. Thoracolumbar magnetic resonance imaging (MRI) performed 

3 days after TPI revealed a high T2 signal in the left T12 to L2 spinal cord segments, and 

electrophysiological recordings performed 11 days after TPI revealed no response of

central motor conduction time in the left leg in concordance with findings from the MRI. 

Seven months after the onset, the patient’s motor weakness partially recovered.
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Case Report: Upper extremity superficial vein thrombosis in a young woman 

using oral contraceptives

Jaeki Ahn 1†, Jun Hyeong Song 1, Sung Hoon Koh 1*

Inje University Sanggye Paik Hospital, Department of Rehabilitation Medicine1

Introduction 

The use of oral contraceptives (OC) is a well-established acquired risk factor for venous 

thrombosis. However, there have only been one case report of upper extremity superficial 

vein thrombosis (SVT) associated with OC use. Therefore, we present a very rare case of 

SVT on upper extremity, in a young woman with history of long-term oral contraceptive 

use. 

Case report

A 35-year-old woman with history of 8-year-use of oral contraceptives due to 

endometriosis, presented with a 2-year history of painful palpable masses on her left 

forearm. At first, there was a single painful palpable mass with localized warmth and 

tenderness. Pain was relieved by taking NSAIDs, and the mass decreased in the size with 

alleviation of pain. However, pain showed waxing-and-waning pattern for 2 years, getting 

worse each time. 6 months before visiting our clinic, another mass was appeared proximal 

to the original lesion. On physical examination, two longitudinal tender palpable mass-like 

lesions was seen on dorsal aspect of the left forearm. Plain radiographs showed no sign of 

abnormality. Doppler ultrasound showed ovoid, homogenous and hypoechoic masses with 

venous flow and non-compressible left cephalic vein. Magnetic resonance imaging (MRI) 

was performed and confirmed a SVT in the patient’s cephalic vein of left forearm, 

approximately 12 centimeters long. There was no abnormality in her platelet count and 

coagulation profile, except slightly increased serum D-dimer of 0.92 ug/mL. Conservative 

treatment including NSAIDs and vaso-protective agent (calcium dobesilate) was prescribed. 

A week later, aspirin was added to prevent further thromboembolic complications. 

Conclusion

The majority of thrombotic events, occurring in superficial vein on upper extremity, are 

due to the presence of intravenous catheters. The use of OC is a well-known but rare risk 

factor for superficial venous thrombosis. We discuss a rare case of venous thrombosis after 

long term use of OC, which occurred in superficial vein of upper extremity. 
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Sudden lymphedema during the upper extremity motor training

Na Na Lim1*, Ji Hong Cheon1, Geun Su Lee1, Won Ki Hong1, Sung Hoon Lee1†, Youn Kyung 

Cho1, Sung Hoon Lee1, Hyun Kyung Lee1, Eun Young Kang1

Kwangju Christian Hospital, Department of Rehabilitation Medicine1

Introduction 

A 19 year old male patient's left forearm started to swell suddenly in the middle of 

occupational therapy. He was diagnosed as anterior cord syndome after the cervical level 

spinal cord injury after the fall during a practice for the back handspring technique in 

August 2018. He had no other past history of operation, medical history. 

Clinical feature 

At the time of unilateral forearm edema, there were no traumatic history as well as a bug 

bite or irritative material contact history. In the physical exam, circumference of left 

forearm was 1.5 centimeter longer than other side with redness and heatness. There were 

no pain and tenderness. He was on the course of high intensity upper extremity exercise 

to increase his motor grade. So firstly, we had to rule out a fracture despite of no traumatic 

incidence. Secondly, as he had evident local inflammation signs, we checked the needs to 

start the antibiotics. Lastly, there were possibilies of delayed onset muscle soreness or 

rhabdomyolysis because the symptom delveloped after the forearm muscle strengthening 

exercise. 

Diagnosis 

He had a normal range of CRP, WBC, D-dimer, muscle enzyme including creatinine kinase, 

myoglobin. In the plain x-ray of foream lesion, there were no cortical irregularity indicating 

any sign of fracture. At the thermography, his left forearm was 2 ℃ higher than the other 

side. From the 3-phase bone scan, his left extremity had diffuse increased blood perfusion 

without asymmetry in the bone setting and finally diagnosed as lymphedema. His arm was 

wrapped up with elastic bandage, and the pneumatic compression was added to his 

schedule. He was told to maintain the affected limb elevated position and two days later 

the arm lost its swelling and heatness just before the lymphoscintigraphy exam. 

Discussion 



As his symptom got better before the final diagnostic exam done, his diagnosis left as 

inconclusive. When sudden progress of unilateral limb swelling was reported, we checked 

his blood exam results are within normal limits and the images had no sign of fracture. The 

prompt intervention as the pneumatic compression, wrapping up with elastic bandage, 

elevation of affect limb are easy and essential to ease the lymphedema. 

<Figure-1> Sudden swelling of left arm (left), After the full recovery from the lymphedema(right) 

<Figure-2> 3-phase bone scan revealing the increased blood perfusion on left forearm



Poster 2

뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-15:49 Room G(3F) 

P 2-1

Incidence and outcomes of aspiration pneumonia in Parkinson’s disease: a 

nationwide database study

Jun Hee Won1*, Seong Jun Byun2, Byung-Mo Oh1, Sang Jun Park2,3†, Han Gil Seo1†

Seoul National University Hospital, Department of Rehabilitation Medicine1, Seoul 

National University Bundang Hospital, Department of Ophthalmology2, Seoul National 

University Bundang Hospital, Big Data Center3

Introduction and Objectives

Aspiration pneumonia is one of the diseases that patients with Parkinson’s disease (PD) 

most suffered from. Recently, incidence of aspiration pneumonia was increasing more 

than ever. Moreover, aspiration pneumonia accounts for the majority of death in PD 

patients. However, little is known about incidence and outcomes of aspiration pneumonia 

in patients with PD. Thus, we conducted a nationwide population-based study to 

investigate incidence and outcomes of aspiration pneumonia in PD patients. 

Method

The National Health Insurance Service (NHIS) database covering the entire Korean 

population were analyzed to identify incident PD patients from 2004 to 2006 and to select 

4 age- and sex-matched controls to each PD patient. We identified the occurrence of 

aspiration pneumonia and assess the risk factors of aspiration pneumonia in these 

matched cohort throughout the study period to 2017. We assessed mortality and the rate 

of gastrostomy insertion after occurrence of aspiration pneumonia. 

Results

A total of 10159 incident PD patient and matched 39574 controls were identified. 

Throughout the 14 years of study period (2004–2017), the incidence of aspiration 

pneumonia was higher in the PD patients than the matched-controls (3.01 vs 0.59 events 

per 1,000 person-year). After adjusting confounders, the risk of aspiration pneumonia 

increased in PD patient (hazard ratio = 4.21; CI, 3.87-4.58). After occurrence of aspiration 

pneumonia, the mortality of patients with PD was 41.75% within 3 months, 65.22% within 

1 year, 74.34% within 2 years. Within 3 months after aspiration pneumonia, 3.7% of 

patients received gastrostomy procedure. Older age, men, diabetes mellitus, congestive 



heart failure, tuberculosis, peripheral artery disease, chronic kidney disease, 

cerebrovascular disease and dementia were associated with higher risk of pneumonia. 

Conclusion

To our knowledge, this is the first nationwide study of pneumonia in entire PD patients in 

the single country. PD patients had higher risk of experience of aspiration pneumonia, 

despite considering other confounders. Furthermore, about two-thirds of PD patients who 

have experienced aspiration pneumonia died within a year after the occurrence of 

aspiration pneumonia. Further research is needed for preventing aspiration pneumonia in 

PD patients and implementing proper measures to prevent death in PD patients after 

aspiration pneumonia. 

Figure 1. Kaplan Meier analysis for first occurrence of aspiration pneumonia in patients with PD and without 

PD. 



Table 1. Incidence of aspiration pneumonia among patients with PD and control group in each year

Table 2. Risk factors of aspiration pneumonia in patients with PD
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The Development of Brain-Machine Interface controlled Soft-Robotic Glove 

for Stroke Patients

Jihong Park1*, Jongseung Lee1, Won-Seok Kim1, Sehun Park1, Yong-Lae Park1, Nam-Jong 

Paik1†

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1, 

Seoul National University, Mechanical and Aerospace Engineering2

Purpose

A brain-machine interface (BMI) being integrated with a motion assistive robot is a new 

solution for post-stroke patients suffering from severe hand paresis, for whom the 

effective rehabilitation therapies such as active movement therapies which require a 

certain degree of remaining hand motor function would be less beneficial. The BMI-robot 

system can offer a neurofeedback training which could lead to affirmative neuroplasticity. 

Thus, we developed a BMI-controlled soft-robotic wearable device for the post-stroke 

patient with severe motor impairment of hand and performed a technical feasibility study. 

Methods

The BMI system including wearable robotic glove assists finger extension movement when 

a BMI algorithm detects certain perilesional activation in functional near-infrared 

spectroscopy (fNIRS, NIRx Medical Technologies, LLC, US). NIRS. motor intention from the 

brain. The fNIRS system measures variations in local hemoglobin concentrations through 

38 measurement channels placed on a patient’s scalp. The BMI algorithm, based on linear 

discriminant analysis, detects a motor intention of hand extension from the fNIRS signal. 

And, the soft-robotic glove with pneumatic muscles assists hand extension of the paretic 

hand. (Figure. 1) 

Experiment

An evaluation of the system was conducted with the patient (female, 53 years, right 

striatocapsular infarction, post-onset 60 days) who was incapable of voluntary finger 

extension. The main purpose of this experiment was on whether the BMI-robotic glove 

system could detect a motor intention from the affected brain with acceptable accuracy 

real-timely. The experiment was designed on motor-imagery (MI) protocol. Three periods 

of hand extension, 5, 7 and 10 s were used, and each period was repeated five times. 

During the experiment, the patient sat on a comfortable chair in a relaxed manner and 

performed the MI tasks by following the instructions given from the system. (Figure. 2) 



Results

The BMI-robotic glove system detected a motor intention with a classification accuracy of 

91.63±6.34% (balanced accuracy) and a detection latency, 2.47±0.10s. The classification 

accuracy and detection latency varied depending on the task period (Table. 1). The 

computation time from data acquisition to motor intention detection was 22.9 ms. 

Conclusion

The results indicates that the BMI-robotic glove system presented in this paper could 

detect motor intention with acceptable classification performance and assist a hand 

extension in a real-time manner. In addition, the results implicit a post-stroke brain could 

produce a detectable hemodynamic response within a MI protocol. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea (NRF, 2016R1A2B4013730) and 

National Research Foundation of Korea (NRF) Grant funded by the Korean Government 

(MSIT) (NRF-2016R1A5A1938472) 

Fig 1. System Configuration and Components. The system consists of three main components: an fNIRS 

system, a BMI algorithm, and a robotic glove. The fNIRS monitors cortical activations in term of hemoglobin 

concentrations. The BMI algorithm processes fNIRS signals and detect a motor intention from the signal. The 

soft-robotic glove assists finger extension.



Fig 2. Experiment and Hemodynamic responses. Experimental design (left) consists of a resting period (60 s) 

and the following 15 motor imagery task trials. Each imagery task trial is a combination of ‘ready’, ‘imagery’, 

and ‘rest’ periods. Three kinds of imagery periods, 5 s, 7 s, and 10 s, were used. Hemodynamic responses 

patterns (right) were obtained through the experiments. The response patterns were the average of all HbO 

signals from ipsilateral channels.

Table 1. Classification Performance. The test results of the BMI algorithm were presented in term of 

classification accuracy (%) and detection latency (s).
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Differences in White Matter Integrity and Cognition According to Genetic 

Polymorphism in Elderly

Eunsil Cha1*, Jimin Song1, Wonil Kang1, Suk Hoon Ohn1, Kwang-Ik Jung1, Woo-Kyoung Yoo1†

Hallym University College of Medicine, Department of Physical Medicine and 

Rehabilitation1

Objective

It is well known that significant white matter deterioration occurs with aging and the rate 

of decline is varies from person to person. Environmental or genetic factors, or 

combination of the two would probably play an important role in explaining such individual 

variability in aging process. Brain-derived neurotrophic factor (BDNF) and Catechol-O-

methyltransferase (COMT) are most important gene that participates in neuronal plasticity. 

So we investigated whether BDNF and COMT polymorphism have effect on such variability 

by using Diffusion Tensor Image (DTI). 

Methods

34 healthy subjects (mean age 70.2±1.2) were recruited. We obtained DTI and genetic 

polymorphism information (BDNF, COMT gene) and Montreal Cognitive assessment 

(MoCA). DTI was acquired by 3-T Achieva MRI scanner (Philips Medical systems, Andover, 

MA, USA) and 82 region-of-interest (ROI) from whole brain were selected in standard brain, 

which were then transformed to native individual space using inverse transformation 

metrics. The diffusion metrics including fractional anisotropy (FA), mean, axial, and radial 

diffusivity (MD, AD, RD) were obtained from all ROIs. We performed Analysis of variance 

to analyze difference in each value according to gene polymorphism. Post hoc tests were 

performed using the Bonferroni method. Chi-square test was performed to see if specific 

gene is related to cognitive function. Pearson correlation analysis was done to verify the 

relationship between changes of diffusion metrics of ROIs and age decline. A p-value < 0.05 

were considered to be statistical significant. 

Results

In comparison of 3 groups (Val/Val, Val/Met, Met/Met), COMT Val/Val Polymorphism 

subject had larger AD value in right precuneus than COMT Met/Met type (p = 0.021). In 

case of BDNF, Met/Met subjects had larger AD of right pedunculopontine nucleus than 

Val/Met subjects (p = 0.025). There was no significant difference between groups in MoCA. 

However, when we divide into 2 groups (Met allele vs. Val/Val), COMT Met allele appeared 

to be associated with higher cognitive function (MoCA≥22)(p = 0.02) with smaller MD, AD 



and RD value at right hippocampus, right thalamus and AD of right uncinate fasciculus and 

left caudate. Areas that was correlated to age decline irrelevant to genetic polymorphism 

were middle cerebellar peduncle, corpus callosum, fornix, anterior corona radiata, right 

pars triangularis, left sagittal stratum inferior occipitofrontal fasciculus, fornix stria 

terminalis, right superior frontooccipital, tapetum, accumbens, amygdala, caudate, 

cingulum, lateral and medial orbitofrontal cortex, thalamus, hypothalamus, left angular 

gyrus (Decreased FA, Increased MD, AD, RD). 

Conclusion

In this study, we found the neural correlates of the white matter integrity related to BDNF 

and COMT polymorphism as well as age decline in geriatric subjects. COMT Met allele 

seems to have protective effect on degeneration limbic system related structure and affect 

cognitive function. 
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Mortality after Parkinson’s Disease and related co-morbidities: A 

nationwide matched cohort study

Seo Yeon Yoon1*, Kee Hoon Kim1, Sang Hoon Shin2, Yong Wook Kim2†

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1, Yonsei 

University College of Medicine, Department and Research Institute of Rehabilitation 

Medicine2

Objective

Mortality rate in patients with Parkinson’s disease (PD) ranged from 21% to 72% in 

previous studies. Many previous studies were conducted in clinics and clinical trials based 

cohorts, and enrolled relatively small number of participants, range from 59 to 800 

patients. And most studies on PD survival were performed 10 years ago or more. Co-

morbidity burden may be an important prognostic factor for mortality in PD; thus 

understanding its influence on mortality is important for studies of mortality in PD. The 

objective of this study was to evaluate the mortality rate in PD using a large nationwide 

cohort in Korea, and to find out the effects of co-morbidities on mortality in PD. 

Materials & Methods

The nationwide population-based matched cohort study was conducted using the Korean 

National Health Insurance Service cohort data. We selected patients with a primary 

diagnosis of Parkinson’s disease (ICD-10 code: G21) and registration code for PD (V124) in 

the program for rare intractable diseases between 2002 and 2015. A matched cohort 

without PD was enrolled by randomly matching patients by sex, age, year of diagnosis, and 

residential area to the PD group with a ratio of 1:9. Cox proportional hazard models were 

used to identify risk factors associated with mortality using Hazard Ratios and 95% 

confidence intervals. We calculated the mortality rate using Kaplan-Meier method, and 

used the log-rank test to compare the survival distributions between the two groups. 

Additionally, we performed logistic regression analysis to identify risk factors associated 

with mortality in PD cohort using Odds Ratios and 95% confidence intervals. P < 0.05 was 

considered statistically significant. The statistical software SAS System for Windows, 

version 9.4 (SAS Institute Inc, Cary, NC) was used to perform the statistical analyses. 

Results

In total, 31,860 patients were enrolled in the study: 3,186 in the PD cohort and 28,674 in 

the matched control cohort. During the follow up periods, mortality rate was 34.56% in PD 

cohort and 17.59% in the comparison cohort. After adjusting for co-morbidities, the Cox 



proportional regression model showed and adjusted hazard ratio of 2.510 (95% CI, 2.334-

2.698) for mortality in PD cohort. Log-rank test revealed a significantly higher rate of 

mortality in PD cohort. Co-morbidities, such as hypertension (OR = 1.211, 95% CI, 1.026-

1.430), ischemic stroke (OR = 2.409, 95% CI, 2.030-2.858), hemorrhagic stroke (OR=2.230, 

95% CI, 1.511-3.291), and hip fracture (OR = 1.607, 95% CI, 1.119-2.310) were significantly 

associated with mortality in PD cohort. 

Conclusions

During the 12 year of follow-up periods, PD cohort showed almost doubled mortality rate 

compared to control cohort, after adjusting for potential confounders. Co-morbidities such 

as hypertension, ischemic stroke, hemorrhagic stroke, and hip fracture were found to be 

associated with increased mortality in PD. 
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The effect of walking rehabilitation using Healbot T on walking ability for 

stroke

Yu Jin Seo1*, Min Ho Chun1†, JuneKyung Lee1

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

OBJECTIVE

There were several studies on the effect of robot therapy on improvement in functional 

gait in stroke patients. However, there were few studies about robot therapy using the gait 

training system including the concept of posture control through pelvic motion. 

Furthermore, there were also few studies on CIMT (Constraint-Induced Movement 

Therapy) in lower extremities, which was known to have therapeutic effect in the upper 

extremities. The aim of this study was to investigate the effects of the newly developed 

exoskeleton-type lower limb rehabilitation robot Healbot T–assisted gait training for

patients with stroke. 

METHODS

This study was a single-blinded, prospective, randomized controlled trial that compared 

the effects of Healbot T–assisted gait training with those of conventional physiotherapy. 

We enrolled 47 patients with chronic stroke and with Functional Ambulation Category 

scores ⩾2. The patients were randomly assigned to one of four treatment groups: 

30minutes of training with Gait Rehabilitation without Healbot T (Control Group), Healbot 

T Gait Rehabilitation (Pelvic off Group), Healbot T Gait Rehabilitation with pelvic control 

(Pelvic on Group), Healbot T Gait Rehabilitation with Constraint Induced Movement 

Therapy (CIMT Group). All received treatment 10 times for four weeks. The outcomes were 

assessed using the Functional Ambulation Classification (FAC), 10 Meter Walking (10MW) 

Test, Timed Up and Go (TUG) Test, Berg Balance Study (BBS), Motricity Index (MI)-Lower. 

RESULTS 

A total of 4 patients were lost to follow-up, leaving a cohort of 43 for the final analyses. No 

significant differences of demographics and clinical characteristics were seen between 

groups, with the exception of baseline MI-Lower (Table 1). We mesured the difference of 

clinical variables before and after four weeks of rehabilitation for each groups. After 

treatment, pelvic on and CIMT groups showed significant improvements of BBS score 

(Table 2). We also measured the differences in the score between control and robot groups 

(including pelvic off, pelvic on, CIMT group). In BBS score, the robot group showed greater 



improvement than the control group (3.1 ± 2.3 and 1.1 ± 2.0, respectively; P=0.02). And 

MI-Lower of the affected limb improved more in the robot group than the control group 

(6.6 ± 5.1 and 2.3 ± 4.3, respectively; P=0.02) (Table 3). 

CONCLUSION 

Our results suggest that balance and voluntary strength of chronic stroke patients might 

be improved with Healbot T-assisted gait training than conventional physiotherapy alone. 

Furthermore, the posture control through pelvic motion of the Healbot T might be more 

helpful in improving the balance. 

Acknowledgment :Acknowledgements. This research was supported by Intramural 

Program (Project No. 2019-314) of AMC-KIST TRC. 

Table 1. Demographics and baseline clinical characteristics by groups 



Table 2. Difference after treatment according to four groups

Table 3. Difference after treatment between control and robot groups
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The relationship between time of line bisection test and neglect prognosis 

in stroke patients

Shinyoung Kwon1,2*, Wookyung Park1,2, MinYoung Kim1,2, Jong Moon Kim1,2†

CHA University School of Medicine, Department of Rehabilitation Medicine, CHA Bundang 

Medical Center1, CHA University, Rehabilitation and Regeneration Research Center2

Purpose 

Hemispatial neglect is characterized by reduced awareness of stimuli on one side of space. 

Although it can be caused by various pathologic conditions, it is most often observed after 

stroke patients. Hemispatial neglect is associated with patient cognition, especially 

attention. The line bisection test (LBT) is most commonly performed to confirm hemispatial 

neglect. However, it has not been paid attention to the time it takes to perform the LBT. In 

this study, we measured the time of LBT and tried to confirm the relationship with 

prognosis of hemispatial neglect in stroke patients 

Methods 

Thirty-one patients who were admitted to the department of rehabilitation medicine at 

university hospital with stroke were enrolled from December 2017 to March 2019. The 

patients were included 1) Age ≥ 20 years, 2) stroke confirmed by MRI or CT, 3) no 

abnormalities in otology and ophthalmology 4) more than 1 step verbal command obey. 

Korean Mini-Mental State Examination (K-MMSE), Motor Free Visual Perception-3 (MVPT-

3), LBT were performed at the time of admission, and 4 weeks later. The analysis of the 

LBT is as follows; Less than 1/4 inch in length from true center and test conducted within 

90 seconds (0 point, normal), at least 1/4 inch in length from center (1 point, mild), at least 

1/2 inch in length from center and test conducted for more than 90 seconds (2 point, 

severe). The time to complete the LBT was also measured. Based on the changes in LBT 

score, patients divided into two groups; Improved group and non-improved group. The LBT 

initial time, K-MMSE score change, and MVPT-3 score change of the two groups were 

compared using t-test and Wilcoxon signed-rank test. 

Results 

The demographic factors of the patients were as shown in Table 1. There were significant 

differences between improved group and non-improved group in initial LBT time (p=0.03) 

and changes of MVPT-3 score (p=0.02). However, changes of K-MMSE score did not show 

statistical differences. (Table 2, 3) 



Conclusion 

LBT are one of the most commonly used testing tools for patients with hemispatial neglect. 

In this study, there is significant association between LBT time and the prognosis of 

hemispatial neglect. Measuring time when performing LBT is simple and can be used as a 

tool to predict the prognosis of neglect and visual perception. Further study with larger 

sample size and follow up study is necessary.

Acknowledgment :This work was supported by a grant of the Korea Health Technology R&D 

Project through the Korea Health Industry Development Institute (KHIDI), funded by the 

Ministry of Health & Welfare, Republic of Korea (No. HI16C1559). 

Table 1. Demographics and clinical characteristics of patients

Table 2. Comparison of LBT and K-MMSE results between two groups



Table 3. Comparision of MVPT-3 results between two groups
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Experimental evidences for functional changes in cortical blood flow by tDCS

IN HYE KIM1, SO JUNG LEE1, JU HYUN SON1, SUNG-HWA KO1,2, JI HYEON RYU2, HO KOO3, 

MIN SUN KIM3, YONG-IL SHIN1,2*†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University Yangsan Hospital, Research Institute for Convergence of 

Biomedical Science and Technology2, Wonkwang University School of Medicine & Hospital, 

Department of Physiology3

Background

Several clinical studies have demonstrated that Transcranial direct current stimulation 

(tDCS) can change cerebral blood flow with a polarity - specific manner. However, there is 

a little information about possible underlying mechanisms for modulation of cerebral 

blood flow by tDCS. 

Purpose

The purpose of this study was to evaluate changes in functional or structural changes in 

cortical blood vessel by tDCS. 

Method and Materials

tDCS was applied bilaterally on the skull with intensity of 150 uA and duration of 20 min 

from Sprague – Dawley rats. Structural changes in cortical blood vessel were evaluated by 

imaging cortical blood vessel stained with Evans-blue dye or by direct visualization of 

cortical vessels stained with fluorescent dye with a confocal microscope. Functional 

changes was monitored by direct measurement of cortical blood flow with a Laser-Doppler 

and by direct recording of oxygen and nitric oxide concentration from the cortex using a 

voltammetric technique. 

Results

Anodal tDCS resulted in increase in diameter of blood vessels in the cortex and also 

upregulation of oxygen and nitric oxide concentrations in the cortex. In contrast to, 

cathodal tDCS cause the reduction of size of cortical blood vessels and of oxygen 

concentration. But there is a little changes in concentration of nitric oxide in the cortex 

under cathodal tDCS. 

Conclusions



This results suggest that tDCS may modulate functional changes in blood flow by changes 

in release of nitric oxide in the cortex. 

Acknowledgment :This research was supported by the Bio & Medical Technology 

Development Program of the National Research Foundation (NRF) funded by the Ministry 

of Science & ICT (NRF-2017M3A9E9032772 & NRF-2018R1A6A3A01011531). 
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Long-term Course of Functional Levels from 7 Day to 3 Year after the First-

ever Strokes in Korea

Kyou Hyun Kim1*, Min Kyun Sohn2, Jongmin Lee3, Deog Young Kim4, Sam-Gyu Lee5, Yong-Il 

Shin6, Gyung-Jae Oh7, Yang-Soo Lee8, Min Cheol Joo9, So Young Lee10, Junhee Han11, 

Jeonghoon Ahn12, Young-Hoon Lee7, Won Hyuk Chang2, Sung Hyun Kang13, Ji-Yoo Choi13, 

Young Taek Kim14, Yun-Hee Kim1,15†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of 

Physical and Rehabilitation Medicine, Center for Prevention and Rehabilitation, Heart 

Vascular Stroke Institute1, School of Medicine, Chungnam National University, Department 

of Rehabilitation Medicine2, Konkuk University School of Medicine, Department of 

Rehabilitation Medicine3, Yonsei University College of Medicine, Department and Research 

Institute of Rehabilitation Medicine4, Chonnam National University Medical School, 

Department of Physical and Rehabilitation Medicine5, Pusan National University School of 

Medicine, Pusan National University Yangsan Hospital, Department of Rehabilitation 

Medicine6, Wonkwang University, School of Medicine, Department of Preventive 

Medicine7, Kyungpook National University School of Medicine, Kyungpook National 

University Hospital, Department of Rehabilitation Medicine8, Wonkwang University School 

of Medicine, Department of Rehabilitation Medicine9, Jeju National University Hospital, 

Jeju National University School of Medicine, Department of Rehabilitation Medicine10, 

Hallym University, Department of Statistics11, Ewha Womans University, Department of 

Health Convergence12, Korea Centers for Disease Control and Prevention, Division of 

Chronic Disease Prevention, Center for Disease13, Korea Centers for Disease Control and 

Prevention, Division of Chronic Disease Control, Center for Disease Prevention 14, SAIHST, 

Sungkyunkwan University, 81 Irwon-ro, Gangnam-gu, Seoul, 06351, Korea, Department of 

Health Sciences and Technology, Department of Medical Device Management and 

Research , Department of Digital Health15

Objective

There is no definite consensus to the course of long-term functional level in stroke patients 

after 6 months of stroke onset. The purpose of this study was to analyze the functional 

recovery patterns from 7 days to 3 year after stroke onset and the time point to reach the 

plateau and decline of diverse aspect of function for ischemic and hemorrhagic stroke. 

Materials and Methods

This study was an interim analysis of the Korean Stroke Cohort for Functioning and 

Rehabilitation (KOSCO) designed as 10 years long-term follow-up study of stroke patients. 



All patients who admitted to the representative hospitals in 9 distinct areas of Korea with 

their acute first-ever stroke (from August 2012 to May 2015) were recruited. Both ischemic 

and hemorrhagic strokes were included but transient ischemic attacks were excluded. Out 

of 7,858 patients who agreed with participation, 4,722 patients completed face-to-face 

assessments at 3 year after stroke onset. Functional assessments included Korean 

modified Barthel Index (K-MBI), Korean Mini-Mental State Examination (K-MMSE), Fugl-

Meyer Assessment (FMA), Functional Ambulatory Category (FAC), the American Speech-

Language-Hearing Association National Outcome Measurement System Swallowing Scale 

(ASHA-NOMS), and Short Korean Version of Frenchay Aphasia Screening Test (Short K-

FAST). We demonstrated the each functional recovery pattern for total, ischemic and 

hemorrhagic stroke patients separately and also for subsets grouped by their baseline 

stroke severities. 

Results

Among 4,722 patients, 79.7% of patients suffered from ischemic and 20.7% hemorrhagic 

stroke, respectively. Their mean age was 63.0 years and the ratio of male to female was 

1.44. The multi-facet functional recovery patterns in first-ever stroke patients were 

different according to the baseline stroke severity. RMANOVA showed a significant 

interaction effect between time and baseline stroke severity in K-MBI, FMA, K-MMSE, FAC, 

ASHA-NOMS, Short K-FAST (P<0.05). K-MBI, FMA, and FAC reached to the plateau at 12 

months after stroke onset and showed the decline from 24 months after stroke onset. 

Conclusion

The results of this study demonstrated long-term functional recovery and declining pattern 

according to initial severity and different functional categories in the first-ever stroke 

patients. Proper rehabilitation strategies should be considered in chronic stroke patients 

to maintain their functional level 

Acknowledgment :This study was supported by the Research Program funded by the Korea 

Centers for Disease Control and Prevention (2019E320200). 
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Assessment of the Implementation of Critical Pathway in Stroke Patients: A 

10-years follow up study

Dahye Park1*, Hyeong Seop Kim1, Chang Han Lee1, Eun Shin Lee1, Chul Ho Yoon1, Heesuk 

Shin1, Min-Kyun Oh1†

Gyeongsang National University School of Medicine and Gyeongsang National University 

hospital, Department of Rehabilitation Medicine1

Objective 

To evaluate the effects of the implementation of Critical Pathway (CP) in stroke patients 

for 10 years. 

Methods 

Data were collected from 960 patients who were diagnosed with stroke at the university 

hospital emergency room, who were transferred to the rehabilitation center after the 

acute phase and discharged after undergoing comprehensive rehabilitation. Based on data 

collected over a period of 10 years, changes in demographic and stroke characteristics, 

medical complications and functional status, and length of stay (LOS) were observed 

before and after CP implementation. As evaluation tools of functional status, the Modified 

Rankin Scale (mRS), the Korean Version of the Modified Barthel Index (K-MBI), and the 

Korean Mini-Mental State Examination (K-MMSE) were included. 

Results 

There was no significant difference in demographic and stroke characteristics between 

before and after CP implementation. For those with pre-existing medical conditions, there 

was no significant difference between before and after CP implementation, except for a 

significant decrease in cardiac arrhythmia (p=0.008) and dyslipidemia (p=0.001). The 

majority of complications was significantly decreased after implementation of CP (Table 1). 

Except for hemorrhagic stroke patients, Brunnstrom stage of ischemic and total stroke 

patients after CP implementation was statistically significantly increased in the upper 

proximal, upper distal and lower extremity and significantly higher scores for K-MMSE at 

transfer to rehabilitation center (Table 2). The LOS of total hospitalization and 

rehabilitation center hospitalizations was statistically significantly reduced in ischemic and 

total stroke patients (Table 3). 

Conclusion 



The implementation of CP allows better application of evidence and guideline-based key 

interventions and help to provide early, comprehensive, organized and more specialized 

care to stroke patients. Despite limited evidence, CP is still recommended as a means of 

promoting best practice in hospital care for stroke patients. Future research on the effects 

of the implementation of CP in multiple institutions is needed. 

Acknowledgment :Abstract Objective To evaluate the effects of the implementation of 

Critical Pathway (CP) in stroke patients for 10 years. Methods Data were collected from 

960 patients who were diagnosed with stroke at the university hospital emergency room, 

who were transferred to the rehabilitation center after the acute phase and discharged 

after undergoing comprehensive rehabilitation. Based on data collected over a period of 

10 years, changes in demographic and stroke characteristics, medical complications and 

functional status, and length of stay (LOS) were observed before and after CP 

implementation. As evaluation tools of functional status, the Modified Rankin Scale (mRS), 

the Korean Version of the Modified Barthel Index (K-MBI), and the Korean Mini-Mental 

State Examination (K-MMSE) were included. Results There was no significant difference in 

demographic and stroke characteristics between before and after CP implementation. For 

those with pre-existing medical conditions, there was no significant difference between 

before and after CP implementation, except for a significant decrease in cardiac arrhythmia 

(p=0.008) and dyslipidemia (p=0.001). The majority of complications was significantly 

decreased after implementation of CP (Table 1). Except for hemorrhagic stroke patients, 

Brunnstrom stage of ischemic and total stroke patients after CP implementation was 

statistically significantly increased in the upper proximal, upper distal and lower extremity 

and significantly higher scores for K-MMSE at transfer to rehabilitation center (Table 2). 

The LOS of total hospitalization and rehabilitation center hospitalizations was statistically 

significantly reduced in ischemic and total stroke patients (Table 3). Conclusion The 

implementation of CP allows better application of evidence and guideline-based key 

interventions and help to provide early, comprehensive, organized and more specialized 

care to stroke patients. Despite limited evidence, CP is still recommended as a means of 

promoting best practice in hospital care for stroke patients. Future research on the effects 

of the implementation of CP in multiple institutions is needed. 



Table 1. Comparison of the number of stroke patients with medical complications before and after CP 

implementation



Table 2. Comparison of functional states at transfer to rehabilitation center and discharge before and after 

CP implementation



Table 3. Comparison of length of stay (LOS) before and after CP implementation
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Association Between IL1RN Gene Polymorphisms and Post-Stroke Infection

Hae-yeon Park1*, Yeonjae Han2, Donggyun Sohn2, Hyun-Mi Oh3, Tae-Woo Kim3, Geun-

Young Park2, Joo Hyun Park1, Sun Im2†

The Catholic University of Korea Seoul St. Mary`s Hospital , Department of Rehabilitation 

Medicine1, The Catholic University of Korea Bucheon St. Mary`s Hospital , Department of 

Rehabilitation Medicine2, National Traffic Injury Rehabilitation Hospital, Department of 

Rehabilitation Medicine3

Background and Purpose 

Neurogenic dysphagia due to acquired brain lesions, such as stroke and hemorrhage, is 

one of the leading causes of chronic disability. Dysphagia can be observed in about 40-60% 

of post-stroke patients, and about 20-30% of them might suffer from recurrent aspiration 

pneumonia. There are studies reporting that many genes may affect the outcome of stroke. 

Among those genes, Interleukin-1 receptor antagonist (IL-1ra) is known as an endogenous 

immunomodulatory cytokine encoded by IL1RN on chromosome 2, that inhibits the actions 

of IL-1α and IL-1β. Elevated plasma IL-1ra is known to predict infection early after stroke. 

Therefore, polymorphisms in IL1RN that affect the production of IL-1ra may influence post-

stroke infection risk. Furthermore, there is a report that polymorphisms in IL1RN may 

predispose to vascular disease, such as coronary heart disease. However, the role of minor 

C allele of rs4251961 single nucleotide polymorphism (SNP) in IL1RN is controversial. This 

study aimed to explore whether minor C allele of rs4251961 in IL1RN is associated with the 

risk of post-stroke infection in stroke patients with dysphagia, and whether it is associated 

with the vascular diseases. 

Method 

A total of 218 subjects who met the inclusion criteria, and who agreed to undergo gene 

study were enrolled in the study. Blood samples were obtained from the subjects and 

genotyping for IL1RN rs4251961 was carried out. Genotypes of the subjects were classified 

into TT, CT, and CC types. Infection events, such as aspiration pneumonia, urinary tract 

infection, colitis, and other infections were recorded. The history of complications 

(admission to intensive care unit, history of intubation, septic shock, etc.) was also 

recorded.

Results 



Data from 206 participants were available for final analysis. The baseline characteristics of 

patients with and without the minor (C) allele of the rs4251961 SNP in IL1RN are shown on 

Table 1. There were no significant differences in age, sex, stroke type, diabetes, 

hypertension, atrial fibrillation, and coronary heart diseases between the patients with 

minor C allele of the rs4261961 and those without. Post-stroke infection risk also did not 

show significant differences between two groups (Table 2). 

Conclusion

Based on our results, genetic polymorphism of IL-1RN gene failed to effectively reflect the 

post-stroke infection risk during follow-up period in stroke patients. Unlike previous study, 

minor C allele of rs4261961 did not revealed statistically significant association with 

vascular disease. The risk of post-stroke infection and vascular diseases may be affected 

by multifactorial reasons. Further long-term studies and studies of genetic polymorphism 

of other genes on infection are warranted. 

*This work was supported by the National Research Foundation of Korea(NRF) grant 

funded by the Korea government(MSIT) 2017R1C1B5017926. 

Table 1. Baseline Characteristics of patients with and without the minor C allele of the rs4261961 SNP in 

IL1RN



Table 2. Infection of patients with and without the minor C allele of the rs4261961 SNP in IL1RN
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Identification of idiopathic Parkinson disease subgroups using quantitative 

gait analysis and PET

Hee Dong Shin1*, Dae Hyun Kim1†

Veterans Health Service Medical Center, Seoul, Physical medicine and rehabilitation1

Introduction

To investigate gait dysfunction subgroups and identify underlying mechanisms in patients 

with idiopathic Parkinson disease (IPD). 

Methods

This study included 88 patients with IPD who underwent 18F-FP-CIT positron emission 

tomography (18F-FP-CIT PET) and three-dimensional gait analysis (3DGA) between January 

1, 2014 and December 31, 2016. We performed cluster analysis using temporal-spatial gait 

variables (speed, stride length, cadence, and step width) and divided participants into 4 

subtypes. The 18F-FP-CIT PET images were analyzed using 12 striatal subregions (the 

ventral striatum, anterior caudate, posterior caudate, anterior putamen, posterior 

putamen, and ventral putamen; all were bilateral). The activity level in each voxel of 

interest (VOI) was calculated. The specific-to-nonspecific binding ratio (SNBR) was defined 

as follows: (mean standardized striatal subregional VOI uptake value – mean standardized 

occipital VOI uptake value)/mean standardized occipital VOI uptake value; occipital uptake 

was considered to be nonspecific binding. The kinematic and kinetic gait characteristics 

and SNBR of the12 striatal subregions were compared among the 4 subgroups. 

Results

Three subgroups followed typical gait worsening with IPD progression: the comparable gait 

speed group, cadence-compensated group due to a reduced stride length, and the slowest 

group due to a lack of cadence compensation. A new group exhibited comparable stride 

length to other groups, but slow gait speed due to lack of cadence compensation showed 

a significant decrease in 18F-FP-CIT uptake, especially in the posterior putamen. 

Conclusion

Combining 3DGA and 18F-FP-CIT PET reveals the progression of gait dysfunction and helps 

identify mechanisms of different IPD gait characteristics. 

Acknowledgment :This study was also supported by the National Research Foundation of 

Korea (NRF) grant funded by the Korea government (MSIT) (grant number 

2017R1C1B1003). 



Fig. 1 The gait pattern-based subgrouping analysis results. (A) The hierarchical clustering analysis was 

conducted using 4 temporospatial gait variables (speed, stride length, cadence, and step width), where the 

red, blue, cyan, and violet circles represent each of the 4 groups. The boxplots of gait variables for each group 

are shown (B) and the post-hoc comparison results are described in the blue box at the bottom of each 

boxplot. (C) Boxplots for the selected kinematic and kinetic gait variables are also shown. Abbreviations: AS, 

more affected side; Ex, extension; Fl, flexion; US, less affected side.



Fig. 2 The average SNBR for each group (A), where brain regions with significant ANOVA results were checked 

using a solid green line. The boxplots for the significant brain regions are shown (B) and the post-hoc 

comparison results are described in the blue box at the bottom of each boxplot. Abbreviations: ANOVA, 

analysis of variance; SNBR, specific-to-nonspecific binding ratio.
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Relationship between short-term memory impairment and the DLPFC injury 

in patients with mild TBI

Sung Ho Jang1†, Seong Ho Kim1†, Han Do Lee1†, Kyu Hwan Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Introduction

The prefrontal cortex (PFC) has been reported to be involved in memory function, and the 

dorsolateral PFC (DLPFC) is a particularly important neural structure in short-term memory. 

In the current study, diffusion tensor tractography (DTT) was used to investigate the 

relationship between short-term memory impairment and DLPFC injury in patients with 

mild traumatic brain injury (TBI). 

Methods

We recruited 46 consecutive chronic patients with mild TBI and 42 normal control subjects. 

The fractional anisotropy (FA) and fiber number (FN) of three prefronto-thalamic tracts 

(the DLPFC, ventrolateral PFC [VLPFC] and orbitofrontal cortex [OFC]) were determined in 

both hemispheres. 

Results

Significant differences were observed in the values of FA and FN of the DLPFC and in the 

FN value of the DLPFC between the patient and control groups (p < 0.05). In addition, 

significant differences were observed in the FN value of the three prefronto-thalamic tracts 

between the patient and control groups (p <0.05). A strong positive correlation was 

observed between the short-term memory and the FN value of the DLPFC (r=0.510, p 

<0.05). However, no significant correlations were observed between the short-term 

memory and the FA value of the DLPFC or the FN values of the VLPFC and OFC in the patient 

group (p >0.05). 

Conclusion

We found that short-term memory impairment was closely related to DLPFC injury in 

patients with mild TBI. Our results suggest that evaluation of the DLPFC using DTT would 

be useful for patients with short-term memory impairment following mild TBI. 

Acknowledgment :This work was supported by the Medical Research Center Program 



through the National Research Foundation of Korea funded by the Ministry of Science, ICT, 

and Future Planning. (2015R1A5A2009124) 

(A) T2-weighted brain magnetic resonance images show no abnormality in a representative patient (35-year-

old female). (B) Results of the three prefronto-thalamic tracts on diffusion tensor tractography (DTT): the 

dorsolateral prefrontal cortex (DLPFC), ventrolateral PFC and orbitofrontal cortex. The DLPFC of the patient 

shows narrowing (red arrows) in both hemispheres compared with a normal subject. (C) DTT results for the 

prefronto-thalamic tracts in a representative normal subject (33-year-old female). 



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-13

Different Motor Network Changes and Responsiveness to Noninvasive Brain 

Stimulation for Stroke

Jungsoo Lee1,2*, Ahee Lee2, Heegoo Kim2, Mina Shin1, Sang Moon Yun1, Won Hyuk Chang1, 

Yun-Hee Kim1,2†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 
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Management & Research, Department of Digital Health, SAIHST2

Objective

Noninvasive brain stimulation (NBS) such as repetitive transcranial magnetic stimulation 

(rTMS) and transcranial direct current stimulation (tDCS) has recently been applied to 

stroke patients with motor impairment. NBS is helpful for motor function restoration by 

modulating the cortical excitability of stroke patients. It is well known that there is a 

significant inter-individual variability in efficacy of NBS, however, the underlying neural 

mechanism of this variability was not sufficiently investigated. In this study, we 

investigated the motor network connectivity changes in patients receiving NBS and 

compare their responsiveness to NBS and subsequent network connectivity changes.

Materials and Methods 

Twenty-one subacute stroke patients (13 males, mean age 59.6±11.5 years) participated. 

NBS was applied using both rTMS and tDCS over bilateral primary motor cortices (M1s); 

simultaneous application of 2 mA anodal tDCS over the ipsilesional M1 and 1,000 pulses of 

1 Hz rTMS at 90 % resting motor threshold over the contralesional M1 for 20 minutes. All 

participants underwent 10 daily NBS sessions for consecutive 2 weeks. Participants were 

classified into two groups (good and poor responder groups) according to their 

responsiveness to NBS measured by improvement of Fugl-Meyer Assessment Upper 

Extremity (FMA-UE) score; good responder group (FMA-UE gain ≥ 10; 7 males and 5 

females, mean age 58.8±13.1 years) and poor responder group (FMA-UE gain < 10; 6 males 

and 3 females, mean age 60.6±11.3 years). Two times of resting-state functional MRI were 

obtained before and after NBS and alterations in the motor network connectivity were 

analyzed. Healthy subjects participated as an age-matched healthy control group (8 males 

and 4 females, age 56.1±14.3 years). M1 intrahemispheric connectivity, interhemispheric 

connectivity, laterality index, and global network efficiency were analyzed to investigate 

differences in the motor network characteristics between good and poor responders. <br> 



Results 

There were significant differences in motor network connectivity between good and poor 

responders. The motor network of the good responder group had a disrupted balance of 

the M1 intrahemispheric connectivity with the contralesional hemisphere being dominant. 

The network of this group had relatively high interhemispheric interaction and efficient 

network structure. The motor network of the poor responder group had less disruption of 

network balance because the contralesional M1 had less involvement. In addition, the 

network of this group had less interhemispheric interaction and a less efficient network 

structure than the good responder group. 

Conclusions 

These results may indicate that NBS gives more benefit to the patients who suffer from 

existing imbalance of motor network connectivity caused by stroke, which can provide 

insight into patient-specific NBS treatment according to the brain network characteristics 

prior to stimulation. 

Acknowledgment :This study was supported by a National Research Foundation of Korea 

(NRF) grant funded by the Korean government (MSIP; NRF-2017R1A2A1A05000730, NRF-

2017R1D1A1B03034109, NRF-2017M3A9G5083690) and a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), 

funded by the Ministry of Health & Welfare, Republic of Korea (HI17C1501). 
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Differences in white matter abnormalities according to LOC in mild 

traumatic brain injury.

Sung Ho Jang 1†, Yu Sung Seo 1†, Min Young Lee1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

We investigated differences in white matter (WM) abnormalities according to the presence 

of loss of consciousness (LOC) in patients with mild traumatic brain injury (mTBI), using 

tract-based spatial statistics (TBSS). 

Methods

Eighty-eight consecutive patients with mTBI and fifty-one age- and sex-matched control 

subjects were recruited. We classified the patients into mTBI patients with LOC (group A) 

and those without LOC (group B). Voxel-wise statistical analysis of fractional anisotropy (FA) 

data was performed by using TBSS implemented in the FMRIB Software Library. We 

calculated mean FA values across the WM skeleton and within regions of interest (ROIs) 

based on the intersection between the skeleton and the probabilistic Johns Hopkins 

University white matter atlas. Among the 48 ROIs examined, we selected 20 ROIs that 

showed the highest differences between group A and the control group. 

Results

Twenty ROIs with the greatest differences between group A and the control group were 

selected. Interestingly, the 20 selected ROIs for group A and group B overlapped, but the 

descending order of FA value differences the 20 ROIs were different between groups A and 

B (p < 0.05). There were significant differences in mean FA values between group A and 

the control group and between group B and the control group for all ROIs; however, there 

were no significant differences in mean FA values between groups A and B for any of the 

ROIs (p > 0.05). 

Conclusions

We found WM injuries in both mTBI with LOC and mTBI without LOC patients, but the 

magnitudes of the WM injuries in the two LOC groups were not different. Thus, our results 

suggest that the vulnerability of WM does not appear to be different according to the 

presence of LOC in patients with mTBI. 



Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 

Results of tract-based spatial statistics analyses comparing fractional anisotropy (FA) values of patient groups 

A and B and the control group. The red voxels represent areas of significantly decreased FA values in group 

A compared to the control group, while the green voxels represent areas of significantly decreased FA values 

in group B compared to the control group. Notice that there are no significant differences in FA values in the 

comparison of groups A and B. Significant voxels are overlaid on the mean white matter skeleton (blue).
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Differences in white matter abnormalities between concussion and diffuse 

axonal injury

Sung Ho Jang1†, Seong Ho Kim1†, Jeong Pyo Seo1†, Min Young Lee1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

Differences in white matter (WM) features between concussion and diffuse axonal injury 

(DAI) have not been reported. We investigated differences in WM microstructure 

abnormalities between concussion and DAI by using a tract-based spatial statistics (TBSS) 

approach. 

Methods

Eighty-one consecutive patients with traumatic brain injury and 43 age- and sex-matched 

control subjects were recruited. We classified the patients as concussion or DAI group 

members. Voxel-wise statistical analysis of fractional anisotropy (FA) data was performed 

by using TBSS implemented in the FMRIB Software Library. We calculated mean FA values 

across the skeleton and within 48 regions of interest (ROIs) based on the intersection 

between the FA skeleton and the probabilistic Johns Hopkins University white matter 

atlases. We selected 20 ROIs that showed the lowest FA value ratios between the

concussion and DAI groups. 

Results

Comparing the concussion and control groups, FA values of the concussion group were 

significantly lower than those of the control group in 13 ROIs (p < 0.05). For the DAI and 

control groups, FA values of the DAI group were lower than those of the control group in 

all ROIs (p < 0.05). The FA values of the DAI group were significantly lower than those of 

the concussion group in all 20 ROIs (p < 0.05). 

Conclusions

The corpus callosum and its adjacent neural structures, the brainstem and its adjacent 

neural structures, the long neural tracts, and the subcortical WM of the DAI patients 

exhibited more severe injury than those of the concussion patients. 

Acknowledgment :This work was supported by the Medical Research Center Program 



(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 

Results of tract-based spatial statistics analyses comparing fractional anisotropy (FA) values of the concussion, 

DAI, and control groups. The blue voxels represent areas with significantly decreased FA values, and 

significant voxels are overlain on the mean white matter skeleton (green). DAI: diffuse axonal injury.
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Effect of Dual-site Transcranial Direct Current Stimulation on 

Hemodynamics in Language Production

Jinuk Kim1*, Heegoo Kim1, Ahee Lee1,2, Won Hyuk Chang2, Jungsoo Lee1,2, Yun-Hee Kim1,2†

Samsung Advanced Institute for Health Science and Technology, Sungkyunkwan University, 

Department of Health Sciences and Technology1, Center for Prevention and Rehabilitation, 

Heart Vascular Stroke Institute, Samsung Medical Center, Sungkyunkwan University School 

of Medicine, Department of Physical and Rehabilitation Medicine2

Transcranial direct current stimulation (tDCS) has been known as a non-invasive technique 

for neuromodulation of corticospinal excitability. Recently, multi-channel approaches have 

been conducted to improve the effectiveness of tDCS. Through this study, we investigated 

differences in the cortical activation between dual-site tDCS and conventional tDCS for 

modulation of language-related areas using functional near-infrared spectroscopy (fNIRS) 

measurement. Twenty-two right-handed healthy subjects without a history of neurological 

or psychiatric symptoms (10 males; mean age 29.5 ± 3.9 years) participated in this single-

blind, randomized cross-over study. Four conditions were randomly applied to all 

participants with 24 hours of washout period between each session: sham stimulation on 

both left inferior frontal gyrus (IFG) and left dorsolateral prefrontal cortex (DLPFC) (Sham 

condition); anodal tDCS application on left IFG and sham left DLPFC (IFG only condition); 

simultaneous anodal tDCS on both left IFG and left DLPFC (Dual condition); sham left IFG 

and anodal tDCS application on left DLPFC (DLPFC only condition). Two battery-driven 

stimulators (DC Plus stimulator, NeuroConn Ltd., Germany) were used for this 

experimental design. Each anodal tDCS delivered at 1 mA intensity for 30 minutes. The 

hemodynamic responses were recorded by an fNIRS system (NIRScout®, NIRx Medical 

Technologies, Germany) at before and immediately after the stimulation for each 

condition. Subjects performed overt naming tasks during fNIRS measurements to 

investigate cerebral activation during producing vocabulary. Through a total of 10 overt 

naming task blocks, the subject spoke out the name of objects of the pictures selected 

from the Snodgrass and Vanderwart database. Based on a modified Beer–Lambert Law, 

the signals were analyzed and transformed resulting in the time course of concentration

changes in oxy-hemoglobin (oxyHb) concentration in IFG and DLPFC region. Mean and 

integrated values of oxyHb concentration were also calculated. In the result of fNIRS 

measurement, reduction of the oxyHb concentration was observed in the left IFG after 

Sham condition. Compared to the Sham condition, the average oxyHb concentration and 

the integrated value of oxyHb in the left IFG region noticeably increased in Dual and IFG 



only conditions. Furthermore, these changes were 30% greater in the Dual condition than 

the IFG only condition. While there were no noticeably changes in the IFG region in DLPFC 

only condition. While the left IFG region which was associated with language expression 

was stimulated by anodal tDCS, the cortical activity was increased by measuring with fNIRS. 

This hemodynamic change was greater when the left DLPFC was simultaneously stimulated 

by anodal tDCS without significant side effect. Therefore, we can postulate that 

simultaneous dual-site stimulation over the left IFG and left DLPFC is safe and further 

enhance cortical activation of language-related region. 

Acknowledgment :(This research was supported by a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), 

funded by the Ministry of Health & Welfare, Republic of Korea (HI17C1501) and NRF (NRF-
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Exercise-induced Changes of White Matter Integrity in Healthy Young 

Subjects

Wonil Kang1*, Eunsil Cha1, Jimin Song1, Kwang-Ik Jung1, Suk Hoon Ohn1, Woo-Kyoung Yoo1†

Hallym University Sacred Heart Hospital, Department of Rehabilitation Medicine1

Introduction: A growing body of evidence suggests positive influences of fitness training 

on human brain structure and cognitive function. Although, it has been shown that when 

a new skill is learned, such as juggling, white matter (WM) volume increases in healthy 

subjects (Scholz et al., 2009), there are only limited studies published how exercise 

influence on WM microstructure and cognitive ability. In this study, we aimed to explore 

exercise related changes of WM using DTI in young healthy subjects. <br>Methods: A total 

of 45 healthy subjects (age: 19 ~ 27, exercise group (EG) (n=25) vs. non-exercise group 

(NEG) (n=20)) were included. All EG subjects underwent a 6-month physical exercise (1h 

daily, 40 min aerobic, 20 min muscle strengthening). NEG group was defined as 

undertaking less than 1h of physical activity weekly. The cognitive ability was assessed 

using Stop Signal Task (SST) and Attention-switching Task (AST) scores. DTI (30 directions) 

were acquired on a 3 Tesla Siemens. We performed 2 different analyses, the first one was 

tract-based spatial statistics (TBSS) analysis, which is a voxel-wise analysis for group 

comparison. Secondly, each diffusion metrics including fractional anisotropy (FA), mean 

diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD) were obtained from 14 

ROIs. Independent t-test was used for group difference between ROIs and cognitive 

assessment items. Pearson correlation analysis was done to verify the relationship 

between ROIs and cognitive assessment scores. <br>Results: No significant differences 

were found between exercise and controls group in mean age, handedness, body mass 

index, level of education, cognitive ability. TBSS analysis showed significantly increased FA 

in the left anterior WM (corrected p<0.05), while wide spread decrease of AD in 

frontotemporal area and decrease of RD in only in frontal WM. The FA value of anterior 

WM was well correlated with SST and AST. Group difference of ROI analysis showed that 

significant changes in all diffusion metrics of left anterior limb of internal capsule, FA of 

bilateral dorsolateral prefrontal cortex (DLPFC), FA of right nucleus accumbens, MD and 

AD of bilateral anterior corona radiate (p<0.05). Among the significant ROIs, FA of left 

DLPFC was negatively correlated with AST correct latency, MD of bilateral anterior corona 

radiata was positively correlated with SST response time and with AST correct latency, and 

AD of right anterior corona radiata was positively correlated with SST response time 

(p<0.05). <br>Conclusion: In this study, regular exercise group showed increased WM 



integrity in the executive and reward related network, which was well correlated with 

cognitive ability. 
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Post-traumatic fatigue due to injury of the lower ventral ARAS in mTBI

Sung Ho Jang1†, Han Do Lee1†, Kyu Tae Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Introduction

We investigated the relation of post-traumatic fatigue with injury of the ascending reticular 

activating system (ARAS) in patients with mild traumatic brain injury (TBI), using diffusion

tensor tractography (DTT). 

Methods

Fifty-five consecutive patients with mild TBI and 30 normal control subjects were recruited 

for this study. The severity of fatigue was assessed using the fatigue severity scale (FSS). 

We classified the patient group (55 patients) into two groups based on their the FSS score: 

42 patients were placed in group A (with post-traumatic fatigue; FSS score: 4~9) and 13 

patients were assigned to group B (without post-traumatic fatigue; FSS score: 0~3). Values 

of fractional anisotropy (FA) and fiber number (FN) of the reconstructed three parts of the 

ARAS were determined in each subject. 

Results

Significant differences were observed in the values of FA and FN of the lower ventral ARAS 

between the patient group A and B, and between the patient group A and control group 

(p < 0.05). However, there was no significant difference in the values of FA and FN of the 

lower dorsal and upper ARAS between patient group A and B, between patient group A 

and control group, and between patient group B and control group (p > 0.05). 

Conclusion

We found that post-traumatic fatigue appeared to be ascribed to injury of the lower 

ventral ARAS in patients with mild TBI. These results suggest that DTT for the ARAS could 

be provide useful information in detecting injury of the ARAS in patients with fatigue 

following mild TBI, because mild TBI usually does not show any abnormalities on 

conventional brain MRI. 

Acknowledgment :This work was supported by the Medical Research Center Program 



(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 

(A) T2-weighted brain MR images at the time of diffusion tensor imaging scanning in a patient with patient 

group A and B, and control group show no abnormality. (B) Results of diffusion tensor tractography (DTT) for 

the lower ventral ascending reticular activating system (ARAS); a representative patient (44-year old female) 

of patient group A is narrowed in the patient on both sides (green arrow), compared with those of the a 

representative patient (46-year old female) of patient group B and a representative subject (47-year old 

female). (C) Results of DTT for the lower dorsal ARAS. (D) Results of DTT for the upper ARAS.
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Ataxia due to injury of the cortico-ponto-cerebellar tract in patients with 

mild TBI

Han Do Lee 1†, Sung Ho Jang 1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Physical Medicine and 

Rehabilitation 1

Introduction

The cortico-ponto-cerebellar tract (CPCT) is involved in coordination of movement, 

therefore, injury of the CPCT can be accompanied by ataxia. In this study, using diffusion 

tensor tractography (DTT), we investigated injury of the CPCT in patients with mild 

traumatic brain injury (TBI). 

Methods

We recruited 45 consecutive chronic patients with ataxia after TBI following mild TBI and 

20 normal control subjects. The score of assessment and rating of ataxia (SARA) was used 

to evaluation of ataxia. The patients were classified according to two groups based on the 

score of SARA; patient group A – abnormal SARA scores and patient group B – normal SARA 

scores. The fractional anisotropy (FA) value and fiber number (FN) of the CPCT was 

measured. 

Results

Significant differences were observed in the FA and FN values of the CPCT between the 

patient group A and control group, and between the patient group A and B (p < 0.05). In 

addition, a significant difference was observed in the only FA value of the CPCT between 

the patient group B and control group (p < 0.05). However, a significant difference was not 

observed in the FN value of the CPCT between the patient group B and control group (p > 

0.05). 

Conclusion

By using DTT, injury of the CPCT was demonstrated in patients who showed ataxia 

following mild TBI. Our results of this study suggest that DTT for the CPCT would be useful 

for evaluation of patients with ataxia after mTBI because mTBI usually dose not show

abnormality on the conventional brain MRI. 

Acknowledgment :This research was supported by Basic Science Research Program 



through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education (NRF-2018R1A6A3A11043447). 

Diffusion tensor tractography for the cortico-ponto-cerebellar tract (CPCT). (A) a representative subject (49-

year-old female) of patient group A who showed ataxia (injury of the CPCT; blue arrow), (B) a representative 

patient (45-year-old female) of patient group B who did not show ataxia (injury of the CPCT; yellow arrow). 

(C) a representative subject (44-year-old female) of the control group.
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Voxel-based Lesion-symptom Mapping of Post-stroke Complex Regional 

Pain Syndrome

Jun Yup Kim1,2*, Jong Mi Park1,2, Yong Wook Kim1,2†

Yonsei University College of Medicine, Department and Research Institute of 

Rehabilitation Medicine1, Yonsei University College of Medicine, Research Institute of 

Rehabilitation Medicine2

Introduction

Post-stroke complex regional pain syndrome (psCRPS) is characterized by swelling, pain 

and skin changes that appear on the affected wrist and hand. To date, psCRPS has been 

reported to be more common in patients with subluxation of the affected shoulder, weaker 

muscle strength, or less functional recovery. However, there is no study of precise 

neuroanatomical cerebral structures associated with psCRPS. For these reasons, we aimed 

to analyze the relationship between psCRPS and lesion location in post-stroke patients 

through this study. 

Methods

Eighty patients with a first-ever unilateral ischemic or hemorrhagic stroke who were 

admitted to our hospital from 2009 to 2019 and whose scores of Korean version of mini 

mental status exam (K-MMSE) were or over 15 were included in this retrospective study. 

Thirty-eight patients who were diagnosed as psCRPS by IASP criteria were included in this 

retrospective study as an experimental group. They all met Research Diagnostic Criteria for 

CRPS based on Budapest criteria adopted by the International Association for the Study of 

Pain (IASP). Remaining forty-two patients who didn’t appeal any kind of pain in their upper 

extremities were defined as a control group. Regions of interest (ROIs) were drawn 

manually on T1-weighted magnetic resonance images using 3d-slicer software, and data 

were normalized to a standard brain template in order to examine the neural correlates of 

psCRPS using voxel-based lesion-symptom mapping analysis. The ROIs of patient who had 

lesions in the left hemisphere were flipped to the right side. The diagnosis of CPD 

dichotomized and analyzed by the Liebermeister statistics. In only psCRPS group, the 

relationship between brain lesion location and the pain severity in Likert scale, from 0 (no 

pain at all) to 10 (the most severe pain someone can imagine) was recorded as visual 

analog scale (VAS) and they were entered into generalized linear model as dependent 

variables. After then, we performed lesion symptom mapping using analysis through 



generalized linear model. For all tests, we used a P-threshold of 0.01 corrected for multiple 

comparisons with permutation thresholding (5000 permutations). 

Results

Analyses using voxel-wise subtraction and the Liebermeister statistics indicated that 

lesions of posterior internal capsule were associated with development of psCRPS 

(Pcorrected = 0.01, Table 2, Figure 1). Statistically significant correlations were found 

between VAS scores and lesions of cerebral peduncle and posterior internal capsule 

(Pcorrected = 0.01, Table 3, Figure 2). 

Conclusion

Our results suggest that damages to the cerebral peduncle and posterior internal capsule 

which consists of corticospinal tract are associated with severity of pain induced by psCRPS. 

Future researches are needed to develop a neuroanatomical model of psCRPS. 

Figure 1. From top to bottom, A) overlay lesion plots for all patients, B) psCRPS group, C) control group, D) 

CPD group overlay subtracted with control group overlay, and E) Voxel-based lesion-symptom maps showing 

lesioned areas significantly associated with pain VAS scores (P-threshold of 0.01 corrected for multiple 

comparisons with 5000 permutation thresholding). Color bars indicate the numbers of lesion overlap of Z-

scores. White numbers over slices indicate Montreal Neurological Institute (MNI) z-coordinates. 



Table 1. Baseline characteristics of subjects.

Table 1. Significant regions associated with A) prevalence of psCRPS by Liebermeister statistics, and B) 

severity of psCRPS by analysis using generalized linear model.
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Differences in corticoreticulospinal tract injury according to whiplash in mild 

TBI patients

Sung Ho Jang1†, Young Hyun Kwon1†, Seung Hwa Jang1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

This study investigated differences in postural control ability (PCA) and 

corticoreticulospinal tract (CRT) injury severity according to whiplash in patients with mild 

traumatic brain injury (mTBI). 

Methods

Thirty-one patients with mTBI and 21 healthy control subjects were recruited for this study. 

The balance error scoring system (BESS) was used for PCA assessment. Based on their 

history of whiplash, the patients were classified into two groups: group A – mTBI with 

whiplash injury and group B – mTBI without whiplash injury. Fractional anisotropy (FA), 

apparent diffusion coefficient (ADC), and tract volume (TV) values were estimated for the 

reconstructed CRTs in all subjects. 

Results

Significant differences were observed among the total BESS scores of patient groups A and 

B and the control group (p < 0.05); the patient group A BESS score was significantly higher 

than that of patient group B, and that of the patient group B was significantly higher than 

that of the control group. No significant differences were detected in the FA and ADC 

values of the CRTs of the two patient groups and the control group (p > 0.05). However, 

the TV values of the CRT showed significant differences; the TV of patient group A was 

significantly lower than that of patient group B and the control group, and that of patient 

group B was significantly lower than that of the control group (p < 0.05). 

Conclusions

We observed greater CRT injury severity and PCA impairment in mTBI patients with 

whiplash than in mTBI patients without whiplash. The results indicate that whiplash can 

increase the severity of axonal injury in mTBI patients. 

Acknowledgment :This work was supported by the Medical Research Center Program 

(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 



Results of diffusion tensor tractography (DTT) of the corticoreticulospinal tract (CRT). (A) T2-weighted brain 

magnetic resonance images obtained at the time of diffusion tensor imaging scanning in representative 

subjects of patient group A (51-year old female), patient group B (49-year old male), and control group (56-

year old male); none of the images show an abnormality. (B) Results of DTT of the CRT: the CRTs in the group 

A patient (green arrows) is narrower on both sides than those of the group B patient (yellow arrows). The 

CRTs of the group B patient (yellow arrows) are narrower on both sides compared to those of the control 

group.
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Genetic influences on response to transcranial direct current stimulation in 

swallowing motor cortex

Yeonjae Han1*, Donggyun Sohn1, Geun-Young Park1, Yongjun Jang1, Sun Im1†

Bucheon, St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 

Department of Rehabilitation Medicine1

Transcranial direct current stimulation (tDCS) is a form of noninvasive brain stimulation 

that modulates cortical excitability. Recent studies have reported variability in response to 

tDCS depend on genetic factors. Several studies applying tDCS to the dorsolateral 

prefrontal cortex and examining catechol-o-methyl transferase (COMT) genotype show 

that met/met carriers exhibit poorer cognitive flexibility following a single session of 

anodal tDCS. We hypothesized that an individual's COMT val158met predisposition may 

contribute to such variability in the mylohyoid motor cortex. This study aimed to explore 

possible associations between response to tDCS and individual's COMT val158met 

predispositions. Twenty healthy participants (mean age: 22.45±3.26 years old; range: 19-

29 years old; 12 males, 8 females) were recruited for the study. Subjects were divided first 

into either a sham or tDCS session by random assignment and had two separate visits (Fig. 

1). At the first visit, all participants underwent for genotype (COMT val158met) analysis. 

For each visit, participants underwent inhibition to 1-Hz repetitive transcranial magnetic 

stimulation (rTMS). After rTMS, anodal tDCS was performed at 1.5mA for 10 minutes in 

tDCS session. In the sham condition, 1mA stimulation lasted for only 30 seconds with the 

electrodes left in place for a further 10 minutes. For the primary outcome, mylohyoid 

resting motor–evoked potentials (MEP) were recorded at baseline, post rTMS inhibition 

and immediate and 30mininutes after tDCS. This work was supported by the National 

Research Foundation of Korea(NRF) grant funded by the Korea government(MSIT) 

2017R1C1B5017926. Regarding COMT genotype, 10 patients had the val/val allele (age: 

21.00±1.56; 6 males, 4 females) and 10 were met carrier (age: 23.90±3.81; 6 males, 4 

females). Post rTMS inhibition, the amplitude of mylohyoid MEP decreased significantly in 

both sham and tDCS session (TDCS Δ=-28.09(50.49) p=0.0066; sham Δ=-13.93(25.33) and 

0.016). Patients treated with tDCS showed greater improvement in amplitude of 

mylohyoid MEP than the sham group in immediate and 30mininute follow up (Fig. 2). In 

subgroup analysis, both val/val and met carrier group amplitude of mylohyoid MEP 

decreased significantly after rTMS inhibition (val/val group Δ=-12.81(34.00) p=0.0052; met 

carrier group Δ=-31.84 and 0.037). Significant associations were found between tDCS 

response and COMT polymorphism. Only val/val group showed significant increment of 

MEP amplitude in immediate and 30minute follow up (Immediate Δ=30.42(62.06) 



p=0.0020; 30minute Δ=50.09(65.88) p=0.0020) (Fig. 3). Although TDCS was significantly 

effective when compared with the sham group for the entire participants, met carrier 

showed no significant effect in subgroup analysis. This study provides insight toward the 

understanding of response variability across COMT genes and highlights the need to create 

stratified approaches in tDCS treatments for dysphagia. 

Fig. 1 Timeline of an experimental session

Fig. 2 Change in Amplitude of Mylohyoid Motor Evoked Potentials at immediate and 30min after tDCS/SHAM, 

*Indicates p < 0.05



Fig. 3 Interaction of COMT and Change in Amplitude of Mylohyoid Motor Evoked Potentials at immediate 

and 30min after tDCS/SHAM, *Indicates p < 0.05
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Biometric Data Usage for Intensity Control of Robotic Rehabilitation on 

Stroke Patients 

Won Jun Kim1*, Min Ho Chun1†, June Kyung Lee1, Jin Ah Hwang1

Asan Medical Center, University of Ulsan College of Medicine , Department of Rehabilitation 

Medicine1

OBJECTIVE 

It is well known that one of the methods of stroke treatment is robotic rehabilitation, which 

can be of some benefit to the patient when applied to the right patient. While robotic 

rehabilitation is increasingly being carried out, there are few attempts to apply a patient’s 

biometric data to robotic rehabilitation. We are trying to use a patient's biometric data and 

rated perceived exertion (RPE) to control the exercise intensity of robotic rehabilitation. 

The purpose of this study is to compare the effect of subjective judgment of the therapist 

only and objective patient's biometric data on the patient's functional change when 

applied for robotic rehabilitation. 

METHODS 

We included stroke patients over the age of 19, who had a gait disturbance (with a duration 

of more than 1 week since stroke). Patients were randomly assigned to one of two groups. 

In one group (case group), exercise intensity was controlled through the patient's heart 

rate and RPE, and the other group (control group) were adjusted for exercise intensity 

according to the know-how of the therapist only. In case group, the exercise intensity was 

raised to the next level when the patient's heart rate reserve was less than 40 percent or 

the borg scale was less than 12 points. All patients were instructed to perform Morning 

Walk®-assisted gait training for 20 minutes five times a week during 3 weeks, and patient's 

functions were evaluated during the first week and last week. We evaluated patient's 

functional ambulation category (FAC), modified barthel index (MBI), berg balance scale 

(BBS) and 10 meter walk test (10MWT). 

RESULTS 

A total of 16 patients were enrolled, of which 6 were in the case group using biometric 

data and 10 were in the control group using the subjective judgment of the therapist. There 

was no significant difference in participant's clinical characteristics between the two 

groups (table1). After robotic rehabilitation, both groups showed improvement in function 

evaluation. In the case group, BMI and 10MWT are significantly improved, and in the 

control group, MBI, BBS, and 10MWT are significantly improved (table2). However, when 



comparing the functional change between the two groups after treatment, there was no 

statistically significant difference (table3). 

CONCLUSION 

In conclusion, adjusting the intensity of robotic therapy through the patient’s heart rate 

and RPE of the patient and through the know-how of the therapist can have a positive 

impact on the patient’s function change. In addition, when the robot intensity was 

adjusted using the patient’s heart rate and RPE, the treatment effect was similar to that of 

the know-how of the therapist. These results show the possibility that one therapist can 

simultaneously treat many patients at robotic rehabilitation. Further research will be 

needed on how to apply biometric data for optimal robotic rehabilitation treatment. <br> 

Acknowledgment: (국)이 연구는 2017 년도 산업통상자원부 및 산업기술평가관리원(KEIT) 

연구비 지원에 의한 연구임('10076752') - (영)This work was supported by the Technology 

Innovation Program (or Industrial Strategic Technology Development Program(10076752, 

Machine learning based personalized lower limb rehabilitation robot system for the patients of 

stroke and Parkinson's) funded By the Ministry of Trade, Industry & Energy(MOTIE, Korea) 

Table 1. Clinicial Characteristics of Participants



Table 2. Functional changes before and after training

Table 3. Comparison of functional differences between case and control group
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Neural Substrate in Subcortical Hemispatial Neglect: Voxel-based Lesion-

Symptom Mapping Study

Stephanie Hyeyoung Lee1*, Sohyun Kwon1, Jihong Park1, Nam-Jong Paik1, Won-Seok Kim1†, 

Myungwon Choi2, Cheol E Han2

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1, 

Korea University- Sejong, Department of Electronics and Information Engineering2

Background 

The neural correlates for visuospatial hemispatial neglect in patient with subcortical stroke 

are varying according the methodologies of previous studies and subjects analyzed. The 

aim of this study was to investigate neural substrates associated with subcortical neglect 

by comparing the stroke lesion in patients with neglect with that in control patients, using 

voxel-based lesion-symptom mapping (VLSM). 

Methods 

Twenty three patients with right subcortical stroke, who were admitted to Department of 

Rehabilitation Medicine in one hospital were retrospectively enrolled. Subjects were 

allocated to the hemispatial neglect group (n=9), if they showed positive results for neglect 

in two or more tests, out of three tests (line bisection test, Albert’s test, house drawing 

test). Subjects who showed negative results in all three tests were allocated to the control 

group (n=14). Stroke lesions in diffusion, T2-weighted or T1- weighted MRI were manually 

drawn, using MRIcron software(http://www.mccauslandcenter.sc.edu/mricro/mricron/). 

At every voxel, a statistical test (t-test) was performed to compare the behavioral scores 

of patients with and without a lesion in that voxel. A permutation testing is applied to 

correct errors from multiple comparisons. 

Results 

The VLSM analysis demonstrated that the brain regions significantly associated with 

subcortical hemispastial neglect (minimum significant t-value of 2.41, p < 0.01) were the 

right fronto-parietal subcortical whiter matter including corpus callosum, corona radiata 

(Figure 1.). These subcortical brain regions are along the course of superior longitudinal 

fasciculus (SLF). 

Conclusions 

In this study, the dorsal visual pathway including SLF appears to be a neural substrate 

associated with subcortical neglect in patients with stroke. 
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VLSM results using permutation testing (p < 0.01) with covariates included in the analysis (gender, age)
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Relation between language-related brain white matter and aphasia test 

battery in stroke patients

Jin-Kook Lee1,4*, Myoung-Hwan Ko3,4, Young-Bin Oh1,3, Yu Hui Won1,2, Sung-Hee Park1,2, 

Jeong-Hwan Seo1,2, Gi-Wook Kim1,3†

Chonbuk National University Medical school and Hospital, Department of Physical 

Medicine and Rehabilitation1, Chonbuk National University and Hospital, Research 

Institute of Clinical Medicine and Biomedical Research Institute2, Chonbuk National 
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Chonbuk National University, Department of Speech-Language Therapy4

Objective 

Language-related brain white matters includes arcuate fasciculus (AF), inferior frontal 

occipital fasciculus (IFOF), inferior longitudinal fasciculus (ILF), and uncinate -fasciculus 

(UF). The aphasia test battery is used clinically for assessing and classifying aphasic patients. 

To determine whether language-related brain white matters are sufficiently objective to 

assess the severity of aphasia, and identify the correlation relationship between language-

related white matter and the results of the aphasia test battery. 

Method 

The retrospective study of 64 patients with aphasia due to left hemisphere lesion who were 

assessed by Korean-Western Aphasia Battery (K-WAB) and Diffusion Tensor Imaging (DTI). 

K-WAB, which consisted of spontaneous speech, auditory verbal comprehension, 

repetition, naming, was performed at mean 25.2 ± 15.2 days after stroke. The aphasia 

severity was classified according to Aphasia Quotient as 51 points. DTI was performed at 

mean 24.6 ± 13.8 days after stroke and FA (fractional anisotropy), ADC (apparent diffusion 

coefficient) and fiber number were analyzed. Receiver Operation Characteristic curves 

were used to determine the optimal cutoff scores of a single fiber, such as AF, IFOF, ILF, or 

UF, and multiple fibers, depending on the severity of aphasia. We also analyzed the 

correlation between each language-related brain white matter fiber and K-WAB subscores. 

Results 

In receiver operating characteristics analysis of single brain white matter according to 

severity of aphasia , the optimal cut-off value was 0.38 at the AF FA (sensitivity, 80%; 

specificity, 79.2%; AUC, 0.816). In ROC analysis of two brain white matters according to 

severity of aphasia, the optimal cut-off value was 0.81 at the AF + IFOF FA (sensitivity, 80%, 



specificity, 70.8%; AUC, 0.844). the optimal cutoff value was 0.75 at AF + UF FA (sensitivity, 

75%; Specificity, 79.2%; AUC, 0.806). In ROC analysis of three brain white matters according 

to severity of aphasia, AF + IFOF + UF FA sensitivity was 75% and specificity was 66.7%, the 

optimal cutoff-value was 1.18 and AUC was 0.821. In the correlation analysis, between AF 

FA, IFOF FA and K-WAB subscores showed statistically significant results. 

Conclusion 

We conclude that according to aphasia severity, Optimal cut-off values were obtained in 

AF FA, AF + IFOF, AF + UF FA and AF + IFOF + UF. also AF and IFOF FA correlated with 

subscores of K-WAB. The integrity of language-related brain white matter may be helpful 

to predict the severity of language impairment who suffered stroke 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number: HI15C1529). 
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Effect of aerobic exercise intensity and timing on functional recovery in rat 

with stroke
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Industry-Academya Cooperation Group2, Beakseok University, Department of 
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Objectives

Recent studies with stroke have shown that the timing and intensity of rehabilitation have 

influence on functional recovery. However, there is still a controversy as to the optimal 

timing and intensity of rehabilitation and its effect on motor functional recovery. Also, the 

effects of timing and intensity of rehabilitation on biochemical factors such as 

corticosterone levels and brain derived neurotrophic factor (BDNF) have not been studied 

yet. The aim of this study was to investigate the effect of exercise start timing and 

intensities on motor functional recovery, corticosteron level changes, and brain BDNF 

changes using a rat ischemic stroke model. 

Methods

Male Wistar rats (8 weeks old) were used in this study. All rats in rehabilitation groups 

were randomly allocated into 2 different rehabilitation start groups, which were 3-day 

start group (early) and 7-day start group (delayed). And, each 3 or 7 days start group had 

different intensity groups (10min/day, 30min/day, 60min/day, treadmill training). Also, 

there were control group (no surgery) and stroke control group (stroke with no exercise). 

Each groups were comprised of 5 rats and total 50 rats were involved in this study. Infarcts 

were produced by photochemically induced thrombosis in the motor and sensorimotor 

cortex. Behavior tests such as stair case test, rotarod test, and serum blood collection were 

performed at 2, 7, 14, 21, 28, and 35 days post-stroke. Serum corticosterone level and 

brain BDNF concentrations were determined with commercial enzyme-linked 

immunosorbent assay (ELISA) kits. 

Results

All 10min, 30min, 60min treadmill exercise group in both 3-day start and 7-day start groups 

showed a significant improvement in behavioral tests compared to rats without training in 

stroke control group. When comparing between exercise groups regarding exercise 

intensity and exercise start timing, in 3-day start group, the 10min exercise group showed 



a significant improvement compared to the 30min or 60min groups (Fig. 1). In addition, in 

7-day start group, there was a significant decrement in 60 min exercise group compared 

to the 10min or 30min exercise group (Fig. 2). The serum corticoster levels and BDNF levels 

were significantly increased in exercise groups compared to control or stroke control 

groups. However, there was no significant difference in hormone levels between each 

exercise groups. (Fig. 1 and 2) 

Conclusions

Our data suggest that functional recovery by treadmill exercise after stroke may differ by 

timing of training or exercise intensities. Underlying mechanism of different functional 

recovery still need to be evaluated. 

Figure 1. Motor recovery and stress hormone level in 3-day start group

Figure 2. Motor recovery and stress hormone level in 7-day start group
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Does the pulmonary function affect the dietary levels of Subacute Stroke 

Patients?
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Objective

From 28% to 65% of stroke patients suffer from swallowing difficulty. Also stroke patients 

have difficulty in coughing, resulting in silent aspiration and pulmonary infection. Previous 

studies have reported that there is a relationship between the pulmonary function and 

deglutition. However, there is a lack of study identifying specific correlations between 

pulmonary function and dysphagia in patients with stroke. To efficiently treat and prevent 

dysphagia, this study aimed to clarify the correlation between the pulmonary function 

tests and parameters of videofluoroscopy. 

Methods

The 36 stroke in-patients with dysphagia who hospitalized from June 2017 to October 2017 

in the clinic of the department of rehabilitation medicine were retrospectively analyzed. 

At first, we checked up presence of aspiration in bedside evaluation, clinically. Also, we 

evaluated pulmonary function tests in sitting position, including vital capacity (VC) 

measured by spirometry and peak cough flow (PCF) measured by a cough flow meter. For 

assessment of dysphagia, we used videofluoroscopic swallowing study (VFSS). At 

admission and discharge, the patients were divided into 3 groups by dietary levels (G1, 

tube feeding; G2, dysphagia diet; G3, general diet). The correlation between dysphagia and 

pulmonary function was analyzed using Chi-square test with optimal points and one-way 

ANOVA. 

Results

The optimal cutoff values of VC and PCF for presence of aspiration were analyzed (Figure 

1. cutoff point of VC = 47.8 %, cutoff point of PCF = 155 mL/min). The lower the VC or PCF 

was than the optimal cutoff point, the higher the risk of aspiration on VFSS or bedside 

evaluations was. The correlation between VC or PCF and parameters of VFSS was analyzed 

by the chi-square test. It showed only one element of VFSS with liquid, ‘Food propelling 

posteriorly’, was significant difference of presence of aspiration at discharge by using the 



cutoff value of VC (p=0.02). Additionally, there were significant differences of presence of 

aspiration at admission and discharge for ‘Closure of larynx’ element of VFSS with liquid by 

using the cutoff value of PCF (p=0.03). The dietary levels at admission had significant 

positive correlation coefficients with VC (r=0.57, P=0.0003) and PCF (r=0.35, P=0.03). The 

one-way ANOVA of VC among groups divided by three diet levels at admission showed 

statistically significant difference (p=0.001; Table 1). The independent t-test of VC between 

G1 and G3 dietary groups at discharge showed a significant difference (p=0.02; Table 2). 

Conclusion

The purpose of this study was to investigate the relationship between respiratory function 

and dysphagia in patients with stroke. Furthermore, we could suggest whether the 

pulmonary function affects the dietary levels. The pulmonary function in dysphagia 

patients with stroke should be clinically emphasized. Also, large scale study is needed to 

correlate pulmonary function with swallowing difficulty. 

Figure 1. The ROC curve that identified the optimal cutoff score to VC and PCF to swallowing difficulty. Cutoff 

value, A) VC, 47.8 %, AUC(95% CI) 0.86; B) PCF, 155 mL/min, AUC(95% CI) 0.72

Table 1. The one-way ANOVA of VC or PCF between groups classified by three diet levels at admission



Table 2. Independent t-test of VC or PCF between groups classified by three diet levels at discharge
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Reliability of inertial sensor-based post-stroke spasticity measurements
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Objectives

Spasticity causes major disabilities in activities of daily living in stroke survivors. While 

Modified Ashworth scale (MAS) and Modified Tardieu scale (mTS) are most commonly 

used methods for measuring spasticity, there are fundamental limitations of ambiguity and 

reliability. These drawbacks are especially due to inconsistency of manual or goniometer-

based measurement of angle of catch (AoC). We developed inertial measurement unit 

(IMU) sensors to quantitatively measure a joint angle during passive range of motion 

(ROM). In this study, we investigated to compare the test-retest and inter-rater reliability 

of goniometer- and IMU sensor-based measurement of AoC. Also, we aimed to describe 

individual variability of MAS grade 2 using IMU sensors. 

Methods

A total of 23 stroke patients with 29 spastic (MAS 1 to 2) elbows were included. Patients 

with co-morbidity or with serious cognitive impairments were excluded. The test protocol 

was based on the dynamic part of the mTS measurement of spasticity. Two examiners (A 

and B) measured the spasticity using two instrumentations: 1) a digital goniometer 

(Bluebird 200mm Digital Angle Ruler Meter Goniometer) and 2) an IMU-based system 

(Human Track, Rbiotech Co., Ltd., Seoul, Korea). Each limb was examined for two times. 

Two IMU sensors tracked the motion during the tests, with a sample frequency of 100 Hz. 

The angles of full ROM and acceleration rate of the movements were calculated using 

MATLAB program. AoC was defined as maximal deceleration point. Test-retest and inter-

rater reliability of AoC measurement for both digital goniometer and IMU data were 

calculated with Cronbach’s α. From the time-angle curve, we classified the patterns of 

curve that correspond to the MAS grade 2. 

Results

Test-retest reliabilities using digital goniometer were excellent (Crohnbach’s α = 0.970 and 

0.968 for examiner A and B), but inter-rater reliability was acceptable (Crohnbach’s α = 

0.770). For IMU sensor method, both test-retest (Crohnbach’s α = 0.964 and 0.949 for 

examiner A and B) and inter-rater reliabilities (Crohnbach’s α = 0.933) were excellent. In 8 



spastic elbows measured as MAS grade 2, patterns of AoC were as followings: (A) marked 

AoC point before a half of the full ROM; (B) marked AoC point after a half of the full ROM; 

(C) unapparent AoC during the full ROM (Figure 1), which means that spasticity classified 

as MAS 2 can be classified in detail according to AoC patterns measured with IMU based 

system. 

Conclusion

Post-stroke spasticity measurement using IMU sensors showed more reliable results than 

digital goniometry. Spastic limbs with MAS grade 2 can be subclassified according to AoC 

patterns measured with IMU sensors. Further studies should be needed to investigate a 

new spasticity measurement using IMU sensor. 

Acknowledgment :This research was supported by the Research and Business 

Development Program funded by the Korea Institute for Advancement of Technology (KIAT) 

and the Ministry of Trade, Industry and Energy (MOTIE) (P0004756, 2019). 

Figure 1. Patterns of angle of catch (AoC) in elbows with MAS grade 2.
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Association of Lesion Location with Long-term Recovery in Post-stroke 

Aphasia and Language Deficits

Seong Hoon Lim1*†, Bomi Sul1, Kyoung Bo Lee1, Bo Young Hong1, Joon Sung Kim1, Jaewon Kim1, Woo 

Seop Hwang1

The Catholic University of Korea, College of Medicine, St Vincent`s Hospital, Department 
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Purpose

Recovery from post-stroke aphasia is important for performing the activities of daily life, 

returning to work, and quality of life. We investigated the association between specific 

brain lesions and the long-term outcome of four dimensions of aphasia: fluency, 

comprehension, naming, and repetition 12 months after onset in patients with stroke. 

Materials and Methods

Our retrospective cross-sectional observational study investigated the relationship 

between the Korean version of the Western Aphasia Battery scores in 31 stroke patients 1 

year after the onset of stroke and stroke lesion location. Brain lesions were assessed using 

voxel-based lesion symptom mapping (VLSM) in conjunction with magnetic resonance 

imaging.

Results

Damage to the Rolandic cortex, Heschl’s gyrus, the posterior corona radiata, supramarginal 

cortex, superior longitudinal fasciculus, superior temporal gyrus, and insula was associated 

with a low total AQ score (Figure 1, 2). Lesions in the inferior triangularis and inferior 

operculum of the frontal cortex, supramarginal cortex, and insula were associated with a 

poor fluency outcome. Damage to the parietal cortex, angular cortex, temporal middle 

cortex, sagittal stratum, and temporal superior cortex was associated with poor recovery 

of comprehension skills. Lesions in the angular cortex, supramarginal cortex, posterior 

corona radiata, superior longitudinal fasciculus, internal capsule, temporal superior cortex, 

and temporal middle cortex were associated with poor recovery of naming in patients with 

stroke. Damage to the superior temporal cortex, posterior corona radiata, and superior 

longitudinal fasciculus was associated with poor recovery of repetition component (Figure 

3). 

Conclusions



We identified specific brain lesions associated with long-term outcomes in four dimensions 

of aphasia, in patients with post-stroke aphasia. Our findings may be useful for advancing 

understanding for the pathophysiology of aphasia in stroke patients. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea (NRF) funded by the Ministry of 

Science and ICT (grant number:2017R1E1A1A01074324) 

Figure 1. A lesion overlap map of all subjects (n=31). The color spectrum indicates the frequency of overlap.

Figure 2. Voxel-based lesion-symptom mapping of the total aphasia quotient after application of the 

nonparametric Brunner–Munzel test. The color scale indicates Brunner–Munzel rank order z statistics. Only 

voxels significant at p<0.05 are shown. The statistical map shows voxels with a minimum Z score of 1.89797 

and maximum range of 4, which was the maximum brightness.



Figure 3. Voxel-based lesion-symptom mapping (VLSM) of the language deficits after the nonparametric 

Brunner–Munzel statistical analysis. The color scale indicates Brunner–Munzel rank order z statistics. Only 

voxels significant at p<0.05 are shown. The maximum range of the z score was set at 4, which was the 

maximum brightness. A: VLSM for fluency with a minimum z score of 2.32076. B: VLSM for comprehension 

with a minimum Z score of 2.50055. C: VLSM for naming with a minimum Z score of 2.38888. D: VLSM for 

repetition with a minimum Z score of 3.19465.
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Effects of unbalancing ergometer exercise on cardio-cerebral 
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Objectives

To investigate the effects of unbalancing bicycle ergometer exercise on cardio-cerebral 

hemodynamics and muscle activation in hemiplegic stroke patients. 

Methods

Thirteen young male volunteers (23.4±2.5 yrs) were enrolled in this study from January, 

2019 to June, 2019. They were asked to perform the incremental bicycle ergometer 

exercise (SRH100H®,NanoBioLife Inc, Seoul, Korea) (Monark Ergometer 881®, Varberg, 

Sweden) in the upright and 45° recumbent (R) postures with a week interval, respectively. 

Balancing protocol was set initially at 50W and increased by 25W every 2 minutes to 150W 

and unbalancing protocol was set to maximal different exercise intensity bilaterally. (45W 

vs 150W) CBFV in middle cerebral artery (MCA) (SONARA Transcranial Doppler ultrasound®, 

VIASYS Co. Ltd., USA) and arterial stiffness including cardio ankle vascular index (CAVI) , 

ankle brachial index (ABI) and augmentation index (AIx) (VaSera VS-2000 instrument®, 

Fukuda Denshi Co. Ltd., Tokyo, Japan) were measured at rest, 5 minutes, 10 minutes during 

exercise and 10 minutes recovery. EMG data (PolyG-A, LAXTHA Inc, Daejeon, Korea) were 

recorded from the volunteers’ lower limb muscles (rectus femoris (RF), semitendinosus, 

tibialis anterior, and medial gastrocnemius muscles). EMG signals were normalized to the 

highest EMG signals recorded for the maximum voluntary isometric contractions (MVIC). 

The peak normalized EMG value, (root mean square, RMS) of the studied muscles over the 

average of the 10 pedal cycles was analyzed. Cardiovascular responses [(cardiac output 

(CO), heart rate (HR), stroke volume (SV)] were also measured, 

Results

Unbalancing protocol induced significantly lower RMS of rectus femoris than balacing 

exercise (p<0.05), but another muscles did not show significant differences. There was no 

significant differences in cerebral blood flow velocity and CO between two protocols. 



Conclusion

The unbalancing bicycle ergometer exercise in recumbent position induced low muscle 

activity in RF but it does not decrease cardio-cerebral blood flow. Therefore, it might 

suggest basic data for the development of bicycle exercise program and therapeutic 

approaches of hemiplegic stroke patients. 

Acknowledgment :This work was supported by the Technology development 

Program(S2673714) funded by the Ministry of SMEs and Startups(MSS, Korea) 

Table 1. Changes in RMS



Table 2. Changes in cardiac output

Table 3. Changes in cerebral blood flow velocity
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Effect of EMG biofeedback-based mobile game for upper limb rehabilitation 

in stroke patients
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University, Department of Biomedical Engineering3

Introduction 

Electromyographic (EMG) biofeedback induces the motions necessary for rehabilitation 

through the feedback of the EMG signal. However, the rehabilitation program using EMG 

biofeedback has limitations in utilizing and attracting the interest of stroke patients. 

Therefore, a new EMG biofeedback rehabilitation program is needed, which is more 

therapeutically accessible and increases patient's interest and participation. The purpose 

of this study was to investigate the effects of a new rehabilitative program, integrating a 

mobile game and a wearable device based on EMG biofeedback and motion sensing, on 

the recovery of upper limb function in stroke patients. 

Methods 

The mobile game was designed to enable rehabilitative training through games reflective 

of flexion, extension, abduction, and adduction identified by motion sensors along with 

grasping motions recognized by EMG signals measured by the wearable device. Twenty-six 

participants with upper extremity motor impairment within 3months after stroke were 

included in this study. Participants were randomized to either the intervention group or 

the control group. The intervention group (n=14) received 30 min of conventional 

occupational therapy (OT) and 30 min of the EMG biofeedback-based mobile game training. 

The control group (n=12) received conventional OT alone for 1 h per day. Rehabilitation 

consisted of 10 sessions of therapy, 5 days per week, for 2 weeks. The outcome measures 

were Manual Function Test (MFT), Fugl−Meyer Assessment (FMA), Box and block test (BBT), 

Manual Muscle Testing (MMT), and modifed Barthel index (MBI). Participants were 

assessed before treatment (pre), after 2 weeks of treatment (post), and at 1 month (2 

weeks after the end of treatment, 1mo). Statistical analysis was performed using 

independent sample t-tests and repeated measures ANOVA. 

Results 



The baseline characteristics showed no significant differences between the two groups. 

Both groups showed significant within-group improvement in the FMA, MFT, BBT, MMT 

and MBI after treatment and at 1month (p<0.05). There was a significant interaction effect 

in MFT (p<0.05), but not in other measures. Changes in the MFT (pre vs. post and pre vs. 1 

mo) were significantly greater in the intervention group than in the control group (p<0.05). 

Conclusion 

This EMG biofeedback-based mobile game was more effective in improving upper limb 

function than the conventional OT in the stroke patients. This game appears to be feasible 

and can be used as an alternative to standard rehabilitation. 

Acknowledgment :This work was supported by the National Research Foundation of 

Korea(NRF) grant funded by the Korea government(MSIP) (No. NRF-2017R1A2B4011920). 

Table 1. Baseline characteristics of the participants



Fig 1. Change in the MFT, FMA, and BBT

Fig 2. Change in the MMT (shoulder/elbow/wrist) and MBI
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Changes of arcuate fasciculus and recovery of post-stroke aphasia: a 6-

month follow-up DTI study
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OBJECTIVES

Recently, there is growing interest in using diffusion tensor imaging(DTI) to better 

understand neuroanatomical factors associated with aphasia recovery. Few studies, 

however, examined the structural change of language networks over time, and its relation 

with aphasia recovery. We evaluated the changes of arcuate fasciculus (AF), an important 

connecting pathway for language function, using DTI at 1-month and 6-month after stroke 

and investigated the relationship between structural changes of AF and improvement of 

post-stroke aphasia. 

METHODS

We collected data from the STroke Outcome Prediction (STOP) database that is 

prospective data collecting system for functional recovery prediction after stroke based on 

neuroimaging study. Inclusion criteria were (1) first-ever left supratentorial stroke; (2) 

presence of aphasia evaluated by Korean version of Western Aphasia Battery (K-WAB) 

(Aphasia Quotient (AQ) < 92.8 points); and (3) no previous neurological or psychiatric 

diagnosis. The K-WAB and DTI data within 30 days (initial) and six months after (follow-up) 

stroke onset were used for analysis. And fractional anisotropy (FA), mean diffusivity (MD), 

fiber number (FN) and differences (Δ) at two time points of these parameters were 

obtained in bilateral AF tracts in diffusion tensor tractography (DTT). Three types (I: not 

reconstructed, II: disrupted, discontinued or shallow, III: preserved) of classification 

according to integrity of AF was also included. A Classification and Regression Tree (CART) 

analysis was carried out to determine which factors best predict outcome category. 

RESULTS

Twenty-six patients with aphasia were included. AQ significantly improved at 6 months 

after onset as compared to initial evaluation. DTT parameters of bilateral AF showed 

statistically significant decrease in FA and increase in MD(Table 1). Types of AF were 

changed in 6 patients(23%): 3 patients from type III to type II, 2 patients from type II to 



type I, and 1 patient from type II to type III. In Pearson’s correlation analysis, significant 

correlation was observed between 6-mon AQ score and parameters of left AF; positive 

correlation with FA (r=0.707, p<0.001), and negative correlation with MD (r=-.540, 

p<0.001). However, there was no correlation between 6-mon AQ score and FN of left AF, 

and all parameters of right AF. In addition, ΔDTT parameters were not correlated with 

either 6-mon AQ or ΔAQ. CART analysis produced a decision tree with initial FA value as 

the first decision point, with an overall prediction accuracy of 68%; patients with initial FA 

lower than 0.44100 were more likely to have poor outcome(Fig. 1). 

CONCLUSIONS

The AF changes over time not only in dominant but also in nondominant hemispheres in 

patients with aphasia after stroke. But amount of changes (Δ) in AF parameters were not 

associated with language recovery. Initial FA value can be used as a predictive 

neuroimaging biomarker for 6-month language outcome in poststroke aphasia. 

Acknowledgment :No potential conflict of interests relevant to this article were reported. 

This work was supported by the National Research Foundation of Korea (NRF) grant funded 

by the Korea government (MSIT) (No. 2019R1A2C2003020). 

Table 1. Parameters of diffusion tensor tractography in bilateral arcuate fasciculus

Table 2. Types of left arcuate fasciculus at 1-and 6-month after stroke



Figure 1. CART analysis to identify parameters of diffusion tensor tractography that predict aphasia outcome 

at 6-month after stroke onset. Patients were classified into two groups, good and poor outcome group, based 

on the median value of follow up-AQ score.
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Bone mass is related to muscle strength in adults with cerebral palsy

Se Hee Jung1*†

Seoul National University Boramae Medical Center, Department of Rehabilitation 
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Background

Cerebral palsy (CP) causes skeletal muscle atrophy and impaired muscle growth, and 

individuals with CP are prone to weight-bearing activity limitations. A lack of physical 

activity and poor muscle strength were found to be important risk factors for decreased 

bone health. However, there is no study to investigate the relationship between muscle 

strength and bone health in adults with CP. 

Objective

To determine whether the bone mass and bone mineral density are associated with muscle 

strength and physical function in a selected group of adults with CP. 

Design

Cross-sectional study. 

Setting

University hospitals and communities for persons with disabilities. 

Participants

A total of 99 adults with CP (58 men, mean age of 41.8±8.95 years, 72 bilateral CP) were 

included. 

Method

For muscle strength measurement, we performed isometric muscle strength testing in 

lower extremities, hand grip strength measurement, and manual muscle strength testing 

(MMT). Information about physical activity and subjective discomfort in using limbs were 

also collected. Bone mass and bone mineral density were assessed using dual-energy x-ray 

absorptiometry. 

Results

Leg bone mass was significantly associated with isometric knee extensor and knee flexor 

strength. It was significantly related to MMT and subjective discomfort in using the same 



leg. Arm bone mass was significantly related to hand grip strength, MMT and subjective 

discomfort in using the same arm. The Gross Motor Function Classification System, the 

Manual Ability Classification System, and the Short Physical Performance Battery scores 

were related to leg bone mass but not to trunk bone mass. The correlation between muscle 

strength and leg bone mass and between physical function and bone mass was not 

observed in subjects with unilateral CP. 

Conclusion

Appendicular bone mass of adults with CP was associated with the muscle strength of the 

limb and physical function. This correlation was observed only in bilateral CP. <br> 

Acknowledgment :This research was supported by the R&D grant of rehabilitation services 

by Korea National Rehabilitation Center Research Institute, Ministry of Health & Welfare. 

Table 1. Correlation between muscle strength and bone mass 



Table 2. Correlation between physical function and bone mass 
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Development and Validation of Functional Oral Intake Scale for Children 

You Gyoung Yi1,2*, Hyung-Ik Shin2†, Ban Hyung Lee2

Veterans Health Service Medical Center, Department of Rehabilitation Medicine 1, Seoul 

National University Hospital, Department of Rehabilitation Medicine 2

Purpose

There is currently no objective tool for assessing the functional eating abilities of young 

children. This study aimed to investigate the reliability and validity of the Functional Oral 

Intake Scale (FOIS) for children. 

Materials and Methods

Children (age < 7 year, ≥ 1 year) who underwent a videofluoroscopic swallowing study 

(VFSS) were included in this retrospective study. Their nutrition records at the time of the 

VFSS were separately evaluated by two raters using the FOIS for children. Categorical 

swallowing and aspiration impairment scale data were also obtained from the VFSS. <br> 

Results

The mean age of the 194 children was 2.49 years (range: 1.01–6.97 years). The 5-point 

scale pediatric FOIS (Table 2) evaluated by two occupational therapists showed a high 

absolute agreement (97.4%) for the 194 children (kappa = 0.966; Cronbach’s alpha = 0.998; 

95% confidence interval [CI] 0.998–0.999). Disagreement between the two observers was 

noted for one individual (disagreement in terms of pediatric FOIS Levels 2 and 3 (n = 1), 

and for four individuals (disagreement in terms of pediatric FOIS Level 4 or 5). Significant 

associations were identified between the FOIS for children and aspiration severity (p < 

0.001, Spearman’s correlation coefficient = 0.319) as well as dysphagia severity (p value < 

0.001, Spearman’s correlation coefficient = 0.287) determined from the VFSS. 

Conclusions

The 5-point scale FOIS for children has adequate reliability and validity. These findings 

suggest that the scale could be appropriate for documenting feeding abilities and 

evaluating the effectiveness of interventions in children. 



Table 1. Functional Oral Intake Scale (FOIS) for children, Age group <7 year, ≥ 1 year, ¹Special preparation 

includes grinding, fluid thickening, but not chopping. ²FOIS level 4 was assigned when food expansion did not 

occur with other diets than whole bottle feeding after 1 year of age.

Table 2. Characteristics of subjects at the time of the videofluoroscopic swallowing study (n = 194)



Table 3. Interrater reliability of FOIS Levels 1 to 5 for children, rater 1 versus rater 2. Values shaded 

in grey indicate agreement between raters. Absolute agreement 97.4%; kappa = 0.966; Cronbach’s 

alpha= 0.998 (95% CI 0.998–0.999)
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Changes in the CRT according to the recovery of impaired consciousness in 

ICH

Yu Sung Seo 1†, Sung Ho Jang 1†, Dong Gyu Kwak1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

We investigated the changes in the corticoreticulospinal tract (CRT) in the affected 

hemisphere according to the recovery of impaired consciousness in patients following 

intracerebral hemorrhage (ICH). 

Methods

We recruited 26 patients with impaired consciousness following ICH and classified them 

into two groups (group A: no recovery of consciousness, group B: recovery of 

consciousness). The Glasgow Coma Scale was scored for the clinical evaluation. The CRT in 

the affected hemisphere was estimated based on the diffusion tensor tractography (DTT) 

parameters (fractional anisotropy [FA] and tract volume [TV]). 

Results

The values of FA and TV of the CRT in the affected hemisphere in group A were not 

significantly different between the first and second DTT (p>0.05). In group B, the FA value 

of the CRT in the affected hemisphere was not significantly different between the first and 

second DTT; however, the TV value of the CRT in the affected hemisphere on the second 

DTT was increased compared with that on the first DTT (p<0.05). 

Conclusions

We found that the recovery of the affected CRT paralleled the recovery of impaired 

consciousness in patients with ICH. Our results suggest that facilitation of the CRT could be 

important for the recovery of impaired consciousness in patients with ICH. 

Acknowledgment :This work was supported by the National Research Foundation(NRF) of 

Korea Grant funded by the Korean Government(MSIP) (NRF-2018R1A6A3A11050913). 



Fig. T2-weighted brain magnetic resonance images and results of diffusion tensor tractography (DTT) for the 

corticoreticulospinal tract (CRT) in the affected hemispheres. Representative group A (54-year-old male) and 

B (51-year-old male). (A) T2-weighted brain magnetic resonance images of groups A and B. (B) Results of DTT 

for the CRT in groups A and B. The CRT in the affected hemisphere in group A showed no recovery; however, 

that of group B showed recovery between the first and second DTT.

Values represent mean (±standard deviation); GCS: Glasgow Coma Scale; DTI: diffusion tensor imaging.

FA: fractional anisotropy, TV: tract volume. Values indicate mean ± standard deviation
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Discriminating functional connectivity patterns during motor imagery and 

execution

Eunkyung Kim1, Woo Hyung Lee 2*, Han Gil Seo1, Byung-Mo Oh1†, Hyung Seok Nam1, Hyun 

Haeng Lee1, Min-Gu Kang1, Seo Jung Yun1, Sungwan Kim2, Moon Suk Bang1

Seoul National University Hospital, Department of Rehabilitation Medicine1, Seoul 

National University College of Medicine, Department of Biomedical Engineering2

Introduction

Motor imagery activates similar brain areas to motor execution, lead to promising 

therapeutic strategy for rehabilitation (Mulder, 2007). Since brain works as a network, 

identifying motor-related functional network during motor imagery and execution is 

important. We choose the left primary motor cortex as a seed region and constructed 

seed-based functional connectivity during both conditions, and examined whether and 

where the connectivity patterns between motor imagery and execution were significantly 

different by using multivariate pattern analysis. First-person perspective visual (VI-1) and 

kinesthetic motor imageries (KI) were employed in this study. 

Methods 

Blocked-designed functional MR images (fMRI, 3T) were obtained from 18 individuals (30.3 

± 4.3 years, 9 males). Detailed experimental design was visualized on Fig 1. As a short, five 

conditions were given to the subjects in total of seven times, as counter-balanced order in 

5 sessions. Before scanning, motor imagery training was given to the participants with 

duration of 15 minutes each. The fMRI data were preprocessed by Statistical Parametric 

Mapping 12. After individual analyses, group-level general linear model was performed to 

define the left primary motor area, by examining the contrast of motor execution (ME) and 

perceptual control conditions. The CONN functional connectivity toolbox (18.a) was used 

for seed-to-voxel connectivity analysis. Seed-to-voxel connectivity z-maps were created in 

every participant in every condition. Among the five conditions, we selected the VI-1, KI, 

and ME only for further analysis. To examine whether and where the connectivity patterns 

were different between conditions, the brain was segmented into 116 ROIs, using the 

Automated Anatomical Labeling template (Fig 2). The voxel-by-condition matrix was 

extracted from each individual, denoted by X. The loading for principal component of X 

was generated, and used for features of linear discriminant analysis with leave-one-

sample-out cross validation. Linear discriminant analysis was used to discriminate the 

classes, in this case, the conditions (Fig 3). Statistical significance was tested using the 



binomial test with significance level alpha 0.05. This procedure was repeated 116 times to 

examine every ROI. 

Results 

There were six ROIs where the connectivity patterns between conditions were significantly 

different with each other; the right inferior frontal triangularis, anterior cingulate, 

cerebellum 6, cerebellum crus 1, left superior occipital gyrus, and median cingulate cortex. 

Conclusions 

The function of six ROIs we found was related with motor inhibition and imagery (Roland 

and Zilles, 1996; Aron et al., 2014; Cengiz and Boran, 2016), emphasizing importance of the 

connectivity patterns for discriminating motor imagery and execution. 

Acknowledgment :This research was supported by the Brain Research Program through 

the National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & 

Future Planning (2016M3C7A1904984). 
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Fig3.



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-37

Usefulness of Maximal Expiratory Pressure in Evaluating Stroke induced 

Dysphagia

Bo Seong Jang1*, Jae Hyun Lee1, Young Joo Sim1, Ghi Chan Kim1, Ho Joong Jeong1†

Kosin University College of Medicine, Department of Physical Medicine and Rehabilitation1

Objective 

Peak cough flow(PCF) is a useful factor in evaluating the risk of aspiration in dysphagia 

patients. Maximal expiratory pressure(MEP) reflects respiratory muscle strength and it can 

predict effective coughing when penetration or aspiration is present in swallowing. 

However, there was lack of study for correlation between respiratory muscle strength and 

dysphagia. In this study, we evaluated the usefulness of MEP in evaluating ischemic stroke 

induced dysphagia. 

Subjects and Methods 

This study included patients who were diagnosed with actue ischemic stroke and 

underwent videofluoroscopic swallowing study(VFSS) from May 2017 to February 2018. 

Patients with a history of pulmonary tuberculosis, chronic obstructive lung disease, asthma, 

tracheostomy or active lung disease were excluded. VFSS was performed within 3 weeks 

after diagnosis of ischemic stroke. At the same time, MEP was measured at 5 minute 

intervals and the average of the two values were used. VFSS was done with 3cc thin liquid 

and described as dysphagia when aspiration or penetration was observed. VFSS results 

were classified into control and dysphagia groups. Maximal inspiratory pressure(MIP), 

modified barthel index(MBI), PCF, forced expiratory volume for one second(FEV1), forced 

vital capacity(FVC) and FEV1/FVC were measured for baseline characteristics of each group 

(Table 1). 

Results 

A total of 50 patients were included in this study. 35 were males and the median age was 

70.8 ±9.7. In VFSS, 26 patients had dysphagia. Mean age of control and dysphagia groups 

were not significant in Student t-test (Table 1). Mean values of MEP, MIP, PCF, MBI in 

control group were higher than those of in dysphagia group and statistically significant in 

student t-test (Table 2). In logistic regression, the odds ratio of MEP was -1.097 (p=0.006) 

and the odds ratio of PCF was -1.011 (p=0.041) (Table 2). MIP and MBI were not statistically 

significant. 

Conclusion 



In patients with ischemic stroke, MEP can predict effective coughing and is a useful factor 

in evaluating dysphagia. In this study, mean value of MEP in control group was higher than 

that of in dysphagia group and Odds ratio of MEP was statistically significant.Therefore, 

measuring MEP is important for risk evaluation of aspiration pneumonia in patients with 

ischemic stroke. 

Table 1. Baseline characteristics of patients with ischemic stroke

Table 2. Clinical data of patients with ischemic stroke

Table 3. Logistic regression results for dysphagia



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-38

Anatomic location of precentral knob in precentral gyrus as measured by 

the brain navigator system

Sung Ho Jang1†, Han Do Lee1†, Kyu Hwan Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

The precentral knob of the precentral gyrus, the original site for hand somatotopy in the 

corticospinal tract, is an important target for neuromodulation. However, little is known in 

terms of the detailed anatomical location of the precentral knob that can be easily used 

clinically. 

Methods

We determined of the locations of target and surface points in twenty normal subjects 

using a brain navigator system. The target point was defined as the precentral knob and 

the surface point as the area of the scalp in the vertical direction from the target point. The 

horizontal and vertical distances from the Cz through the point maker were then measured 

by placing a marked 1cm grid on each subject’s head. 

Results

In the horizontal direction, the average distance to the location of the precentral knob was 

30.75mm in the right hemisphere, 31.25mm in the left hemisphere, and 31.00mm in both 

hemispheres. In the vertical direction, the distance to the location of the precentral knob 

was -12.75mm in the right hemisphere, -14.50mm in the left hemisphere, and -13.62mm 

in both hemispheres. 

Conclusions

We determined the detailed anatomical location of the precentral knob in normal subjects 

using a brain navigator system. Our data and methodology can easily be used clinically for 

neuromodulation. 

Acknowledgment :This work was supported by the Medical Research Center Program 

through the National Research Foundation of Korea funded by the Ministry of Science, ICT, 

and Future Planning. (2015R1A5A2009124) 



Table 1. Distance to the surface point from the precentral knob

Fig. (A) Determination of location of target point (the precentral knob – omega-shaped area in the precentral 

knob in front of the precentral sulcus; blue arrow) and surface point (the area of the scalp in the vertical 

direction from the target point; green arrow). (B) Confirmation of the surface point on the scalp and in the 

brain navigator system by the point maker. (C) Measurement of the horizontal and vertical distances from 

the Cz to the surface point (green arrow) using the brain navigator point maker by placing a 1cm grid on the 

subject’s head.
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Multimodal MRI correlates of motor outcome after stroke using machine 

learni

Jong Hyuk Lee1*, Dae Hyun Kim1†

Veterans Health Service Medical Center, Seoul, Department of Physical Medicine and 

Rehabilitation1

Objective

The objective of this study is to apply machine learning regression to predict motor 

outcome after stroke based on multimodal magnetic resonance imaging. 

Methods

Fifty-four stroke patients, who underwent T1 weighted (T1), diffusion tensor (DTI), and 

resting state functional magnetic resonance imaging (rfMRI) were retrospectively included. 

All patients were assessed using the Fugl-Meyer motor assessment (FM) score for motor 

outcome after stroke (Table 1). The kernel rigid regression machine algorithm was applied 

to gray and white matter maps in T1, fractional anisotropy and mean diffusivity maps in 

DTI, and two motor related independent component analysis maps in rfMRI to predict FM 

scores with the covariate as the onset duration after stroke. The results were validated 

using the leave-one-subject-out cross-validation method. To the best of our knowledge, 

this is the first attempt at applying machine learning in this area using multimodal MRI data 

and forms the main novelty of this study. 

Results

We found that multimodal magnetic resonance imaging correctly predicted the FM score 

in 72% cases with a normalized mean squared error of 5.93 (p value = 0.0020, Fig 1). The 

ipsilesional premotor, periventricular, and contralesional cerebellar areas were shown to 

be of relatively high importance in the prediction (Fig 2). 

Conclusion

Machine learning using multimodal magnetic resonance imaging data after stroke enables 

a prediction of motor outcome. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant (No. 2017R1C1B1003) funded by the Korea government (MSIT). 



Fig. 1 Scatter plot of predictions of Fugl-Meyer motor assessment scores of 54 patients modeled using a 

kernel ridge regression. This plot represents the predicted values (x-axis) against the real values (y-axis). A 

perfect prediction is represented by the diagonal on this plot.

Fig. 2 Weights map at the voxel level for the prediction of Fugl-Meyer motor assessment. The cross-hair was 

positioned at the region with high contribution toward the outcome. The T1 weighted images are presented 

in the gray box while the x, y, and z-axes are based on the Montreal Neurological Institute space.



Table 1.  General characteristics of included patients
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Relationship between Cognition and White Matter Integrity in Mild 

Traumatic Brain Injury Patients

Youngsu Jung1,2*, Jungsun Huh1,2, MinYoung Kim1,2, Jong Moon Kim1,2†

CHA Bundang Medical Center, CHA University School of Medicine, Department of 

Rehabilitation Medicine1, CHA University, Rehabilitation and Regeneration Research 

Center2

Introduction 

Tract-based spatial statistics (TBSS) is a way to implement an image of multiple fiber tracts 

from diffusion tensor imaging (DTI) by projecting the fractional anisotropy (FA) skeleton. It 

is highly reproducible and has the advantage of analyzing various tracts. Since traumatic 

brain injury (TBI) causes white matter disruption in complex patterns such as diffuse axonal 

injury, analyzing the DTI in TBI patients with TBSS is a good way to identify the loss of 

integrity of multi-subject fiber tracts. We used TBSS in TBI patients with mild to moderate 

cognitive impairment to analyze the correlation between cognition and indices reflecting 

white matter integrity of multi-subject fiber tracts. The purpose of this study is to 

determine which fiber tract plays an important role in each cognition domain. 

Method 

From September 2015 to September 2018, data of TBI patients who were hospitalized at 

CHA Bundang rehabilitation center were reviewed. Patients who (1) had previous brain 

lesions (2) underwent ventriculoperitoneal shunt (3) were not able to perform Wechsler 

Adult Intelligence Scale (K-WAIS-IV) were excluded. All twenty patients underwent DTI and 

cognitive assessments with K-WAIS-IV and Rey-Kim memory test. In DTI analysis, voxel-

wise statistical analysis of the FMRIB Software Library (FSL version 4.1, Oxford, UK) was 

done with the standard procedure. Diffusion tensor values were calculated for each voxel 

and individual FA and mean diffusivity (MD) metrics were derived from the 3D map using 

the FMRIB Diffusion Toolbox. The MNI152 space was used as a standard-space template. 

The atlas-based regions of interest were automatically generated using the JHU White-

Matter Tractography Atlas. Spearman correlation coefficient was used as an analysis for 

correlation between the cognitive assessments and FA and MD values of multi-subject 

fiber tracts. 

Result 

Table 1 summarizes the baseline characteristics of 20 patients. FA is a summary measure 

of microstructural integrity. MD is an inverse measure of the membrane density. In most 



tracts, FA values were negatively correlated with age, and MD values were positively 

correlated with age. Overall cognitive assessments showed moderate correlation with 

integrity of anterior thalamic radiation and cingulum. According to cognitive domains, 

verbal comprehension showed moderate correlation with integrity of left uncinate 

fasciculus, perception reasoning showed moderate correlation with integrity of corpus 

callosum and right superior longitudinal fasciculus, and memory showed moderate 

correlation with integrity of hippocampal cingulum (Table 2, 3).

Conclusion 

Analyzing the DTI with TBSS in TBI patients with mild to moderate cognitive impairment 

showed close relationship between IQ and anterior thalamic radiation and cingulum, 

between verbal comprehension and left uncinate fasciculus, between perception and 

corpus callosum and right superior longitudinal fasciculus, and between memory and 

hippocampal cingulum. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI16C1559). 

TBI, Traumatic Brain Injury; GCS, Glasgow Coma Scale; GDS, Geriatric Depression Scale; FSIQ, Full-Scale 

Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working 

Memory Index; PSI, Processing Speed Index; MQ, Memory Quotient Index score FSIQ, VCI, PRI, WMI, and PSI 

were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed by Rey-Kim Memory 

Test



Spearman correlation coefficient (rho) was used as an analysis for correlation. * p < 0.05, ** p < 0.001 FA, 

Fractional Anisotropy; IQ, FSIQ, Full-Scale Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, 

Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; MQ, Memory 

Quotient; ATR, Anterior Thalamic Radiation; CC, Corpus Callosum; CG, Cingulum; HC, Hippocampal Cingulum; 

IFO, Inferior Fronto-Occipital; SLF, Superior Longitudinal Fasciculus; UF, Uncinate Fasciculus Index score FSIQ, 

VCI, PRI, WMI, and PSI were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed 

by Rey-Kim Memory Test



Spearman correlation coefficient (rho) was used as an analysis for correlation. * p < 0.05, ** p < 0.001 MD, 

Mean Diffusivity; IQ, FSIQ, Full-Scale Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, Perceptual 

Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; MQ, Memory Quotient; ATR, 

Anterior Thalamic Radiation; CC, Corpus Callosum; CG, Cingulum; HC, Hippocampal Cingulum; IFO, Inferior 

Fronto-Occipital; SLF, Superior Longitudinal Fasciculus; UF, Uncinate Fasciculus Index score FSIQ, VCI, PRI, 

WMI, and PSI were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed by Rey-

Kim Memory Test
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Predictive Imaging Markers According to Different Upper Limb Recovery 

Patterns in Severe Stroke

Jungsoo Lee1,2*, Ahee Lee2, Heegoo Kim2, Jinuk Kim2, Won Hyuk Chang1, Yun-Hee Kim1,2†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 

Prevention and Rehabilitation, Heart Vascular Stroke Institute1, Sungkyunkwan University, 

Department of Health Sciences and Technology, Department of Medical Device 

Management & Research, Department of Digital Health, SAIHST2

Objective 

Understanding recovery mechanism and predicting recovery pattern after stroke are 

important to make individually-tailored rehabilitation plans. In case of recovery of upper 

limb (UL), many clinical and neuroimaging studies were investigated and predictive 

markers were also reported. However, most predictive markers show relatively low 

predictive accuracy in severe stroke. This study focused on the comparison of imaging 

values in severely impaired stroke patients with different UL recovery patterns and 

investigation of their predictive markers using multimodal imaging analysis. 

Materials and Methods 

Forty-two subacute ischemic stroke patients (24 males, mean age 57.2±12.4 years) with 

severe impairment participated. They underwent T1-weighted, diffusion tensor imaging 

(DTI), resting-state functional MRI (rs-fMRI) data acquisition, and motor function using the 

Fugl-Meyer Assessment at two weeks after stroke. Motor function was assessed again at 

three months after stroke. Subjects were divided into the Fitter and Non-fitter groups 

according to whether they had achieved 70% of their initial FMA-UE motor impairment at 

three months (i.e., their recovery fit or did not fit the proportional recovery rule). 

Important neuroimaging markers in motor recovery were investigated. Fractional 

anisotropy (FA) values of the corticospinal tract (CST), corpus callosum (CC), superior 

cerebellar peduncle (SCP), lesion volume, lesion load of the CST, interhemispheric 

homotopic connectivity, and whole brain connectivity were extracted from imaging data. 

Results 

Between both groups, there were significant differences in most imaging markers. 

Common imaging markers such as CST FA, lesion load of the CST, and interhemispheric 

homotopic functional connectivity were predictable in all patients with severe motor 

impairment. However, these markers were not related to UL recovery in subgroup. 

Especially, initial FA values of the SCP and CC were predictive imaging markers for UL 



recovery in the Fitter and Non-fitter groups respectively. The strength of functional 

connectivity between the left auditory and bilateral occipital areas were predictive 

markers in the Non-fitter group. Predictive accuracy of specific markers in each subgroup 

was higher than that of common markers in all patients. 

Conclusions 

In conclusion, we investigated predictive imaging markers in stroke patients with initially 

severe motor impairment. Different primary predictive markers existed according to 

recovery pattern. These meaningful predictive markers will help to establish high accuracy 

prediction model after stroke and provide useful information for determining the target 

area for noninvasive brain stimulation in an early stage of recovery in stroke patients. 

Acknowledgment :This study was supported by a National Research Foundation of Korea 

(NRF) grant funded by the Korean government (MSIP; NRF-2017R1A2A1A05000730, NRF-

2017R1D1A1B03034109, NRF-2017M3A9G5083690) and a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), 

funded by the Ministry of Health & Welfare, Republic of Korea (HI17C1501). 
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A Comparison of Factors Predicting Recovery for Upper and Lower 

Extremities after Ischemic Stroke 

Jungsoo Lee1,2*, Ahee Lee2, Heegoo Kim2, Jinuk Kim2, Won Hyuk Chang1, Yun-Hee Kim1,2†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 

Prevention and Rehabilitation, Heart Vascular Stroke Institute1, Sungkyunkwan University, 

Department of Health Sciences and Technology, Department of Medical Device 

Management & Research, Department of Digital Health, SAIHST2

Objective

Stroke is a highly heterogeneous disorder and therefore the patients show diverse 

recovery patterns. Understanding recovery mechanism and predicting recovery pattern 

are important to make individually-tailored rehabilitation plans in the clinic. In case of 

recovery of upper extremity (UE) after stroke, many clinical and neuroimaging studies were 

investigated and many predictive factors including neuroimaging factors were also 

reported. However, study related to recovery of lower extremity (LE) after stroke is not 

enough. In addition, a comparison study of recovery for UE and LE is rare. In this study, we 

investigated and compared factors predicting recovery for UE and LE after stroke using 

patient characteristics and neuroimaging data. 

Materials and Methods 

Forty-two subacute ischemic stroke patients (24 males, mean age 57.2±12.4 years) 

participated. All patients underwent T1, DTI and re-fMRI data acquisition, and cognitive 

and behavioral assessments at two weeks after stroke onset. Motor function of UE and LE 

was measured using the Fugl-Meyer assessment (FMA) and cognitive function was 

measured using the mini-mental state examination (MMSE). Motor function was assessed 

again at three months after stroke onset. The NIH stroke scale (NIHSS) was measured to 

quantify initial stroke severity. Important neuroimaging markers in motor recovery after 

stroke were investigated. Corticospinal tract (CST) fractional anisotropy (FA) was extracted 

from DTI data, and lesion volume and lesion load of the CST were extracted from 

anatomical data. Interhemispheric homotopic functional connectivity was extracted from 

rs-fMRI data. A normalized difference value between MMSE and FMA scores (diff(MMSE, 

FMA)) was used as an additional factor. A linear regression model was used to investigate 

relationships between factors and motor recovery (FMA improvement for three months). 

Results 

UE and LE recovery-related factors and their predictive power were noticeably different. 

NIHSS score, lesion load of the CST, lesion volume, and interhemispheric homotopic 



functional connectivity were related to UE recovery only. Age, MMSE, diff(MMSE, FMA)

and ipsilesional CST FA were predictive factors in UE and LE recovery while contralesional 

CST FA was related to LE recovery only. Age and diff(MMSE, FMA) showed higher predictive 

power in LE recovery compared to UE recovery. 

Conclusions 

Many clinical and neuroimaging markers were predictive factors in UE recovery, which 

were in line with previous clinical and neuroimaging studies. However, most of these 

factors were not related to LE recovery. LE recovery was strongly related to age and 

cognitive function, furthermore, it had a relationship with contralesional CST integrity. 

These results may indicate that recovery mechanism of UE and LE after stroke is different. 

Involvement of age, cognitive functions, and unaffected tract is rather crucial for LE 

recovery after stroke. 
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Potential of Serum BDNF as Biomarker for Functional Recovery in Subacute 

Stroke Rehabilitation
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Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of 
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Medical Device Management and Research , Department of Digital Health2

Introduction

Brain-derived neurotrophic factor (BDNF) is involved in neuroplasticity in both the intact 

and the damaged brain. Although serum BDNF is used as a biomarker in major depressive 

disorder and bipolar disorder, there was a lack of reports with serum BDNF about 

neuroplasticity in stroke patients. In this study, we aimed to investigate the potential of 

BDNF as biomarker in neuroplasticity by serial analyzing the serum BDNF from subacute 

stroke patients. 

Methods

Eighty-six subacute stroke patients (mean age 62.4 yrs) who had taken the standardized 

inpatient rehabilitation program for 2 weeks were recruited in this study. We measured 

the serum BDNF, proBDNF and MMP-9 at T0 (before the rehabilitation program), T1 (1 

week after the rehabilitation program) and T2 (2 weeks after the rehabilitation program) 

in each participant. In addition, all participants were assessed with NIH Stroke Scale (NIHSS) 

for stroke severity, Fugl-Meyer assessment (FMA) for motor function and for Korean Mini-

Mental State Examination (K-MMSE) for cognitive function at three time points. The 

presence of the BDNF Val66Met polymorphism was also assessed as a potentially 

influential factor. BDNF genotype was entered as an ordinal predictor according to the 

number of Met alleles. Multiple regression analysis was performed to determine the 

factors affecting the stroke severity at T2. 

Results

NIHSS showed a significantly decrease after the standardized inpatient rehabilitation 

program for 2 weeks (p<0.05). The two independent predictors that significantly 

influenced NIHSS at T2 were NIHSS, K-MMSE, FMA and the number of MET alleles at T0 

(p<0.001, R2=0.869). However, at T1, MMP-9 as well as NIHSS, K-MMSE, FMA and the 



number of MET alleles were significant independent predictors for NIHSS at T2 (p<0.001, 

R2=0.917). 

Conclusion

It is well known that the baseline stroke severity, functional impairments and BDNF 

genotype were significant relating factors for the decrease of stroke severity after the 

stroke rehabilitation. In addition, MMP-9 after the intensive stroke rehabilitation was also 

a significant relating factor for the decrease of stroke severity. Therefore, the results in this 

study may suggest that serum MMP-9 could be used as biomarker for neuroplasticity in 

stroke patients. However, further study should be needed to clarify these results 

considering functional outcome in stroke patients. 

Acknowledgment :National Research Foundation of Korea (NRF) grant funded by the Korea 
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Risk factors for aspiration pneumonia in patients who undergo a 

videofluoroscopic swallowing study

Hyun Jung Kim1†, Joon Woo Kim1*, Ji Sang Jung1

Nowon Eulji Medical Center, Eulji University, Department of Rehabilitation Medicine1

Introduction

Aspiration pneumonia makes up a large proportion of cases of community-acquired and 

healthcare-associated pneumonia. Although dysphagia may expose patients to a higher 

risk of aspiration pneumonia, studies on the correlation between aspiration pneumonia 

and parameters of the videofluoroscopic swallowing study (VFSS), which is considered the 

gold standard in evaluating swallowing functions, are not well established yet. In addition, 

clinical risk factors for developing aspiration pneumonia have not been fully elucidated yet. 

Therefore, we aimed to identify significant risk factors associated with aspiration 

pneumonia in patients with suspected dysphagia who were evaluated with VFSS. 

Methods

A total of 916 patients who underwent VFSS between September 2014 and June 2018 were 

enrolled. Patients were divided into two groups—those with and without aspiration 

pneumonia diagnosed within three months before and after the initial VFSS examination. 

Clinical information and VFSS findings were reviewed. 

Results

The mean age of the enrolled patients was 71.40±13.19 years and comprised 486 men and 

430 women. One hundred and seven subjects were classified into the aspiration 

pneumonia group. The univariate analysis results indicated that clinical variables, including 

history of smoking (p<0.001), a body mass index (BMI) under 18.5 (p=0.004), and the male 

sex (p=0.036) were possible significant risk factors for aspiration pneumonia. Within the 

parameters of initial VFSS, positive aspiration findings with a 2 mL puree or liquid trial 

showed significant differences between the two groups (p<0.001 and p=0.048, 

respectively), while the aspiration findings with 5 mL, irrespective of consistency, showed 

no significant differences. The multivariate analysis results indicated that the aspiration 

finding with a 2 mL puree trial in VFSS (OR = 4.18, 95% CI: 2.56–6.82), smoking history (OR 

= 2.56, 95% CI: 1.51–4.34), and a BMI under 18.5 (OR = 2.01, 95% CI: 1.18–3.43) were 

significantly associated with development of aspiration pneumonia. 

Conclusion



The findings of aspiration with a small bolus in VFSS, history of smoking, and a BMI under 

18.5 are the best predictors of developing aspiration pneumonia. The results highlight the 

importance of detecting small amounts of aspiration on routine VFSS. These results may 

be helpful to improve the measures for preventing aspiration pneumonia for patients with 

suspected dysphagia. 
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Objective and subjective sleep problems and quality of life stroke inpatients

Young-Hwan Yoo 1, Ju-Young Im1, Chang-Beom Kim1, Hyun-Sung Lee1, Won-Hyoung Kim2, 

Han-Young Jung1, Kyung-Lim Joa1*†

Inha University Hospital, Department of Rehabilitation Medicine1, Inha University Hospital, 

Department of Psychiatry2

Objective

The principal objectives of this study were to investigate relationships between objective 

sleep parameters that is, sleep onset latency, wake after sleep onset, number of 

awakenings, sleep efficiency, and sleep duration, and the quality of life after mild to 

moderate stroke. 

Methods

The subjects were 112 first-time mild to moderate stroke patients admitted to a 

rehabilitation unit. At about 20 days after stroke, physical functions, depression, anxiety, 

quality of life, subjective insomnia, quality of sleep, and fatigue were assessed. Objective 

sleep parameters were also assessed using wrist worn actiwatch. Data from Actiwatches 

were analyzed over 30-second epochs using Actiwatch 8.0 software (Philips Respironics, 

Oregon, United States). Actiwatch measures total sleep duration, sleep onset latency, 

sleep efficiency, wake after sleep onset, and number of awakenings. Subjective insomnia 

was evaluated using the insomnia severity index. Quality of sleep was evaluated using the 

Pittsburgh Sleep Quality Index, which is a self-report questionnaire consisting of 19 items 

that include the seven components sleep duration, sleep onset, subjective sleep quality, 

sleep duration, daily sleep efficiency, sleep-related problems, sleep-associated drug use, 

and daytime dysfunctions during the previous month. 

Results

Patients with insomnia had greater sleep onset latency (p=0.001), wake after sleep onset 

(p=0.005), awoke more frequently (p=0.013), and slept less efficiency (p<0.001) than 

patients without insomnia, but total sleep durations were similar. In all participants, lower 

overall domain of quality of life was significantly associated with sleep onset latency 

(p=0.009), and total insomnia severity index (p<0.001), total Epworth Sleepiness Scale 

(p<0.001), the National Institute’s Health Stroke Scale (p=0.004), Modified Barthel Index 

(p=0.034), and Screening Tests for Aphasia and Neurologic-Communication Disorders 

(p=0.044) scores. 



Conclusion

Objective sleep parameters (sleep onset latency and sleep efficiency) were found to be 

associated with quality of life during the early stage of rehabilitation in mild to moderate 

stroke patients. 

TABLE 1. Differences between Demographic and Clinical Variables, Physical Function, Depression, and 

Anxiety in Stroke Patients with or without Subjective Insomnia 



TABLE 2. Difference between Sleep Parameter and Quality of Life in Stroke Patients with or without 

Subjective Insomnia

Table 3. Linear Regression Analysis of Demographic and Clinical Variables for Quality of Life
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The relationship between consciousness and the ARAS in patients with 

traumatic brain injury

Sung Ho Jang1†, Young Hyun Kwon1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Physical Medicine and 

Rehabilitation 1

Objectives

We investigated the relationship between consciousness and the ascending reticular 

activating system (ARAS) by using diffusion tensor tractography (DTT) in patients with 

traumatic brain injury (TBI). 

Methods

Twenty-six patients with TBI and 13 healthy control subjects were recruited for this study. 

Glasgow Coma Scale (GCS) scores were used for evaluation of subject consciousness state 

at the chronic stage of TBI (at DTT scanning), According to the GCS score, the patient group 

was divided into two subgroups: A (14 patients; impaired consciousness: GCS score <15, 

and B (12 patients; intact consciousness; GCS score = 15). Fractional anisotropy (FA) and 

tract volume (TV) values were assessed in the lower dorsal and upper ARAS. 

Results

The FA values of the lower dorsal ARAS and the upper ARAS in patient subgroup A were 

significantly lower than those in patient subgroup B and the control group (p < 0.05). In the 

patient group, the FA value of the lower dorsal ARAS (r = 0.713, p < 0.05) and the TV of 

upper ARAS (r = 0.484, p < 0.05) had a moderate positive correlation with GCS score. The 

FA value of upper ARAS had a strong positive correlation with GCS score in the patient 

group (r = 0.780, p < 0.05). 

Conclusions

We detected a close relationship between consciousness at the chronic stage of TBI and 

injuries of the lower dorsal and upper ARAS (especially, the upper ARAS) in patients who 

showed impaired consciousness at the onset of TBI. We believe that our results can be 

useful during the development of therapeutic strategies for patients with impaired 

consciousness following TBI. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 



Results of diffusion tensor tractography (DTT) for the ascending reticular activating system (ARAS). (A) T2-

weighted brain magnetic resonance images at the time of diffusion tensor imaging scanning in representative 

subjects of patient subgroup A (71-year-old female), patient subgroup B (33-year-old male), and the control 

group (50-year-old female). (B) Results of DTT for the lower dorsal ARAS. Narrowing (yellow arrows) is 

observed in both lower dorsal ARAS in patient subgroup A compared to that in patient subgroup B and the 

control group. (C) Results of DTT for the upper ARAS. A decreased neural tract (green arrows) is observed in 

both upper ARAS in patient subgroup A compared with that in patient subgroup B and the control group.
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Rehabilitation of Hemispatial Neglect with Field-of-Regard-focused Visual 

Exploration Therapy

Tae-Lim Kim1*, Kwanguk Kim2, Changyeol Choi2, Ji-Yeong Lee1, Joon-Ho Shin1†

National Rehabilitation Center, Department of Rehabilitation Medicine1, Hanyang 

University, Department of Computer Science2

Background and aims 

Although many patients experience significant recovery in the early phase after injury, 

hemispatial neglect (HSN) can persist for many years, and there is insufficient evidence to 

support the efficacy of available rehabilitation strategies. We previously proposed concept 

of field-of-view (FoV) and field-of-regard (FoR). In this study, we examined the efficacy of 

field-of-regard-focused visual exploration therapy (FORVT) implemented using a head-

mounted display (HMD) virtual reality system for HSN rehabilitation following stroke. <br> 

Methods and materials 

Five and six right handed patients with left HSN were randomly assigned to the training 

first (TF) or waiting first (WF) groups, respectively. During FORVT, the head-tracking feature 

of the HMD was activated. Participants were asked to detect a target over a spherical 

coordinate system as quickly as possible. The TF group completed 20 sessions of a FORVT 

program using an HMD followed by four weeks of waiting, while the WF group completed 

the opposite regimen. Participants underwent assessment at baseline, 4 weeks, and 8 

weeks with HMD assessments (FoR and FoV measures) and clinical HSN assessments (LBT, 

SCT, and CBS). Dependent variables for the HMD assessment included response time (RT), 

success rate (SR), and head movement (HM) in FoR and FoV conditions. We conducted 

repeated measures analyses of variance (ANOVA) for FoR measures (FoR-RT, FoR-SR, and 

FoR-HM) with Type (FORVT vs. waiting) as a between-subjects factor and Time (pre vs. post)

as a within-subject factor. Because all participants exhibited left HSN and underwent 

identical training for both space, responses from the right hemisphere were regarded as 

control values. We conducted a 2 × 2 ANOVA (pre/post-FORVT and left/right hemisphere) 

on FoR-RT, FoR-SR, and FoR-HM. Paired Samples t-tests and ANOVA were used to evaluate 

FoV measures (FoV-RT, FoV-SR) and the results of clinical HSN tests (LBT, SCT, and CBS) 

compared between the pre- and post-training periods to evaluate the efficacy of FORVT. 

Results

There were no significant difference between-group differences in demographic features, 

clinical HSN assessments at baseline and effect of training order. ANOVA and post hoc 



analyses revealed significant differences between the pre- and post-FORVT conditions in 

FoR-RT and FoR-SR (Table 1). In comparisons between left and right hemispheres, while 

there were significant differences between two FoR-SRs of both hemispheres in the pre-

FOVRT conditions but not in the post-FORVT conditions. The same results were observed 

in the FoR-HM, but not in the FoR-RT (Figure 1). Improvements in FoV speed and accuracy 

and classical assessment scores were also observed. Significant effects of FORVT were 

observed on FoV-RT, FoV-SR and CBS score while marginal effects were observed on LBT 

score and SCT score (Table 2) 

Conclusion 

The present study revealed the efficacy of FORVT for the rehabilitation of HSN following 

stroke. 

Table 1. Effects of each intervention arm

Table 2. Effects of FORVT on non-FoR measures



Figure 3. Training effects in each hemisphere. FoR, field-of-regard.
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FOVR test: Virtual reality-based technique to assess field of view and field 

of regard in neglect

Tae-Lim Kim1*, Kwanguk Kim2, Changyeol Choi2, Ji-Yeong Lee1, Joon-Ho Shin1†

National Rehabilitation Center, Department of Rehabilitation Medicine1, Hanyang 

University, Department of Computer Science and Information Engineering2

Background and aims 

We previously proposed concept of field-of-view (FoV) and field-of-regard (FoR). The FoV 

refers to the size/angle of the visual field that is visible at any given moment, whereas the 

FoR is defined as the total range of visual field with moving head or body to view the 

surroundings. Thus, FoV represents perceptional aspects, while FoR represents perception 

and exploration. The aim of this study was to evaluate HSN with the concept of FoV and 

FoR for the first time using virtual reality (VR)-based methods (FOVR test). 

Methods 

By turning on and off sensor of head mounted device, evaluation of FoV and FoR is possible 

respectively. In FOVR test, participants were instructed to find the coming up target 

distributed over a spherical coordinate system as quickly as possible. We assessed the 

response time for FoV and FoR (FoV-RT and FoR-RT) and centre of the reference frame 

(CoRF) for FoV and FoR (FoV-CoRF and FoR-CoRF). We enrolled 19 participants with post-

stroke HSN (HSN group), 22 participants with stroke but without HSN (Non-HSN group) and 

24 participants without stroke (HC group). We used one way ANOVA or χ2 test for 

comparisons between three groups and post-hoc comparisons were done in case of 

significant difference. Comparisons between two groups (HSN vs. other two or HSN vs. 

non-HSN) were performed using the Mann–Whitney U test and the chi-square test. 

Pearson’s correlation analyses were performed between conventional tests and FOVR-RT 

to assess the validity of the FOVR test, as well as FoV-RT and FoR-RT to investigate the 

discrepancy of FoV and FoR. A receiver operating characteristic (ROC) curves was plotted 

to examine the diagnostic performance and validity of the FOVR test. 

Results

The FOVR test demonstrated differences across groups for both FoV and FoR, and it was 

consistent with conventional tests. (Figure 1) FOVR test showed high diagnostic validity. 

The FOVR-RT (FoV-RT and FoR-RT) were significantly correlated with the conventional tests 

(p<0.001). ROC curve analysis showed that the AUCs were 0.959 (95% confidence interval 

[CI]: 0.899–1.000, p<0.001) for FoV-RT and 0.970 (95% CI: 0.935–1.000, p<0.001) for FoR-



RT. The combination of FoV-RT and FoR-RT impairment had a sensitivity of 100% for HSN. 

(Table 1) Moreover, 100% of participants in the HSN group showed right-deviated FoR-

CoRF. (Figure 2) 

Conclusions

The VR-based visuospatial assessment tool, FOVR test was valid for HSN diagnosis. It 

provided quantitative and comprehensive information about visuospatial function in terms 

of FoV and FoR, allowing novel index such as FOVR-RT or FOVR-CoRF. Thus, we could 

present in-depth visuospatial function findings, including HSN heterogeneity, and novel 

findings for non-HSN participants. 

Table 1. Diagnostic accuracy measures of response time of the FOVR test and CoRF.

Figure 1. Response time (RT) of FoV (A) and FoR (B) in the entire space (above) and the left and right spaces 

(below).



Figure 2. Diagram of the CoRF based on (A) FoV-RT and (B) FoR-RT. 
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Juvenile Parkinsonism Misdiagnosed as Dopa-responsive Dystonia: A Case 

Report

Su Ji Lee1*, Seungbeen Hong1, Myungsang Kim3, Sung-Rae Cho1,2†

Yonsei University College of Medicine, Department of Rehabilitation Medicine and 

Research Institute1, Yonsei University College of Medicine, Brain Korea 21 PLUS Project for 

Medical Science2, Gangnam Severance Hospital, Rehabilitation Institute of Neuromuscular 

Disease, Yonsei University College of Medicine, Department of Rehabilitation Medicine3

Introduction 

Juvenile parkinsonism(JP) may present atypical features such as dystonia, unlike elderly-

onset parkinson’s disease. Thus, JP is often misdiagnosed as other diseases, including dopa-

responsive dystonia. The aim of this report is to present a case of JP misdiagnosed as Dopa-

reponsive dystonia. 

Case Reports 

A 32-year old female visited our outpatient clinic with gait disturbance. She had no specific 

past history or family history. When she was at 19 years old, clawing toes emerged and 

genu recurvatum was progressed. In December 2007, Electromyography(EMG) was 

performed at other institution to rule out hereditary myopathy. However, EMG findings 

were not compatible for any types of myopathies so she was considered to have hereditary 

spastic paraplegia. In physical examination, bilateral lower extremities showed normal 

except for left hip flexor (Grade 4) on manual muscle test. Muscle tone was increased in 

both legs and hyperactive patella tendon reflexes were noted. There were no clasp-knife 

response or cogwheel rigidity. When she walks, in-toeing gait pattern in both legs, genu 

recurvatum in left knee and toe walking in right foot were observed. These patterns 

showed diurnal variation and got worsen in the afternoon. In January 2010, we conducted 

direct sequencing after Polymerase Chain Reaction to confirm mutation of Spastin (SPG4), 

the causative gene of familial spastic paraplegia, no mutation for SPG4 was found. We tried 

low-dose levodopa-carbidopa administration considering possibility of DRD and most of 

her symptoms and patterns of diurnal variation were disappeared. In April 2010, we 

conducted a trial to compare before and after low-dose levodopa-carbidopa 

administration. Before low-dose levodopa-carbidopa administration, the Dystonia 

Movement Scale(DMS) was 10 out of 120 points and the Disability scale(DS) was 5 out of 

30 points, whereas the DMS and DS after administration was 2 and 1. (Figure 1) In 

September 2012, direct sequencing of the GCH1 gene, which is known to be a cause of 

DRD, was performed, however, there was no mutation in coding region of GCH1 gene. We 



regarded her diagnosis as DRD and continued levodopa treatment because GCH1 gene 

mutation is not positive in all of the DRDs (more than 50% positive) and clinical symptoms 

of the patient were consistent with DRD. In February 2018, PARK2 exon 4 deletion was 

identified through Next-Generation Sequencing(NGS) (Figure 2) and decreased F-18 FP-CIT 

uptake in the bilateral putamina and posterior caudate nuclei in dopamine transporter 

imaging with fluorine-18-FPCIT. (Figure 3) Finally, she was diagnosed with JP. 

Conclusion 

We report a case of juvenile parkinsonism previously regarded as dopa-responsive 

dystonia. If abnormal muscle tone or movement is observed in the younger patients, it is 

necessary to consider these various medical condition and make a differential diagnosis.

Figure 1. Comparison of Dystonia Movement Scale and Disability Scale between before and after low-dose 

levodopa-carbidopa administration

Figure 2. PARK2 exon 4 deletion was identified through Next-Generation Sequencing(NGS)



Figure 3. Hypometabolism in the bilateral bilateral putamina and posterior caudate nuclei was noted in 

fluorine-18-FPCIT PET-CT images.
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Feasibility of Transcranial Direct Current Stimulation in Patients with Deep 

Brain Stimulation 

Yu Min Bang1*, Jinyoung Youn2, Jin Whan Cho2, Yun-Hee Kim1, Won Hyuk Chang1†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine, Center for 

Prevention and Rehabilitation, Heart Vascular Stroke Institute1, Samsung Medical Center, 

Department of Neurology2, SAIHST, Sungkyunkwan University, Department of Health 

Science and Technology, Department of Medical Device Management & Research, 

Department of Digital Health3

Introduction

Deep brain stimulation (DBS) techniques have been established as an alternative to treat 

Parkinson’s disease (PD). Although DBS has been reported to be effective to ameliorate 

motor and non-motor dysfunctions, freezing of gait (FoG) is often resistant to DBS. Non-

invasive brain stimulation such as repetitive transcranial magnetic stimulation and 

transcranial direct current stimulation (tDCS) is currently being explored as a safer 

alternative that can modulate cortical excitability. tDCS has been reported as an alternative 

therapeutic strategy to ameliorate freezing of gait in PD patients. However, there is no 

consensus on tDCS in PD patients with DBS. In this case report, we report the effects of 

cumulative tDCS over the primary motor cortex of the lower leg (M1-LL) to reduce FoG in 

two cases of PD patients with DBS. We aimed to explore the feasibility of add-on tDCS in 

PD patients with FoG already undergoing DBS for motor dysfunctions. 

Case report

A 74-year-old PD patient (case 1) who had undertaken DBS of the subthalamic nucleus 

(STN-DBS) 2 years ago visited the outpatient clinic for the further evaluation and proper 

management for refractory FoG. A 68-year old PD patient (case 2) who had undertaken 

STN-DBS 4 years ago, was admitted the department Rehabilitation Medicine for refractory 

FoG. Case 1 was taken 10 times of tDCS for 4 weeks (once every two or three days). In the 

other hand, Case 2 received daily tDCS for 5 consecutive days. There was no change in dose 

of the dopaminergic medication during the tDCS period. tDCS was applied using the DC-

STIMULATOR MR (NeuroConn GmbH, Ilmenau, Germany). The electrodes were attached 

to a water-soaked sponge 5 cm × 5 cm in size placed on the scalp. The anodal electrode 

was placed over M1-L corresponding to 1 cm posterior to Cz as determined by the 

international 10/20 electroencephalogram system and the cathodal electrode was placed 

over the right deltoid as extracephalic area. A constant current of 2 mA was administered 

for 20 min (current density: 0.80 A/m2). In each patient, there was no significant side effect 



during and after tDCS. Although freezing of gait-questionnaire (FoG-Q) in case 1 showed 

no change after 10 times of tDCS, case 2 showed a significant improvement of FoG-Q from 

11 to 3 after 5-days of tDCS. In addition, the Timed Up and Go test in case 2 was improved 

from 18.4 sec to 15.2 sec after the 5-days tDCS. 

Conclusion

We present the safety and feasibility of tDCS in PD patients with STN-DBS who showed 

refractory FoG. This case report demonstrates that the non-invasive brain stimulation such 

as tDCS, could be a potential add-on therapy to enhance the effects of DBS in PD patients. 
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Usefulness of Probabilistic Diffusion Tensor Tractography in Planning 

Noninvasive Brain Stimulation.

Yeun Jie Yoo1*, Mi Jeong Yoon1, Sun Jae Won1, Youngkook Kim1†

The Catholic University of Korea Yeouido St. Mary`s Hospital , Department of Rehabilitation 

Medicine1

A 55-year-old male patient presenting bilateral complete hemiplegia was hospitalized for 

noninvasive brain stimulation treatment. He was diagnosed as bilateral pontine infarction 

due to bilateral vertebral artery occlusion 3 months before admission, and he had clinical 

symptoms of “Locked-in syndrome”. There was no visible muscle contraction of bilateral 

upper and lower limbs and the T2 weighted images showed severe encephalomalacic 

changes in the anterior portion of the brainstem, where the corticospinal tract(CST) is 

located. He was expected to have little motor recovery potential by conventional MRI.(Fig 

1) We employed multi-modal evaluations including motor evoked potential(MEP), 

deterministic and probabilistic diffusion tensor tractography(DTT) to assess any motor 

recovery potential and structural integrity of the CST in this patient presenting chronic 

complete quadriplegia. MEPs recording key muscles of both upper and lower limbs showed 

no response. In deterministic DTT, the right CST was absent, while in the left CST, a few 

fibers from the primary motor cortex was observed.(Fig 2B) In probabilistic DTT, right CST 

was discontinued at the pontine level where the lesion was located, and more robust left 

CST originating from the primary motor cortex was found than that of deterministic 

DTT.(Fig 2A) Functional integrity of the CST evaluated by MEP was absent, but structural 

integrity of the CST evaluated by probabilistic DTT was confirmed. We performed 

facilitatory repetitive transcranial magnetic stimulation(rTMS) targeting left hand knob 

area of the primary motor cortex. After 10 sessions of rTMS(90% of motor threshold, 

frequency at 10 Hz, 5 sec stimulation/55 sec intertrain interval, 1500 pulses over 30 

minutes), the patient acquired intermittent partial finger flexor motion. 3 months later, 

the patient was re-admitted for the followed-up assessments (including MEP, 

deterministic and probabilistic DTT). In deterministic tractography, left CST integrity was 

maintained compared to that obtained 3 months ago, and some evidence of regeneration 

was observed.(Fig 2C). Probabilistic tractography showed more robust CST originating from 

the premotor and primary motor cortices, compared to previous results.(Fig 2D) After 10 

sessions of facilitatory rTMS, the patient could obtain a consistent finger flexor motion. 

Patients with “Locked-in syndrome” are usually deemed to be underestimated regarding 

motor recovery potential. Probabilistic tractography can build a spatial distribution of 

curves that mimics the overlapped results from multiple deterministic tracking on 



multiples scans. In this case study, the probabilistic fiber tracking algorithm showed 

superiority in producing robust and reproducible CSTs than the deterministic tractography. 

In conclusion, CST integrity by probabilistic tractography is expected to be a useful method 

for identifying motor recovery potential in patients with severe motor impairment. 

Fig 1. Brain MRI T2WI (left) and color FA map (right) of (A-B) healthy person, (C-D) our patient at 3 months 

after the onset, and (E-F) at 6 months after the onset. On T2WI, cystic encephalomalacic changes were 

observed in (C) and (E). On color FA maps, the location of CST represented by the blue fibers of the anterior 

pons in healthy person. (B) However, there were no clearly visible blue fibers in our patient. (D, F)



Fig 2. The comparison between probabilistic tractography (superior column) and deterministic 

tractography(inferior column). (A)&(C) Probablistic tractography of the bilateral corticospinal tracts. (A) 

Initial and (C) 3 months follow up images. (B)&(D) Deterministic tractography of the bilateral corticospinal 

tracts. (B) Initial and (D) 3 months follow up images. Probabilistic tractography showed more robust CST 

originating from the premotor and primary motor cortices than deterministic tractography.
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Unusual pharyngo-esophageal dysphagia compressed by high riding of right 

brachiocephalic artery

Ki Hoon Park1,2*, Sora Baek1,2†, Eun-Kyoung Kang1,2

Kangwon National University School of Medicine, Department of Rehabilitation Medicine1, 

Kangwon National University Hospital, Department of Rehabilitation Medicine2

High riding of right brachiocephalic artery and subclavian artery is a very rare vascular 

variation and is usually asymptomatic. We report a case with high riding of right 

brachiocephalic and subclavian arteries causing compressive pharyngeal and cervical 

esophageal dysphagia. An 82-year-old woman with past medical history of hypertension, 

iron deficiency anemia, and chronic bronchitis visited the Department of Otolaryngology 

for swallowing difficulty, nonproductive cough, sputum and hoarseness for the previous a 

month. She ate soft blend diet for the meal because swallowing difficulty became more 

severe with solid food. During the last month, she had weight loss from 55kg to 42kg. 

Otolaryngologist examined her, and left vocal fold palsy was diagnosed. A pulsatile mass 

was seen at her right side of neck. Other general medical examinations showed no definite 

abnormality. Neck CT was done for further evaluation, and referred to Department of 

Rehabilitation Medicine for the evaluation of the swallowing difficulty. A videofluoroscopic 

swallowing study (VFSS) showed filling defect in the lower pharynx through the upper 

esophagus at the C4-7 level during swallowing tests, and no penetration or aspiration of 

food materials into the airway were identified. In the neck CT, high riding of right 

brachiocephalic and subclavian arteries and tortuous common carotid artery were 

observed. Right brachiocephalic artery coursed along the just lateral to the trachea up to 

C4 vertebral level, and right subclavian artery and common carotid artery were branched 

from the brachiocephalic artery. After branching, right subclavian artery coursed 

downward just posterior to the brachiocephalic artery. Both right brachiocephalic artery 

and subclavian artery occupied right neck area compressing the midline neck structures 

with left side deviation of the larynx and the trachea. At the C7 vertebral level, the trachea 

gained the midline position. The esophagus run along left side of the trachea and focal 

outpouching diverticulum was seen in cervical esophagus at C6-7 vertebral level. High 

riding of right brachiocephalic and subclavian arteries is a very rare variation and most of 

these cases were asymptomatic or only a pulsatile anterior neck mass. In our case, high 

riding of right brachiocephalic and subclavian arteries presented next to the trachea in the 

cervical area and the cervical midline structures were deviated to the left side of the neck. 

Tracheal deviation in cervical area suggests the presence of a large neck mass. Our patient 

complained swallowing difficulty and we found filling defect in pharynx and upper 



esophagus during swallowing on VFSS. Neck mass effect is commonly due to the tumor of 

the cervical area, but vascular variation like high riding of right brachiocephalic and 

subclavian arteries can also be the cause. 

Fig. 1 Esophageal phase of thin fluid swallowing during videofluoroscopic swallowing study. Both lateral 

projection view (A) and anterior-posterior view (B) show filling defect (white arrow) in the lower pharynx 

through the upper esophagus at the C4-7 level. Black dotted line delineates the bolus of thin fluid. 

Fig. 2 Enhanced Neck CT shows high riding of right brachiocephalic artery (RBA) and right subclavian artery 

(RSA). (A, sagittal 2D view; B, coronal 2D view; C, axial 2D view; D-E, 3D reconstruction angiography image) 

A, D) RSA was branched from RBA at C5 vertebral level and coursed downward just posterior to the RBA. B, 

E) RSA occupied right neck area just lateral to the trachea. C) RSA compressed the midline neck structures 

and the trachea was deviated to the left side at C5 vertebral level. RJV, right jugular vein; RCA, right common 

carotid artery



Fig. 3 Diagram shows compression of the trachea, pharynx, and esophagus by high riding of right 

brachiocephalic and subclavian arteries.
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Subcortical disruption in DTI with persistent catatonia after Neuroleptic 

malignant syndrome

Seung Yeon Rhee1*, Hyoung Seop Kim1†

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1

Introduction 

Neuroleptic Malignant Syndrome (NMS) is an idiosyncratic and possibly life-threatening 

reaction, characterized by hyperpyrexia, muscle rigidity, autonomic dysfunction, mental 

status change, tremors, leukocytosis, and creatine kinase (CK) elevation. Although its 

incidence is reported as just 0.01~0.02%, it composes a significant portion of morbidity and 

mortality in patients who use antipsychotics. In literature review, we found some cases of 

NMS presenting catatonic feature initially. However, there was no report covers DTI 

analysis in NMS showing catatonic feature. We report a 46-year old male patient of NMS 

with persistent catatonia associated with the use of aripiprazole and lithium that causes 

quadriplegia, tremor, limb and trunk ataxia. And we have analyzed DTI data in this case. 

Case 

A 46-year-old male who has hypertension, diabetes mellitus and recurrent acute 

pancreatitis history has received treatment for bipolar II disorder since 2008. In September 

2018, he was on very stressful emotional status because of the failure of personal business 

and he even had filed for bankruptcy. On October 25th 2018, he took a massive overdose 

of Lithium and Aripiprazole and the day after that day he showed delirious feature and 

abnormal behavior. 2 days later, high fever up to 40℃ developed with concomitant 

aggravation of confused mental status. The laboratory study showed CK elevation up to 

40,000 IU/L and acute kidney injury (AKI) due to rhabdomyolysis was developed, so 

continuous renal replacement therapy (CRRT) was applied with ICU care. Fever focus 

evaluation including blood, sputum and urine culture, APCT, CSF tapping and brain MRI 

and CT was done, showing no significant finding. However, even after resolution of 

rhabdomyolysis and AKI, catatonic feature with limb and trunk ataxia and severe dysarthria 

remained. To rule out possible organic problems, PET-CT Brain scan was taken showing 

decreased uptake in both primary motor cortices, thalamus, midbrain, and cerebellum 

with no interval change. On June 13th 2019, he was transferred to National Health 

Insurance Service (NHIS) Ilsan Hospital, department of Physical Medicine and 

Rehabilitation. On the neurological examination, the manual muscle test was Medical 

Research Council(MRC) grade III to IV on both upper and lower extremities. After 



admission to NHIS Ilsan hospital, brain MRI was taken again to get diffusion tensor image 

(DTI) sequence. And the tractography of corticospinal tract (CST) generated from DTI 

images showed severe subcortical disruption, and it seems to be correlated with the 

quadriplegic and catatonic sequelae of the patient. 

Conclusion 

In this case, there was no specific abnormal finding in brain MRI sequences including T1WI, 

T2WI, T2 FLAIR, SWI, MPR and DWI, but tractography derived from DTI sequence showed 

severe subcortical disruption of CST.Therefore DTI sequence would be useful and have 

correlation with the neurologic symptoms of patient with NMS. 

Figure 1. Brain MRI T2 FLAIR sequences shows no remarkable finding.



Figure 2. PET-CT Brain scan shows decreased uptake in both primary motor cortices, thalamus, midbrain, and 

cerebellum. 



Figure 3. Tractography of Corticospinal tract shows subcortical disruption.
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Myasthenia gravis with dysphagia : A case report

Ga Yang Shim1*, Ju Sun Oh1†, Seunhee Han1, Kyungyeul Choi1, Sunmi Lee1

Seoul Medical Center, Department of Rehabilitation Medicine1

Introduction 

Myasthenia gravis (MG) is an autoimmune disease of the neuromuscular junction by 

antibody-mediated attack of the acetylcholine receptors in postsynaptic membrane. Initial 

presentation is progressive muscle fatigue, mostly ocular system, and resulting in ptosis 

and diplopia. Bulbar symptoms, such as dysarthria and dysphagia, are often seen in the 

elderly. 

Case 

A 71-years-old man was admitted for aspiration pneumonia. He was referred to our part 

for evaluation of swallowing function. His past medical history was thymomectomy 4 

month ago due to mass effect. He complained of progressive dysphagia accompanied of 

frequent choking sign. On physical examination, there is no motor weakness, sensory 

deficit. Also, he denied dysarthria, diplopia and ptosis. Initial VFSS findings showed delayed 

swallowing reflex, incomplete laryngeal elevation and closure, and reduced pharyngeal 

wall contraction in the pharyngeal phase but oral phase was intact. Direct aspiration was 

observed on thin liquid. Residual food was pooled in bilateral pyriform and vallecular sinus. 

Functional dysphagia scale (FDS) was 38 score. He had to be fed through nasogastric tube. 

He referred to neurologic department for evaluation because neuromuscular junction 

disorder like MG or Eaton Lambert syndrome which could be suspected by history and 

dysphagia. In the laboratory finding, the Ach-R Ab levels were higher than normal limit 

(17.488nmol/L). The EDX showed normal NCS findings but RNS test showed abnormal 

decrement at high frequency stimulation and post-tetanic exhaustion in right FCU muscle. 

His final diagnosis was seropositive Myasthenia gravis. He started to treat with 

pyridostigmine and high-dose steroids. 2 weeks later from medication, VFSS finding 

showed mild improvement which was subtle decreased residual volume in vallecular sinus 

but pharyngeal wall contraction was inadequate. FDS was 34 score. He had to maintain 

tube feeding due to risk of aspiration. 1 month later, he had significant improvement in 

VFSS findings. Residual food was still pooled but decreased amount. On thin liquid test, the 

penetration at vocal fold was observed PAS grade 3 with compensation maneuver. The FDS 

was 30 score. He was recommended to oral feeding which is like yogurt consistence with 

chin-tuck and double swallowing maneuver. 2 months later, dysphagia was dramatically 

improved. In the VFSS findings, aspiration/penetration was not observed on semisolid and 



solid but only 5cc liquid of aspiration was seen. Pharyngeal wall contraction is nearly 

normal. FDS was 26 score. He could make progress regular diet gradually. Additionally, high 

dose steroid therapy was planned to tapering with improvement of dysphagia. 

Conclusion 

This case reports highlights the proper management of dysphagia which was accompanied 

with neuromuscular junction disorders. Early diagnosis can reduce morbidity caused by 

severe malnutrition, aspiration pneumonia and other complications associated with MG. 
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Pediatric spinal ependymoma: a case report

Joonhyun Park1*, MinYoung Kim1,2, Mi Ri Suh1,2†

CHA Bundang Medical Center, CHA University School of Medicine, Department of 

Rehabilitation Medicine1, CHA University, Rehabilitation and Regeneration Research 

Center2

Introduction 

Spine and spinal cord tumors are rare central nervous system neoplasm and account for 

about 2% of the total pediatric tumor. It is difficult to make early diagnosis of these tumors, 

for they only show nonspecific or ambiguous symptoms and signs such as a back pain, hand 

clumsiness, scoliosis, or kyphosis. This case is about a 5-year-old boy with neck pain and 

limited neck motion, diagnosed as spinal ependymoma. 

Case report 

A five-year-old male presented with neck pain and restricted neck movement. He did not 

have any specific birth related events nor any history of spinal deformity including 

torticollis. He complained persistent chest pain after playing a mini-pocket ball game one 

month prior to the visit, followed by gradually progressive posterior neck pain and bilateral 

shoulder pain. Initially, pain did not exist during the daytime, and chest pain was reported 

only at night. Later, activity was limited due to pain during the day. He continued manual 

therapy at the local clinic, however, visited our department as the symptom did not get 

improved. On examination, he was constantly bending his neck forward and refused to 

move neck in any direction complaining of severe pain on motion. Slight head tilting 

leftward was noticed, although asymmetrical rotational deformity was not prominent. 

Diffuse tenderness of the bilateral neck muscle was shown. Sensory changes or weakness 

in the limbs were not prominent, although the assessment was unreliable. Upper motor 

neuron signs including ankle clonus or Babinski signs were not present. Plain X-rays of the 

spine showed marked cervical kyphosis and right thoracic scoliosis without any signs of 

dislocation or subluxation (Fig 1). On cervical spine MRI (Fig 2), mass-like lesion with T2 

high, T1 iso-to-low signal intensity was detected, involving entire gray matter and outer 

white matter at T4-T11 level. Above the lesion, about 2.4 cm-length cystic lesion with 

peripheral enhancement from T2 to T4 level was shown, which was probably assumed as 

a capping with internal hemorrhage and hemosiderin deposit. At C2 to T2 level of spinal 

cord, secondary syrinx formation was also shown. These findings were consistent with the 

spinal ependymoma. 



Conclusion 

The unusual neck positioning, such as acquired torticollis or kyphosis is mostly benign in 

pediatric populations, however, there are exceptions. More ominous causes include 

respiratory tract infections, atlanto-axial subluxation and more seriously, spinal tumors. 

Since neurological symptoms are unreliable and difficult to suspect pathology in children, 

spinal MRI should be considered in children with unusual neck pain to make timely 

diagnosis and treatment. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI16C1559) 

Fig 1. Plan X-rays. (A) Whole-spine AP showing dextroscoliosis in the thoracic spine level and (B) cervical spine 

AP and (C) lateral showing cervical tilting toward left side and kyphosis. Abbreviations: AP, anterior-posterior



Fig 2. Cervical spine MRI. T1-weighted, gadolinium-enhanced fat suppression sequence of cervical spine MRI. 

(A) Sagittal cut (left) shows T4-T11 ependymoma with C2-T2 secondary syrinx and T2-T4 cystic lesion. Axial 

cuts each showing (B) syrinx, (C) cystic lesion with hemorrhage and (D) T4-T11 ependymoma lesion. 
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Rehabilitation of an Infant with Poland-Moebius Syndrome: A Case Report

San-Ha Kim1*, Min-Keun Song1†, In-Sung Choi1, Jae-Young Han1, Hyeng-Kyu Park1, Dong-Ju 

Kim1

Chonnam National University Medical School & Hospital, Gwangju city, Republic of Korea, 

Department of Physical & Rehabilitation Medicine1

Objective

Poland-Moebius syndrome is a rare congenital disease showing both features of Poland 

syndrome and Moebius syndrome. Poland syndrome displays absence of pectoralis major 

muscle, hand anomalies, and malformation of internal organs. Moebius syndrome, 

described as the degeneration of nuclei of facial nerve and abducent nerve, typically 

demonstrates bilateral nonprogressive facial palsy and loss of abduction of the eye. 

Poland-Moebius syndrome has been estimated to occur in 1 out of 500,000 persons. Due 

to its rareness, neither the course of the disease nor well-established treatment plans is 

known. We aimed to report catch-up milestone of a child with Poland-Moebius syndrome 

after 15 months of comprehensive and individualized rehabilitation management. 

Case description

A 2-month-old boy with Poland-Moebius syndrome was referred to our hospital for 

rehabilitation. He featured bilateral facial palsy, both esotropia (Fig. 1), left club foot (Fig. 

2), right hand hypoplasia with syndactyly (Fig. 3), and marked left hydronephrosis. He was 

clearly conscious and the movement of all four limbs was active without muscle weakness. 

Hyperreflexia or spasticity was not checked. On Denver developmental screening test, 

gross motor was measured 1 month, fine motor 2 months, social 1 month, and language 1 

month. We did further evaluations to find accompanied deformities. On videofluoroscopic 

swallowing study, penetration or aspiration was not observed. Nerve conduction study 

revealed incomplete both facial and trigeminal neuropathies. There was no leg length 

discrepancy on serial scannograms. Comprehensive rehabilitation was performed for 15 

months. Physical therapy consisted of head control training, stretching and strengthing 

exercises, and mobility exercise. Occupational therapy included facial massage, oromotor 

facilitation, fine motor training, and various sensory stimulation. For the club foot, he 

underwent percutaneous achilles tendon lengthening surgery at the age of 2 months and 

had worn Denis-brown orthosis for 14 months. After the rehabilitation, gross motor was 

assessed 9 months, fine motor 16 months, social 18 months, and language 12 months at 

birth age of 16 months. He took off the foot orthosis. An operation for syndactyly is 

planned for him. 



Conclusion

We report comprehensive and individualized rehabilitation management of an infant with 

Poland-Moebius syndrome. Despite several problems affecting normal development, 

overall developmental assessment showed catch-up milestone. Considering the diversity 

of symptoms of Poland-Moebius syndrome, specialized diagnostic tests and individualized 

rehabilitation directed toward the specific abnormalities by multidisciplinary team 

approach should be needed. 

Acknowledgment :This study was supported by the Rehabilitation Research & 

Development Support Program (NRC RSP-2019001), National Rehabilitation Center, 

Ministry of Health and Welfare, Korea. 

Figure 1. Bilateral facial palsy and both esotropia are shown in the face of the boy with Poland-Moebius 

syndrome.



Figure 2. Left club foot deformity is seen.

Figure 3. Right hand hypoplasia with syndactyly is displayed.
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IgG4-Related Sclerosing Pachymeningtis: Report of Three Cases 

Yoonju Na1*, DukHyun Sung1†

Samsung Medical Center, Department of Rehabilitation Medicine1

Immunoglobulin G (IgG) 4- related sclerosing disease is recently understood as an immune 

mediated fibroinflammatory condition that can involve various organs. Any other organ 

can be involved but the most common organ is Pancreas.IgG4 Related sclerosing disease 

is known for a systemic disease characterized by mass forming inflammatory lesions with 

abundant infiltration of IgG4-positive plasma cells and T-lymphocyte infiltration. There 

have been a number of reports of extrapancreatic cases. However, CNS involvement cases 

have been unusual. Among those rare cases, the most commonly reported CNS lesion is 

the pituitary gland accompanied with hypopituitarism, diabetes insipidus and/or local 

mass effect. Pachymeningitis is a chronic progressive diffuse inflammatory fibrosis of the 

dura mater. We report three cases of IgG4-related sclerosing pachymeningitis which 

involves spinal cord causing weakness of limbs and pain. There is no international standard 

for the histological diagnosis of extrapancreatic IgG4-related disease. Biopsy can be used 

to rule out other condition first; then serum IgG4 level could be helpful and corticosteroid 

therapy can be initiated to confirm the diagnosis. Histopathological finding of biopsy 

specimens is essential in the diagnosis of IgG4-related disease. IgG/IgG ratio > 0.4 and >10 

IgG4 positive cells per High-Power Field (HPF) are supportive of IgG4-related disease, but 

neither one is a specific diagnostic marker. Correlation with specific histopathological 

finding is crucial regardless of serum IgG4 concentration, the number of IgG-positive 

plasma cells, or the ratio of IgG4 to IgG in tissue. The major histologic features of IgG4-

related disease are a dense lymphoplasmacytic infiltration characterized a storiform (i.e., 

irregularly whorled) fibrosis, obliterative phlebitis and an eosinophil infiltrate. IgG4 related 

sclerosing disease responds well to steroid therapy. The disease is often mistaken for 

malignancy (ex. lymphoma), an infection or other immune mediated disease such as 

Sjogren’s syndrome. Also, the disease could occur in multiple organs concurrently. 

Therefore, it is important to recognize IgG4-related conditions so patients do not go 

through unnecessary surgery or chemotherapy and could be treated with Steroid as soon 

as possible. We report rare cases of IgG4-related sclerosing disease involving spinal dura 

mater and found other organs involved as well in two cases. To find other sites of 

involvement, PET CT could be performed like our cases. There were some differences in 

out cases from former reported cases. Case patients did not respond well to steroid 

therapy. Patients are still taking Prednisolone or other types of immune suppressive 

medication. All of case patients have some sequelae e.g. pain, paresthesia and in severe 



cases, weakness is still existed. Also other organ involvement was shown simultaneously

or with some time gap. IgG4-related sclerosing disease should be see other organ 

involvement. 

Table 1. Study cases: clinical presentation and pathologic features

Figure 1. Sagittal T2-weighted image show a hypo-intense mass in the spinal canal that extends from L5 to 

S1.T1-weighted image with fat suppression reveals attenuated enhancement of the mass, which is 

predominantly located in right epidural space so epidural sac pushed to left.



Figure 2. Sagittal T2-weighted (A) and axial enhanced T1-weighted (B) MRI, showing extent of 

pachymeningitis involving left side of epidural space from C4 to C6 level.
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Case report: Tamsulosin Induced Life-Threatening Hypotension in Spinal 

Cord Injury Patient

Ho Seok Lee1*, Kyu Hoon Lee1†, Jae Young Lee1, Jin Ho Shin2

Hanyang University Medical Center, Department of Rehabilitation Medicine1, Hanyang 

University Medical Center, Department of Internal Medicine-Cardiology2

Introduction 

Tamsulosin is a selective α_1-adrenergic receptor(AR) antagonist, which has been widely 

used for benign prostatic hypertrophy(BPH). Moreover, it is effective on neurogenic 

bladder and commonly used for neurogenic bladder in patients with spinal cord injury. Its 

common adverse events are dizziness, abnormal ejaculation. Hypotension may be another 

adverse event(AE), nevertheless, only few cases of tamsulosin induced severe hypotension 

were reported. 

Case presentation 

A 59-year-old woman visited ER after slipped down. She had surgery because of fracture 

at C6 vertebrae and symptoms of myelopathy. Then, she was classified as C3 AIS 

D(American Spinal Injury Association Impairment Scale) and transferred to Rehabilitation 

medicine for further rehabilitation. We prescribed tamsulosin because she suffered from 

voiding difficulty. Her blood pressure(BP) remained stable , but occasionally she felt dizzy 

and BP fell down probably due to orthostatic hypotension. And another problem was 

difficulty in defecation accompanied by nausea and lightheadedness. This could have been 

vasovagal symptoms. At night after applying tamsulosin for 9 days, her BP suddenly fell 

down to 70/40mmHg. Before the event, she had difficulty in defecation and felt dizzy. 

Heart rate was 50beats/min(bpm), body temperature was 36.3ºC, and O2 saturation was 

82%. Initially, she was treated with normal-saline hydration, O2 supplement and 

norephinephrine(NE). Despite the treatment, her BP decreased to 50/40mmHg and we 

thought hypovolemia was not the underlying cause. Atropine was applied and her BP 

raised to 120/80mmHg. We stopped tamsulosin because of its possible hypotensive effect. 

Next day, BP fell down again to 60/40mmHg after defecation. Atropine and NE were 

administered with hydration, and BP raised up to 100/60mmHg. Heart rate was ranged 

from 90bpm to 110bpm. NE was tapered for 3 days and her laboratory test, vital signs all 

remained stable. She met criteria of Systemic Inflammatory Response Syndrome. 

Therefore we suspected septic shock may be the cause, but no evidences of infection were 

found. Then, we assumed cardiogenic shock may be the reason. However, her 

electrocardiogram showed sinus rhythm and no evidence of cardiogenic shock was found. 



After stopping tamsulosin, her symptoms all recovered soon and no more events of 

difficulty in defecation were found. Except for all other causes, tamsulosin and vasovagal 

syncope were left. 

To our knowledge, the possible cause for this case could be tamsulosin itself or malignant 

vasovagal syncope associated with tamsulosin. There have been several cases of 

tamsulosin induced AE in old-age men, but no reports were found of life-threatening AE of

tamsulosin in SCI patient. 

Conclusion

We concluded this case showed an SCI patient with vasovagal symptoms fell into shock 

status associated with tamsulosin. Therefore, physicians should consider that tamsulosin 

could cause severe hypotension in patients with SCI having vasovagal symptoms. 
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CT-based cervical muscle/fat volume as a prognostic factor in post-stroke 

patients: A pilot study

Yangsean Choi2, Dong-Jae Shin1*, Yongjun Jang1†, Kyung Eun Nam1

The Catholic University of Korea Seoul St. Mary`s Hospital , Department of Rehabilitation 

Medicine1, The Catholic University of Korea Seoul St. Mary`s Hospital , Department of 

Radiology2

Background 

Sarcopenia, defined as loss of skeletal muscle mass and strength, can occur earlier after an 

acute illness such as stroke. Our previous studies revealed that whereas DEXA failed to 

adequately reflect functional outcome during the follow-up period in subacute stroke 

patients, sarcopenia, defined by nonhemiplegic grip strength(nGS), correlated to poor 

functional motor outcome in acute stroke patients. However, there is no consensus on the 

ideal assessment method that can reflect sarcopenia objectively in stroke patient yet. 

Previous studies on several types of brain cancer have revealed the potential use of 

neuroimaging techniques in assessing sarcopenia objectively and correlating it with frailty 

and adverse prognosis. Since brain CT is one of the most widely evaluated imagining tools

at the baseline of stroke onset, we sought to develop a method to reproducibly quantify 

sarcopenia using the CT based muscle and fat volume. 

Objective 

This study aimed to investigate the association between muscle/fat volume at the 

odontoid process level and sarcopenia, measured by nGS. We hypothesized that 

sarcopenic patients also show decreased CT based cervical muscle/fat composition and 

that these neuroimaging markers can serve as a surrogate marker of poor post-stroke 

functional outcome. 

Method 

CT scans of 69 hemiplegic first-ever stroke patients were collected (Table 1). Baseline 

volume/density of muscle and fat were measured at the level of cervical spine within two 

weeks from the onset of stroke using 3D Slicer software. The odontoid process defined 

selection of axial slices. The threshold of segmentations for muscle/fat was designated 

according to the reference values from previous studies (Figure 1). Anthropometric 

measures, laboratory nutritional, and functional parameters were collected from medical 

records and compared to the CT-based cervical muscle/fat volume. 



Results 

Decreased CT based muscle and fat volume were measured in the sarcopenic 

patient(p=0.033). CT based fat volume at the odontoid process level, measure within two 

weeks from the onset, inversely correlated with the nGS at two weeks post-stroke. 

Although it was statistically insignificant(p=0.053), a positive correlation was observed 

between muscle volume and nGS at two weeks post-stroke. Interestingly, a statistically 

significant positive correlation was found between CT based cervical muscle volume and 

MBI at six months post-stroke (p=0.001) (Figure 2). In univariate linear regression analyses, 

both nGS and CT based cervical muscle volume were independent predictors of poor 

functional recovery(mRS>3) at six months post-stroke. 

Conclusion 

CT based muscle/fat volume at the odontoid process level could be a valuable marker in 

diagnosing sarcopenia and predicting poststroke functional outcome. Validation with a 

larger sample size is needed to evaluate its potential use. 

Fig. 1 Example slice of measurement of CT-based fat(yellow) and muscle(brown) mass at the level of odontoid 

process using 3D Slicer.



Table. 1 Demographics and clinical characteristics of the subjects

Fig. 2 Correlation plot of initial CT-based muscle volume(cm3) at odontoid process level and Modified Barthel 

Index at 6 months post-stroke onset
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The Association between Cognition and Balance in idiopathic Parkinson’s 

Disease

Se Hee Jung1*†, Fay Horak2†

Seoul National University Boramae Medical Center, Department of Rehabilitation 

Medicine1, Oregon Health & Science University, Portland, OR USA, Department of 

Neurology2

Objective 

To investigate whether balance function is associated with cognitive function in patients 

with idiopathic Parkinson’s disease (iPD) and to compare the association between freezers 

(FOG+) and non-freezers (FOG-) 

Background 

Balance deficit is a major problem in patients with iPD and deficits in balance are known 

to be associated with more impaired cognition. Therefore, it is important to investigate if 

there is an association with balance and cognitive function in subjects with iPD. 

Methods 

We conducted an observational cross-sectional study. Participants included 146 subjects 

diagnosed with iPD and 78 healthy control subjects (HC). Subjects with iPD were classified 

as FOG+ or FOG-. Clinical information was obtained about disease duration, history of falls, 

Hoehn and Yahr scale (HYS), Unified Parkinson's Disease Rating Scale (UPDRS), new 

freezing of gait scale, and Activities-specific Balance Confidence Scale. Balance function 

was assessed using mini Balance Evaluation Systems Test (Mini-BESTest). Cognitive 

function was evaluated using Montreal Cognitive Assessment (MoCA), SCales for 

Outcomes in PArkinson's disease-COGnition (SCOPA-COG), and individual cognitive tests 

such as Trail Making Test (TMT), Stroop test, Go/No-Go test, Flankers test, Shifting test and 

Judgment of Line Orientation (JoLO). Partial correlations and multivariate linear regression 

analysis were used to determine independent associations for all subjects with iPD and for 

FOG+ and FOG-. 

Results 

Partial correlation analysis controlling for age, disease duration and disease severity using 

HYS showed lower SCOPA-COG score and longer TMT B time were significantly associated 

with lower Mini-BESTest score in FOG+ and longer TMT A time was significantly associated 

with lower Mini-BESTest score in FOG-. Multiple linear regression analysis showed that 



UPDRS III score, age, and TMT B time are significant factors contributing to balance 

function in subjects with iPD. 

Conclusions 

Cognitive function is significantly associated with balance function in subjects with iPD. 

TMT B time is a main factor contributing to Mini-BESTest score in subjects with iPD. The 

association between cognitive and balance function differs in FOG+ and FOG-. 

Acknowledgment :This study was supported by NIH (R01AG006457, Horak), Department 

of Veterans Affairs (5I01RX001075, Horak), and National Research Foundation of Korea 

grant funded by the Korea government (2015R1C1A1A02037513, Jung). 

Table 1. Clinical characteristics of participants.

Table 2. Balance and global cognitive characteristics for participants.

Table. 3. Partial correlations for cognitive test results and Mini-BEST score for FOG- and FOG+
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Effect of Anterioposterior Weight Shifting Training with Visual Biofeedback 

in Subacute Stroke

Ye Jin Jo1,3*, Yoon Su Baek2, Hyun Jung Kim3, Jun Yup Kim3, Jun-taek Hong3, Jung Hoon Kim4, 

Deog Young Kim3†

Yonsei University College of Medicine, Research Institute of Rehabilitation Medicine1, 

Yonsei University, School of Mechanical Engineering2, Yonsei University College of 

Medicine, Department and Research Institute of Rehabilitation Medicine3, Yonsei 

University, School of Civil and Environmental Engineering4

Introduction 

Post-stroke patients typically exhibit an asymmetric gait pattern. Weight shifting to the 

affected side is reduced in post-stroke patients. Recent studies have shown that visual 

feedback for weight shift is an effective method for obtaining a symmetrical posture after 

stroke. However, no study has been conducted on the therapeutic effect. We aimed to 

investigate the effect of Anterioposterior Weight Shifting Training with Visual Biofeedback 

in subacute post-stroke patients with step length asymmetry. 

Method 

24 patients with Step Length Asymmetry after Stroke were enrolled in this study. The 

inclusion criteria were 1) less than 6 months from onset, 2) can walk independently at least 

10m, 3) K-MMSE score of at least 15, 4) step length asymmetric ratio greater than 1.1, 5) 

over 20 years of age. The exclusion criteria were 1) quadriplegia 2) past history of stroke 3) 

past history of musculoskeletal or neurological disorders. The subjects were randomly 

assigned into two groups. Both groups received general rehabilitation treatment. The 

training group received an additional anterioposterior weight shifting training with visual 

Biofeedback 5 times per week for 4weeks. The spatiotemporal and kinematic data were 

obtained during walking through 3D motion analysis (MX-T10, Vicon Motion Systems Ltd., 

UK). Functional Ambulation Category, Self-selected walking speed, Maximum safe walking 

speed, Berg balance Test, Fugl-Meyer Assessment, Medical Research Council Score, 

Functional Independent Measure-mobility, Timed Up and Go test were assessed at pre, 

during, post- training, and 4week follow-up. Those were compared between two groups 

by repeated measures ANOVA. 

Result 

The asymmetric Index of step length and step length on affected side were significantly 

improved in the training group compared to the control group (p<0.05). The score of Berg 



balance test, Medical Research Council Score of knee extensor and ankle dorsiflexor 

increased significantly in the training group compared to the control group (p<0.05). But, 

The maximum and self-selected walking speed, and timed up and go test were not 

significantly different between both group. In the kinematic data, the training group had a 

more significant effect on maximal hip flexion angle at initial contact, maximal hip flexion 

angle during swing phase and maximal knee flexion angle during swing phase compared to 

the control group (p<0.05). 

Conclusion 

This study suggested that Anterioposterior Weight Shifting Training with Visual 

Biofeedback may be helpful to improve the gait pattern in subacute post-stroke patients.
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Determinants affecting the Burden of Primary Caregivers who Attend 

Patients with Stroke in Korea

Minsun Kim1*, Hyun Haeng Lee1, Min Kyun Sohn 2, Deog Yung Kim 3, Sam-Gyu Lee 4, Yong-

il Shin 5, Gyung-Jae Oh 6, Yang-Soo Lee 7, Min Cheol Joo 8, So Young Lee 9, Junhee Han 10, 

Jeonghoon Ahn 11, Sung Hyun Kang 12, Ji Yoo Choi12, Young Taek Kim 12,13, Won Hyuk Chang 
14, Yun-Hee Kim14,15†, Jongmin Lee1†

Konkuk University Medical Center and Konkuk University School of Medicine, Seoul, Korea, 

Department of Rehabilitation Medicine1, Chungnam National University School of 

Medicine, Department of Rehabilitation Medicine2, Yonsei University College of Medicine, 

Department and Research Institute of Rehabilitation Medicine3, Chonnam National 

University Medical School, Department of Physical and Rehabilitation Medicine4, Pusan 

National University School of Medicine, Pusan National University Yangsan Hospital, 

Department of Rehabilitation Medicine5, Wonkwang University, School of Medicine, 

Department of Preventive Medicine6, Kyungpook National University School of Medicine, 

Kyungpook National University Hospital, Department of Rehabilitation Medicine7, 

Wonkwang University School of Medicine, Department of Rehabilitation Medicine8, Jeju 

National University Hospital, Jeju National University School of Medicine, Department of 

Rehabilitation Medicine9, Hallym University, Department of Statistics and Institute of 

Statistics10, Ewha Womans University, Department of Health Convergence11, Division of 

Chronic Disease Prevention, Center for Disease, Korea Centers for Disease Control and 

Prevention12, Division of Chronic Disease Control, Center for Disease Prevention, Korea 

Centers for Disease Control and Prevention13, Heart Vascular Stroke Institute, Samsung 

Medical Center, Sungkyunkwan University School of Medicine, Department of Physical and 

Rehabilitation Medicine14, SAIHST, Sungkyunkwan University, Department of Health 

Science and Technology, Department of Medical Device Management and Research, 

Department of Digital Health15

Objective

Caring for stroke survivors can cause high levels of emotional and physical stress for 

caregiver. The purpose of this study was to determine factors affecting the burden of 

primary caregivers of the patients with first-ever stroke at 3 months in South Korea. 

Method

We analyzed Korean Stroke Cohort for Functioning and Rehabilitation (KOSCO) data, which 

is a multi-center prospective cohort study for investigating the factors related to long-term 

functional level in stroke patients with 11 hospitals from 9 different regions in South Korea. 



Inclusion criteria were as follows: 1) first-ever acute stroke (ischemic stroke or 

intracerebral hemorrhage) with corresponding lesion and/or evidence of acute arterial 

occlusion on CT or MRI; 2) age ≥ 19 years at onset of stroke; 3) onset of symptoms within 

seven days prior to inclusion; 4) home discharge at less than 3 months after stroke onset; 

and 5) continuous caregiving by ‘one primary caregiver’ at acute care hospital and home. 

We excluded 1) transient ischemic attack; 2) history of stroke; 3) traumatic intracerebral 

hemorrhage; 4) foreign patients; and 5) any missing values of explanatory and dependent 

variables. To compare the patients’ and caregivers’ characteristics between the two groups, 

Student’s t-test was used. Significance was accepted at p-value < 0.05. We used logistic 

regression with multiple variables to examine the factors affecting the burden of primary 

caregiver of stroke patients. 

Results

A total of 864 caregivers who attend patients with stroke were interviewed through a 

questionnaire to assess the level of caregiver burden at 3 months after stroke (Figure 1). 

According to the sum score (15-75) of questionnaire answers for each item, the bottom 

25% were assigned as “light burden group” and the top 25% as “heavy burden group”. 

Among clinical characteristics of the patient, the variables of age of stroke onset, weighted 

index of comorbidities, neurologic impairment of affected side, dysphagia, aphasia, 

depression, cognitive impairment, and degree of dependence were significantly different 

between the two groups (Table 1). Among the caregivers’ and environmental factors, there 

was significant difference between the two groups with age, sex, level of intimacy with 

patient, living with patient, level of education, and type of health insurance (Table 2). 

Logistic regression model results indicated that age of stroke patient, severity of 

neurological impairment, depression, dysphagia, and cognitive impairment increased the 

caregiver burden at 3 months after stroke with significance (Table 3). 

Conclusion

This study investigated factors related to patients and caregivers affecting the burden of 

primary caregivers of the patients at 3 months after stroke in South Korea, and found that 

age of stroke patient, severity of neurological impairment, depression, dysphagia, and 

cognitive impairment affected the caregiver burden at 3 months after stroke. 

Acknowledgment :This work was supported by the Research Program funded by the Korea 

Centers for Disease Control and Prevention (2019E320200). 



Table 1. Comparison of the clinical factors related patients and the level of caregiver burden at 3 months 

after stroke

Table 2. Comparison of the factors of primary caregiver and the level of caregiver burden at 3 months after 

stroke.



Table 3. Multivariate binary logistic regression analysis of the association between caregiver burden and 

factors of patients and caregiver.
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Korean Version of Stroke Rehabilitation Motivation Scale: Reliability and 

Validity Evaluation 

Mina Park1*, Ji-Yeong Lee1, Yeajin Ham1, Sang-Wook Oh1, Joon-Ho Shin1†

National Rehabilitation Center, Department of Rehabilitation Medicine1

Abstract 

Objective

The purpose of this study is to translate and to verify the reliability and validity the Korean 

version of Stroke Rehabilitation Motivation Scale (K-SRMS), which was developed in 

Australia to evaluate the motivational level of stroke patient in rehabilitation. 

Methods

The translation process followed the structural process, including translation, verification 

of conjugation of the Korean language, compromise process, reverse translation, feedback, 

final correction. The reliability was evaluated by using Internal consistency and test-retest 

analysis. The Validity was assessed by comparing the Korean version of the Behavior 

Inhibition System/Behavior Activation System (BIS/BAS) and using exploratory factor 

analysis. 

Results

A reliability test was conducted for a total of 50 participants. The test-retest analysis result 

showed good reliability and the result of internal consistency was as good as the original 

version except for four items. With the exclusion of four items that made reliability 

insufficient, a total of 102 participants were enrolled for the validity test. Pearson 

correlation analysis demonstrated that BAS total result was significantly correlated with K-

SRMS (Pearson’s r = 0.207, p < 0.05). In exploratory factor analysis result, the K-SRMS was 

categorized into 7 factors, and Factor 1 and Factor 4 showed mutual concordance with a 

subscale of K-SRMS such as Intrinsic motivational factors and Amotivation, respectively. 

Conclusion

The K-SRMS was newly developed and showed good reliability and validity. The K-SRMS 

could be used as a tool to objectify the degree of motivation for the rehabilitation of stroke 

patients in clinical care and research. 

Keywords: Stroke Rehabilitation, Motivation, Validation, Translation, Surveys, and 

Questionnaires 



Table 1. Internal Consistency and Test-Retest Reliability of the Korean version SRMS using Cronbach’s alpha.



Table 2. Pearson’s correlation test of Korean SRMS with Korean BIS/BAS (n = 102)

Table 3. The Exploratory actor analysis of Korean SRMS
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Establishment of kinematic measures for arm impairments in stroke 

patients using a planar device

Hyungsun Peo1*, Yeongchang Jo1, Dokyeong Ha2, Hyoseok Yi2, Dongseok Yang2, Si Hyun 

Kang1, Don-Kyu Kim1, Kyung Mook Seo1, Jaewon Beom1†

Chung-Ang University Hospital, Chung-Ang University College of Medicine, Department of 

Physical Medicine and Rehabilitation1, Neofect, Data Science & Rehab Research Team2

Objective

To establish kinematic measures for upper-limb functional impairments in stroke patients 

using a 2-dimensional planar device. 

Methods

Subacute and chronic stroke patients with hemiparetic arm in Brunnstrom 3, 4, or 5 stage 

were enrolled. Hemiparetic arm function was evaluated and trained with 3 kinds of tasks 

(free exploration, point-to-point reaching, and round shape drawing) using the RAPAEL 

Smart BoardTM (Neofect). The device has 2-dimensional planar board and position sensors. 

The 12 kinematic measures were included as follows: the covered area, normalized jerk, 

zero crossings in acceleration, mean arrest period rate, mean and maximum velocity, time 

to velocity peak, reaction time, duration time, hand path ratio, bias, and variability. 

Results

The quality of database was certified for kinematic measures, demographic data, and 

clinical scales such as Fugl-Meyer assessment scale, box and block test, and Pegboard test. 

Processing metrics for 12 kinematic measures were developed, and raw kinematic data for 

x- and y-axis could be analyzed by Python program. In free exploration task, hemispatial 

neglect could be assessed quantitatively, and the covered area was positively correlated 

with Fugl-Meyer assessment scale in patients with severely impaired arm function. 

Conclusion

Quantitative and sensitive kinematic variables are needed to evaluate upper-limb 

functional impairments in stroke patients. The study results can be further applied to 

patients classification and kinematic biomarkers investigation for prognostication of 

functional arm recovery. 

Acknowledgment :This study was supported by the Translational Research Program for 



Rehabilitation Robots (#NRCTR-EX18011), National Rehabilitation Center, Ministry of 

Health and Welfare, Korea. 



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-65

Status of Post-stroke Dysaphgia in South Korea
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Objective 

Poststroke dysphagia is a common symptom in stroke patients There are few reports 

covering the incidence of poststroke dysphagia in South Korea. This study aimed to 

describe the current status of poststroke dysphagia incidence and recovery in South Korea. 

We also demonstrated the clinical factors affecting recovery of poststroke dysphagia by 

comparing the subgroup which had showed the distinct recovery pattern of poststroke 

dysphagia after discharge from acute care hospital. 

Method 



We screened the patients enrolled for Korean Stroke Cohort for functioning and 

rehabilitation (KOSCO), which was a prospective multi-center cohort of stroke patients 

admitted to university hospitals in nine distinct areas of Korea (KOSCO). We included the 

patients with first ever acute stroke, with onset of symptoms within seven days prior to 

screening, and with age more than 19-year-old were included in this study. We excluded 

patients who had previous history of stroke, transient ischemic attack, traumatic 

intracranial hemorrhage, non-Korean nationality, and any missing values of follow-up 

ASHA-NOMS grade. We also dichotomized the patients who had been fed only through 

tube (nasogastric tube or percutaneous endoscopic gastrostomy tube) at discharge from 

acute hospital, according to the feeding status at pos-stroke 12 months (Group A; tube 

feeding, Group B; general diet) to identify the clinical factors affecting poststroke 

dysphagia recovery. 

Result 

The proportion of poststroke dysphagia patients during 2-year follow up period are 

described in Table 1. Nearly 9% of patients had severe dysphagia with tube feeding at the 

time of discharge and they were discharged from acute hospital at 34.43 ± 41.80 days after 

stroke. There were significant differences of age at stroke onset (Group A vs. Group B; 

72.45 ± 11.78 vs 62.23 ± 12.26 , P<0.001), BMI (Group A vs. Group B; 22.23 ± 3.17 vs 23.56 

± 4.29, P<0.05), and initial NIHSS (Group A vs Group B; 22.16 ± 8.17 vs 12.81 ± 10.15, 

P<0.001) between two subgroups. Furthermore, Mini-Mental State Examination (MMSE) 

and the Fugl-Meyer Assessment (FMA) score were significantly higher in Group B than 

Group A, entirely during the poststroke 12 months period. 

Conclusion 

We demonstrated the incidence and recovery pattern of poststroke dysphagia in South 

Korea. We also showed the patients who had shown the full recovery of poststroke 

dysphagia at poststroke 12 months from tube-fed status at discharge from acute hospital 

had younger age of stroke onset, higher BMI, lower initial NIHSS, higher FMA and higher 

MMSE compared to the patients who remained tube-fed at poststroke 12 months. 

Acknowledgment :This work was supported by the Research Program funded by the Korea 

Centers for Disease Control and Prevention(2019E320200). 



Table 1. Proportion of stroke patients according to the severity of dysphagia

Table 2. Comparison between two groups; Group A with patients whose feeding status at discharge was tube 

feeding and still maintaining tube feeding at poststroke 12 months, and Group B with patients whose feeding 

status at discharge was tube feeding but having general diet at poststroke 12 months.
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Effects of gait training on the brain white matter in patients with Parkinson’s 

disease 

Eunkyung Kim1, Heejae Kim1, Min-Gu Kang1, Hyun lee Shin1, Seo Jung Yun1, Byung-Mo Oh1, 

Han Gil Seo1*†

Seoul National University Hospital, Department of Rehabilitation Medicine1

Introduction 

In order to mitigate impaired ambulation of individuals with Parkinson’s disease (PD), gait 

training has been widely accepted in rehabilitation (Morris et al., 2010). We hypothesized 

that there should be accompanied brain reorganization by significantly improved walking 

ability of the patients after a certain period of training. To examine our hypothesis, 

diffusion tensor imaging was acquired in the individuals with PD before and after 4 weeks 

of gait training. 

Methods 

Twenty-eight individuals with PD were participated in this study (7 Male, mean age: 67.8 ± 

8.8 years), registered at Clinical Trials on March 2018 (Kang et al., 2019). They were the 

idiopathic PD with Hoehn-Yahr stage of 2.5 or 3. A total of 12 sessions of training was given 

to the participants by randomly assigned two types of training; robot-assisted gait training 

and treadmill training. The actual training time was 30 min for each session. Diffusion 

tensor imaging (DTI) was acquired before and after the training using a 3T scanner 

(Magnetom Triotim; Siemens, Erlangen, Germany). All scans have 45 slices with 30 

distributed orientations at a b-value of 100 s/mm2 and with one b=0 image. The DTI data 

were preprocessed using the FSL (v. 6.0.1), including correction of eddy current distortion 

and motion artifacts. To investigate longitudinal changes of the white matter, we 

generated fractional anisotropy (FA), axial diffusivity (AD), and radial diffusivity (RD) maps 

at each time point, and subtracted the follow-up images from the baseline one. Mean 

response of the subtraction images of each map was tested by one-sample t-test with PD 

duration, age, and gender as nuisance variables to examine FA, AD, or RD values were 

changed after training. Statistical significance was set at threshold free cluster-

enhancement uncorrected P < 0.005 with cluster > 10 voxels, using a non-parametric 

random permutation test with 5000 iterations. 

Results

After 4 weeks of gait training, individuals with PD showed increased FA in the left 

precentral area and left pallidum and showed decreased FA in the right posterior cingulum 



(Fig. 1). Decreased AD was observed in the several brain areas including the cerebellar 

areas, brainstem, midbrain and limbic-cortical areas (Fig. 2). There was no significantly 

increased AD after training. Increased RD was observed in the left anterior cingulum while 

decreased RD was observed in the right middle cingulum and left pallidum (Fig. 3). 

Conclusion 

A consistent finding of this study was the white matter change of the left pallidum, 

particularly in the posterior sensorimotor region, in the manner of increased FA in 

combination with decreased AD and RD, after 4 weeks of gait training. It suggests brain 

reorganization of the individuals with PD, having elevated neural branching and 

myelination, reflecting positive effects of gait training on the basal ganglia sensorimotor 

circuit susceptible to degeneration in PD. <br> 

Acknowledgment :This study is supported by the Translational Research Program for 

Rehabilitation Robots (NRCTR-EX18009), National Rehabilitation Center, Ministry of Health 

and Welfare, Korea. 

Fig. 1



Fig. 2

Fig. 3
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Vitamin D status and related factors among Korean stroke survivors

Yeo Hyung Kim1*, Jung Soo Lee1†

The Catholic University of Korea, Department of Rehabilitation Medicine1

Background

The aim of this study was to investigate the vitamin D status and related factors in 

community-dwelling Korean stroke survivors. 

Methods

Data of 23,872 individuals ≥20 years who participated in the Korea National Health and 

Nutrition Examination Surveys (KNHANES) were analyzed. Participants who had ever been 

diagnosed with stroke by a doctor were defined as stroke survivors (n = 431). The serum 

25-hydroxyvitamin D (25(OH)D) level was measured by radioimmunoassay, and vitamin D 

deficiency was defined as 25(OH)D <20 ng/mL. The association between vitamin D and 

stroke status was analyzed using multivariable general linear models and logistic 

regression models adjusted for sociodemographic and clinical covariates. 

Results

The adjusted mean 25(OH)D level of stroke survivors was significantly lower than that of 

nonstroke controls; however, after adjustment for SBP level and use of antihypertensive 

medication, the difference was no longer statistically significant. The burden of 25(OH)D 

deficiency was not higher in stroke survivors than in nonstroke controls (adjusted OR = 

1.14; 95% CI, 0.81-1.62). Current smoking was independently associated with 25(OH)D 

deficiency among stroke survivors (adjusted OR = 3.17; 95% CI, 1.33-7.55). 

Conclusions

These findings indicated that treatment of high blood pressure and smoking cessation may 

be important measures to control vitamin D levels in stroke survivors. 
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The clinical factors associated with bone density of post-stroke hemiplegic 

male patients

Jun Young Ahn1*, Jin Young Kim1, Kyu Dong Noh1, Seung Yeol Lee1, Hyun Seok1, Hyun Chul 

Cho2, Nodam Park3, Sang Hyun Kim1†

Soonchunhyang University Hospital, Bucheon, Department of Physical Medicine and 

Rehabilitation1, Soonchunhyang University Hospital, Seoul, Department of Physical 

Medicine and Rehabilitation2, Soonchunhyang University Hospital, Cheonan, Department 

of Physical Medicine and Rehabilitation3

Objective

Osteoporosis and the accompanying fractures are the important and common 

complications for stroke patients. Fracture could have profound effect on rehabilitation 

and recovery. So, early prevention and treatment of osteoporosis are very important for 

stroke patients. Previous studies have investigated factors related to osteoporosis in stroke 

patients, but those studies did not consider the effects of menopause or aging. The aim of 

this study is to investigate the factors that could affect bone mineral density (BMD) for 

post-stroke hemiplegic male patients, excluding the effects of menopause and aging. 

Method 

Patients who had first cerebral hemorrhage or infarction were recruited for this study. To 

exclude the effects of menopause or aging, only male patients younger than 65 years were 

included. Exclusion criteria were as follow: 1) previously diagnosed with osteoporosis; 2) 

underwent hip replacement surgery; 3) had other musculoskeletal or neurologic disorders 

that may influence their functional level. When patients were admitted or transferred to 

the department of rehabilitation medicine at acute stage of stroke, Berg Balance Scale 

(BBS), Trunk Impairment Scale (TIS) and Modified Barthel Index (MBI) were evaluated. 

Between 3 and 4 months after stroke, they underwent follow up evaluation and BMD test 

for bilateral femur necks and lumbar spine. The authors investigated the relationship 

between the clinical factors (BBS, TIS and MBI) and the result of BMD test. 

Results 

There was no difference between the BMD after 3-4 months of stroke for hemiplegic side 

of femoral neck and unaffected side of the femoral neck in both T-score and absolute BMD 

(Table 2). Follow up TIS showed a significant correlation with the T score and absolute BMD 

of the lumbar spine and hemiplegic side of the femoral neck, (Tables 3, 4). However, 

parameters of BMD had no association with the baseline BBS, TIS, MBI and the changes in 



BBS, TIS, MBI. This result suggests that functional loss of trunk movement, referred as 

follow up TIS, in stroke patients might reduce the BMD after 3-4 months of stroke. 

Conclusion 

In post-stroke hemiplegic male patients, the better functional mobility of trunk after 3-4 

months of stroke, the lower possibility of low BMD. This study showed that BMD 

monitoring should be considered in stroke patients with low scores on follow up TIS. 

Table 1. Demographics and characteristics of patients

Table 2. Comparison of T-score and absolute BMD (g/cm2) in bilateral femur neck



Table 3. Correlation between T-scores/absolute BMD (g/cm2) and clinical parameters (N=11)
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Fall risk prediction using contractility ratio of core muscle measured by US 

on mild stroke patients

Hyundong Kim1†, Nami Han1, Mija Eom1, SangHoon Jung1, YunHo Kim1*, JeeYoung Kim1, 

Heesung Nam1

Inje University Busan Paik Hospital, Department of Physical Medicine and Rehabilitation1

Introduction 

Trunk is the largest part of human body, playing a significant role in stabilization and 

movement of different body parts. Poor trunk muscle control in stroke patients leads to 

decreased functional movement and increased risk of fall. In other studies, dynamic 

components are not considered because only the thickness is measured during trunk 

muscle evaluation using ultrasound. However, in the case of balance or fall risk, it is 

assumed that the dynamic component of motion should be considered rather than just the 

thickness because it is related to the movement of the patient. In this study, we measured 

contractility and contractility ratio in addition to simple thickness to confirm that the 

dynamic component of the trunk muscle is useful in assessing the balance and risk of falls 

for stroke patients. 

Method 

This study included 55 acute stroke patients treated at the rehabilitation department and 

their scores of manual muscle test(MMT) in the affected legs were 4 or more. To measure 

the contractility of trunk muscles, we used ultrasonography by measuring the thickness of 

trunk muscles in both affected and unaffected side at rest and consecutively at contraction 

during proper motion. Measured muscles are rectus abdominis(RA), transversus 

abdominis(TA), Erector spinae(ES). Contractility was calculated by dividing the active 

thickness by the resting thickness. Contractility ratio was calculated by dividing the non-

paretic side contractility by paretic side contractility. For the functional evaluation of trunk 

balance, Berg balance scale(BBS) were conducted. And the stroke patients were divided 

into Group A (BBS score≥46) as a low fall risk group and Group B(BBS score<46) to identify 

difference in various ultrasound thickness parameter of trunk muscles. We used Mann-

Whitney U-test to compare the contractility ratio between high fall risk group and low fall 

risk group. 

Result 

Subject characteristics are summarized in Table 1. The average age of the subject was 

64.75±13.68 years. The subjects’ duration from onest to evaluation was 11.44±10.60, and 



that of hospitalization period was 15.91±11.94 days. In the comparison of the simple 

resting thickness, only non-paretic side and paretic side of ES showed a siginificant 

difference between the two groups. For contractility, the paretic side of TA and the non-

paretic side and paretic side of ES showed a significant difference between the two groups. 

For contractility ratio, All muscles showed a significant difference between the two groups. 

(Table2) 

Conclusion 

In initial evaluation of stroke patients, Simple thickness measurements do not accurately 

reflect fall risk. The contractility, which reflects the dynamic component, and the 

contractility ratio, which reflects the difference of contractility between the two sides, are 

useful tools for predicting fall, especially in thin abdominal muscles. 

Table 1. Demographics and characteristics of patients (n=55)



Table 2. Comparison of Contractility ratio groups High fall risk group and Low fall risk group with Berg balance 

test



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F)

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-70

Development of Korean version of Rehabilitation Complexity Scale-

Extended(RCSE-Ko)

Su-Hong Kim1*, Chang-Beom Kim1, Chan Hyuk Park1, Kyung-Lim Joa1, Han-Young Jung1†

Inha University Hospital, Department of Rehabilitation Medicine1

Introduction

In the aspect of rehabilitation referral system, classifying patients who require 

comprehensive inpatient rehabilitation programs is main issue. Several previous 

assessment tools have been no regard of medical care, nursing, caregiver, and equipment. 

Therefore the Rehabilitation Complexity Scale (RCS) designed to provide a simple measure 

of the complexity of rehabilitation needs and interventions for stoke, and it revised to 

extended version (RCSE). The aim of this study is to report reliability and validity of the 

Korean version of RCSE (RCSE-Ko) for patients with cerebral infarct. 

Methods

The RCSE includes five levels of clinical-rehabilitation complexity; C: need for basic care 

and support (0–4), N: nursing needs (0–4), T: rehabilitation demands and intensity of each 

intervention therapy (TD 0–4, TI 0–4), M: need for medical intervention (0–4) and E: need 

for equipment (0–2) with a total score of 22 (the higher the score, the more complexity). 

With the agreement of Lynne Turner-Stokes, the original editor of the RCS, three 

physiatrists who are fluent in Korean and English translated the English version of RCSE 

into Korean. Finally, we reviewed it with reflection of Korean medical insurance system 

and culture. On the day of initial treatment or last treatment, the RCSE-Ko for 51 acute 

infarct patients was scored by two physiatrists (P), two occupational therapists (OT), and 

two physical therapists (PT), respectively. Within one or two days, Berg Balance scale (BBS), 

Mini Mental Status Examination (MMSE), Modified Bathel Index (MBI), National institutes 

of health stroke scale (NIHSS) were rated by their OT and PT. Intra-rater reliability and 

validity were assessed with Cohen’s kappa, Cronbach’s alpha, and correlation coefficient. 

Results

For inter-rater reliability, two physiatrists’, OTs’, and PTs’ kappa coefficient were 0.842, 

0.675, and 0.633, respectively (P < 0.01). (Table 1) Pearson’s correlation coefficients 

between physiatrists and OTs, OTs and PTs, physiatrists and PTs were 0.860, 0.934, and 

0.863 (P < 0.01), respectively. (Table 2) Cronbach’s alpha for composition reliability was 

0.964 (P < 0.01). RCSE-Ko showed moderate negative correlation with BBS (-0.429), and 

MBI (-0.324) which were assessed with spearman correlation coefficients . (Table 3)



Conclusion

The RCSE-Ko is a reliable and valid assessment tool to identify patients with cerebral infarct 

who needs comprehensive inpatient rehabilitation program. 

Table 1. Inter-rater reliability between the same professionals 

Table 2. Inter-rater reliability between the other professionals 

Table 3. Correlation of RCS-E-Ko with other outcome measures 
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Differences of Leg Motor Excitability by Transcranial Direct Current 

Stimulation in BDNF Genotype

Heegoo Kim1*, Jungsoo Lee1, Ahee Lee1, Jinuk Kim1, Won Hyuk Chang2, Yun-Hee Kim1,2†

Sungkyunkwan University, Department of Health Sciences and Technology, Samsung 

Advanced Institute for Health Science and Technology1, Samsung Medical Center, 

Sungkyunkwan University School of Medicine, Department of Physical and Rehabilitation 

Medicine, Center for Prevention and Rehabilitation, Heart Vascular and Stroke Institute2

Objective 

Difference in tDCS effect according to brain-derived neurotrophic factor (BDNF) genotype 

has been reported in previous stroke studies, however, there is still a lack of enough 

evidence. This study aimed to investigate the different modulating effect of simultaneous 

dual-site transcranial direct current stimulation (tDCS) over the primary leg motor cortex 

(M1leg) and supplementary motor cortex (SMA) in chronic stroke patients according to 

their BDNF genotype. 

Materials and Methods 

Twenty chronic stroke patients (7 females; mean age 56±10.2 years) participated in this 

single-blind, randomized cross-over study. Four conditions were randomly applied with 24 

hours of washout period between each condition: dual-site anodal stimulation over the 

bihemispheric M1leg and SMA; anodal stimulation over the ipsilesional M1leg and SMA; 

anodal stimulation over the contralesional M1leg and SMA; sham stimulation. Two 

battery-driven stimulators were used with 2 mA direct current in each anode. Cathodal 

electrodes were placed on bilateral supraorbital areas. During the 30 minutes of 

stimulation, patients walked treadmill 10 minutes middle of the stimulation and took rest 

in the early and late 10 minutes. Blood samples from each patient were genotyped for the 

BDNF Val66Met polymorphism. Changes of motor evoked potentials (MEPs) were 

examined before (T0) and immediately after (T1) the stimulation for each condition. A 

Synergy electromyography (EMG)/evoked potentials (EP) system was used for recording 

and monitoring of the activity of the contralateral tibialis antierior (TA) muscle. Resting 

motor threshold (RMT) was defined as the lowest stimulus intensity needed for induction 

of MEPs of ≥50 µV peak-to-peak amplitude in 5 of 10 consecutive trials. The mean 

amplitude was obtained by stimulating 10 times with a given RMT at T0. To measure the 

change of amplitude, the RMT at T0 was equally used at T1. 

Results 



BDNF genotyping revealed that 15 patients (6 females; mean age 55.5±11.2) were included 

in Met alleles group and 5 patients (1 female; mean age 57.4±7.3) included in Val/Val group. 

The MEP amplitude, which is a primary outcome in the study, tended to increase after 

ipsilesional stimulations in Val/Val subgroup. However, there were no statistical 

significances. In Met alleles subgroup, the MEP amplitude significantly increased after 

bihemispheric dual-site stimulation. 

Conclusions

Leg motor cortical excitability significantly increased after bihemispheric dual-site 

stimulation in Met alleles subgroup. This may indicate that patients with Met alleles have 

a dose-dependent effect by tDCS stimulation which are on line with the results of previous 

studies. It is the limitation of this study that the sample size is small to show definite 

differences of tDCS effect by BDNF genotype and stimulation types. Therefore, further 

studies will be required to generalize the results of this study. 

Acknowledgment :This study was supported by a National Research Foundation of Korea (NRF) 

grant funded by the Korean government (MSIP; NRF-2017R1A2A1A05000730 , NRF-

2017M3A9G5083690). 
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Effect of Swallowing Rehabilitation in Patients with Parkinsonian Disorders: 

A Retrospective Study

Seo Jung Yun1*, Min-Gu Kang1, Ji Soo Choi1, Byung-Mo Oh1, Han Gil Seo1†

Seoul National University Hospital, Department of Rehabilitation Medicine1

Purpose

Although conventional swallowing rehabilitation has been used in dysphagic patients with 

Parkinsonian disorders, there is still lack of evidence. The aim of this study is to investigate 

the effect of swallowing rehabilitation in these patients. 

Methods

Medical records of 254 patients with Parkinsonian disorders who underwent 

videofluroscopic swallowing study (VFSS) from March 2016 to January 2019 were reviewed. 

Among them, 222 patients were excluded by 1) no follow up VFSS data between 60 and 

120 days, 2) received less than two sessions of conventional swallowing rehabilitation, and 

3) any other neurological problems affecting dysphagia. Finally, 32 patients were included 

in this study. Patients were evaluated using Penetration-Aspiration Scale (PAS), 

Videofluoroscopic Dysphagia Scale (VDS) measured from the VFSS, American Speech–

Language–Hearing Association’s National Outcome Measurement System (ASHA NOMS) 

swallowing scale, and Swallowing Disturbance Questionnaire (SDQ). 

Results

Patients received 8.97 ± 5.46 swallowing rehabilitation sessions for 82.98 ± 15.46 days. 

There was a significant decrease in PAS score from 8 (IQR 5.25-8.00) to 5 (IQR 2.00-7.75) 

(P = .003). The VDS score was significantly decreased from 49.67 ± 15.10 to 43.58 ± 17.45 

(P = .008). Especially when classified as swallowing stage, pharyngeal phase score in VDS 

significantly changed from 37.97 ± 12.31 to 32.23 ± 14.41 (P = .002) after treatment but 

not in oral phase (P = .750). Among the VDS items, only pharyngeal transit time was 

significantly decreased (P = .011). There were no significant changes in ASHA NOMS and 

SDQ score (P = .224 and P = .806, respectively). 

Conclusion

The swallowing rehabilitation may improve objective swallowing function, especially in the 

pharyngeal phase, in patients with Parkinsonian disorders. Our findings are preliminary 

and require further prospective study. 



Table 1. Patients’ demographics and baseline characteristics (N=32)

Table 2. Patients’ swallowing rehabilitation information (N=32)



Table 3. Changes in the outcome variables before and after swallowing rehabilitation
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Characteristics and Risk Factors for Dysphagia following Lesions of 

Cerebellum

Yoon Jeong Jeong1,1*, Hyun Im Moon1,1†, Tae Im Yi1,1, Seo Yeon Yoon1,1

BundangJesaeng General Hospital, Department of Rehabilitation Medicine1

Objective

The cerebellum works in motor coordination, timing, sequencing, and proprioceptive 

feedback. Given an understanding of the established role of the cerebellum, it might have 

a supportive role in swallowing-related functions. However, the understanding of patterns 

of dysphagia in cerebellar lesions remains ambiguous with equivocal results in a few 

previous studies. Therefore, we investigated the characteristics and risk factors of 

dysphagia with the Videofluoroscopic Dysphagia Scale (VDS) using a videofluoroscopic 

swallowing study (VFSS) in patients with stroke of cerebellum. 

Methods 

Subjects of this study were the cerebellar stroke patients who had undergone a VFSS in the 

our rehabilitation Department from February 2003 to December 2018. VFSS was done to 

screen for dysphagia or when a patient was referred for evaluation of swallowing difficulty. 

Patients with cerebellar lesions were included in this study, who have been verified by 

computed tomography (CT) or magnetic resonance imaging (MRI). Among them, patients 

with other disease which could cause dysphagia and missing medical records or incomplete 

admission notes were excluded from the study. A total of 40 subject’s medical records 

were chosen for study, and the data about these patients were collected retrospectively.

Characteristics of dysphagia were evaluated using VFSS and all subjects were divided into 

a high (>47) and low risk group (<47) by the VDS score. Clinical and functional parameters 

were recorded by medical records including demographics, hypertension, diabetes 

mellitus (DM), and tracheal tube insertion status, as well as Korean version of the Mini-

Mental Status Examination (K-MMSE) and initial functional independence measure (FIM) 

score. Radiologic factors identified the location of the right, left , and both lesions, and 

other lesions were also confirmed. 

Results 

Table 1 showed that abnormalities in the oral phase were more prominent than pharyngeal 

phase in patients with cerebellar lesions. Table 2 displays univariate analysis results. The 

number of patients assigned to the high-risk group (VDS>47) was 21(52.5%) , and the low-

risk group 19(47.5%). The insertion of tracheal tube, the presence of IVH, K-MMSE, and 



initial FIM score differed significantly between the two subgroups. All significant 

parameters were adjusted in the multivariate analysis as shown in Table 3. The parameter-

K-MMSE was independently predisposing for dysphagia after stroke in patients with 

cerebellar lesions. 

Conclusion 

This study demonstrated that abnormalities in the oral and pharyngeal phase were present 

in patients with cerebellar lesions. The risk factors associated with dysphagia after 

cerebellar stroke was cognitive status as measured by the K-MMSE. 

Table 1. Characteristics of dysphagia using VFSS in cerebellar stroke 

Table 2. Univariate analysis for identification of parameters which were associated with dysphagia after 

stroke in patients with cerebellar lesions 



Table 3. Multivariate logistic regression model for prediction of high risk for dysphagia after cerebellar stroke 
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Comparison of Low versus High frequency rTMS in Cerebellar Ataxia after 

Brainstem Infarction

Jong Hwa Lee1†, Sang Beom Kim1, Kyeong Woo Lee1, Min Woo Hong1*

Dong-A University Hospital, Department of Rehabilitation Medicine1

Background

Cerebellar ataxia is one of the most common symptoms in patients of brainstem infarction. 

Recently, many researchers have demonstrated the effects of repetitive transcranial 

magnetic stimulation (rTMS) over the cerebellum in patients with ataxia after brainstem 

infarction. Because efferent pathways from the cerebellum are connected with both 

excitatory and inhibitory neurons in the motor cortex, it is difficult to predict whether the 

modulation of cerebello-cerebral inhibition would increase or decrease the excitability of 

the motor cortex. Thus, many controversies exist regarding the proper frequency to be 

applied. Previous studies demonstrated that low-frequency rTMS over the cerebellum has 

beneficial effects in ataxic patients with brainstem infarction. Thus, we developed two

different protocols, low- and high-frequency rTMS. The aim of this study is to compare the 

effect of low- and high-frequency rTMS on ataxic patients with brainstem infarction. 

Method

We enrolled patients who were confirmed as acute brainstem infarction by magnetic 

resonance imaging with symptoms of cerebellar ataxia. All patients were randomly 

assigned to the low-frequency rTMS group (LF) or the high-frequency rTMS group (HF). The 

coil was placed 2 centimeters below the inion and 2 centimeters lateral to the midline on 

the cerebellar hemisphere ipsilateral to the ataxic side, targeting on the posterior 

cerebellar lobe. Both groups received a session of rTMS that comprised 900 stimuli for 10 

days. The intensity of stimuli was 100% of patient’s resting motor threshold at both groups. 

The frequency of LF was 1 Hz and that of HF was 10 Hz. Before the first intervention and 

after the last intervention, patients were evaluated using Berg Balance Scale (BBS), 10 

meter walk test (10MWT), Modified Rankin Scale (MRS), Functional Ambulation Category 

(FAC), Modified Barthel Index (MBI), and Scale for the Assessment and Rating of Ataxia 

(SARA). 

Results

Eight patients were recruited in each group. There were no significant differences in the 

baseline characteristics and initial measurements between two groups (Table 1). After the 

treatment, both groups showed significant improvements in BBS, 10MWT, FAC, SARA. MBI 



was improved only in HF. There were no significant differences in change of any 

measurements between the two groups (Table 3). 

Conclusion

In this study, we found the therapeutic effects of low- and high-frequency rTMS on ataxic 

patients with brainstem infarction. We found that both low- and high-frequency rTMS 

protocols had positive effects on patient's recovery. And the result showed no superiority 

between two protocols. 

Table 1. Baseline characteristics of two groups



Table 2. Change of measurements after treatment

Table 3. Changes of Measurements between two groups
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Analysis of predicting factors of home discharge in patients with brain lesion

Min Kyoung Son1*, In Yae Cheong2, Hyoung Jun Kim3, Eun Joo Kim4†

National Rehabilitation Center, Department of Rehabilitation Medicine1, National 

Rehabilitation Center, Department of Neurorehabilitation2, National Rehabilitation Center, 

Department of Clinical research on rehabilitation3, National Rehabilitation Center, 

Department of Community reintegration service4

Objective

The objective of this study was to find predicting factors of home discharge (HD) in 

hospitalized patients classified into groups by duration from onset and to aim successful 

home discharge of selected patients by providing proper hospital-based community 

reintegration services. 

Method

We retrospectively reviewed medical records of 154 individuals with brain lesion who were 

hospitalized for 180 days and discharged between 01-Sep-2017 to 31-May-2019. We 

evaluated BBS, FAC, FMA, MMSE, MBI test scores of each patients. For each test, all test 

results were classified into 6 groups by duration from onset. Period 1 is within 60 days from 

onset, period 2 is between 61 and 90 days from onset, period 3 is between 91 and 120 

days from onset, period 4 is 121 and 150 days from onset, period 5 is between 151 and 

180 days from onset and period 6 is 181 and 270 days from onset. Chi-square method was 

used to identify differences of general characteristics between patients who returned to 

home (Home discharge, HD group) and patients who moved to other hospital (non-HD 

group). T-test was used to find differences of BBS, FAC, FMA, MMSE, MBI test scores of 

each period (period 1~6) between HD group and non-HD group. Also, logistic regression 

analysis and ROC curve evaluation was used to find out predicting factors of HD in period 

1~3 and corresponding cut-off values in each period. 

Results

Among 154 patients, 82 returned to home and 72 moved to other hospital after discharge. 

Type of caregiver(family) was significantly correlated with patients’ home discharge. T-test 

evaluation results showed that all five test (BBS, FAC, FMA, MMSE, MBI) scores, except 

period 1 MMSE score, were significantly associated with HD. The results of logistic 

regression analysis showed that BBS score was a significant positive predicting factor for 

HD in period 1, and MBI score was a significant positive predicting factor for HD in period 



3. The cut-off values of BBS score in period 1~3 were 25.5, 38.5, 44.5 respectively and MBI 

score were 38, 49.5, 63.5 respectively. 

Conclusion

Our results showed that type of care giver (family) was related to patient’s HD. Within 60 

days from onset, BBS score positively predicted patients’ HD, and Between 90 and 120 days 

from onset, MBI score positively did so. Further researches on expanded predicting factors 

including physical, cognitive, or socio-economic status need to be done for home discharge 

patients or caregivers to provide proper hospital-based home discharge service. 

Acknowledgment :This study was funded by Korea National Rehabilitation Research 

Institute grant(code #18-C-01) and approved by the Institutional Review Board of the 

Korea National Rehabilitation Center(NRC-2018-06-040). 
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Cortical activation pattern during horseback riding simulation: A functional 

NIRS study

Sung Ho Jang1†, Sung Jin Bae1†, Han Jae Jang1†, Jeong Pyo Seo1†, Yu Sung Seo1†, Kyu Tae 

Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

Horseback riding is known to have positive effects on the musculoskeletal system, 

cognition, and psychological condition. Previous studies on the positive effects of 

horseback riding show it improves core muscle activation, gait, body stability, and cognitive 

function. In the current study, we investigated changes in cortical activation during 

simulated horseback riding in normal subjects by using functional near-infrared 

spectroscopy (fNIRS). 

Methods

Eleven healthy normal subjects were recruited for this study. The fNIRS was performed 

using an fNIRS system with 49 channels. Simulated horseback riding was performed in the 

seated position, holding the device’s bar with both hands and with feet on the pedals to 

stabilize posture and looking to the front throughout the task. We measured 

oxyhemoglobin (HbO) levels in 49 channels. 

Results

During performance of the horseback riding task, the highest HbO values were observed 

in channel 38 (HbO, 0.0165) and in the following channels in descending order: channel 34 

(HbO, 0.0145), channel 42 (HbO, 0.0118), channel 33 (HbO, 0.0116), and channel 39 (HbO, 

0.0111). Group analysis showed that the HbO values in the primary sensori-motor cortex 

(SM1) and premotor cortex (PMC) were higher than that in the prefrontal cortex (PFC), and 

there was no difference between the SM1 and PMC HbO values. 

Conclusions

We observed cortical activation in the PMC, SM1, and PFC, brain regions that are related 

to motor execution of the trunk and leg, motor planning, and cognition. 

Acknowledgment :This work was supported by the Medical Research Center 

Program(2015R1A5A2009124) through the National Research Foundation of Korea funded 

by the Ministry of Science, ICT, and Future Planning. 



Fig. 1 (A) Simulated horseback riding position. The subject is seated and instructed to hold the bar with both 

hands and put their feet on the pedals to stabilize posture during the horseback riding task. (B) Location of 

49 channels and three regions of interest based on Brodmann area (BA) and anatomical location of brain 

areas. The primary sensorimotor cortex (SM1): BA 1,2,3, and 4; premotor cortex (PMC): BA 6; and the 

prefrontal cortex (PFC): BA 8,9,44,45, and 46. (C) Group-average t-statistic maps of oxyhemoglobin (HbO) 

values during the performance of simulated horseback riding task using Near Infrared Spectroscopy-

Statistical Parametric Mapping (NIRS-SPM) software (corrected with expected Euler characteristics, p < 0.05, 

uncorrected).
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Differences in the injury of neural tracts for motor function in mild TBI 

patients with whiplash

Yu Sung Seo 1†, Sung Ho Jang 1†, Dong Gyu Kwak1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

We investigated injury differences between the corticospinal tract (CST) and the 

corticoreticulospinal tract (CRT), major neural tracts for motor function, in mild traumatic 

brain injury (mTBI) patients with whiplash by using diffusion tensor tractography (DTT). 

Methods

We recruited 41 mTBI patients with whiplash and 43 healthy control subjects for this study. 

The CST and CRT were estimated in both groups based on two DTT parameters, fractional 

anisotropy (FA) and tract volume (TV). 

Results

A significant difference was not detected in the FA values for the CST between the patient 

and control groups (p > 0.05). However, the FA value for the CRT in the patient group was 

significantly lower than that of the control group (p < 0.05). Regarding the TV of the CST, a 

significant difference was not detected between the patient and control groups (p > 0.05) 

whereas the TV value of the CRT in the patient group was significantly lower than that of 

the control group (p < 0.05). 

Conclusions

The results indicate that CRT injury can occur without CST injury in mTBI patients with 

whiplash. The CRT injury appeared to be associated with the anterior portion of the CRT 

compared with that for the CST. Our results suggest that neural tracts in the anterior 

portion of the brain might be more vulnerable to whiplash injury than those in other areas 

Acknowledgment : This work was supported by the National Research Foundation(NRF) of 

Korea Grant funded by the Korean Government(MSIP) (NRF-2018R1A6A3A11050913). 



Fig. 1 Results of diffusion tensor tractography (DTT) of the corticospinal tract (CST) and the 

corticoreticulospinal tract (CRT). (A) T2-weighted brain magnetic resonance images of a representative 

patient (51-year-old male). (B) Results of DTT of the CST and CRT in a representative patient (51-year-old

male) and representative normal subject (53-year-old male). The integrity of the CST is preserved in both the 

patient and the normal subject. However, the CRT shows discontinuation in the right hemisphere (green 

arrow) of the patient.

Values are presented as means ± standard deviation; DTT: diffusion tensor tractography.



DTT: diffusion tensor tractography; CST: corticospinal tract; CRT: corticoreticulospinal tract; FA: fractional 

anisotropy; TV: tract volume.
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Effect of Augmented Reality Occcupational Therapy for Upper Limb 

Rehabilitation in Subacute Stroke

Yong Taek Lee1†, Kyung Jae Yoon1, Jong Geol Do1, Kun Woo Kim1, Jin Tae Hwang1, Jae 

Hyeoung Choi1, Jin Woo Suh1*

Kangbuk Samsung Medical Center, Department of Rehabilitation Medicine1

Objective

To evaluate the effectiveness of augmented reality occupational therapy (AR-OT) in 

recovery of post-stroke patients in comparision with conventional occupational therapy 

(C-OT) 

Design

Randomized controlled trial in a rehabilitation institute tertiary referral hospital 

Participant

First-ever subacute stroke patients (within 6 month) with unilateral upper limb weakness 

(Brunnstrom stage 2~6) 

Interventions

The experimental treatment was based on AR-OT, whereas control treatment was based 

on same amount of C-OT. Both treatments were performed for 1 hour/day, 5days/week 

during 2weeks. 

Main outcome measure

Fugl-Meyer upper extremity scale(F-M)(primary outcome), box and block test, modified 

barthel index(MBI), hand strength, berg balance test, motor activity log(MAL), EQ-5D-3L, 

NASS, Hand response. 

Statistics

Mann-Whitney U test were used to determine significant difference of continuous 

variables between two groups. Chi-square test were used to determine significant 

difference of categorical variables between two groups. Wilcoxon test was used for 

comparison within each group. All statistical analysis were performed with the IBM SPSS 

Statistics, version 24.0(Armonk, NY: IBM Corp). The statistical significance level was set at 

p-value<0.05. 



Results

We prospectively enrolled 17 subacute stroke patients. The baseline characteristics were 

not different between groups except frequency of DM. After 2 weeks of treatment, there 

was no significant difference between two groups (AR-OT group versus C-OT group). 

However, in group comparision, AR-OT group show statistically significant improvement in 

F-M score, hand strength, EQ-5D-3L after treatment which is not significant in C-OT group. 

Conclusion

In our study, AR-OT showed comparable effect to C-OT. In AR-OT, upper limb motor 

recovery and quality of life showed significant improvement which was not shown in C-OT. 

Considering the motivation of patients, less burden of therapist, and effective performance 

as home-based or group-therapy, AR-OT might be promising therapy for upper limb 

rehabilitation.

Table 1. Demographic and clinical characteristics of the patients 



Table 2. Effect of AR-OT and C-OT on outcomes in all patients with stroke

Figures 1. Flowchart of participants through the study
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Correlation between Penetration/Aspiration and Dysarthria in Patients with 

Stroke

Eun-Ho Yu1*, Ju Hyun Son1, So Jung Kim1, Ji Hong Min1, Yong-Il Shin1,2, Sung-Hwa Ko1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

Purpose 

Dysphagia and dysarthria are common symptoms in stroke patients. Dysarthria has been 

reported to be associated with dysphagia and the most previous studies were based only 

on the presence or absence of symptoms. The purpose of this study is to investigate the 

correlation between dysarthria using picture consonant articulation test (PCAT) and 

penetration/aspiration using penetration aspiration scale (PAS) score in patients with 

stroke. 

Method 

This study is a retrospective study. We enrolled patients who underwent a 

videofluoroscopic swallowing study (VFSS) and PCAT at the same time in patients with the 

first stroke between 2012 and 2018 in our center. Penetration or aspiration was measured 

by one physician using VFSS and dysarthria was measured by one speech language 

therapist using PCAT. We analyzed the correlation between PAS score and PCAT score in 

all patients. In addition, PAS score was compared between dysarthria group and non-

dysarthria group. The dysarthria group was defined as the group with less than 100 points 

in PCAT. All statistical analyses were performed using SPSS software. We considered a p-

value lower than 0.05 as statistically significant. 

Result 

A total of 176 patients were enrolled in this study, including 117 men and 59 women. Their 

mean age was 64.72±30.13 years old. Of the 176 patients, 93 patients suffered an ischemic 

stroke and 83 patients suffered a hemorrhagic stroke. The mean PCAT score was 

83.47±47.53 and PAS score was 3.34±5.50 (Table 1). The correlation between PCAT score 

and PAS score was not statistically significant (correlation coefficient r=-0.139, p=0.07) (Fig. 

1). According to the PCAT score, 119 patients were dysarthria group and 57 patients were 

the non-dysphagia group. There was no significant demographical difference between 

non-dysarthria group and dysarthria group, based on age, gender and types of stroke. The 

mean PAS score was 3.46±5.52 in dysphagia group and 3.07±5.49 in the non-dysphagia 

group. The mean PAS score of the dysarthria group was higher than that of the non-



dysarthria group, however, there was no statistically significant difference (p=0.39). 

Penetration, aspiration and the distribution of each PAS 1 to 8 was not statistically 

significant between the two groups (p>0.05) (Table 2). 

Conclusion 

There was no correlation between penetration/aspiration and dysarthria in a patient with 

stroke. In addition, there was no difference in penetration/aspiration between the 

dysarthria group and the non-dysarthria group. Since dysarthria cannot predict 

penetration or aspiration after stroke, assessment of dysphagia, with or without dysarthria, 

should be performed. 

Fig. 1 No Correlation between preoperative PCAT score and PAS score



Table 1 Characteristics of Subjects

Table 2 Comparison of demographics and penetrationaspiration in dysarthria and non-dysarthria group
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Development of system assessing DOC secondary to severe TBI by eye 

tracking technology in 3D VR 

Cheolhwan Hyun1*, Hyun Haeng Lee1, Jongmin Lee1†

Konkuk University Medical Center, Department of Rehabilitation Medicine1

Introduction 

Assessing disorders of consciousness(DOC) secondary to severe traumatic brain injury is 

important to choose a treatment strategy. And, eye movements are important physical 

marker for the assessment of DOC. Despite this importance, assessment of eye movements 

in vegetative state(VS) and minimally conscious state(MCS) is only relied on clinical 

evaluation using JFK coma recovery scale-revised(CRS-R) criteria. In this study, we 

introduced a novel eye tracking system in three-dimensional visual reality(VR) as a tool to 

distinguish MCS and VC. This system is expected to overcome the inaccuracy presented by 

the low interrater reliability of visual function scale in CRS-R criteria. 

Methods 

Binocular eye movements were recorded quantitatively by a computerized infrared eye-

tracking system built in HMD. We made nine different types of three-dimensional stimuli 

which are represented with virtual reality system. Three of these stimuli were designed to 

mimic visual stimuli presented to the patient when the clinician evaluates visual function 

scale in the CRS-R. Those were visual startle, visual fixation and visual pursuit respectively. 

Two threatening visual stimuli were designed to make the patient blink. Other two were 

made for assessing optokinetic nystagmus and visual acuity. The last two were made for 

assessing visual pursuit, fixation for various orientations. Eye fixation to external visual 

stimuli is important to differentiate MCS from VS. So, the proportion of on-or off-target 

fixation will be analyzed for each patient. The system consists of an HTC Vive HMD, an eye-

tracking module and a personal computer. Twenty healthy people(7 male, 13 female) 

between the ages of 23 and 40 conducted a usability test for refining of the system from 

2019. 05. 25 to 2019. 06. 16. Based on the usability test results, we confirmed VR-based 

visual stimuli to be applicable to DOC patients. 

Results 

Based on results from 20 healthy subjects’ response for each stimulus, we expected that 

some parameters such as a degree of optokinetic nystagmus, a proportion of on-off target 

fixation and visual pursuit could be markers to differentiate MCS from VS. According to the 

subjects’ feedback to the module, there was opinion that the visual stimuli we offered 



would be better if accompanied by auditory stimulation to distinguish MCS from VS. There 

were any other adverse effect except for one person suffered short dizziness for a few 

seconds. Twenty healthy people responded positively at a rate of about 71%(128/180) to 

the questions of whether each stimulus was appropriate for DOC assessment. 

Conclusion 

We developed a novel system to assess DOC using eye tracking system in virtual reality 

system. Through this system, we expect the VR eye tracking system which will be applied 

to DOC patients to differentiate MCS from VS in a quantitative way. 
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Role of Primary Motor Cortex on Implicit and Explicit Motor Sequence 

Learning

Heegoo Kim1*, Yun-Hee Kim1,2, Won Hyuk Chang2†

Sungkyunkwan University, Seoul, Republic of Korea, Department of Health Sciences and 

Technology, Samsung Advanced Institute for Health Science and Technology1, Samsung 

Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea, 

Department of Physical and Rehabilitation Medicine, Center for Prevention and 

Rehabilitation, Heart Vascular Stroke Institute2

Objective

The facilitation of primary motor cortex (M1) is known as the target to improve the motor 

function in patients with brain disorder using repetitive transcranial magnetic simulation 

(rTMS). There are two types of motor learning process such as the implicit and the explicit 

motor learning. Comparing the effect of rTMS between these two motor tasks is critical for 

determining the mechanism of rTMS-induced facilitation of motor learning process. In this 

study, we investigated to effects of rTMS over M1 during two different motor learning 

tasks to demonstrate the role of M1 during implicit or explicit motor learning process. 

Materials and Methods

Ten healthy volunteers (6 men, mean age 28.5 years) were enrolled. All participants 

received two high-frequency rTMS with motor learning task in random order over the non-

dominant M1 with more than a 48-hours washout period. The motor learning task 

provided with a serial reaction time task (SRTT) with five fingers of non-dominant hand 

after high-frequency rTMS. In the implicit and explicit motor learning task, the participant 

learned the order of sequence implicitly and explicitly, respectively. The reaction time (RT) 

of SRTT and the amplitude of motor-evoked potentials (MEPs) were assessed before (T0), 

immediately after (T1), and 24hr after rTMS with motor task (T2). The improvement ratio 

in RT and amplitude of MEPs were compared between the implicit and explicit motor 

learning task. 

Results

The RT showed a significantly improvement at T1 and lasted to T2 in each motor learning 

task, respectively (p<0.05). The amplitude of MEPs in each motor learning task was 

significantly higher at T1 than at T0 (p<0.05), and there was no significantly difference 

between T0 and T2 in each motor learning task (Table 1). The improvement ratio of RT at 



T1 in the implicit motor learning task was significantly higher than that in the explicit motor 

learning task (p<0.05, Fig. 1). 

Conclusion

The results of this study demonstrated that the high-frequency rTMS with motor task 

might be more effective in the implicit motor learning than the explicit motor learning. 

Therefore, the implicit motor learning task could be considered preferentially for motor 

task with rTMS. 

Acknowledgment :This study was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korea government (MSIP) (NRF-2018R1D1A1A02086038). 

Table 1. Changes of reaction time and cortical excitability in each motor learning task

Figure 1. Improvement ratio of reaction time and cortical excitability in each motor learning task
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Injury of the dentatorubrothalamic tract in patients with post-traumatic 

tremor following mildTBI

Han Do Lee 1†, Sung Ho Jang 1†, Dong Gyu Kwak1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Introduction

Little is known about injury of the dentatorubrothalamic tract (DRTT) in patients with 

traumatic brain injury (TBI). We investigated injury of the DRTT in patients who showed 

post-traumatic tremor following mild TBI, using diffusion tensor tractography (DTT). 

Methods

We recruited 27-consecutive chronic patients with post-traumatic tremor in at least one 

of four extremities following mild TBI and 20-normal control subjects. The DRTT was 

reconstructed and the fractional anisotropy (FA) value, apparent diffusion coefficient (ADC) 

value, and fiber number (FN) of the DRTT were measured in both hemispheres. We 

classified the DRTT injury based on DTT parameter and configuration: type A – the DRTT 

showed narrowing, type B – the DRTT showed partial tearing, and type C – the DRTT 

showed discontinuation. 

Results

Significant differences in terms of FA and FN of the DRTT were observed between the 

patient and control groups (p < 0.05). According to the configurational classification of the 

DRTT injury on DTT: among 54 hemispheres of 27 patients: type A - 22 hemispheres (40.7%) 

of 17 patients, type B - 15 hemispheres (27.7%) of 10 patients, and type C - 8 hemispheres 

(14.8%) of 6 patients. 

Conclusion

We demonstrated injury of the DRTT in patients who showed post-traumatic tremor 

following mild TBI, using DTT. Our results suggest that the evaluation of the DRTT using 

DTT would be useful to find the cause of post-traumatic tremor in patients with mil TBI.

Acknowledgment :Acknowledgement This research was supported by Basic Science 

Research Program through the National Research Foundation of Korea(NRF) funded by the 

Ministry of Education (NRF-2018R1A6A3A11043447). 



Fig. 1 Diffusion tensor tractography for the dentatorubrothalamic tract (DRTT) of a representative control 

subject and patients: (A) a control subject (52-year old female). (B) type A – the DRTTs showed narrowing, 

although integrity was preserved from the dentate nucleus to the thalamus (green arrow) (59-year old 

female).. (C) type B – the DRTTs showed partial tearing (green arrow) (45-year old female)., (D) type C – the 

DRTTs showed discontinuation (green arrow) (51-year old female).

FA: fractional anisotropy; ADC: apparent diffusion coefficient. Values represent mean (±standard deviation) 

* p < 0.05 t-test. 
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Relationship between ataxia and the ICP injury in patients with cerebral 

infarct

Han Do Lee 1†, Sung Ho Jang 1†, Dong Gyu Kwak1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Introduction

The inferior cerebellar peduncle (ICP) is a major neural tract in the cerebellum involved in 

coordination of movement and proprioceptive, therefore, injury of the ICP can be 

accompanied by poor coordination of movement, including ataxia. In this study, using 

diffusion tensor tractography (DTT), we attempted to investigate the relationship between 

ataxia and injury of the ICP in patients with cerebral infarct. 

Methods

We recruited 14 stroke patients with ataxia after the onset of stroke, and 12 normal 

subjects. The score of assessment and rating of ataxia (SARA) was used to evaluate of 

ataxia. The values of fractional anisotropy (FA), apparent diffusion coefficient, and fiber 

number (FN) of the ICP were used for the diffusion tensor imaging parameters. 

Results

Significant differences were observed in the values of the FA and FN of the ICP in the 

affected hemisphere between the patient and control groups (p < 0.05). In addition, the 

FN value of the ICP in the affected hemisphere showed negative correlation with SARA 

score (r = -0.538, p < 0.05). However, parameters of the ICP in the unaffected hemisphere 

or the FN value in the unaffected hemisphere showed no correlation with SARA score (p > 

0.05). 

Conclusion

We found that the ataxia severity was closely related with the injury severity of the ICP in 

patients with cerebral infarct. Our results suggest that the evaluation of the ICP state using 

DTT would be useful for patients with ataxia following cerebral infarct. 

Acknowledgment :Acknowledgement This research was supported by Basic Science 

Research Program through the National Research Foundation of Korea(NRF) funded by the 

Ministry of Education (NRF-2018R1A6A3A11043447). 



Fig. 1 (A) T2-weighted brain magnetic resonance images show an infarct in the right cerebellum in a 

representative patient (61-year-old female). (B) Diffusion tensor tractography (DTT) results of the inferior 

cerebellar peduncle (ICP) in the above patient showed narrowing(green arrows) in the right side compared 

with the left side and control subjects. (C) DTT results for the ICP in two representative control subjects (58-

year-old female and 60-year-old female). 
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Effectiveness of Chin Tuck Maneuver: Quantitative Assessment

Joo Young Ko1*, Geun Seok Park1, Tae Uk Kim1, Seo Young Kim1, Jung Keun Hyun1,2, Seong 

Jae Lee1†

Dankook University Hospital, Department of Rehabilitation Medicine, College of Medicine1, 

Dankook University, Department of Nanobiomedical Science & BK21 PLUS NBM Research 

Center for Regenerative Medicine2, Dankook University, Institute of Tissue Regeneration 

Engineering (ITREN) 3

Objective 

Chin tuck maneuver has been widely used in rehabilitation of dysphagia. However, 

previous studies suggested that only about half of patients could avoid aspiration during 

this maneuver. This study is designed to investigate if the chin tuck maneuver is truly 

effective by estimating severity of penetration and aspiration objectively and 

quantitatively. 

Methods 

The subjects were 101 patients who showed penetration or aspiration on 

videofluoroscopic swallowing study (VFSS). VFSS was performed in two positions (neutral 

and chin tuck) and compared between positions. In patients with penetration only, severity 

of penetration was assessed by penetration ratio calculated by penetration depth / 

epiglottis length, where penetration depth was defined as a straight length from the tip of 

the epiglottis to the endpoint of penetration and epiglottis length was defined as a straight 

length from tip of the epiglottis to anterior tip of the true vocal folds in VFSS images. All 

lengths were measured by ImageJ® software in the frame that showed deepest 

penetration. Severity of aspiration was assessed by 8-point penetration-aspiration scale 

(PAS) when aspiration was present. Chin tuck maneuver was considered effective when 

penetration ratio was reduced or PAS score was decreased. Penetration ratio was 

compared between two positions. Other parameters of VFSS were also measured and 

compared between effective and ineffective groups. 

Results 

Fifty-eight patients were male and 43 were female and mean age was 67.2±14.6 years. 

Penetration ratio was significantly decreased in chin tuck posture compared with in neutral 

position (p=0.002). Chin tuck was effective in 41 out of 76 (53.9%) patients in patients with 

penetration and in 2 out of 25 (8.0%) patients with aspiration. Pharyngeal delayed time 

and pharyngeal transit time were significantly shortened in effective group (p=0.020, 0.023, 



respectively). Residue in the vallecular and the pyriformis sinus and existence of 

pharyngeal wall coating were significantly less frequent in effective group (p=0.015, 0.001, 

0.043, respectively). 

Conclusion 

The results show that chin tuck maneuver is effective in reducing penetration but far less 

effective in preventing aspiration. Chin tuck is expected to be effective when the 

pharyngeal delayed and transit time is not too prolonged or vallecular or pyriformis sinus 

residue is less prominent or pharyngeal wall coating is less evident. It seems that chin tuck 

maneuver should be used in selected patients with penetration only. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education(grant number: 2018R1D1A3B07049300) 
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The Effect of Dynamic Taping on Hemiplegic Shoulder Pain and Functional 

Outcomes of Stroke patients.

Kyu Dong Noh1*, Jin Young Kim1, Jun Young Ahn1, Sang Hyun Kim 1, Seung Yeol Lee1, Sung 

Jae Lee 2, Jong burm Jung 3, Hyun Seok1†

Soon Chun Hyang University Bucheon Hospital, Department of Rehabilitation Medicine1, 

Soon Chun Hyang University Seoul Hospital, Department of Rehabilitation Medicine2, Soon 

Chun Hyang University Cheonan Hospital, Department of Rehabilitation Medicine3

Objective 

Hemiplegic shoulder pain (HSP) has serious effects on rehabilitation and activities of daily 

living in stroke patients. Kinesio taping (KT), commonly used in musculoskeletal pain and 

sports injury, is known to have effects of increasing mobility of joint and proprioceptive 

sense [1]. Previous study showed that KT has the effect of increasing ROM, decreasing pain 

and improving activities of daily living when applied on hemiplegic shoulder of chronic 

stroke patient [2]. Compared to KT, dynamic tape is a tape with strong resistance and recoil. 

So, dynamic taping (DT) can absorb loads, contribute forces and modify movement [3]. 

Accordingly, DT on hemiplegic shoulder might support the weight of upper limb, facilitate 

shoulder movement and improve functional outcome. The purpose of this study is to 

investigate the effects of DT on HSP and functional outcome in subacute stroke patients. 

Method 

Inclusion criteria were; (1) first incidence of stroke, with onset less than 3 months ; (2) pain 

in the affected shoulder. Exclusion criteria were; (1) shoulder pain or a history of surgery 

in the affected shoulder before the onset of stroke; (2) skin problems, wounds, or infection 

on the affected shoulder. Participants were randomly assigned in two groups. All 

participants had 3 weeks of conventional therapy including physical therapy and 

occupational therapy. Intervention group had conventional therapy with DT. DT used 

dynamic tape®(The original biomechanical tape®) and was attached in the two ways; 

shoulder abduction assist taping and shoulder flexion assist taping. Shoulder abduction 

assist taping is attached across the shoulder joint from medial border of contralateral 

scapula to deltoid tuberosity of ipsilateral humerus with shoulder abducted at 90 degrees. 

Shoulder flexion assist taping is attached across the shoulder joint from medial border of 

ipsilateral scapula to midpoint of ipsilateral biceps brachii with shoulder flexed at 90 

degrees. Dynamic taping was attached with 20-30% extended state for elastic potential 

energy [figure 1]. Primary outcome is visual analog scale (VAS) for shoulder pain (resting 

and passively moving). Secondary outcome included pain free passive ROM of shoulder, 



Manual function test (MFT), Berg balance scale (BBS), Modified Barthel index (MBI). All 

evaluations were conducted at baseline and after 3 weeks of rehabilitation therapy 

Results 

Eight stroke patients were enrolled in this study. Rehabilitation therapy with DT 

significantly improved shoulder pain compared with baseline (p<0.05). However, the 

changes of shoulder pain had no significant difference between the two groups. In addition, 

other outcomes had no significant difference between pre- and post-treatment. 

Conclusion 

Rehabilitation therapy with DT had an effect of improving HSP. However, there was no 

significant effect on passive ROM and other functional outcomes. To clarify these results, 

larger sample size will be needed. 

Figure 1. Shoulder adduction assist taping and shoulder flexion assist taping (Posterior and lateral view)



Table 1. Demographics and clinical characteristics of study subjects

Table 2. Comparison between 2 groups; pre and post treatment



뇌신경재활

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-86

Effect of the Home-based Exercise Program with the Augmented Reality 

System in Stroke Patients

Jong Dae Eun1*, Jong In Lee2, Ja-Sung Koo3, Minam Son1, Ji Youl Lee4, Ji Hye Hwang1, Won 

Hyuk Chang1†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea, 
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Medicine, The Catholic University of Korea, Seoul, Korea, Department of Rehabilitation 

Medicine2, Seoul St. Mary`s Hospital, College of Medicine, The Catholic University of Korea, 

Seoul, Korea, Department of Neurology3, Seoul St. Mary`s Hospital, College of Medicine, 

The Catholic University of Korea, Seoul, Korea, Department of Urology4

Objective

Recent advances in the augmented reality (AR) technology have significantly extended to 

the clinical rehabilitation in patients with stroke. The aim of this study is to investigate the 

effects of the home-based exercise program with the AR system to improve mobility in 

stroke patients. 

Materials and Methods

The home-based exercise program with AR system was designed as prospective, 

randomized controlled study with blind observer. Sixty-eight hemispheric stroke patients 

with less than 6 months after onset who can walk independently on the surface without 

severe cognitive impairment were recruited in this study. In the experimental group (n=35), 

we provided the home-based exercise program with the AR system (Uincare®) which was 

composed with the task-specific game-based system. In the control group (n=33), the 

written home-based exercise pogrom was provided. All participants were recommended 

the home-based exercise with 30 minutes a day for 4 weeks. Functional assessments with 

Timed Up and Go test (TUG), Tinetti Performance Oriented Mobility Assessment, and Berg 

Balance scale were performed before (T0), immediately after (T1) and 4 weeks after the 

intervention (T2). We analyzed data of total 56 stroke patients who completed the 

intervention for 4 weeks (29 in the experimental group and 27 in the control group). 

Results

There was no significant difference in general and functional characteristics before the 

intervention (Table 1). In each group, there was a significant improvement on mobility 

immediately after and 4 weeks after the home-based exercise for 4 weeks (p<0.05). The 

change of TUG at T1 was significant higher in the experimental group than the control 



group (p<0.05). However, the change of TUG at T2 tended to higher in the experimental 

group than the control group without statistical significance (Table 2). 

Conclusions

The results of present study revealed that a therapeutic effects of the home-based exercise 

program with the AR system to improve mobility in hemiplegic stroke patients. Further 

study with larger number of patients will be needed to clarify the effects of the home-

based exercise program with the AR system. 

Acknowledgment :This research was supported by the National Information Society 

Agency funded by the Ministry of Science and ICT (Grant number: 2017-0-00902). 

Table 1. Demographic and Functional Characteristics in Each Group



Table 2. Change of Mobility and Balance in Each Group
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Diagnostic approach to traumatic axonal injury of the STT in individual 

patients with mild TBI

Sung Ho Jang1†, Han Do Lee1†, Seung Hwa Jang1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

We investigated an approach to the diagnosis of traumatic axonal injury (TAI) of the 

spinothalamic tract (STT) that was based on diffusion tensor tractography (DTT) results and 

a statistical comparison of individual patients who showed central pain following mild 

traumatic brain injury(mTBI) with control group. 

Methods

Five right-handed female patients in their forties and with central pain following mTBI and 

12 age-, sex-, and handedness-matched healthy control subjects were recruited. After DTT 

reconstruction of the STT, we analyzed the STT in terms of three DTT parameters (fractional 

anisotropy[FA], mean diffusivity[MD], and fiber number[FN]) and its configuration 

(narrowing and tearing). To assess narrowing, we determined the area of the STT on an 

axial slice of the subcortical white matter. 

Results

the FN values were significantly lower in at least one hemisphere of each patient compared 

to those of the control subjects(p<0.05). Significant decrements from the STT area in the 

control group were observed in at least one hemisphere of each patient(p<0.05). 

Regarding configurational analysis, the STT showed narrowing and/or partial tearing in at 

least one hemisphere of each of the five patients. 

Conclusions

Herein, we demonstrate a DTT-based approach to the diagnosis of TAI of the STT. The 

approach involves a statistical comparison between DTT parameters of individual patients 

who show central pain following mTBI and those of an age-, gender-, and handedness-

matched control group. We think the method described in this study can be useful in the 

diagnosis of TAI of the STT in individual mTBI patients. 

Acknowledgment :This work was supported by the Medical Research Center Program 

(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 



Fig. 1 Results of diffusion tensor tractography (DTT) for the spinothalamic tract of five patients and a 

representative control group subject. Partially torn and narrowed areas are marked with red arrows while 

narrowed areas are marked with purple arrows.
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Voxel-based Lesion-Symptom Mapping Study of Subcortical Aphasia

Gowun Kim1,3*, Myungwon Choi2, Won-Seok Kim1, Cheol E Han2, Jihong Park1, Nam-Jong 

Paik1†

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1, 

Korea University, Sejong, Department of Electronics and Information Engineering 2, 

Kangwon National University Hospital, Department of Rehabilitation Medicine3

Background and aims

Subcortical aphasia develops as a result of damage to subcortical brain areas without loss 

of cortical function. Although some previous voxel-based lesion-symptom mapping (VLSM) 

studies have shown possible neural correlates for aphasia, the brain regions associated 

with subcortical aphasia are still a matter of debate. The aim of this study was to 

investigate the neural substrates associated with subcortical aphasia in patients with 

subacute stroke, by using VLSM. 

Methods

Fifty Patients, who admitted to Department of Rehabilitation Medicine, Seoul National 

University Bundang hospital from March 1, 2013 to April 13, 2017 with subacute 

subcortical stroke, were retrospectively enrolled. Of the 50 patients, 24 patients were 

diagnosed with aphasia by Korean version of Western Aphasia Battery (K-WAB). Twenty-

six Patients with a score of 0 for the best language subscore of the National Institutes of 

Health Stroke Scale were assigned to the non-aphasia group. The K-WAB score of the non-

aphasia group was assumed to be normal value, and then the VLSM study was performed 

using the K-WAB score and the fluid-attenuated inversion recovery images. 

Results

The VLSM analysis demonstrated that the brain regions significantly associated with 

subcortical aphasia (minimum significant t-value of 2.41, p < 0.01) were the left fronto-

parietal subcortical whiter matter including external capsule, extereme capsule and corona 

radiate (Figure 1). There regions seems to be matched with previously known language 

pathways, dorsal and ventral pathways. Dorsal area of fronto-parietal subcortical white 

matter was most significantly associated with the aphasia score. 

Conclusions

Damage to the left fronto-parietal subcortical white matter, especially dorsal area, is 

associated with subcortical aphasia in patients with subacute stroke. 



Acknowledgment :This work was supported by the Ministry of Trade Industry & 

Energy(MOTIE, Korea), Ministry of Science & ICT(MSIT, Korea), and Ministry of Health & 

Welfare(MOHW, Korea) under Technology Development Program for AI-Bio-Robot-

Medicine Convergence (20001650) and the Basic Science Research Program through the 

National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and 

future Planning (NRF-2016R1A2B4013730) 

Figure 1. Voxel-based lesion-symptom mapping results using permutation testing of p < 0.01 with covariates 

including age, gender and aphasia quotient score
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Relationship between Head Lifting Strength and Submental 

Ulatrasonography In Post-Stroke Dysphagia

Hyun Im Moon1†, Gyu Seong Kim1*, Seo Yeon Yoon1

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1

Objective 

Head lifting strength is known to be associated with dysphagia with aspiration and in older 

adults. Shaker et al. reported that head lifting strength in stroke patients resulted in 

significant improvements in dysphagia. It has been reported that atrophy of the geniohyoid 

muscle(GM) or tongue muscle(TM) increases the risk of aspiration. In this study we aim to 

clarify the relationship between head lifting strength and submental ultrasonographic 

findings in stroke patients. Furthermore, we will identify the relationship between the 

findings and values of videofluoroscopic swallowing study(VFSS) in post-stroke dysphagia. 

Methods 

A cross-sectional study was performed in 15 patients, who had been recommended to 

undergo VFSS in our institution between August 2018 and June 2019. Head lifting strength 

was assessed by 4 indices: angle between the transverse line and the line from the mid-

tragus to the C7 spinous process(MNFA, Maximal Neck Flexion Angle), distance between 

the Inion and the floor of the bed(MHFL, Maximal Head-Floor Length), distance between 

the Gnathion and jugular notch(mCNL, Minimal Chin-Notch Length), distance between the 

tip of the tongue and the upper incisors during maximum protrusion(MTPL, Maximal 

Tongue Protrusion Length). MNFA, MHFL and mCNL were measured during maximum 

flexion of the neck in supine position. Two-dimensional views in the coronal or sagittal 

planes were used to measure the thickness and cross-sectional area of GM and TM. 

Anthropometric markers were measured, including body mass index(BMI), body surface 

area(BSA), circumference of calf(CC), upper arm(UAC)and neck(NC). A digital hand grip 

gauge (Takei 5401, Takei Scientific Instruments, Tokyo, Japan) was used to measure hand 

grip strength(HGS). The severity of dysphagia was evaluated using the videofluoroscopic 

dysphagia scale(VDS) and it represent oral and pharyngeal functions. Statistical analysis 

were done using correlation analysis prepared by PASW 18.0 for Windows, and the chosen 

level of statistical significance was <0.05. 

Results 

Demographic data and clinical characteristics of the enrolled patients are displayed in 

Table1. Correlation analysis showed that MNFA, MHFL, MTPL, CC, UAC, NC, HGS and BSA 



were correlated with sonographic findings(Table2). Correlation analysis showed that 

sonographic findings, especially TM area were correlated with VDS, especially oromotor 

subscale(VDS-O)(Table3). 

Conclusion 

This study demonstrated that submental sonography has a significant correlation with 

head lifting strength and preexisting sarcopenic index. Also, TM area has a significant 

correlation with oral phase dysphagia. Therefore, patients with underlying sarcopenia may 

have an effect on head lifting strength and dysphagia, so it may be helpful to have a 

sarcopenia assessment in patients with dysphagic stroke. In clinical settings, evaluating 

related muscles with submental ultrasonography may reflect head lifting strength or 

dysphagia symptoms. 

Table 1. Demographic and Clinical Characteristics of Subjects (n=15)



Table 2. Correlation between Clinical Characteristics and Sonographic findings (Pearson’s Coefficient, r)

Table 3. Correlation between Sonographic Findings and Videofluoroscopic Dysphagia Scale (Pearson’s 

Coefficient, r)
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Cortical activation during gait, motor imagery, observation, robot-assisted 

gait, and gait together

Ha Yeon Kim1*, Hyoung Jun Kim2, Jun Ho Shin3, Eun Joo Kim3†

National Rehabilitation Center, Department of Translational research Centre for 
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rehabilitation2, National Rehabilitation Center, Department of Rehabilitation Medicine3

Objective

The aim of this study was to investigate cortical activation for five conditions of gait, such 

as actual gait (AG), motor imagery of gait (MI), observation of one’s gait (OG), robot-

assisted gait (RG), and gait together (GT) in healthy adults. 

Method

Ten healthy subjects (4 males and 6 females, mean age 28.6 ± 3.6) with no history of 

neurological or physical impairment participated in this study. We used 31-channel 

functional near-infrared spectroscopy system (LABNIRS, Shimadzu corp., Kyoto, Japan), 

and used block-design protocol while performing AG, MI, OG, RG, and GT. The speed of 

the AG was self-selected comfortable speed. Subjects were instructed to imaging of 

walking activity from an internal perspective during MI. For OG, subjects observed the 

video recording their one’s gait. For RG, subjects underwent robot-assisted gait (G-EO 

System Evolution, Reha Technology, Olten, Switzerland). Subjects were instructed to walk 

along the other person walking in front of them during GT. We measured values of oxy-

hemoglobin in area of 12 × 9 cm including primary sensorimotor cortex (SMC), premotor 

cortex (PMC), supplementary motor area (SMA), pre-supplementary motor area (pre-SMA), 

and prefrontal cortex (PFC). In order to investigate the activity of cortical areas, ΔoxyHb 

was measured as the difference in oxyHb between task and rest phases in each channel. 

For comparison of task and region, this study used one-way repeated measures analysis of 

variance with task and region respectively. 

Results

In the SMC, there were no significant differences between the activities during the five gait 

tasks. In the SMA, the activity during MI was significantly higher than that during the other 

four gait tasks (p<0.05). In the task of watching the one’s gait in a third party perspective, 

such as OG and GT, the activity of SMA was the lowest, while the activity of PFC was the 

highest (p<0.05). During the RG, the SMC showed the highest activity than the other areas 

(p<0.05). 



Conclusion

It is meaningful to compare cortical activity during the five tasks. This may be used as a 

basic data on the mechanism of gait rehabilitation of stroke patients. Future studies will 

be needed for more subjects and should be extended to study in patients with stroke. 

Acknowledgment :Acknowledgments: This study was supported by a grant (NRCTR-

IN18001) from the Translational Research Center for Rehabilitation Robots, Korea National

Rehabilitation Center, Ministry of Health & Welfare, Korea. 
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Voxel-based Lesion-symptom Mapping of Post-stroke Cricopharyngeal 

Dysfunction

Jun Yup Kim1,2*, Jong Mi Park1,2, Yong Wook Kim1,2†

Yonsei University College of Medicine, Department and Research Institute of 

Rehabilitation Medicine1, Yonsei University College of Medicine, Research Institute of 

Rehabilitation Medicine2

Introduction

Stroke commonly leads to swallowing disorders and among the post-stroke swallowing 

disorders, cricopharyngeal dysfunction (CPD) has been reported to occur in 50% of 

brainstem strokes. However, even in the supratentorial post-stroke patients, CPD occurs 

not rarely, and the neuroanatomical location for CPD is still not elucidated. For these 

reasons, we aimed to analyze the relationship between development of CPD and lesion 

location in post-stroke patients through this retrospective case-control study. 

Methods

Post-stroke CPD was diagnosed when the residue was more than 25% of the pyriform sinus 

after swallowing. Medical records and Video Fluoroscopic Swallowing Studies (VFSS) of 

first-ever stroke patients who were admitted to our hospital from 2009 to 2019 were 

reviewed. We classified 50 patients with post-stroke CPD as the experimental group and 

69 patients without CPD as the control group. Regions of interest were drawn manually on 

T1-weighted magnetic resonance images using 3d-slicer software, and data were 

normalized to a standard brain template in order to examine the neural correlates of CPD 

using voxel-based lesion-symptom mapping (VLSM) analysis. Only for the diagnosis of CPD, 

dichotomous scores were entered into VLSM analysis and the Liebermeister statistics were 

estimated. The relationship between brain lesion and the ratio of post-swallow remnant 

to the total area of the pyriform sinus (rPSR) was tested using generalized linear model. 

After then, we performed adjusted lesion symptom mapping using the Freedman-Lane 

multivariable regression approach to model rPSR controlling for age and total lesion 

volume because these factors have previously been shown to impact swallow physiology 

or stroke outcome in general. For all tests, we used a P-threshold of 0.01 corrected for 

multiple comparisons with permutation thresholding (5000 permutations). 

Results

Analyses using voxel-wise subtraction and the Liebermeister statistics indicated that 

lesions of globus pallidus, and middle & inferior frontal lobes in the right cerebral 



hemisphere were associated with development of CPD (Pcorrected = 0.01, Table 2, Figure 

1). After adjustment of age and total lesion volume, which are already known as possible 

effectors for the development of dysphagia, statistically significant correlations were 

found between rPSR and lesions of the right rectal gyrus and globus pallidus, the left 

middle frontal lobes, the right orbital gyrus and medial frontal lobes (Pcorrected = 0.01, 

Table 3, Figure 2). 

Conclusion

Our results suggest that damages to the globus pallidus and frontal lobes in the bilateral 

cerebral hemisphere is associated with increased amount of post-swallow remnant in the 

pyriform sinus which implies the impaired relaxation of cricophayngeus muscle. Future 

researches are needed to develop a neuroanatomical model of post-stroke CPD 

Fig. 1 From top to bottom, A) overlay lesion plots for all patients, B) CPD group, C) control group, D) CPD 

group overlay subtracted with control group overlay, and E) Voxel-based lesion-symptom maps showing 

lesioned areas significantly associated with ratio of post-swallow remnant to the total area of the pyriform 

sinus (rPSR) after controlling for age and total lesion volume (P-threshold of 0.01 corrected for multiple 

comparisons with 5000 permutation thresholding). Color bars indicate the numbers of lesion overlap or Z-

scores. White numbers over slices indicate Montreal Neurological Institute (MNI) z-coordinates.



Table. 1 Baseline characteristics of subjects.

Table 2. Significant regions associated with A) prevalence of post-stroke CPD using Liebermeister statistics, 

and B) severity of post-stroke CPD after adjustment for age and total lesion volume using Freedman-Lane 

multivariable regression.
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Characteristics of Dysphagia in Patients with Frontal Lobe Stroke: A 

Preliminary Study

Ji Won Jung1*, Seung Hoon Han1†

Hanyang University College of Medicine, Department of Rehabilitation Medicine1

Introduction 

The frontal lobe is the largest lobe of the brain, and is commonly involved in stroke. 

Previous research showed that left cortical stroke was associated with increased risk of 

oral dysfunction and right side was associated with increased risk of pharyngeal 

dysfunction. We investigated and analyzed specific characteristics of dysphagia in patient 

with frontal lobe lesion. 

Method 

Twenty-two patients were recruited by reviewing the electric medical records. Patients 

visited our hospital from January 2017 to June 2019 for rehabilitation treatment of 

dysphagia after frontal lobe stroke. Attending physicians physically examined each 

patient’s swallowing function and evaluated it using clinical dysphagia scale (CDS) and 

videofluoroscopic swallowing study (VFSS). All patients were divided into 2 groups by cause, 

affected side, ability to obey command, sit alone and CDS score. Linear-by-linear 

association and Spearman correlation were used to analyze the association between each 

group and variables of VFSS. 

Results

The cause of stroke was hemorrhage or infarction. In 22 patients, the number of 

hemorrhage and infarction was 18 (72%) and 4 (18%), respectively. The number of left, 

right and bilateral frontal lesion was 9 (41%), 5 (23%) and 8 (36%), respectively. <br>In oral 

phase evaluation, 12 (55%) patients had difficulty in lip sealing, 17 (77%) had difficulty in 

chewing and 15 (68%) in tongue movement. Seventeen (77%) patients showed residue in 

mouth. In pharyngeal phase evaluation, 14 (64%) patients had aspiration and 17 (77%) had 

penetration. Six (27.2%) patients had reflux cough. Seventeen (77%) patients had residue 

in vallecular pouch and 14 (64%) had residue in pyriform sinus. Sixteen (72%) had 

premature bolus loss (PBL). <br>The impossibility of obeying command is related to the 

presence of a PBL and the odds ratio was 2.286 (95% confidence interval: 1.311-3.984). 

The ability to sitting alone had moderate positive correlation with chewing function 

(rs=0.581 p<0.05). There was no significant correlation between each group and variable. 



Conclusion 

Dysphagia with frontal lobe stroke was mainly from hemorrhage and over half of the 

patients had several problems in oral phase such as difficulty in lip sealing, chewing and 

tongue movement. In addition, the ability to obey command and sit alone was correlated 

with PBL and chewing function, respectively. This implies that general physical function as 

well as cognitive function may contribute to develop dysphagia in patients with frontal 

lobe stroke.
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The effect of hydrotherapy on balance and paretic knee strength in stroke 

patients: meta-analysis
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Cheonan Medical Center, Improvements in balance and motor functions, particularly BBS, 

were achieved in stroke patients by hydrotherapy. Especially, hydrotherapy rehabilitation 
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Introduction

To overcome the disability and promote neurological and functional improvements on 

patients with stroke, many diverse therapeutic interventions have been used. Among them, 

Water-based therapy, called hydrotherapy, is the rehabilitation therapy that uses the 

unique properties of water, such as natural buoyancy, hydrostatic pressure, 

thermodynamics, hydrodynamic forces, and viscosity. Recently, a meta-analysis regarding 

the effect of hydrotherapy was reported on postural balance of hemiplegic patients after 

stroke by Iatridou G. et al in 2017, but missed some studies and had the statistical 

limitation. Therefore, we performed a meta-analysis to reinforce the effect of 

hydrotherapy for patients with stroke on postural balance following subgroup analysis 

depending on the subacute or chronic stroke phase. 

Methods

A comprehensive search was done via databases(PubMed, EMBASE and Web of science) 

until 12, April, 2019 to select randomized controlled trials(RCTs). The study was registered 

with PROSPERO (registration number CRD42019131894). Berg Balance Scale(BBS) was 

pooled as primary outcome, and Forward Reach Test(FRT), Time Up and Go test(TUG) as 

secondary outcomes. All statistical analyses were performed using RevMan 5.3. Subgroup 

analyses were performed to investigate the impact according to post-stroke onset duration; 

subacute phase (<6 months post-stroke) and a chronic phase (defined as > 6 months post-

stroke). 

Results

Eleven RCTs were included. Seven studies were related to the chronic stroke phase, and 

four articles for subacute stroke phase. Pooled results showed that hydrotherapy was 

more beneficial in patients with stroke on BBS(MD=1.60, 95%CI: 1.00 to 2.19, Fig1), 



FRT(MD=1.78, 95%CI: 0.73 to 2.83, Fig2), and TUG(MD=-1.41, 95%CI: -2.44 to -0.42, Fig3) 

than CT. In subgroup analysis according to stroke-onset duration, hydrotherapy for 

patients with chronic phase, exhibited a significant effectiveness on BBS (MD=1.61 95%CI: 

1.00 to 2.21, Fig1), whereas a favourable, not significant, effect was observed in subacute 

phase(MD=1.04, 95%CI: -2.62 to 4.70, Fig1). 

Discussion

Hydrotherapy has been proven to have a significant effect on postural balance of patients 

with stroke, measured by BBS, FRT and TUG. Especially by focusing on sub-analysis 

conducted in the chronic phase after stroke, this meta-analysis demonstrated that 

hydrotherapy improves BBS. On the other hand, subgroup analysis for three studies with 

subacute stroke phase showed no significant improvement on BBS compared with land-

based CT. 

Conclusion

Improvements in balance and motor functions, particularly BBS, were achieved in stroke 

patients by hydrotherapy. Especially, hydrotherapy rehabilitation for chronic stroke 

patients exhibited significantly greater effects on improving postural stability than did the 

control group. 

Acknowledgment :. 

Figure 1. Overall and subgroup analysis of the effect of hydrotherapy on BBS



Figure 2. Overall and subgroup analysis of the effect of hydrotherapy on FRT

Figure 3. Overall and subgroup analysis of the effect of hydrotherapy on TU
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Cardiopulmonary burden and perceived exertion of robotic-assisted gait 

training after stroke
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Background 

Robotic-assisted gait training (RAGT) is widely used for stroke patients to improve their 

walking ability by providing the high- intensity repetition. However, the burden on 

cardiopulmonary system during RAGT has rarely been studied. 

Objective 

The purpose of this study was to clarify the cardiopulmonary burden of RAGT in stroke 

patients by assessing the change of vital signs and the rating of perceived exertion (RPE) 

during training and to elucidate the exercise intensity of RAGT in light of the recent physical 

activity guidelines. 

Methods 

In this multicenter prospective study, vital signs were recorded from the stroke patients 

during RAGT with either the end-effector or exoskeleton type robotic devices from January 

2018 to April 2019. All patients received RAGT for more than 20 minutes a session, 

between 1 to 13 sessions for a total 3 weeks. During the training, blood pressure and RPE 

were measured every 5 minutes and heart rate and respiratory rate were recorded every 

minute using a wireless electrocardiography sensing device. Using the results, we 

investigated the change of vital signs and RPE and the influence of type of stroke (infarction 



or hemorrhage), presence of comorbidity on cardiopulmonary system. Heart rate reserve 

(HRR) was calculated from measured heart rate and the Karvonen formula. The calculated 

exercise intensity was compared with the physical activity guideline of American College 

of Sports Medicine (ACSM), which recommends moderate-intensity exercise (HRR 40% -

70% or RPE 11-14) for stroke patients. 

Results 

A total of 87 patients, 418 sessions were included for the analysis. The median age of 

patients was 61.5 years (range, 24 to 89 years). Although the heart rate and respiratory 

rate increases over time, the changes were not significant. Other biological signals showed 

no significant change during training. In a repeated measure analysis of variance, there was 

no significant time effect by type of stroke, presence of hypertension, cardiovascular 

disease. None of the vital sign changes met the exercise termination criteria of ACSM. The 

RPE reached 11 (moderate intensity) at 15 min and remained until the end of the RAGT. 

However, the heart rate remained below 40% of HRR during RAGT. 

Conclusion 

The RAGT did not impose great cardiopulmonary burden for stroke patients regardless of 

the presence of hypertension, or cardiovascular disease; or the type of stroke. However, 

current RAGT training protocol stays below the level of recommended moderate intensity 

in terms of cardiopulmonary training. Further studies on the effect of RAGT with higher 

training intensity seems warranted. 
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Figure 1. Average heart rate and recommended target heart rate

Figure 2. Average Rating of perceived exertion (RPE) and recommended intensity of RPE



Figure 3. Average Respiratory Rate
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A Comparison Study of Operational Definition of Cerebral Infarction Based 

on Health Insurance Data

Nam Woo Kwon1*, Dong Wook Kim2, Hyoung Seop Kim1†

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1, National Health Insurance Service Ilsan Hospital, Institute of Health 

Insurance of Clinical Research2

Introduction 

In 2014, the National Health Insurance Corporation(N.H.I.C) released cohort data 

containing 1 million randomly selected individuals for the purpose of establishing research 

data. However, due to the data collected by the N.H.I.C in principle for the purpose of 

claiming medical expenses, diseases not classified as detailed clinical information or billing 

code, and it can carry out inaccurate studies on the use of data. To overcome these 

limitations, operational definitions of each disease need to be exploited. The purpose of 

this study is to identify several operational definitions of the occurrence of cerebral 

infarction and compare them with existing literature data to find the most relevant criteria. 

Through this, we will provide information for accurate research to researchers who utilize 

health claim data. 

Methods 

The data used in this study was the N.H.I.C sample cohort for the 14 years from 2002 to 

2015. It was 2% sampled data on stratified sampling methods that take into consideration 

the gender, age, insurance quintile, and region for all people (48,222,537 persons) who are 

eligible for health insurance. In order to identify the incidence of cerebrovascular disease, 

the incidence per 100,000 people was calculated from 2006 to 2015. After that, a group of 

experts on cerebrovascular diseases were discussed about the number of incidents and 

incidence trends. We defined the following criteria to identify the current status of 

cerebrovascular disease patients over the past decade. Main diagnosis and secondary(2’) 

diagnosis, main diagnosis, main diagnosis / 2’ diagnosis + hospitalization, main diagnosis + 

within 7 days (ER+ Hospitalization), main diagnosis+(CT or MRI), main diagnosis + 

hospitalization + (CT or MRI), main diagnosis + (Hospitalization or ER) + (CT or MRI). 

Results 

The incidence of cerebral infarction defined by main&secondary diagnosis showed a 

decreasing tendency by year, and it was analyzed that it decreased by half to 280.5 per 

100,000 in 2015 from 480.3 per 100,000 in 2006. According to previous studies on the 



incidence of stroke in 2000-2010, the trend of stroke patients is generally increasing, and 

some statistics related to stroke have also increased or maintained trends. Because of 

these conflicting results, it is limited to interpret the result of the analysis based on the 

above operational definition criterion to represent the current state of cerebral infarction 

in Korea. Therefore, the incidence of cerebral infarction based on the operational 

definition of adding "hospitalization or emergency room" and "CT or MRI" to the main 

diagnosis was the most stable compared with the results of the existing literature. 

Conclusion

In the N.H.I.C. data published in 2016, the operational definition of cerebral infarction was 

most stable when it was "primary diagnosis plus hospitalization plus CT or MRI findings" or 

"main diagnosis plus hospitalization or emergency room visit plus CT or MRI findings". 

Table 1. Incidence Rate of Cerebral Infarction Patients by Definition Criteria (per 100,000 people)



Figure 1. Incidence Trend of Patients with Cerebral Infarction (per 100,000 people)
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Characteristics and Risk Factors Associated with Aspiration in Lateral 

Medullary Infarction 

Ju Sun Kim1,2*, Hyun Jung Kim1,2, Jun Yup Kim1,2, Hyo Seon Choi3, Deog Young Kim1,2†

Department and Research Institute of Rehabilitation Medicine, Yonsei University College 

of Medicine, Seoul1, Research Institute of Rehabilitation Medicine, Yonsei University 

College of Medicine, Seoul2, Department of Rehabilitation Medicine, Nowon Eulji Medical 

Center, Eulji University, Seoul3

Objectives

Dysphagia is a common symptom of lateral medullary infarction (LMI). The frequency of 

dysphagia is approximately 57% to 69%, and severe dysphagia and its complication are 

common in patients with LMI. But the characteristics and risk factors of dysphagia and 

aspiration were still unclear. Therefore, this study aimed to evaluate the characteristics of 

dysphagia and risk factors for aspiration or penetration in patients with pure LMI. 

Methods

51 subjects with LMI who underwent a first videofluoroscopic swallowing study(VFSS) from 

onset were enrolled retrospectively from January 2014 to January 2019. To evaluate the 

oral and pharyngeal functions quantitatively, VFSS findings with Thin liquid (IDDSI level 0) 

and puree (IDDSI level 4) were assessed using the functional dysphagia scale (FDS) and 

imaging analysis software, DIPP-Motion V2D (DITECT co, Japan). The penetration-

aspiration scale (PAS) was also used to assess the degree of aspiration. Student t-tests and 

chi-square test were used to compare the aspiration/penetration group and non-

aspiration/penetration group. Multiple linear regression analyses with forward step wise 

method were conducted to evaluate statistically significant risk factors. 

Results

The aspiration or penetration were detected in 33(64.7%) of 51 patients. Post-swallowing 

aspiration was common in puree (60.0%) but pre-swallowing aspiration was common in 

thin liquid (72.6 %). The common abnormal VFSS findings were delayed triggering of 

swallow, residue in valleculae, residue in pyriform sinuses and coating of pharyngeal wall 

after swallow in order (Figure 1). Among general characteristics, age was significantly 

related to aspiration or penetration incidence in all types of viscosity. The FDS subscores 

of residue in valleculae, residue in pyriform sinuses and pharyngeal transit time (PTT) were 

higher in aspiration/penetration group than non-aspiration/penetration group while 

swallowing puree. The FDS subscores of triggering of pharyngeal swallow, residue in 



valleculae, residue in pyriform sinuses and coating of pharyngeal wall were higher in 

aspiration/penetration group than non-aspiration/penetration group while swallowing 

thin liquid (Table 1, p<0.05). Multiple linear regression analyses showed that residue in 

pyriform sinuses, PTT were significant risk factors for aspiration or penetration on puree 

trial. On the other hand, the prolonged pharyngeal delay time (PDT), residue in valleculae 

and coating of pharyngeal wall were significant risk factors on thin liquid trial (Table 2). 

Conclusion

The results revealed that dysphagia in patients with LMI mainly resulted from pharyngeal 

dysfunction, and the risk factors of aspiration or penetration were different according to 

the viscosity of the bolus in patients with LMI. 

Fig 1. Frequency of patents who showed abnormal findings of functional dysphagia scale (FDS) in lateral 

medullary infarction (LMI) 

Table 1. Comparison functional dysphagia scale (FDS) according to Aspiration/Penetration in lateral 

medullary infarction 



Table 2. Linear Regression of Risk Factors for Aspiration/penetration
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Changes of Functional Connectivity after Transcranial Direct Current 

Simulation in Leg Motor Area

Jinuk Kim1*, Heegoo Kim1, Ahee Lee1,2, Jungsoo Lee1,2, Hwang-Jae Lee1,2, Won Hyuk Chang2, 

Yun-Hee Kim1,2†

Samsung Advanced Institute for Health Science and Technology, Sungkyunkwan University, 

1Department of Health Sciences and Technology1, Center for Prevention and 

Rehabilitation, Heart Vascular Stroke Institute, Samsung Medical Center, Sungkyunkwan 

University School of Medicine, 2Department of Physical and Rehabilitation Medicine2

Purpose

Transcranial direct current stimulation (tDCS) has been known as a non-invasive technique 

for neuromodulation of corticospinal excitability. In this study, we investigated differences 

of the resting-state functional connectivity after dual site transcranial direct stimulation 

(tDCS) for modulation of gait-related neural network plasticity using functional near-

infrared spectroscopy (fNIRS) in stroke patients. 

Methods 

Twenty stroke patients (13 males; mean age 56.0 ± 10.2 years) participated in this single-

blind, randomized cross-over study. Four conditions were randomly applied with 24 hours 

of washout period between each condition: dual-site anodal stimulation over the 

bihemispheric primary leg motor area (M1leg) and supplementary motor area (SMA) (Dual 

Condition); anodal stimulation over the ipsilesional M1leg and SMA (Ipsilesional Condition); 

anodal stimulation over the contralesional M1leg and SMA (Contralesional Condition); 

sham stimulation over the bihemispheric primary leg motor area (M1leg) and 

supplementary motor area (SMA) (Sham condition). Two battery-driven stimulators (DC 

Plus stimulator, NeuroConn Ltd., Germany) were used with 2 mA direct current in each 

anode. Cathodal electrodes were placed on bilateral supraorbital areas. During the 30 

minutes of stimulation, subjects took rest in the early and late 10 minutes and walking on 

a treadmill in the middle 10 minutes. The hemodynamic responses were recorded by an 

fNIRS system (NIRScout®, NIRx Medical Technologies, Germany) at before and after the 

intervention. Pearson correlation coefficient was generated from oxyhemoglobin signals. 

Results 

To confirm the changes of the connectivity after tDCS stimulation compared with the sham 

stimulation, the network change was investigated by thresholding based on the correlation 

coefficient value of 0.6. The network changes after dual-site stimulation was noticeable 



compared to single or sham stimulation conditions. Connectivity between sensorimotor-

related areas such as M1leg, SMA, and primary sensory motor cortex was increased after 

dual-site stimulation. 

Conclusions 

This study implies dual-site tDCS may enhance the neuromodulation effect in the gait-

related motor network compared to the conventional single-site stimulation in stroke 

patients. 

Acknowledgment :This research was supported by a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), 

funded by the Ministry of Health & Welfare, Republic of Korea (HI17C1501) and NRF (NRF-

2017R1A2A1A05000730, NRF-2017M3A9G5083690) funded by the Korean government. 
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The Visuospatial Gait Parameters for Predicting Rehabilitation Outcomes in 

Ischemic Stroke Patients

Su Hwan Bae1*, Dae Yul Kim1, Jong Yoon Yoo1†

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

Backgrounds 

Regaining walking ability is a major goal for rehabilitation program in stroke patients. 

Previous studies reported many prognostic factors for recovery for stroke patients. 

However, Prognostic factors in ambulatory recovery of stroke patients were not well 

defined especially, using gait analysis parameter.

Objective 

To investigate if visuospatial gait parameters at admission predict rehabilitation outcomes 

in ischemic stroke patients. 

Methods 

Ischemic stroke patients conducted gait analysis at admission from June 2016 to April 2018 

were included in this retrospective study. Patients who were unable to walk independently 

before stroke and have comorbid conditions that could influence gait ability including 

other brain diseases were excluded. For outcome measure, functional ambulatory 

category (FAC), modified Rankin scale (mRS), and modified Barthel index (MBI) were 

measured at the beginning and end of 4 weeks rehabilitation program. The relationship 

between parameters from gait analysis and functional outcomes were analyzed by point-

biserial correlation analysis. 

Results 

A total of 37 patients were included in analyses. Table 1 shows baseline characteristics of 

patients. Table 2 shows the correlation between gait parameters and rehabilitation 

outcomes. Gait speed and step length were positively correlated with initial FAC, post FAC 

and FAC change, and negatively correlated with initial mRS and post mRS. The single limb 

support phase ratio (unaffected side / affected side) was negatively correlated with post 

FAC and FAC change. Stance phase was negatively correlated with post FAC and positively 

correlated with post mRS. Especially, gait parameters and functional outcomes at the end 

of rehabilitation were closely related. No gait parameter showed a significant correlation 

with MBI. 



Conclusion 

Our results suggested that gait speed, step length, single limb support phase ratio, stance 

phase at the initial state of rehabilitation are closely related to functional outcomes. 

Especially, gait parameters and functional outcomes at the end of rehabilitation were 

closely related. Therefore, gait analysis at the early phase of rehabilitation could be used 

to predict functional recovery. For this work, further large scale study will be necessary. 

Acknowledgment :none 

Table 1. Baseline characteristics of patients.



Table 2. The correlation between gait parameters and rehabilitation outcomes. Gait speed, single limb 

support phase ratio, step length, and ratio of stance phase were significantly correlated with FAC and mRS, 

especially at the end of rehabilitation.
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The Effect of Extracorporeal Shock Wave Therapy on Ankle Tightness in 

Stroke Patients

Kyeong Woo Lee1†, Sang Beom Kim1, Jong Hwa Lee1, Young Sam Kim1*

Dong-A University Hospital, Department of Rehabilitation Medicine1

Background

The tightness of ankle muscles is one of the main factors hindering in daily activities in 

stroke patients. Previous studies showed that extracorporeal shock wave therapy (ESWT) 

may decrease muscle tightness by direct action on muscle and indirect action on 

intramuscular connective tissue. There are few studies about this subject. The purpose of 

present study is to compare the effect of ESWT with that of conventional stretching 

exercise in ankle muscle tightness after stroke. 

Methods

We enrolled hemiplegic stroke patients who had posterior ankle tightness with weak 

dorsiflexion, and who could ambulate with or without assist device. Subjects were 

randomly divided into two groups, ESWT group (EG) and conventional group (CG). In the 

EG, ESWT was performed for three weeks (two sessions per week). In each session, a 

practitioner applied 1500 shocks on affected calf muscle in prone position at energy level 

of 0.2mJ/mm2. Both group received stretching exercise twice a day, five days a week, for 

3 weeks. In each session, 5 sets of stretching exercise for one minute with 10 seconds break. 

Before and after intervention, maximal passive range of motion in ankle, 6-minute walk 

test, functional ambulatory category (FAC) and Korean version of modified barthel index 

(K-MBI) were investigated to examine the functional status. 

Results

Both groups had eight patients who completed the 3-week intervention. No differences 

were identified in any of the demographics between two groups (Table 1). After the 3-

week intervention, improvement was found in all of the measurements in both groups 

(Table 2). There were no significant differences in change of any measurements between 

the two groups (Table 3). There were no complications in either group during the study. 

Conclusion

After the 3-week therapy, improvement was found in all measurement items in both 

groups. ESWT showed no superiority to conventional stretching exercise. We studied 

special group called a stroke patient. So the negative effect of hemiplegic might affect 



more than positive effect of ESWT. Future studies with larger number of participants 

should be necessary. 

Table 1.Baseline characteristics of both groups

Table2. Change of measurements between both groups after 3 weeks therapy



Table3.Comparison of changes between both groups
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Influence of Supraglottic Swallow on Swallowing Kinematics

Min Yong Seong1*, Byung-Mo Oh1†, Han Gil Seo1, Tai Ryoon Han1

Seoul National University Hospital, Department of Rehabilitation Medicine1

Objective

This study was conducted to evaluate the influence of supraglottic swallowing maneuver 

on swallowing kinematics using kinematic analysis of a videofluoroscopic swallowing study 

(VFSS). 

Method

Twenty healthy volunteers (10 in a young group (＜40 years) and 10 in an elderly group 

(≥60 years)), participated in this study. After structured instruction by a skilled physician, 

the subjects swallowed 5 ml of diluted barium in the neutral position without any 

swallowing maneuvers, as well as with supraglottic swallow maneuver under digital 

videofluoroscopy, three times each. Kinematic analysis was conducted by digitization of 

video files for movements of hyolaryngeal structures, including the hyoid bone, larynx, 

arytenoid, and epiglottis. We measured the maximum displacements and velocities of the 

hyolaryngeal structures during swallowing. 

Result

The most remarkable change in supraglottic swallow was the maximum vertical 

displacement (mm) of the hyoid bone during swallowing in both groups (11.5±3.34–

19.7±6.88 in the young group, P=0.009; 13.4±2.13-22.8±5.35 in the elderly group, 

P＜0.001). For velocity variables, patterns of change differed between the young and 

elderly groups. In the young group, the maximum vertical velocities of the larynx and 

arytenoid were decreased (P＜0.05), but in the elderly group, the maximum 2D velocity of 

hyoid bone, maximum horizontal and 2D velocity of the larynx and maximum horizontal 

velocity of the arytenoid were increased (P＜0.05). There were no significant differences 

in changes between the young and elderly groups. 

Conclusion

This study showed that supraglottic swallow could affect hyolaryngeal movements, 

particularly vertical hyoid movement, during swallowing. Beneficial kinematic changes in 

supraglottic swallow were more pronounced in the elderly group. Therefore, supraglottic 



swallow may contribute to swallowing improvement by enhancing hyolaryngeal 

movements during swallowing, in addition to laryngeal closure. 
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The Mechanism of Gait Recovery using End-effector type Rehabilitation 

Robot for Stroke Patients

Su Hwan Bae1*, Min Ho Chun1†, Kyeong Ju Song1, Junekyoung Lee1, Dae Yul Kim1

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

Objective 

To demonstrate the effect and mechanism of the end-effector type rehabilitation robot 

(Morning-walk) for stroke patients. 

Methods 

Stroke patients with functional ambulatory category scale 2 or higher were included in this 

study. Patients were randomly assigned to one of two groups: 30 minutes of training with 

Morning walk, a lower limb rehabilitation robot, plus 1 hour of conventional physiotherapy 

or 30 minutes of training with ergometer plus 1 hour of conventional physiotherapy. All 

patients received rehabilitation five times per week for three weeks. The primary outcome 

was the changes of brain activity evaluated by functional Near-Infrared Spectroscopy. 

(fNIRS) The secondary outcomes were functional ability, assessed using the functional 

ambulatory category scale, modified Barthel index, Berg balance scale, Motricity index, 10 

meter walk test and gait parameters evaluated by motion analysis. All patients were 

evaluated functional ability before and after 3 weeks of rehabilitation. Also, in the case 

group, patients were evaluated brain activity using fNIRS at the first and last session of 

robot assisted gait training. 

Results 

A total of 13 patients were included in analyses. (Case 7, Control 6) Table 1 represents 

baseline characteristics of case and control group. There was no significant difference 

between case group and control group. Table 2 represents the changes of clinical variables 

before and after 3 weeks of rehabilitation. Although not statistically significant, the results 

of 10m walk test, motricity index and Rivermead mobility index were more improved in 

the case group than the control group. Figure 1 represents one example of changes in brain 

activity evaluated by fNIRS at the first and the last session of rehabilitation. Compared to 

resting state, the premotor and motor cortical activities of both affected and unaffected 

side were increased at the end of robot assisted gait training in the first session. The 

premotor and motor cortical activities of both affected and unaffected side were increased 

from the early stage of robot assisted gait training in the last session. Generally, the 



average degree of brain activity in the last session was higher than brain activity in the first 

session. 

Conclusion 

Our results implied that robot assisted gait training with Morning-walk combined with 

conventional physiotherapy improve walking ability. Furthermore, the premotor and 

motor cortical activities of stroke patients were increased with robot assisted gait training. 

These results could provide some explanations for the mechanism of recovery from 

rehabilitation in the stroke patients. For this work, further study will be necessary. 

Acknowledgment :This study was supported by CUREXO, Inc. 

Table 1. Baseline characteristics of patients. There was no significant difference between case group and 

control group.



Table 2. The changes of clinical variables before and after 3 weeks of rehabilitation. Although not statistically 

significant, the results of 10m walk test, motricity index and Rivermead mobility index were more improved 

in case group than control group.



Figure 1. The example of changes in brain activity evaluated by fNIRS at the first and the last session of 

rehabilitation using end-effector type rehabilitation robot (Morning walk). This patient was diagnosed with 

Rt. hemiparesis due to Lt. internal capsule infarction. Compared to resting state, the premotor and motor 

cortical activities of both affected and unaffected side were increased at the end of robot assisted gait 

training in the first session. The premotor and motor cortical activities of both affected and unaffected side 

were increased from the early stage of robot assisted gait training in the last session.
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Relationship between Speech Mechanism Disorder and Dysphagia in 

Patients with Acquired Brain injury

Kil Byung Lim1†, Jiyong Kim1, Hojin Lee1, Sangwan Lee1, Sungsik Son1, Haseong Kim1*

Inje University Ilsan Paik Hospital, Department of Rehabilitation Medicine1

Objective 

Dysphagia is common symptom in patients with acquired brain injury and contributes to 

the risk of aspiration pneumonia, which is one of the main causes of death in stroke 

patients. Deglutition is made through harmonic movements of Oropharyngeal structures 

and can be evaluated radiologically by video fluoroscopic swallowing study(VFSS). Since 

dysphagia is related to oropharyngeal anatomy, patients with dysphagia often present 

dysarthria or dysphonia simultaneously. Appropriate speech is also made through 

elaborate coordination of respiratory, vocal and articulatory organs. The purpose of this 

study is to find relationship between speech mechanism and dysphagia in patients with 

acquired brain injury. 

Subjects and Methods 

The charts of forty-four patients with acquired brain injury who admitted or transferred to 

our department and were examined and diagnosed to have clinical dysarthria by two 

different physicians and who could obey more than 2-step command consistently were 

reviewed in this study. Results of Speech Mechanism Screening Test(SMST), which is 

standardized study for Korean people from Oral Speech Mechanism Screening 

Examination-Revised(OSMSE-R) were collected. Also Penetration Aspiration Scale(PAS) 

and other subscales of VFSS were collected. Lastly, cognitive test results including Mini-

mental status examination(MMSE) and Montreal Cognitive Assessment(MoCA) which 

could affect the results above were also collected. The correlation between these 

outcomes was statistically analyzed. 

Results 

While Overall score and subscores of SMST showed no correlation with PAS or residual 

volume at oropharyngeal structures, oral transit time which is closely related to oral phase 

of swallowing mechanism showed strong correlations. Structural(r=-.479, p=.001), 

functional(r=-.348, p=.021), Diadochokinetic(r=-.412, p=.005) and overall(r=-.574, p<.001) 

scores of SMST showed negative correlation with oral transit time. Besides functional score 

of SMST showed positive correlation with cognitive test results also; MMSE(r=.412, p=.005), 



MoCA(r=.631, p=.001), and oral transit time also showed positive correlation with 

MMSE(r=-.391, p=.009) and MoCA(r=-.464, p=.017). 

Conclusion 

The integrity speech mechanism have close relationship with oral phase of swallowing, 

especially oral transit time. 

Table 1 Pearson’s correlation efficient between SMST scores and oral transit time, p-value specified.

Table 2 Pearson’s correlation efficient between SMST scores, oral transit time and cognitive test results
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Status of subjective memory complaints evaluated with SMCQ in post-

stroke patients

Inkyoung Cho1*, Joon-ho Shin1†

National rehabilitation center, Department of Rehabilitation Medicine1

Introduction 

Subjective memory complaints (SMC), “memory difficulties or problems reported by 

patients themselves and whether these are irritating and/or worrying for them”, are 

common after stroke. SMCQ was self-rated questionnaires for SMC and reported to be a 

reliable and valid instrument for evaluating SMC in elderly. Therefore, the purpose of the 

present study was to find out the status of SMC in vascular dementia patients. 

Method

In this study, subjects were consecutively recruited from inpatient post-stroke patients of 

stroke unit for younger population under age of 65, a rebailitation hospital in Seoul, 

Republic of Korea from June 2014 to July 20. The inclusion criteria were as follows; (1) 

Subjects were diagnosed as cerebrovascular disease with imaging evidence (CT and/or MRI) 

of cerebrovascular disease and (2) Age over 20 and less than 65 years. We excluded 

subjects diagnosed other neurodegenerative disorder, severe depression, severe aphasia. 

We measured SMCQ. SMCQ consists of 14 items reflecting meta-cognition of general and 

specific memories. 4 items of the SMCQ (SMCQ-G) access global memory function, and 10 

items of the SMCQ (SMCQ-E) access everyday memory function, and 60 minutes Korean 

version of Vascular Cognitive Impairment Harmonization Standards Neuropsychological 

(60m-K-VCIHS-NP),MMSE, CDR. To evaluate the validity of the SMCQ, Pearson correlation 

coefficients were used for the scores of the SMCQ and the scores of MMSE and the 

neuropsychological tests from K-VCIHS-NP. 

Results 

Table 2 presents concurrent validity of the SMCQ in stroke patients. SMCQ score showed 

good correlation with neuropsychological assessment tool which evaluates not only tests 

for memory, but also executive function (COWAT-animal, COWAT phonemic), and 

language function (K-BNT). In addition, SMCQ score showed good correlation with MMSE, 

widely used screening test for dementia. There is no significant correlation with MBI. <br> 

Conclusion 



Subjective cognitive impairment is reported by almost all patients after stroke. This study 

suggests that SMCQ showed good correlation with other validated study, such as K-VCIHS-

NP, MMSE.

Table 1. Comparison of the demographic factors between vascular dementia group and control group



Table 2. Concurrent validity of the SMCQ in stroke patients 
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The reliability of DTT for the corticospinal tract according to number of 

region of interest

Sung Ho Jang1†, Jeong Pyo Seo1†, Seung Hwa Jang1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Purpose

We investigated the reliability of diffusion tensor tractography (DTT) for the corticospinal 

tract (CST), which is one of most actively researched neural tracts on this topic according 

to the number of regions of interest (ROIs) in terms of the repeatability and reproducibility. 

Materials and Methods

A total of 31 right-handed healthy subjects were recruited for this study. We defined three 

ROIs along the descending pathway of the CST (the first ROI: the pure CST area in the upper 

pons, the second ROI: the pure CST area in the lower pons, and the third ROI: the posterior 

limb of the internal capsule) and employed three kinds ROIs (the single ROI: the first ROI, 

the dual ROIs: the first and second ROIs, and the triple ROIs: the first, second and third 

ROIs). DTT parameters (fractional anisotropy [FA] and voxel number [VN]) of the CST were 

measured in both hemispheres. 

Results

Regarding the single ROI method for the reconstruction CST, the results of intra-class 

correlation coefficient (ICC) showed excellent intra-rater reliability (ICC, FA: 0.915 and VN: 

0.811) and inter-raters reliability (ICC, FA: 0.934 and VN: 0.758). The dual ROI method also 

revealed excellent intra-rater reliability (ICC, FA: 0.942 and VN: 0.910), and inter-raters 

reliability (ICC, FA: 0.921 and VN: 0.853) with highest values among three methods. In the 

triple ROI method for the reconstruction CST, results of ICC showed excellent in intra-rater 

reliability (ICC, FA: 0.922 and VN: 0.877), and inter-raters reliability (ICC, FA: 0.916 and VN: 

0.844). 

Conclusion

We found excellent reliability of DTT for the CST in all three kinds of ROI methods and best 

reliability of the dual ROI methods. 

Acknowledgment :This work was supported by the Medical Research Center Program 

(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 



Fig. (A) First, second and third region of interest (ROIs: roundly drawn area) are applied to the corticospinal 

tracts areas in the upper pons, lower pons, and posterior limb of internal capsule, respectively. (B) The 

reconstructed corticospinal tracts according to the number of region of interest. 
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Intrinsic network properties and cognitive function after mild traumatic 

brain injury

Eunkyung Kim1, Han Gil Seo1, Min-Gu Kang1, Min Yong Seong1*, Heejae Kim1, Roh-Eul Yoo2, 

Seung Hong Choi2, Won-Sang Cho3, Sang Do Shin4, Byung-Mo Oh1†

Seoul National University Hospital, Department of Rehabilitation Medicine1, Seoul 

National University Hospital, Department of Radiology2, Seoul National University Hospital, 

Department of Neurosurgery3, Seoul National University Hospital, Department of 

Emergency Medicine4

Introduction

To investigate the association between characteristics of intrinsic functional connectivity 

in mild traumatic brain injury (mTBI) patients and their cognitive function assessed by 

computerized NeuroCognitive Function Test (CNT). 

Methods 

Ten individuals with mTBI and nine controls were included (mean age 42.9±13.7 years, 

41.4±14.3 years, respectively). Resting state functional magnetic resonance imaging data 

were acquired within 30 days after injury (3T Siemens scanner). CNT scores were acquired 

measuring attention, memory, and executive cognitive function. Brain imaging data was 

preprocessed using the FSL (v6.0.1). Brain signal of the 116 regions of interest (ROIs; from 

Automated Anatomical Labeling template) was extracted from the preprocessed and 

bandpass filtered time series data. Positive correlation matrix was constructed individually 

across the ROIs and thresholded considering the sparsity of the matrix (the number of 

edges was the same between individuals, the size of the connected components was the 

largest). Betweenness centrality (BC) and local efficiency (Eloc) were estimated. 

Spearmans’ correlation coefficient between the sub-scores of CNT test and the values of 

BC or Eloc was estimated with controlling for age in each group. Statistical significance was 

set at P < 0.001. 

Results 

In mTBI group, for BC, positive correlation was observed in the left middle temporal pole 

with scores of visual learning test A1; the number of words recalled in first trials (r=0.901) 

and delayed recall test (r=0.907). Positive correlation was observed in the right 

parahippocampal area with scores of word reading test (r=0.958). Negative correlation was 

observed in the Vermis 1,2 and left dorsolateral superior frontal area with scores of word 

reading test (r=-0.936 and -0.945 respectively). For Eloc, no significant correlation was 



observed. In control group, for BC, negative correlation was observed in the right middle 

temporal pole with scores of visual learning test A5 (r=-0.941). For Eloc, the left middle 

frontal area and scores of forward digit span test was positively correlated (r=0.959), while 

the left middle occipital area and scores of visual learning test A5 was negatively correlated 

(r=-0.944). 

Conclusion

The finding indicates that BC and Eloc are relevant to represent altered intrinsic functional 

connectivity caused by mTBI. 

Acknowledgment :National Research Foundation of Korea (NRF) 2018R1C1B6002554 and 

2017R1A2B3005912 
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Severe motor weakness due to limb-kinetic apraxia in HI-BI

Jeong Pyo Seo1†, Sung Ho Jang 1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Physical Medicine and 

Rehabilitation 1

Objectives

Limb-kinetic apraxia (LKA) is defined as a movement execution disorder, resulting from 

injury of the corticofugal tracts (CFTs) from the secondary motor area. We investigated the 

relationship between severe motor weakness and LKA due to injury of the CFTs in the 

patients with hypoxic-ischemic brain injury (HI-BI) by using diffusion tensor tractography 

(DTT). 

Methods

Seven patients with HI-BI who showed severe quadriparesis and 12 age- and sex-matched 

normal healthy control subjects were enrolled. Motor evoked potential (MEP) was 

measured for the abductor pollicis brevis muscle (APB), while fractional anisotropy (FA), 

mean diffusivity (MD), and tract volume (TV) values for the corticospinal tracts (CSTs) and 

the CFTs from the secondary motor area were measured on DTT. 

Results

The largest amplitude MEPs for the bilateral APBs of the patients averaged 3514.3 µV (right) 

and 2885.7µV (left). The FA values of the CST, the CFT from the dorsal premotor cortex 

(dPMC) and the CFT from the supplementary motor area (SMA) of the patient group were 

significantly lower than those of the control group (p < 0.05). The MD values for the CFTs 

from the dPMC and the SMA of the patient group were significantly higher than those of 

the control group (p < 0.05), whereas the TV values for the CST and the CFT from the SMA 

of the patient group were significantly lower than those of the control group (p < 0.05). 

Conclusions

We conclude that the severe motor weakness in these HI-BI patients could be attributed 

to LKA due to CFT and CST injuries. Our results have important implications for 

rehabilitation of patients with HI-BI because LKA can be resolved through intensive 

rehabilitation. 

Acknowledgment :This research was supported by Basic Science Research Program 



through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education (NRF-2016R1A6A3A11933121) 

Fig. Results of diffusion tensor tractography. For both hemispheres, the corticospinal tract (CST, red and 

yellow color) and the corticofugal tracts (CFTs) from the dorsal premotor cortex (dPMC, green color) and 

supplementary motor area (SMA, blue color) are reconstructed in a representative patient (39-year old 

female) and a control subject (40-year old female). Tract narrowing is indicated by yellow arrows
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Effects of prefrontal tDCS on executive function in patients with traumatic 

brain injury

Ja Young Choi1*, Jong Youb Lim2, Jin Seok Bae2, Dongmin Hwang1, Kang Jae Jung2†

School of Medicine, Chungnam National University, Department of Rehabilitation 

Medicine1, Eulji University College of Medicine, Department of Physical and Rehabilitation 

Medicine2

Objective

Transcranial direct current stimulation (tDCS), a non-invasive stimulation, has been 

reported to be a promising technique in enhancing cognitive function by modulating 

cortical excitability. This study was designed to investigate the effect of prefrontal tDCS on 

executive function in patients with traumatic brain injury. 

Design

Randomized, sham-controlled, double-blind trial 

Methods

Sixteen patients with traumatic brain injury were included. After baseline assessment, they 

were randomized into two groups: cognitive task training with 1mA of prefrontal tDCS 

group and sham stimulation group. The experimental group (n =8) received 20 min of tDCS 

to target the left dorsolateral prefrontal cortex (DLPFC), 5 days per week for 2 weeks, total 

10 sessions. The control group (n= 8) received sham stimulation during the same period. 

Frontal assessment battery (FAB), Montreal cognitive assessment (MOCA), and stroop test 

were conducted to measure executive function. Assessments were performed at baseline, 

after intervention, and 2 weeks after intervention. 

Results

Fourteen subjects completed the intervention. Although both groups showed 

improvements in clinical measure, there were no statistically significant group differences 

in executive function measured by FAB, MOCA, and stroop test. 

Conclusion

In this study, tDCS has limited impact on executive functions in patient with traumatic brain 

injury. Further study is needed to delineate the factors associated with the effectiveness 

of tDCS therapy. 
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Effect of Repetitive Transcranial Magnetic Stimulation on Tinnitus in 

Patients with Stroke

Woo-Yong Shin1*, Seo-Ra Yoon1†, Min-Ji An1, Nam-Gyu Im1, Kyung-Rok Oh1, Su-Ra Ryu1, Yu-

Ri Choe1

Kwangju Veterans hospital, Department of Rehabilitation Medicine1

Objective 

The purpose of this study is to investigate the effect of low frequency repetitive 

transcranial magnetic stimulation (rTMS) on tinnitus in patients with stroke. 

Subjects and method 

This study was designed by double-blind and placebo-controlled study. Twenty tinnitus

patients with stroke were recruited. Ten patients were randomly assigned to the real rTMS 

group (n=10), while the others were sham rTMS group (n=10). The stimulation was 

delivered with butterfly-coil on left auditory cortex. In one session, 1200 pulses at 1 Hz and 

an intensity of 110% of resting motor threshold (RMT) was delivered for a period of 20 

minutes. One session were administered each day from Monday to Friday for 2 consecutive 

weeks (10 session). The resting motor threshold (RMT) was determined at the beginning 

of the study as the minimal intensity that produced motor-evoked potentials of at least 

0.05mV in the right abductor pollicis brevis muscle in half of a series of 10 stimulations. 

We assessed Tinnitus Handicap Inventory (THI), VAS (Visual Analog Scale) of tinnitus 

loudness to measure functional auditory discomfort and severity of tinnitus. These scales 

measured before rTMS and immediately after the last session. 

Results 

There were no significant differences in the baseline characteristics and initial values 

between two groups. After last session, no significant changes were observed in any 

outcome in the sham rTMS group. Significant improvements in Tinnitus Handicap 

Inventory (THI), VAS (Visual Analog Scale) of tinnitus loudness were observed in the real 

rTMS group after last session, when compared with the sham rTMS group. 

Conclusion 

Low frequency (1Hz) rTMS was effective on tinnitus in patients with stroke. The effect was 

significantly greater than observed with sham stimulation. These results support the 

potential of rTMS as a new therapeutic tool for the treatment of tinnitus with stroke. 



Further studies are needed to identify the underlying mechanism and generate a detailed 

protocol 
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Corticostriatal tracts between the striatum and the premotor area in the 

human brain: A DTT study

Jeong Pyo Seo1†, Sung Ho Jang1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Physical Medicine and 

Rehabilitation 1

Interaction between the striatum, the supplementary motor area (SMA), and the premotor 

cortex (PMC) is involved in the performance of movement sequences and skilled 

movements. Although a few studies have described the neural connectivity of the bilateral 

corticostriatal (CStr) tracts by using diffusion tensor imaging (DTI), no previous CStr tract 

study has fully reconstructed their structure in the live human brain. In the current study, 

by using diffusion tensor tractography (DTT), we reconstructed the CStr tracts and 

observed the characteristics of those CStr tracts in normal subjects. Forty-two healthy 

subjects were enrolled in this study. The CStr tracts, one from the dorsal premotor cortex 

(dPMC) and the other from the SMA, descend to the striatum of the basal ganglia. Their 

structures were reconstructed by using DTI data. Fractional anisotropy, mean diffusivity, 

and tract volume of the CStr tracts were measured. In all subjects, CStr tracts, which 

originate from the dPMC and the SMA, were shown to descend through the corona radiata 

and terminate at the striatum. No significant differences in DTT parameters of the CStr 

tracts originating from the dPMC and the SMA were observed between the left and right 

hemispheres (p > 0.05). We reconstructed the CStr tracts from the dPMC and the SMA in 

the human brain by using DTT. We believe that the results and the proposed reconstruction 

method used in this study will be useful in future research into the CStr tracts in the human 

brain. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea (NRF) funded by the Ministry of 

Education (NRF-2016R1A6A3A11933121) 



Fig. The regions of interest (ROIs) and results of diffusion tensor tractography for the bilateral corticostriatal 

(CStr) tracts from dorsal premotor cortex (dPMC) and the supplementary motor area (SMA) (A) The seed and 

target ROIs are placed on the striatum of the basal ganglia (yellow), and the dPMC (blue) and SMA (red), 

respectively. (B) The CStr tracts from the dPMC and SMA are reconstructed in both hemispheres of the brain 

of a normal subject (35-year-old male). (C) The pathway of the CStr tracts is shown at three levels of the brain 

of a normal subject (35-year-old male).
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Comparison of Computer-assisted Cognitive Rehabilitation Effects between 

Stroke and TBI

Ju-Hyun Kim1*, Tae-Woo Nam1, Seung-Hwan Jung2, Chan-Hee Park2, Yang-Soo Lee2, Tae-

Du Jung1†

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine1, 

Kyungpook National University Hospital, Department of Rehabilitation Medicine2

Objective

Stroke and traumatic brain injury lead to cognitive, neurological disorders, which can result 

in many difficulties at daily living. The purpose of this study is to investigate the difference 

in treatment results between stroke and traumatic brain injury. 

Methods 

Sixty-one adults with brain damage were recruited retrospectively in this study. Thirty-

three people who had suffered from stroke and 28 from traumatic brain injury(TBI) were 

involved. Before and after computer-assisted cognitive rehabilitation, all participants were 

assessed their cognitive function using Computerized Neuropsychological Test(CNT, 

Version 4.0, Maxmedica). Computerized Neuropsychological Test is composed of 6 

components; verbal memory, visual memory, attention, visuo-motor coordination and 

high cognition tests. All participants were received 30 sessions of computer-assisted 

cognitive rehabilitation(Comcog, Maxmedica), five times per week. Each sessions were 

proceed for 30minutes. The comparison of treatment effects were statistically analyzed 

using SPSS. 

Results

Before cognitive rehabilitation, there was no significant difference between the two 

groups in each contents of CNT. After treatment, considering all patients as one group, 

people showed improvement in almost all CNT contents. Comparing the results between 

two groups, All components except visual learning test and word color test were improved 

in the stroke patients. Meanwhile, in the TBI patients, there was no significant difference 

between before and after treatment at digital span backward, auditory CPT, visual CPT, 

and card sorting test. 

Conclusions 

Computer-assisted cognitive rehabilitation is widely used tool for patients with cognitive 

impairments. According to present study, in contrast to stroke patients, TBI patients didn’t



show significant difference before and after treatment at the digital span backward, 

auditory CPT, visual CPT, and card sorting test. These components are related to ability 

regarding attention, inhibition, and high cognition, and are thought to be deeply associated 

to the frontal region of the brain. Traumatic brain injury, which can cause diffuse injury to 

the brain, is more likely to cause damage to the frontal area than stroke is. Consequently, 

response to cognitive rehabilitation shows different patterns. 
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A Study of Operational Definition of Cerebral Hemorrhage Based on Health 

Insurance Claim Data

Jun Min Cha1*, Dong Wook Kim2, Hyoung Seop Kim1†
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Objective

In 2014, the National Health Insurance Corporation released sample cohort data that 

included 1 million randomly selected individuals, 2% of the total population, for the 

purpose of constructing research data. However, since the data of the National Health 

Insurance Corporation is collected for the purpose of requesting medical expenses, 

diseases not classified as a billing code are classified as 'unspecified', and inaccurate 

research can be performed using the data. To overcome these limitations, operational 

definitions of each disease need to be utilized, thereby reducing limitations such as 

overestimation or underestimation that may occur in using the data. The purpose of this 

study is to provide several operational definitions for the occurrence of cerebral 

hemorrhage and to provide information for accurate research by comparing the results 

with those of existing literature and finding the most similar results. 

Methods 

In order to identify the current status of patients with cerebral hemorrhage, the incidence 

per 100,000 people was calculated based on the number of patients with cerebral 

hemorrhage and the population from 2006 to 2015. In this study, the classification of 

patients with cerebral hemorrhage was defined based on ICD-10 (International 

Classification of Diseases, 10th Revision) coding, and the diagnoses corresponding to 

cerebral hemorrhage were identified as I60, I61, I62. 

Results 

Basically, there were seven candidates (primary disease/secondary disease, primary 

disease, primary disease/secondary disease + admission, primary disease + (ER visit + 

admission within 7 days), primary disease/secondary disease + (CT or MRI findings), 

primary disease/secondary disease + admission + (CT or MRI findings), primary 

disease/secondary disease + (admission or ER visit) + (CT or MRI findings)) for operational 

definition. According to various literature, the incidence of cerebral hemorrhage is not a 

significant decrease pattern. Therefore ‘primary disease/secondary disease + admission’ 



or ‘primary disease/secondary disease + (admission or ER visit) + (CT or MRI findings)’ 

seems to be most stable definition criteria. 

Conclusion 

Operative definition is necessary to supplement the ‘disease diagnosis’ which is attributed 

to each patient, because it may be somewhat inaccurate in understanding the trend of 

actual disease. In this study, we found that ‘primary disease / secondary disease + 

admission’ or ‘primary disease / secondary disease + (admission or ER visit) + CT or MRI 

findings’ were the most stable definition criteria. 

Table . Incidence rate of cerebral hemorrhage patients by definition criteria (per 100,000 people)



Fig. Incidence trend of patients with cerebral hemorrhage
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Feasibility test of SMART pegboard regarding upper extremity rehabilitation 

after stroke

Yeajin Ham1*, Ho Yonung Ban2, Young Geun Choi2, Ho Yeaong Song2, Dong Seok Yang2, 

Joon-Ho Shin1†

National Rehabilitation Center, Department of Rehabilitation Medicine1, Neofect, 

Technology strategy and rehab2

Objective

Pegboard training has been used for traditional upper limb rehabilitation, but the 

monotonous therapeutic characteristic prevents repetitive training. We developed the 

SMART pegboard (Neofect, Seongnam, Korea), adopting a gamified approach on the 

conventional pegboard and providing various upper limb training programs to increase the 

patients' motivation. The present pilot study aimed to assess the clinical feasibility of this 

newly developed rehabilitation apparatus device, the SMART pegboard for the upper limb 

training. 

Methods

This study was an experimental pre-post design and conducted in a single rehabilitation 

hospital. The SMART pegboard training programs consist of 15 programs, the patients were 

received various rehab training properly according to individuals’ level and status. The 

primary outcome was changed in the Fugl–Meyer assessment (FMA) score, and the 

secondary outcomes were changes in the Box and Block Test (BBT) score, and Jebsen-

Taylor Hand Function Test (JTHFT) score. Evaluations were conducted twice before and 

after the intervention. The paired t-tests were used as the statistical methods for 

comparisons of repeatedly measured clinical scales. In addition, the usability test was 

performed to reflect the participants' satisfaction for the device. 

Results

Nineteen hemiplegic stroke patients were participated and included in the analysis. All 

functional outcome measurements (FMA, BBT, and JTHFT) showed very significant 

improvements (p < 0.001) after the intervention which indicating that the great 

improvement in upper extremity functions including both proximal and distal parts. Also, 

the usability test showed high satisfaction with 4.9 out of 5 points, with the highest score 

being in the effects of recovery. The additional opinions for the intervention with the 

SMART pegboard were that the various programs encouraged the participation in 

rehabilitation and the level was appropriately challenging. 



Conclusions

The SMART pegboard was a feasible intervention device for improving upper limb function. 

The SMART pegboard, providing training routines composed of functional game factors, 

would effectively reduce the burden of therapists while continually giving the patients 

motivation for rehabilitation. However, a further study which compares the conventional 

pegboard or conventional occupational therapy might be needed. <br> <br> 
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Effects of abdominal electrical stimulation on respiratory function in 

subacute stroke patients
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of Physical Medicine and Rehabilitation3

Objective 

Respiratory muscle weakness and reduced respiratory function are common complication 

in stroke patients. Respiratory muscle weakness may cause pulmonary infection by 

reducing coughing and expectoration of sputum. Reduced respiratory function makes 

stroke patients exhausted easily and limit receiving intensive rehabilitation. Functional 

electrical stimulation (FES) cause muscle contraction by applying electrical pulse to motor 

nerves. FES is widely used to enhance muscle strength in stroke patients. Many studies 

have established that abdominal FES improve respiratory function in spinal cord injury 

patients, however there is lack of studies on stroke patients. The aim of this study was to 

investigate the effect of abdominal FES on respiratory function in subacute stroke patients. 

Methods 

A randomized control study was performed on participants who were admitted to the 

department of physical medicine and rehabilitation. Inclusion criteria were as follow: 1) 

stroke was diagnosed by CT or MRI 2) first stroke attack (diagnosed within 6 months); 3) 

moderate to severe hemiplegia (manual muscle test<grade 3); 4) proper cognitive function 

(Mini Mental State Examination ≥ 18); 5) older than 19 years. All participants were divided 

into two groups; abdominal FES and control group. Two groups underwent 30 minutes 

bedside respiratory training by using incentive spirometer 5 times a week for 3 weeks. In 

addition to bedside respiratory training, abdominal FES group underwent 30 minutes 

abdominal FES, 5 times a week for 3 weeks. Pulmonary function test (PFT) and physical 

function tests including Berg balance scale (BBS), Modified Barthel index (MBI) were 

performed before and after the intervention. Respiratory function was assessed by PFT 

subscales including Forced vital capacity (FVC), Forced expiratory volume in 1 second 

(FEV1), FEV1/FVC, Peak cough flow (PCF). 

Results 



Total 10 post-stroke patients were enrolled for this study. Five patients were allocated to 

abdomen FES group and five patients were allocated to control group (Table 1). All result 

parameters showed no statistically significant difference between pre and post 

interventions in each group. However, ΔFEV1 in abdominal FES group shows significant 

improvement than that in control group (p<0.05) (Table 2). BBS and MBI show 

improvement between pre and post interventions in both groups. 

Conclusion 

In stroke patients, abdominal FES may have possibility to improve pulmonary function. This 

study showed that applying abdominal FES can be recommended in case of relatively 

severe hemiplegic stroke patients. However, because of small sample size, larger sample 

size will be needed to clarify these results. 

Table 1. Demographic and stroke-related characteristics



Table 2. rison between 2 groups; Pre and Post treatment
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Effectiveness of Computer-Based Cognitive Training on Patients with 

Acquired Brain Injury

Jiyong Kim1†, Kil Byung Lim1, Jeehyun Yoo1, Sangwan Lee1, Sungsik Son1, Haseong Kim1*

Inje University Ilsan Paik Hospital, Department of Rehabilitation Medicine1

Objective

Most of the patients with acquired brain injury suffer from cognitive decline which may 

affect one’s ability to carry out activities of daily living. Among many domains of cognitive 

function, working memory and executive function is representative ones to show decline 

in these patients. Although many kinds of cognitive rehabilitation methods are being 

examined, there was no significantly effective one in improving working memory and 

executive function. The purpose of this study is to examine the effect of cognitive 

rehabilitation using computer-based training program on working memory and executive 

function in patients with acquired brain injury. 

Subjects and Methods 

Eighteen acquired brain injury patients who admitted or transferred to our department 

and were able to obey 1-step command consistently were included. We applied 2 weeks 

of computer-based cognitive training program(RehaComⓇ) in addition to regular 

rehabilitation programs. We used Korean-Mini Mental Status Examination(K-MMSE), 

Korean-Montreal Cognitive Assessment (K-MoCA), Modified Barthel Index(MBI) and Trail-

making test(A,B), Digit span test(forward, backward), Symbol search, Digit-symbol coding, 

Controlled Oral Word Association Test(COWAT)(Semantic, Phonemic) for examining 

patients’ cognitive function, especially focused on working memory and executive 

functioning. 

Results 

Subjects showed statistically significant improvements in overall score of K-MMSE, K-

MoCA, Trail-making test(A), Symbol search, Digit-symbol coding test(P<.05). In sub-scores 

of K-MMSE, time orientation, attention/calculation, delayed word recall and language 

scores showed improvements(p<.01). In sub-scores of K-MoCA, orientation, 

visuospatial/executive, attention, naming and language scores showed 

improvements(p<.05).

Conclusion 



Computer-based cognitive training for acquired brain injury patients is effective in 

improving cognitive function, especially on attention and executive function. 
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Cut-off Score of BBS by Calculating Weight of Items for Independent Gait in 

Stroke Patients

Jei-Hak Myung1*, Soo-Hoon Yoon1, Sung-Bom Pyun1, Yoon-Kyoo Kang 1†

Korea University Anam Hospital, Department of Rehabilitation Medicine1

Introduction and Objective 

Berg Balance Scale (BBS) is used to determine a patient’s static and dynamic balance 

abilities objectively and is generally considered to be the gold standard of walk function. 

The ambulation part of the Modified Barthel Index (MBI) measures performance in the 

ambulation of daily living. Except for bed-ridden status and outdoor walking patients, 

stroke patients with lower K-BBS score occasionally walk better (K-MBI ambulation score 

= 12) than patients with higher K-BBS score (K-MBI ambulation score = 8). It is maybe due 

to there is no weight in each item of K-BBS, and there is no previous study about calculating 

the weight of each item in K-BBS. Thus, we calculated the weight of each item in K-BBS, 

cut-off score of 50 m independent ambulation and finally the essential items for 50 m 

independent ambulation. 

Materials and Methods 

This retrospective study analyzed stroke patients who walk 50 m independently (K-MBI 

ambulation score = 12, n=19) and stroke patients who walk dependently (K-MBI 

ambulation score = 8, n=19) (Table. 1.) in the Rehabilitation medicine department in a 

single tertiary university hospital from January 2018 to June 2019. We used Entropy 

method to calculate the weight of each item in K-BBS and Receiver Operating 

Characteristic (ROC) analysis to gain Area Under Curve (AUC) and Cut-off score of each 

group (using original K-BBS score versus. giving weight) and finally deducted essential K-

BBS items which are needed to fulfill in order to 50 m independent ambulation by 

mathematical calculation. 

Results 

We calculated the weight of each item in K-BBS from Rank 1 (14_ Standing on one foot, 

weight = 0.491) to Rank 14 (3_Sitting unsupported, weight = 0.000) (Table. 2.). The total 

score of the weight version is 4, with a comparison to 56 of the original K-BBS version. By 

using ROC analysis (Fig. 1.), we could know that weight given version has higher AUC (0.928 

versus. 0.881). Cut-off score of 50 m independent ambulation of each version is 38.5 for 

original K-BBS version (sensitivity = 0.789, specificity = 0.789) and 0.92 for weight version 

(sensitivity = 0.947, specificity = 0.895) (Fig. 1.). Furthermore, when we add Rank 4 to 14 



with full score, it is 0.93 (cut-off score is 0.92); thus we can find when a patient started to 

walk, he should fulfill Rank 4 to 14 with full score, or otherwise, at least gain one or more 

score in Rank 3, 2, 1 group (Table. 2.). 

Conclusion 

From our study, we can conclude that by calculation of the weight of each item in K-BBS, 

the sensitivity and specificity of a cut-off score for 50 m independent ambulation became 

higher. Also, when patients started to walk after being enhanced, we should educate them 

more focused on Rank 3 ~ 1 items; Rank_3) Placing other foot on a stool, Rank_2) Tandem 

standing and Rank_1) Standing on one foot. Furthermore, we can simplify the K-BBS items 

targeting independent gait in the future study. 

Table. 1. Comparison of two group patients (50m independent ambulation versus. dependent ambulation)

Table. 2. Weights of each item in K-BBS from Rank 1 to 14



Fig. 1. Receiver Operating Characteristic (ROC) analysis, Area Under Curve (AUC), Cut-off score, Sensitivity 

and Specificity of two version; Original K-BBS version and Weight given version. 
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Feasibility of Cognitive Training Using Virtual Reality in Patients with 

Cognitive Impairment

Seo Jung Yun1*, Min-Gu Kang1, Heejae Kim1, Dongseok Yang2, Younggeun Choi2, Gwangpyo 

Jung1, Byung-Mo Oh1, Han Gil Seo1†

Seoul National University Hospital, Department of Rehabilitation Medicine1, Dankook 

University, Department of Computer Engineering2

Purpose

Cognitive training based on virtual reality (VR) leads to motivational and playful aspect of 

training in patients with mild cognitive impairment (MCI) and mild dementia. Enriched 

environment which refers a rich and stimulating environment has been reported positive 

effect on memory deficits in an Alzheimer disease mouse model. The aim of this study was 

to investigate the feasibility of cognitive training using fully immersive VR program on 

enriched environment to patients with MCI and mild dementia. 

Methods

The VR hardware consisted of a commercialized head mount display (HTC Vive, HTC, 

Taiwan) and a custom-made Palm-Glove system developed for hand pose estimation and 

grip gesture recognition (Figure 1). We also developed the virtual harvest and cook games 

for memory, attention, and executive function training in enriched environment 

representing rural scenery (Figure 2.) Patients with MCI and mild dementia received 30 

minutes usability test for cognitive training using VR. The baseline characteristics including 

age, sex, medical history, mini-mental state examination (MMSE), clinical dementia rating 

(CDR), and geriatric depression scale (GDS) were assessed. Response time and finger 

tapping were measured before and after usability test. After the end of test, usability was 

assessed self-report questionnaire with a 7 point Likert scale. 

Results

Eleven patients with MCI and mild dementia were participated. The mean age was 72.64 ± 

4.65 years (5 male) and the MMSE score was 26.91 ± 1.58 points (range 23-28). The CDR 

was 0.5 in 8 patients and 1 in 3 patients. Baseline the GDS score was 17.55 ± 6.30. Response 

time of dominant hand decrease after the single session of cognitive training using VR, but 

it was not statistically significant (612.18 ± 186.35ms to 546.82 ± 130.64ms, p =.248). There 

was no significant changes in finger tapping of right and left hand (p =.476 and p =.424, 

respectively). The average score of self-report questionnaire was 5.89 ± 1.04 on the 7 point 

Likert scale (Table 1). 



Conclusion

A fully immersive VR cognitive training program may be feasible in patients with MCI and 

mild dementia based on patients’ positive satisfaction and intent to further training. 

However, it was not enough to identify the function changes through the single session of 

the training. Additional clinical trials are needed to confirm the effect on cognitive function, 

mood, and physical outcomes. 

Acknowledgment :This study was supported by Korea Radio Promotion Association. 

Figure 1. Overall flowchart and result images of hand pose estimation. The Palm-Glove system consists of 

two glove device, which are camera-based hand image input devices, a deep learning process module for 

estimating the hand pose, and an interface synchronization module for the interoperation and 

synchronization between the contents and interface. The two glove devices transmit hand images to the 

deep learning process module through multiple Wi-Fi communications to analyze the hand skeleton and 

gesture, and the results are delivered to the interface synchronization module through Bluetooth. For the 

recognition of a grip, the positional correlations between the joints values of each finger and the thumb-to-

finger tap gesture are considered.



Figure 2. The cognitive training using virtual reality (VR) in enriched environment consists of two programs; 

the harvest and cook. The harvest program includes 4 different backgrounds which are the farm 1 (chili 

peppers, tomatoes, and cucumbers), farm 2 (strawberries, green sweet peppers, and eggplants), orchard 

(apples, mandarins, and pears) and hen house (brown and white eggs). The artificial voice informs the patient 

about the type and number of crops and eggs to harvest. In the cook program, instructor could choose one 

of recipes among fried eggs, Kimbap, and Soybean paste stew. A patient is instructed how to cook through 

the voice and arrows sequentially. (A) Primary screen shows a usual Korean farm village and country house 

where could perform harvest and cook. (B) In the vegetable gardenⅠ, the crops to be harvested are 

highlighted. (C) Several brown and white eggs are in hen house. (D) Patient’s virtual hands make a Kimbap in 

order. (E) A patient experiences the virtual reality training with the head mount display and Palm-Glove.

Table 1. Survey after experience of cognitive training using virtual reality
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Which Cognitive Assessment Scale is Better for Predicting Functional 

Outcome in stroke patients?

Soo Bin Im1*, Yeong Wook Kim1, Min Kyun Sohn1†

Department of Rehabilitation Medicine, School of Medicine, Chungnam National 

University1

Objective 

The purpose of this study is to compare Montreal Cognitive Assessment (MoCA) and Mini-

Mental State Examination (MMSE) in categorizing cognitive impairment in subacute stroke 

patients and to figure out the relationship of cognitive assessment scales to functional 

outcome. 

Materials and Methods 

We retrospectively analyzed patients with a primary diagnosis of ischemic stroke admitted 

to a rehabilitation unit at a university-based tertiary medical center between March 2018 

and February 2019. Inclusion criteria were as follows: (1) age of 18 years or older, (2) 

medically stable, (3) K-FAST (Korean version of Frenchay Aphasia Screening Test) score : 

≥25 points in <65 years old and ≥20 points in ≥65 years old. The MMSE were administered 

by physiatrists, and the MoCA, by occupational therapists at admission. Functional 

outcome was measured by using FIM (Functional Independence Measure). Paired t-test 

was used to compare the difference between mean MMSE and MoCA total scores. 

Associations between cognitive assessment scales and discharge FIM scores were explored 

using multiple regression analysis. 

Results 

The total number of patients admitted to rehabilitation unit was 241; Following the 

inclusion and exclusion criteria of the study, 53 patients were analyzed (Fig. 1). The sample 

consisted of 53 persons with a mean age of 67.57±12.33 years with a median time from 

stroke of 7.0 days. Demographic characteristics are listed in table 1. Mean of the MMSE 

and MoCA were 24.79±2.8 and 20.96±4.4, respectively (P<0.05). In univariate linear 

regression analysis, there were significant correlation cognitive assessment scales and FIM 

scores. Of the subscores, there was the strongest relationship between the visuoexecutive 

subscore and discharge FIM score, and it subsequently was included in the multivariate 

linear regression models outlined next. Multivariate linear regression models that included 

age, admission FIM score, and a cognitive measure (ie, MoCA total score, MMSE total score, 

MoCA visuoexecutive subscore) significantly explained approximately 62.8% to 66.8% of 



the variance in discharge FIM scores (table 2). In this regression model, the visuoexecutive 

subscore of the MoCA was the strongest predictor of functional status (P<0.05) (Table 2). 

Conclusion 

The MoCA may be an important cognitive screening tool for patients with stroke and mild 

cognitive dysfunction on an acute rehabilitation unit. Regarding the FIM score at discharge, 

visuoexecutive domain appears to have a greater relationship with acute inpatient 

rehabilitation functional improvement and outcome. 

Table 1. Demographic Characteristics of Sample

Table 2. Multivariate Linear Regression Analysis for the Effect of Admission Cognitive Status (MoCA, MMSE, 

or MoCA visuexecutive subtest) on Functional Discharge Status (FIM discharge)



Figure 1. Flow chart for enrolling subjects
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Prognostic prediction of dysphasia using DTT of the CBT in the early stage of 

ICH

Sung Ho Jang1†, Chul Hoon Chang1†, Young Jin Jeong 1†, Jong-Hoon Kim 1†, Seong Ho Kim1†, 

Jun Young Kim1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

We investigated the predictive value of the corticobulbar tract(CBT) for dysphasia using 

diffusion tensor tractography(DTT) in the early stage of intracerebral hemorrhage(ICH) for 

dysphasia. 

Methods

Forty-two patients with spontaneous ICH±intraventricular hemorrhage(IVH) and twenty-

two control subjects were recruited. The patients were classified into three groups: group 

A-could remove nasogastric tube(NGT) in the acute stage of ICH, group B-could remove 

NGT within six months after onset, and group C-could not remove NGT until six months 

after onset. The CBT were reconstructed, and fractional anisotropy(FA) and tract 

volume(TV) values were determined. 

Results

The FA of the CBT in the affected hemisphere in group A was lower than in the control 

group(p<0.05). The FA and TV of the CBT in the affected hemisphere in group B were lower 

than those in the control group(p<0.05). In group C, the FA and TV in the affected 

hemisphere and the TV in the unaffected hemisphere were lower than in the control 

group(p<0.05). The TV of the CBT in the affected hemisphere in group B showed a 

moderate negative correlation with the length of time until nasogastric tube 

removal(r=0.430, p<0.05). 

Conclusions

We found that patients with CBT injuries in both hemispheres were not able to remove the 

NGT until six months after onset, whereas patients who were injured only in the affected 

hemisphere were able to remove NGT within six months of onset. The severity of injury to 

the CBT in the affected hemisphere appeared to be related to the length of time until NGT 

removal. 

Acknowledgment : This work was supported by the Medical Research Center Program 



(2015R1A5A2009124) through the National Research Foundation of Korea funded by the 

Ministry of Science, ICT, and Future Planning. 

Fig. T2-weighted brain magnetic resonance images (A) and results of diffusion tensor tractography for the 

corticobulbar tract (CBT)(B). Control group: a representative subject (42-year-old female), group A: a 

representative patient (62-year-old female), group B: a representative patient (64-year-old male) shows 

narrowing (yellow arrow) of the CBT in the affected (left) hemisphere, and group C: a representative patient 

(77-year-old female) shows narrowing (yellow arrow) of the CBT in the unaffected (right) hemisphere and 

non-reconstruction (red arrow) of the CBT in the affected (left) hemisphere. 
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Incidence of aspiration pneumonia after subglottic aspiration during VFSS : 

Preliminary Study

Min Woo Oh1*, Kyoung Moo Lee1†

Chungbuk National University Hospital, Department of Rehabilitation Medicine1

Objective 

The videofluoroscopic swallowing study(VFSS) is known to be one of the most commonly 

used test for evaluating dysphagia. However, when performing a VFSS, there is a good 

chance that the material, inevitably during the examination, can cause iatrogenic 

aspiration, and possibly cause aspiration pneumonia. There were studies on the incidence 

of aspiration pneumonia after VFSS, but there have been no studies investigating the 

incidence of aspiration pneumonia and its contributing factors after subglottic aspiration 

during VFSS as far as we could search for. In this study, we will follow up patients with 

subglottic aspirations in VFSS and find out the actual incidence of pneumonia and its 

possible related factors. 

Method 

This study was done prospectively from May 2019. Among in-hospital patients who 

underwent VFSS, we followed the patients with subglottic aspiration confirmed during the 

VFSS. Subglottic aspiration indicates that swallowed food material enters the airway below 

the vocal folds. The patients were followed for a week after the examination to determine 

how many of these patients would develop aspiration pneumonia. The elevation of fever 

with inflammation markers or new infiltration on x-ray within 3 days after VFSS was 

defined to be aspiration pneumonia in this study. We underwent the statistical analysis on 

these patients on the incidence of pneumonia, penetration-aspiration scale(PAS), 

functional dysphagia scale(FDS), the use of antibiotics, previous history of pneumonia as 

well as patients' age, sex and present diseases. After that, we compared the patients who 

developed pneumonia after the VFSS with patients who did not. 

Results 

By June 2019, 64 patients underwent the VFSS due to difficulty in swallowing or suspected 

to have aspiration during meals. A total of 21 patients out of 64 showed subglottic 

aspiration during VFSS. Of these, two patients progressed to aspiration pneumonia after 

VFSS and received additional treatment. (Figure 1.) Both of the patients who developed 

pneumonia after VFSS had previous history of pneumonia and one showed tracheal barium 

coating after the test.Their PAS was 7 both and FDS were 40 and 20. In patients who had 



no complications after VFSS, the incidence of previous history of pneumonia was 47%, the 

incidence of tracheal barium coating was 5%, the mean FDS was 38.1 ± 11.0 and the 

median of PAS was 7. (Table 1, 2) Unfortunately, because of the small number of patients 

who developed aspiration pneumonia after VFSS, no statistically significant factor could be 

found in these two patients. 

Conclusion 

As a preliminary study, the probability of progressing to aspiration pneumonia was about 

9.5% when subglottic aspiration occurred in VFSS in this study. Previous history of 

pneumonia and tracheal coating after the test, could be possible factors contributing to 

develop pneumonia after VFSS. 

Figure 1. Aspiration pneumonia after subglottic aspiration during VFSS



Table 1. Demographic characteristics, underlying disease, pre-VFSS diet, recommended diet after VFSS, and 

VFSS findings of 21 subjects.

Table 2. VFSS and related clinical findings in aspiration pneumonia group
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Predictive value of pharyngeal width at rest(JOSCYL width) in post-stroke 

penetration and aspiration

Wonil Kang1*, Eunsil Cha1, Jimin Song1, Kwang-Ik Jung1, Woo-Kyoung Yoo1, Suk Hoon Ohn1†

Hallym University Sacred Heart Hospital, Department of Rehabilitation Medicine1

Introduction

We have demonstrated correlation between pharyngeal width at rest (JOSCYL width) and 

post-stroke aspiration risk in our previous study. The aim of this study was to investigate 

whether JOSCYL width was correlated with not only aspiration but also penetration after 

stroke. 

Methods

Lateral cervical spine roentgenograms were obtained from 466 stroke patients with 

dysphagia (age: 68.6±11.4 years, stroke stage (acute/chronic): 156/310) and 35 healthy 

controls (age: 65.5±3.1 years). Pharyngeal widths were measured at oropharynx (Figure.

1). We named the average of the two pharyngeal widths as the JOSCYL width and 

calculated the ‘JOSCYL width×100 / neck circumference’ as the JOSCYL scale. A video 

fluoroscopic swallowing study was performed and the PAS and DOSS scores were 

determined. JOSCYL width and JOSCYL scale were compared between patients and 

controls and correlations between the values and the scores of PAS and DOSS were 

examined in patients. To determine the optimal cutoff points for predicting penetration 

and aspiration, a ROC curve analysis was performed on pharyngeal width. All statistical 

significances were defined as CI > 95% and p value < 0.05. 

Results

The JOSCYL widths and scales of the whole stroke group (width: 17.3 ± 5.9 mm; p = 0.007, 

scale: 48.6 ± 16.6; p = 0.028, acute stroke group (width: 16.8 ± 5.8 mm; p = 0.038, scale: 

47.1 ± 16.0; p = 0.048), and chronic stroke group (width: 17.6 ± 5.9 mm; p = 0.004, scale: 

49.3 ± 16.8; p = 0.017) were larger than those of the control group (width: 14.6 ± 4.3 mm, 

scale: 42.3 ± 12.0). Correlations were confirmed between the JOSCYL widths and the 

dysphagia scales in all patients (with PAS: r = 0.096; p = 0.039, with DOSS: r = -0.103; p = 

0.026), in chronic stroke patients (with DOSS: r = -0.139; p = 0.014). The cutoff points of 

the JOSCYL widths for predicting penetration were 16.4 mm (sensitivity = 55.3%, specificity 

= 54.4%), 16.4 mm (sensitivity = 53.5%, specificity = 55.6%) and 16.4 mm (sensitivity = 

56.1%, specificity = 56.1%) in all patients, acute stroke patients, chronic stroke patients 

respectively. The cutoff points of the JOSCYL widths for predicting aspiration were 16.9 



mm (sensitivity = 51.9%, specificity = 52.0%), 16.7 mm (sensitivity = 48.3%, specificity = 

49.0% ) and 17.2mm (sensitivity = 54.2%, specificity = 55.0% ) in all patients, acute stroke 

patients, chronic stroke patient respectively. 

Conclusion

The JOSCYL width was significantly wider and the JOSCYL scale was higher in whole stroke 

patients compared with controls. The JOSCYL width was significantly correlated with 

dysphagia scales in whole stroke patients. The cutoff points of the JOSCYL width for 

penetration are smaller than that of aspiration regardless of stroke stage, therefore, we 

recommend that physiatrists should pay close attention to stroke patients who have 

JOSCYL width above the cutoff points of penetration for the early rehabilitation of 

dysphagia and the prevention of aspiration. 

Fig. The JOSCYL width. The perpendicular line A and B from the posterior pharyngeal wall was located at the 

position corresponding to the middle level of the second and third cervical vertebral bodies. The JOSCYL 

width was calculated as an average of two pharyngeal widths, A and B.
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Effects of Aphasia on Cognitive & Functional Outcome in Ischemic and 

Hemorrhagic Stroke Patients

Joo Young Ko1, Tae Uk Kim1, Seong Jae Lee1, Jung Keun Hyun1,2, Seo Young Kim1†, Kyung 

Cheon Seo1*

Dankook University Hospital, Department of Rehabilitation Medicine1, Dankook University, 

Department of Nanobiomedical Science & WCU Research Center2, Dankook University, 

Institute of Tissue Regeneration Engineering (ITREN)3

Objective

To delineate whether aphasia differently affects initial cognitive and functional status and 

recovery according to stroke type, and to clarify whether severity of aphasia is a predicting 

factor in stroke patients’ cognitive and functional outcome. 

Method

Sixty-seven patients (39 ischemic and 28 hemorrhagic stroke patients) with aphasia who 

were screened with the Korean Version of Frenchay Aphasia Screening Test (K-FAST) were 

included. 46 age- and sex-matched stroke patients without aphasia (37 ischemic and 9 

hemorrhagic stroke patients) were assigned to a control group for comparison. We 

assessed baseline characteristics, K-FAST and Korean version of Western aphasia Battery 

(K-WAB) of all subjects. To compare thecognitive and functional status, the Korean version 

of Mini Mental State Examination (K-MMSE), the Korean version of Modified Barthel Index 

(K-MBI) and functional independence measure (FIM) at admission and discharge were also 

reviewed. 

Results

The hemorrhagic stroke (HS) patients with aphasia showed younger age, male gender and 

higher incidence of the tracheostomy compared with the ischemic stroke (IS) patients with 

aphasia. In IS patients, left hemispheric lesions were more prevalent in patients with 

aphasia than in patients without aphasia (p=0.038). There were different distribution of 

aphasia types in IS and HS patients with aphasia (p=0.024). Global aphasia was the most 

common type in both IS and HS patients, but especially in IS patients(48.72% in IS vs 28.57% 

in HS). Wernicke’s aphasia was relatively prevalent in HS patients compared to IS patients 

(25.00% in HS vs 7.69% in IS). There were significant improvements between initial and 

follow-up in mobility subscale and total K-MBI and motor component and total FIM in HS 

patients, however, not in IS patients. All subscale and total K-MBI and motor and total FIM 

scores were higher in IS patients with aphasia than in HS patients with aphasia. There were 



significant relationships between the Aphasia Quotient (AQ) of K-WAB and almost all 

scores of K-MMSE, K-MBI and FIM. The initial and follow-up scores of K-MMSE and AQ of 

K-WAB showed a stronger correlation in IS patients(r =0.849 and 0.761 respectively) than 

in HS patients(r =0.682 and 0.549 respectively). 

Conclusion

Aphasia is a predicting factor of cognitive and functional outcome in stroke patients, and 

this predicting factor differed between ischemic and hemorrhagic stroke patients. The 

ischemic stroke patient showed stronger correlation between cognitive status and severity 

of aphasia compared with hemorrhagic stroke patients. 
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The safety of cord blood therapy in stroke patients according to duration of 

immunosuppression 

Wookyung Park1*, Hyunseok Kwak1, Joonhyun Park1, Jaehoon Sim1, Jong Moon Kim1,2, 

MinYoung Kim1,2†

CHA Bundang Medical Center, CHA University School of Medicine, Department of 

Rehabilitation Medicine1, CHA University, Rehabilitation and Regeneration Research 

Center2

Introduction 

Stroke causes significant neurological sequelae, however, perfect treatment is not 

available yet. Previous studies reported umbilical cord blood (UCB) therapy showed 

positive functional recovery. UCB therapy is usually accompanied by immunosuppressive 

therapy, because side effects such as graft versus host failure can occur without the 

administration of immunosuppressants. However, when immunosuppressants are 

administered, adverse events (AEs) may occur or UCB therapy may be less effective. This 

study is to evaluate the safety and efficacy according to the duration of administration of 

immunosuppressants in the treatment of umbilical cord blood in subacute stroke patients. 

Methods

Five patients with stroke with 1 month after the onset were included. A single intravenous 

infusion of allogenic UCB selected by criteria of immune compatibility and cell number was 

performed. Two patients received oral immunosuppressant for 1 week, and 3 others 

received immunosuppressant for 2 weeks. All adverse events are standardized into System 

Organ Class and Preferred Term by using the latest version of Medical Dictionary for 

Regulatory Activities. To measure the efficacy, National Institutes of Health Stroke Scale 

(NIHSS), motor and cognitive function were assessed at baseline, 3 months, and 6 months 

after UCB therapy. 

Results 

The demographic characteristics of the subjects are summarized in Table 1. As a safety 

issue, there were no serious AEs related to UCB and duration of immunosuppressant 

administration. Twenty AEs (14 types) were reported in 4 of 5 patients. The most common 

AEs were diarrhea, elevated liver enzyme, and headache (Table 2). As for the efficacy, 

NIHSS, motor function, and cognition tended to improve. In case of patient 2, the 

improvement by UCB treatment was slight due to the good initial function (Figure). 



Conclusions

UCB treatment was safe regardless of the duration of immunosuppressant administration. 

There was no difference in the efficacy of UCB treatment depending on the duration of 

immunosuppressant administration. The results of this study may be a reference for UCB 

therapy protocols. Further studies with a larger number of patients are needed. 

Acknowledgment :This work was supported by a grant from the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (No. HI16C1559). 

Group 1 was administrated immunosuppressants for one week. Group 2 was administrated 

immunosuppressants for two weeks. MCA, Middle Cerebral Artery



The source of terminology was Medical Dictionary for Regulatory Activities (MedDRA) 21.1.



Red line is group 1 administrated immunosuppressants for one week. Blue line is group 2 administrated 

immunosuppressants for two weeks. NIHSS, National Institutes of Health Stroke Scale; MRC, Medical 

Research Council; BBS, Berg Balance Scale; TIS, Trunk Imbalance Scale; MFT, Manual Function Test; FMA, 

Fugl-Meyer Assessment; K-MMSE, Korean Mini Mental State Exam; K-WAIS-IV, Korean Wechsler Adult 

Intelligence Scale-IV; MBI, Modified Barthel Index
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Efficacy of thickened drinks evaluation during videofluoroscopic swallowing 

study

Dong Min Kim1*, Da Hwi Jung1, Young Mo Kim1, Min Soo Choi1, Sang Hun Kim1, Jin A Yoon1†

Pusan National University Hospital, Department of Rehabilitation Medicine1

Introduction 

We propose efficacy of evaluating thickened drinks (IDDSI 2,3), the product that we have 

developed (Fig. 1) for better to diagnose of swallowing function and diet prescription.

Methods 

Three hydrocolloid ingredients were used for enhancing viscosity: xanthan gum, guar gum, 

and modified starch. Information of our thickened beverage is listed at Table 1. Xanthan 

gum has synergistic effect with Galactomannan. Among the kinds of galactomannan, guar 

gum was used to improve the viscosity stability. In addition, modified starch is used 

resistant to harsh process conditions. Patients who get penetrated or aspirated on liquid 

diet but not in puree diet (Penetration-Aspiration Scale, PAS 1) were enrolled. They were 

administered with various viscosity of liquid after standard videofluoroscopic swallowing 

study (VFSS) test. Two types of liquid of the International Dysphagia Diet Standardization 

Initiative stage (IDDSI) 2 and 3 were given additionally for them. In our study, red been 

water as liquid is considered as IDDSI 0 and plain yogurt is considered as IDDSI 4.

Results 

Patient demographics are described in Table 2. 62.50% of patients who were previously 

fed with Levine tube were able to drink liquid and 75% patients with puree diet were able 

to drink liquid (Table 3). 53.85% of patients who were newly prescribed with liquid or puree 

diet were able to drink liquid with this new method of VFSS with liquid of various step of 

IDDSI (Table 4). We were also able to reduce unnecessary risk of aspiration during liquid 

diet for who were eating semisolid or solid diet up to 71.43% with new prescription with 

liquid diet of IDDSI 2 or 3 (Table 5). 

Discussion 

Since dysphagia is becoming common disability with the growing number of old ages and 

survivors from various diseases such as stroke, traumatic brain injury and motor neuron 

disease, eating various types of food is important for patients’ life quality. The limitation 

of the usual protocol of VFSS is that it lacks various viscosity of liquid and thus the 

prescription of types of liquid type can be limited. Patients sometimes complain about 

awful texture of food and about not knowing how to make exact viscosity of liquid we 



prescribed for them. In addition, liquid intake with non-quantified food thickeners which 

is not unconfirmed during VFSS makes unnecessary aspiration and it is certainly blind spots 

of current protocol. Sufficient evaluation of viscosity of drink level and minimizing the gap 

between thin liquid (IDDSI 0) and puree (IDDSI 4) during prescription should be performed. 

Through our preliminary study, we could give fluid intake chance safely for some patients. 

Conclusion 

The newly introduced dysphagia test of this study offers patients chance to drink liquid and 

reduce risk of aspiration, thus improve liquid quality of patients with dysphagia. 
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Focal Myositis as a Manifestation of Behcet's Disease: Single Center Case 

Series

Seung Mi Yeo1*, Min Soo Kang1, Duk Hyun Sung1†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine1

Purpose

Behçet's disease (BD) is a systemic form of vasculitis characterized by major symptoms of 

oral aphthous ulcers, uveitis, skin lesions, and genital ulcers. Although BD has the capacity 

to exert an effect on all organs of the body, myositis is uncommon in BD and may confuse 

clinicians, especially if a definite diagnosis of BD cannot be made. We aimed to summarize 

the clinical, laboratory, histologic and image findings of patients whose initial 

manifestation of BD was focal myositis. 

Subjects & Methods 

We retrospectively investigated the clinical, laboratory, histologic and image findings of 8 

patients with focal myositis associated with BD who visited the outpatient clinic of 

Samsung Medical Center from 2011 to 2019. 

Results 

The case series included 8 patients, 7 (87.5%) males and 1 (12.5%) female. The mean (±1SD) 

age at the time of diagnosis of the disease was 37.9 (±11.0) years (range: 21 to 55). All the 

patients complained of localized myalgia. Leg, especially calf, was involved most frequently 

(62.5%). Clinically, ocular lesion was present in 2 patients (25%), oral ulcer was present in 

7 patients (87.5%), genital ulcer was present in 5 patients (62.5%), skin lesion was present 

in all patients (100%), neurological manifestation was present in 2 patients (25%), vascular 

manifestation was present in 3 patients (37.5%) and pathergy test was positive in 2 

patients (25%). According to the International Criteria for Behçet's Disease, 6 patients meet 

the BD diagnostic criteria but 2 patients do not meet the criteria. According to the 

Diagnostic Criterion of the Behçet's Disease Research Commitee of Japan (2003 revised), 

one patient is classified as complete BD, four are incomplete BD and three are possible BD. 

All 8 patients in this study meet equal to or more than possible type of criteria. Laboratory 

tests revealed that elevated ESR/CRP in 5 patients (62.5%), weakly positive nuclear FANA 

in 4 patients (50%), elevated CK in 2 patients (25%), elevated ALT in 2 patients (25%) and 

positive HLA B51 in 2 patients (25%). Skin biopsy was conducted in 2 patients and revealed 

perivascular lymphocytic infiltration suitable for vasculitis. Muscle biopsy was conducted 

in 3 patients and only one specimen was considered reasonable for vasculitis. MRI of the 



involved limb was performed in 7 patients, multifocal myositis was found in all patients 

(100%) and thrombophlebitis, arteritis and neuritis were also found in one patient (14.3%). 

Seven patients received oral prednisolone treatment with dose tapering for myositis. The 

starting dose of prednisolone varied from 10 mg to 60 mg, and the duration of use varied 

from 1 week to 1.5 years. One patient received only colchicine. All patients were pain-free 

after 1 to 3 weeks of short-term follow-up. 

Conclusion

In the differential diagnosis of localized myositis, BD is an essential consideration. For focal 

myositis associated with BD, the prognosis is good because it subsides quickly to steroid 

treatmen 

Table 1. Clinical and laboratory findings of patient with focal myositis associated with BD



Table 2. Treatment and prognosis of patient with focal myositis associated with BD
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Delayed Diagnosis of A female Carrier Spinal & Bulbar Muscular Atrophy 

with Proximal Limbs Weakness

Hyun-sung Lee 1,1*, Chang-Hwan Kim1,1†, Chang-Beom Kim1,1, Han-Young Jung1,1, Myeong-

Ok Kim1,1, Kyung-Lim Joa1,1, Chan-Hyuk Park1,1

Inha University Hospital, Department of Rehabilitation Medicine1

Introduction

Spinal and bulbar muscular atrophy (SBMA, Kennedy’s disease) is an X-linked, adult onset 

lower motor neuron disease characterized by slowly progressive weakness of the bulbar 

and extremity muscles. SBMA is caused by a CAG-repeat expansion in the first exon of the 

androgen receptor (AR) gene on the X-chromosome. Gene analysis can provide a 

diagnostic basis for this disease. The size of CAG repeats is one of the determinant factors 

of the severity of SBMA phenotypes. Heterozygous female carriers are generally 

asymptomatic, and even homozygous females had only mild symptoms. It makes delayed 

or misdiagnosis of SBMA in female patients. We report a case of symptomatic SBMA 

female patient who had not been diagnosed correctly for 13 years. 

Case report

In 2005, a twenty two year-old female visited our clinic with difficulty in going upstairs and 

intermittent nonspecific joints pain for several months. She had shown no facial, bulbar 

weakness and sensory symptom. In family history, her father was hard working person, 

and had a very mild limbs weakness and mild dyspnea on working without any evaluation. 

On physical examination, strength of shoulder girdle and proximal lower limbs were grade 

4/5 Medical research council (MRC) scale, although distal upper and lower limbs were 

intact. Tendon reflexes were normoactive. Pathologic reflex was negative. In laboratory 

test, CPK, Anti-Ach-R Ab, Antinuclear ab and Anti-CCP were negative. Multiple joints x-rays 

and whole spine MRI showed no specific findings. Nerve conduction study was within 

normal limits, electromyography (EMG) showed a low proportion of small amplitude and 

short duration of motor unit potentials in predominantly proximal muscles. Considering 

the evidence of EMG and proximal limbs upper weakness, we had suspected of subclinical 

familial myopathy and studied dystrophin gene, however it was negative. We consulted to 

psychologist for depressed mood and multiple unexplained joints pain. She was diagnosed 

with somatoform disorder and taken anti-depression drugs. In 2019, she visited our 

hospital again due to aggravating fatigable proximal and distal limbs weakness and 

difficulty in opening the lid since two years before. Tongue fasciculation was newly found. 

The result of Follow-up EMG was similar to the initial test. The patient’s uncle who had 



shown progressive dysarthria was recently diagnosed with SBMA by AR gene study. 

Considering her family history, she also got AR gene study revealing high CAG repeats 

expansion on X-chromosome. Finally, she was diagnosed with SBMA as a heterozygous 

female carrier. 

Conclusion

Female gene carriers of X-linked recessive SBMA can be rarely symptomatic. Because of 

this genetic nature, it is uneasy to diagnose SBMA with clinical symptoms and 

electrophysiologic study in symptomatic female SBMA patient. Therefore, in the X-linked 

genetic disorders, more detailed history taking and aggressive gene study are important 

for diagnosis and treatment
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Clinically diagnosed iatrogenic botulinum toxin intoxification : a case report

Sehee Kim 1*, Daye Kim2, So yeon Jun1, Jihye Park3, Young Jin Ko1†

Seoul St. Mary`s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 

Korea, Department of Rehabilitation Medicine1, Yeouido St. Mary`s Hospital, College of 

Medicine, The Catholic University of Korea, Seoul, Korea, Department of Rehabilitation 

Medicine2, Eunpyeong St. Mary`s Hospital, College of Medicine, The Catholic University of 

Korea, Seoul, Korea, Department of Rehabilitation Medicine3

Introduction 

Botulism is caused by the exotoxin of Clostridium botulinum, which acts by blocking the 

presynaptic release of acetylcholine. Although safety has been verified, it has been 

reported that iatrogenic botulism(IB) can be caused by systemic spread of botulinum toxin 

which is used therapeutically or cosmetically. Although it is nearly impossible to 

conclusively prove IB because of the diversity of underlying diseases and dosage of patients, 

Nerve conduction study (NCS) and electromyographic (EMG) examination can be useful 

support to diagnose IB. 

Case report 

A 52-year-old male patient came to the emergency room. Five days before admission, the 

patient underwent botulinum toxin injection to mitigate right posterior neck pain and 

headache. Ptosis developed in the right eye a day after. On the day before admission, the 

pronunciation of patient became sloppy and slowing food became difficult. On the 

morning of hospitalization, suspicious symptoms of laryngospasm occurred and it became 

very difficult to breathe. The vocal cord gap of the patient was narrowed compared to 

normal adult male. Intravenous immunoglobulin therapy and intravenous pyridostigmine 

therapy started, but his symptoms gradually worsened and later that day, the patient 

underwent tracheostomy. Five days later he fell into respiratory failure and ventilator care 

was started. Strength of proximal muscle of upper extremity and neck flexor muscle was 

generally trace grade according to the manual muscle test(MMT). NCS and EMG 

examination were done at hospital day 83 to support the confirmation of his diagnosis. 

Motor NCS presented decreased amplitudes of compound muscle action potential(CMAP) 

in right common peroneal nerve, spinal accessory nerve and axillary nerve(Table 1). Needle 

EMG showed abnormal spontaneous activities at rest in several muscles. Increased 

insertional activities were observed at rest in first dorsal interosseous muscle (Table2). 

Repetitive nerve stimulation test presented decrement pattern more than 10% of CMAP 

in right spinal accessory nerve recorded at trapezius muscle and right axillary nerve 



recorded at middle deltoid muscle on resting state (Figure1). Based on his history, he was 

diagnosed with IB. Comprehensive rehabilitation therapy including gait training, 

pulmonary rehabilitation and dysphagia therapy was continued. After a month, the patient 

was tolerable enough to exchange tracheostomy to retainer. At the time of discharge, the 

patient could walk independently. 

Conclusion 

Early diagnosis of botulism is crucial because it is life-threatening with airway involvement. 

NCS and EMG examination supported the diagnosis of IB. Treatment of IB requires 

prevention of sequelae and management of symptoms such as dyspnea in the acute phase. 

In this case, pyridostigmine was applied to relieve severe sequelae of IB. In our case, the 

patient gradually recovered over several weeks after comprehensive rehabilitation 

therapy and application of pyridostigmine.

Table 1. Motor nerve conduction study showed decreased amplitudes of compound muscle action 

potential(CMAP)s in right common peroneal nerve recorded at extensor digiotrum brevis muscle, spinal 

accessory nerve recorded at trapezius muscle and axillary nerve recorded at middle deltoid muscle.



Table 2. Needle EMG study presents Abnormal spontaneous activities at rest in right cervical paraspinalis, 

middle deltoid, biceps, flexor carpi radialis and extensor digitorum communis muscles. Increased insertional 

activities were shown at rest in first dorsal interosseous muscle.

Figure1. Repetitive nerve stimulation test. decrement pattern more than 10% of CMAP in right spinal 

accessory nerve recorded at trapezius muscle and right axillary nerve recorded at middle deltoid muscle on 

resting state were observed.
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Cervical curvature determining the location of the lesion in reversible 

cervical flexion myelopathy

Eun Seok Kim1*†, Hanboram Choi1, Seung Nam Yang1†, Joon Shik Yoon 1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1

Introduction 

Cervical flexion myelopathy (CFM), also known as Hirayama disease, is a sporadic disorder 

characterized by juvenile-onset of unilateral or asymmetric weakness and atrophy of the

hand and forearm muscles affecting low cervical cord related to flexional movements of 

the neck. The findings in recent studies reveal that the myelopathy is attributed to a 

forward displacement of the posterior cervical dural sac (PCDS) when the neck flexes, 

which causes compression of the cervical cord. In CFM, the pathologic lesion is in the 

anterior horn cells of the spinal cord, most commonly at C7 to T1. However, as in this case, 

there were several reported cases presenting weakness of the proximal upper limb (UL) 

with involvement of C4-C5 level of spinal cord. These cannot be explained by the above-

mentioned mechanism of the aetiology of CFM alone. We investigated factor that 

determining the level of affected cervical cord segment associated with cervical curvature. 

CASE 

An 22-year-old man visited our clinic with a 7-year history of slowly progressive weakness 

affecting right proximal UL. He did not show sensory abnormality or pain. There was no 

familial or personal medical history. In physical examination, atrophy in infraspinatus and 

biceps brachii muscle of right UL were evident. Muscle weakness on shoulder flexor and 

abductor (G 4/5), elbow flexor (G 3/5) and extensor (G 4/5) was present but wrist and 

finger flexor and extensor were normal. There was no upper motor neuron sign. Motor 

and sensory NCS and needle EMG were perfomed (Table 1,2,3). These findings suggested 

root lesion involving the fifth to seventh cervical segment of the cord with chronic and 

ongoing denervation in the fifth and six cervical segment innervated muscles. Cervical plain 

radiograph are shown in figure. 1-A. Cervical MRI are shown in figure. 2-A. Further 

evaluation was necessary due to there were no definite lesions around cervical nerve root 

and subtle anterior displacement of posterior epidural space with spinal cord atrophic 

change. Further cervical MRI was per¬formed in the flexed and extensioned neck position 

(Figure. 2-B, 2-C). Cervical sagittal alignment was assessed using a modified method 

developed by Ohara et al. The patient’s cervical curvature type was reverse sigmoid (Fig. 

1-A) and most severely tensioned spinal level was located between C4-5 (Fig. 1-B). The 

posterior dural detachment was the largest at the level as well as the degree of 



compression of the spinal cord. Other reported cases involving the proximal UL also 

showed reverse sigmoid curvature and the most severely tensioned spinal level was 

identified as C4-5. The other reported cases involving the distal UL showed straight cervical 

curvature and the most severely tensioned spinal level was identified as C7-8. 

Conclusion 

The type of cervical curvature and degree of kyphosis is the contributing factor to 

determine the level of lesion of cervical cord and the degree of cord compression. 

Table 1. Motor nerve conduction studies of both upper extremity, Table 2. Sensory nerve conduction studies 

of both upper extremity, Table 3. Needle electromyography

Figure 1-A. Cervical plain radiograph showed straightening of cervical spines with reversed lordosis Figure 1-

B. T2 weighted image on cervical neck flexion, most severely tensioned spinal level was located between C4-

5 



Figure 2. (A-1) Midline sagittal T2- weighted magnetic resonance imaging of the cervical spine in the neutral 

position reveals subtle anterior displacement of posterior epidural space (red arrows) between C2/3-C5/6 

with reversed lordosis and (A-2) subtle spinal cord atrophic change, C4/5 level at axial view . (B-1) Anterior 

displacement and widening of posterior epidural space, with internal engorged venous structure at C3 to C7, 

most prominently at C4/5 level. (B-2, C) There is further compressing spinal cord at C4/5 level with segmental 

atrophic change and subtle myelopathy, which are reversible on extension
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Bilateral common peroneal neuropathy due to rapid weight loss after biliary 

surgery - a case report

Min Woo Oh1*, Hyun Ho Kong1†

Chungbuk National University Hospital, Department of Rehabilitation Medicine1

Introduction

The causes of peroneal nerve injury are known as direct trauma, external compression, 

and traction injuries. In addition, damage to the peroneal nerve by the tumor, cyst, or the 

like can be considered. Also, weight reduction was identified as one of the causes of 

peroneal neuroapthy and was called Slimmer's paralysis. Slimmer's parallysis reported so 

far has mostly been caused by weight loss after bariatric surgery or due to anorexia nervosa 

or intentional dieting, and it is usually unilateral. However, bilateral common peroneal 

neuropathy after other abdominal surgery, especially biliary surgery, is never. We report a 

case of bilateral peroneal neuropathy associated with rapid weight loss during the 

postoperative period after biliary surgery. 

Case

A 58 year old man was referred to the Department of rehabilitation medicine for a foot 

drop of both ankles that occurred about three months ago. The patient underwent 

laparoscopic cholecystectomy before 3 months of acute cholecystitis and second CBD 

resection with R-Y hepaticojejunostomy due to bile drainage. After the patient underwent 

two surgeries, at some point, the patient began to have symptoms of pulling his both ankle 

when he walked. The patient was 168 cm tall and weighted 68 kg (Pre operation BMI = 

24.1). After two surgeries, his weight dropped to 58 kg for about one month. (BMI = 20.5, 

0.33 kg loss per day). In the physical examination, the patient had a weak weakness of 

bilateral ankle dorsiflexion (right : 2/5 and left 0/5). The electromyographic finding was 

consistent with both common peroneal neuropathy, severe partial axonal injury, and 

around fibular head level. (Table 1,2) We performed blood tests to discriminate diabetes, 

thyroid dysfunction, vitamin B12 or folate deficiency, which may cause noncompressive 

peroneal neuropathy and all were normal. Ultrasonography showed no tumors or cysts 

along the nervous pathway from both buttocks to fibular head below. In left knee MRI, 

there was a finding of volume loss and edema at anterior and lateral muscular 

compartments. (Figure 1.) The patient underwent electrical stimulation in the bilateral 

tibialis anterior with basic rehabilitation. After 3 months, the patient's body weight 

returned to 62.2 kg (BMI 22.0), and both ankle dorsiflexions were recovered (right: 3/5 and 



left: 1/5). I was not feeling a great discomfort. And he did not feel a great discomfort when 

walking without the use of orthoses. 

Conclusion

In conclusion, any surgery that may result in rapid weight loss, as well as bariatric surgery, 

can cause slimmer paralysis paralysis and it must be careful. 

Table 1. Motor Nerve Conduction Study of Lower Extremities 



Table 2. Needle Electromyography 

Figure 1. Magnetic resonance imaging (MRI) studied of the left knee
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Compressive peroneal neuropathy by an intraneural ganglion cyst combined 

with L5 radiculopathy

Ji-Ho Park1,1*, Hwan-Kwon Do1,1†, Geun-Yeol Jo1,1, Hee-Eun Choi1,1, Se-Heum Park1,1

Inje University Haeundae Paik Hospital, Department of Rehabilitation Medicine1

Introduction

Most cases of foot drop are known to result from lower motor neuron pathologies, 

especially lumbar radiculopathy and peripheral neuropathy, including common peroneal 

neuropathy. To improve the prognosis of foot drop, it is important to quickly and 

accurately diagnose the etiology and provide appropriate treatment. 

Patient concerns

A 65-year-old female patient with a history of herniation of intervertebral disc on L4-5 

presented with right foot drop starting 1 month previously. 

Diagnosis

An electrodiagnostic examination confirmed that the patient had common peroneal 

neuropathy combined with L5 radiculopathy, with the former being the main cause of foot 

drop. The patient was further diagnosed with an intraneural ganglion cyst in the common 

peroneal nerve as determined by MRI of the knee. 

Interventions

The patient was treated by ultrasound guided percutaneous cyst aspiration and 

corticosteroid injection into the decompressed ganglion, followed by strengthening 

exercise, electrical stimulation therapy, and prescription of an ankle foot orthosis. 

Outcomes

We confirmed some regeneration of the injured peroneal nerve in a 12-week follow-up 

electrodiagnostic examination. Manual motor power test demonstrated an increase in 

ankle dorsiflexor function score by one grade. 

Conclusion

Diagnosing the cause of foot drop can be difficult with multiple co-existing pathologies, 

and consideration of various possible etiologies is key for appropriate diagnosis and 

treatment. In addition to imaging modalities such as MRI, electrodiagnostic examination 



can help to improve diagnostic accuracy. Intraneural ganglion cyst of the common 

peroneal nerve is rare, but should be considered as a possible cause of foot drop. 

Figure 1. T2-weighted magnetic resonance imaging of the knee. (a) Axial image at the distal femur level, (b) 

coronal image of the popliteal fossa. Arrows indicate multiloculated cystic lesion in common peroneal nerve.



신경근육재활 및 전기진단

게시일시 및 장소 : 10 월 18 일(금) 13:15-18:00 Room G(3F) 

질의응답 일시 및 장소 : 10 월 18 일(금) 15:45-16:30 Room G(3F) 

P 2-131

Isolated Infraorbital Nerve Injury after Midface Facial Implants: A case 

report

Myung Chul Yoo M.D1†, Hee-Sang Kim M.D1, Jong Ha Lee M.D1, Dong Hwan Yun M.D1, 

Jinmann Chon M.D1, Yunsoo Soh M.D1, Yong Kim M.D1, Euntaek Lee M.D.1†

Kyung Hee University Medical Center, Department of Rehabilitation Medicine1

The most common cause of infraorbital nerve (ION) injury is facial trauma. However, ION 

injury caused by compression of the facial implants after plastic surgery is rarely reported. 

In general, clinicians examine ION function abnormalities based on the patient's symptoms 

and a physical examination because a standard nerve conduction study is not possible in 

the ION for anatomical reasons. The blink reflex is useful in detecting abnormalities of the 

trigeminal and facial nerves. To investigate the ION deficit objectively, we evaluated the 

changes in the blink reflex by stimulating the ION. The purpose of this case report was to 

utilize the blink reflex to illustrate a rare finding of ION injury and to discuss the isolated 

ION injury as a surgical complication after midface augmentation with alloplastic implants. 

A 49-year-old woman presented with the chief complaint of sensory loss of the left upper 

lip, nose ball, and lower palatal area. She had previously undergone plastic surgery for 

midface augmentation with alloplastic implants. Physical examination revealed loss of 

sensation in the area of the ION innervation. There was no tenderness or swelling of the 

left nasolabial groove area. There was no facial palsy, and facial function, which was 

assessed using the House-Brackmann grading system, was grade I. To investigate the ION 

injury objectively, we assessed the changes in the blink reflex by stimulating the ION. In 

the blink reflex of the infraorbital nerve, the left ipsilateral early wave (R1) and late wave 

(R2) were more delayed than the right ipsilateral R1 and R2 when the left side was 

stimulated; however, the blink reflex was normal when the right side was stimulated. This 

blink reflex indicated the afferent pathway of the nerve deficit in the ION. The facial three-

dimensional CT was also performed to confirm ION compression by a foreign body implant. 

Facial three-dimensional reconstruction computed tomography findings show that there 

are triangular shaped high densities on the anterior sides of the left maxillary sinuses. A 

prominent nerve contact or compression was not apparent, but contact of the peripheral 

branch of the left ION was suspected. The patient was diagnosed with infraorbital 

neuropathy due to alloplastic facial implants. To treat the infraorbital neuropathy caused 

by the alloplastic facial implants, the plastic surgeon successfully performed an implant 

removal and decompression operation. This is the first report of isolated ION injury 

following midface augmentation with alloplastic facial implants. Furthermore, It is rare 

case because we evaluated the blink reflex of the patient to confirm the damage of the 



afferent pathway of the ION. The blink reflex is an important electrophysiological 

diagnostic tool that can be used in addition to facial three-dimensional CT to diagnose ION 

injury. 
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Benign Monomelic Amyotrophy: a Case Report of 40-Year-Old Korean Male

Justin Byun1*, Ji-Hyun Park1, Jung Hyun Park1†

Department of Rehabilitation Medicine, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Seoul, Republic 

of Korea1

Benign monomelic amyotrophy (BMA) is a rare motor neuron disease in which neurogenic 

amyotrophy is restricted to either the upper or the lower extremities with sporadic 

occurrence, insidious onset, and slow progressive course. Numerous cases of unilateral 

muscular atrophy restricted to the upper or lower limb have been reported from Japan, 

India, and much less frequently from South Korea. We describe the clinical, 

electrophysiologic, and magnetic resonance image (MRI) studies of a middle-aged Korean 

male patient with a late-onset muscular atrophy confined for 3 years in a single lower limb. 

Case: A 40-year-old male with no significant medical history presented to the outpatient 

clinic with lower back pain. Upon initial examination, left calf muscle atrophy, and 

symptoms related to calf muscle weakness (inability to stand on tiptoe or jump) was found. 

The patient noticed weakness in left calf muscle dating three years ago; however, 

weakness did not progress over time. There was no history suggestive of poliomyelitis or 

familiar neuromuscular disease. In addition, he had no previous history of trauma, toxin 

exposure, or viral infections. According to Medical Research Council (MRC), muscle 

strength in his left gastrocnemius muscle was 4/5, which differed from his right side 

significantly. His muscle strength was 5/5 in the remaining lower limb muscles. There was 

no limitation in range of motion. There were no pathologic upper motor neuron sign at 

both upper and lower extremities. There was no noticeable defect during the push-off 

phase in his gait cycle; however, toe walking was limited. Muscle weakness and wasting 

were localized to the left calf (Figure 1). Lower extremity circumference was measured 

from the patella margin, which revealed significant difference in circumference at 15cm 

below the patella margin. Deep tendon reflex was normoreactive and sensory examination 

did not reveal any abnormalities. Lumbar spine MRI was did not reveal major radiological 

evidence of compressive lesion of the spinal cord or the nerve root (Figure 2). Patient 

underwent magnetic resonance imaging of the lower extremity, which revealed marked 

atrophy and increased signal of left medial gastrocnemius muscle (Figure 3). Nerve 

conduction study findings were normal without any evidence of motor conduction block 

or diffuse conduction slowing. Bilateral tibial H-reflex studies showed acceptable findings 

in both sides. Needle EMG results showed normal, large and long duration polyphasic 

motor unit on volition in left gastrocnemius. Similar to the previous studies, the reported 



patient showed the cardinal features of BMA: 1) insidious onset with arrested course; 2) 

wasting confined to unilateral limb; and 3) lack of bulbar or sensory symptoms. Diagnosis 

of BMA is challenging due to its slow progression and lack of biomarkers. With the 

combination of detailed history taking, MRI of the affected limb, and EMG can lead to 

accurate diagnosis. 

Fig 1. Atrophy of the left gastrocnemius muscle in a 40-year-old male. Lower extremity circumference was 

measured from the patella margin, which revealed significant difference in circumference at 15cm below the 

patella margin: +15cm (58cm, 58cm), +10cm (52cm, 51cm) +5cm (46cm, 44cm), -5cm (40cm, 39cm), -10cm 

(39cm, 37cm), -15 (37.5cm, 33cm). 



Fig 2. Magnetic resonance imaging of the spine. No major radiological evidence of compressive lesion of the 

spinal cord or the nerve root 

Fig 3. Axial images of lower extremity MRI. T2 weighted-images revealed marked atrophy and increased 

signal of left medial gastrocnemius muscle.
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Double eyelid tape use in severe ptosis in myotonic muscular dystrophy 

patient

Sang Ah Jeong1*, Sook Joung Lee2, Eun Seok Choi2†

The Catholic University of Korea Bucheon St. Mary`s Hospital , Department of 

Rehabilitation Medicine1, The Catholic University of Korea Daejeon St. Mary`s Hospital , 

Department of Rehabilitation Medicine2

Introduction 

Myotonic muscular dystrophy is a genetic disorder progressively affects muscles of whole 

body. Limb weakness and intellectual disability, cardiopulmonary complications and 

cataracts are well known symptoms of myotonic muscular dystrophy. It can also affect 

levator palpebrae superioris muscles, resulting in severe ptosis, and which can further 

deteriorate rehabilitation of the patients. However, surgical options frequently are not 

possible because of many complications. Although not described in the literatures, a 

double eyelid tape, usually used for cosmetic purposes, can be simple and effective 

management. We report a case of myotonic muscular dystrophy that used this easy-to-

apply technique for management of ptosis with quantitative outcome measures. 

Case 

A 52 year old man diagnosed as myotonic muscular dystrophy in 2010 was admitted to 

department of physical medicine and rehabilitation for pulmonary rehabilitation and 

ventilator setting. In the physical examination, manual muscle power was fair grade in both 

proximal upper and lower extremities and poor in distal upper and lower extremities. He 

showed severe ptosis for 1 year which restricted his visual field thus he could not 

concentrate to rehabilitation training. We consulted to ophthalmologist for operation but 

due to his weakness of levator palpebrae superioris, the levator resection operation could 

not be effective. Another option, frontalis sling is also not suitable to this patient because 

he showed no Bell’s phenomenon for protecting cornea which would lead to exposure 

keratitis. We tried to seek other conservative managements, and applied double eyelid 

tape. This tape, 2 mm width was widely used to make double eyelid for cosmetic purpose. 

We applied it at 2 mm above superior marginal cilla. The palpebral fissure heights and 

visual fields for ophthalmologic measure, and modified Bathel index for functional 

measure were compared before and after the intervention. After applying double eyelid 

tape, there was distinct increase in palpebral fissure height on both eyes (Fig. 2) compared 

to before applying it. (Fig. 1). The area of visual field also showed significant increase (Fig. 

3). The modified Bathel index scored 36 at first admission improved to 41 by the point of 



discharge. No ophthalmologic and/or skin problems were found related with using this 

eyelid tape. 

Conclusion 

In a middle-aged man with myotonic muscular dystrophy, severe bilateral ptosis prevented 

him from successful rehabilitation, but no proper surgical managements were possible. 

After using double eyelid tape, improvement of visual function with increased palpebral 

fissure height as well as visual fields enabled the patient to participate in rehabilitation 

program much easier, resulting in higher functional outcome. Disposable double eyelid 

tapes can be a safe, simple, and highly efficient solution for the patients with severe ptosis 

due to myotonic muscular dystrophy. 

Fig. 1 Clinical photographs of severe ptosis in a 52-year man with myotonic muscular dystrophy before 

applying double eyelid tape. (A) General view (B) Lt. eyelid before apply (C) Rt. eyelid before apply

Fig. 2 Clinical photographs of severe ptosis after applying double eyelid tape. Note the increase of palpebral 

fissure height. (A) General view (B) Lt. eyelid after apply (C) Rt. eyelid after apply



Fig. 3. Visual field. (A) Rt. visual field before double eyelid apply (B) Lt. visual field before double eyelid apply 

(C) Rt. visual field after eyelid apply (A) Lt. visual field after double eyelid apply
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Laryngeal Electromyographic Findings in Patients with Dysphonia

Ji Hye Kang1*, Min Wook Kim1†

Incheon St. Mary`s hospital, The Catholic University of Korea, Department of Rehabilitation 

Medicine1

Objectives

The evaluation of dysphonia could include laryngostroboscopy and laryngeal 

electromyography (LEMG). The LEMG becomes the ideal technique to complement the 

laryngologic investigation. However, the electrodiagnostic technique in LEMG is not easy 

to learn and not generally practiced. We would like to review a case series and analyze the 

problem. 

Subjects and methods

Sixteen patients with dysphonia were examined by LEMG, and the findings of a case series 

were analyzed. 

Results

Six of sixteen complained dysphagia in addition to the voice problem. 11/16(68.8%) 

showed abnormal findings in LEMG, while 14/16(93.6%) showed vocal cord palsy in 

laryngostroboscopy. Five cases showed normal findings in LEMG with vocal cord palsy. One 

case with good mobile vocal cord showed both superior laryngeal neuropathy in LEMG. 

8/16(50%) was diagnosed as recurrent laryngeal neuropathy (3 thyroidectomy, 1 cervical 

disc operation, 1 esophageal rupture operation, 1 huge aortic aneurysm, 2 unknown). 2/16 

showed incomplete total laryngeal neuropathy (1 varicella zoster, 1 idiopathic). Abnormal 

spontaneous activity was detected in only three of eleven abnormal LEMG patients. 

Reduced recruitment was found in only five of eleven. No motor unit volition without 

spontaneous activity was shown in six of eleven (Table 1). It could be interpreted as nearly 

complete axonotmesis, however there was some possibility of technical error in that the 

needle was not inserted on the small laryngeal muscles. The atrophy of the laryngeal 

muscle in the laryngeal neuropathy could add difficulties (Mengsteab 2015). <br>Klinge 

(2019) suggested ultrasonography-guided LEMG, however in 30% the signal of laryngeal 

muscles was not stably visualized still. 

Conclusions



The adequate insertion of the needle into the laryngeal muscle is not easy. The other 

helping method such as ultrasound guide should be added in the LEMG and learning 

workshop needs to be held. 

Table 1. Clinical characteristics of the patients and results of laryngostroboscopy and the LEMG
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Atypical carpal tunnel syndrome: fascicular predominance vs. concurrent 

recurrent motor neuropathy

Hae In Lee1*, Soon Woo Kwon1, Ahry Lee1, Hee Kyu Kwon1†

Korea University Anam Hospital, Department of Rehabilitation Medicine1

Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy and physicians 

are prone to overlook CTS variants. Here, we report 2 cases of atypical carpal tunnel 

syndromes, those which could be differentiated with electrodiagnostic findings. 

A 64-year old female presented with 3-month history of left hand tingling sensation. MRC 

scale for left thumb abduction was grade 4/5. Hypoesthesia was noticed in her 1-3rd 

fingers. Left thenar muscle atrophy accompanied. The left median motor response was of 

prolonged latency and low amplitude (5.1msec, 0.2mV). The left 2nd lumbrical and 1st 

palmar interossei latency comparison study (2L-PI) revealed low amplitude with 2nd 

lumbrical recording (2L: 3.5msec, 0.1mV, PI: 3.3msec, 6.8mv). The left median sensory 

responses were of prolonged latencies and low amplitudes with the 1-3rd digit recordings, 

but was substantially lower in the thumb (middle finger 11µV, thumb: 2µV). This patient 

was diagnosed moderate to severe degree of left CTS, but with predominant involvement 

of fascicles to motor nerve and sensory nerve to the thumb. Sonographic findings and 

magnetic resonance imaging revealed a 2x1x8cm mass arising from the median nerve 

which compressed the volar-radial portion of the nerve. These findings were compatible 

with electrodiagnostic findings considering the fascicular distribution of the median nerve; 

the motor fascicles to the thenar eminence is located in the radial side and the sensory 

fascicles to the thumb is predominantly located in the volar-radial side of the nerve. 

A 66-year old female patient presented with 1-month history of right thumb weakness. 

MRC scale for right thumb abduction was grade 3/5. There was no sensory loss. The right 

median motor response was of low amplitude (4.2msec, 2.2mV). 2L-PI study revealed 

positive findings for CTS (2L: 3.9msec, 1.8mV, PI: 2.9msec, 4.9mV). The right median 

sensory response revealed low amplitude (right: 23µV, left: 45µV) and the 5-cm short 

segment study revealed prolonged latency (1.4msec). The 2L-PI study and sensory 

conduction study revealed mild degree of right CTS, but the findings of motor conduction 

study were compatible with severe neuropathy of the right recurrent motor branch of the 

median nerve. Surgical findings revealed that the recurrent motor branch trespassing the 

transverse carpal ligament was being compressed by an aberrant vessel. The orthopedic 

surgeon ligated the aberrant vessel and released the fascia compressing the recurrent 

motor branch and also open carpal tunnel release was performed. The patient fully 

recovered thereafter. 



Through precise analysis of electrodiagnostic findings, correct diagnosis of atypical 

patterns of CTS was achieved and proper management such as open carpal tunnel release 

rather than endoscopic surgery could lead to favorable outcome. 



Figure 1. The median nerve (arrowhead, A) is being compressed by a mass arising from the median nerve, 

especially in the radial-volar side of the nerve (arrow, B)
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Sciatic neuropathy after normal vaginal delivery: A case report

Se Hoon Kim1*, In Hee Kim1, Sang Yoon Lee2†

Seoul National University Hospital, Department of Rehabilitation Medicine1, SMG-SNU 

Boramae Medical Center, Department of Rehabilitation Medicine2

Objective

Postpartum neuropathies of the lower extremity are possible complications after delivery 

and the incidence estimated at 1%. There have been a few case reports about sciatic 

neuropathy after caesarean section. However, a sciatic neuropathy after normal vaginal 

delivery has not been reported to date. 

Methods

A 30-year-old woman visited our department with a chief complaint of left lower extremity 

weakness after normal vaginal delivery (at gestational age of 38+5 weeks) one month ago. 

The delivery took place under spinal anesthesia for about 6 hours. There was no dystocia 

and perinatal problems. She was primiparous and had medical history of gestational 

diabetes. Physical examination revealed a lower extremity weakness (MRC grade III of left 

ankle plantar flexor and a paresthesia at left posterior calf and sole. Magnetic resonance 

imaging (Figure 1), nerve conduction studies (Table 1), and electromyography (Table 2) 

were conducted. Finally, the patient was diagnosed as a left sciatic neuropathy at proximal 

to the branch to the biceps femoris. 

Results

Her motor weakness and paresthesia were almost completely resolved spontaneously 

after 3 months. In addition, follow-up nerve conduction studies and electromyography 

showed nearly complete recovery state of left sciatic neuropathy (Table 1 and 2). 

Conclusion

Sciatic neuropathy can occur after normal vaginal delivery even without dystocia and 

perinatal problems, which showed good prognosis. 



Table1. Results of sensory and motor nerve conduction study 

Table 2. Results of needle electromyography, H reflex, and F wave. Abbreviations; Fib, fibrillation; PSW, 

positive sharp waves; MUAP, motor unit action potential; Interf P, interference pattern; R/C, reduced to 

complete.



Fig 1. T2-weighted Pelvis MRI. Diffuse swelling and increased T2 signal intensity of left sciatic nerve after left 

sciatic foramen marked by yellow arrowheads in transverse (A) and coronal view (B). These findings are 

consistent with left sciatic neuropathy.
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Muscle Relearning Therapy on a Patient with Brachial Plexus Injury After 

Nerve Transfer: Case Report

Geun Seok Park1*, Tae Uk Kim1, Seo Young Kim1, Jung Keun Hyun1,2, Seong Jae Lee1†

Dankook University Hospital, Department of Rehabilitation Medicine1, Dankook University, 

Department of Nanobiomedical Science & BK21 PLUS NBM Research Center for Regenerative 

Medicine2, Dankook University, Institute of Tissue Regeneration Engineering (ITREN)3

Introduction 

Muscle relearning therapy (MRT) aims to regain function in the muscle innervated by the 

transferred nerve through establishing new motor patterns and cortical mapping. Hereby we 

report a case of a brachial plexus injury (BPI) patient with successful functional recovery by muscle 

relearning therapy following nerve transfer. 

Case Presentation 

A 23-year-old male suffered a motorcycle accident and was diagnosed as BPI. Three months later, 

nerve transfer was performed (spinal accessory nerve to suprascapular nerve, flexor carpi radialis 

fascicle of median nerve musculocutaneous nerve, flexor carpi ulnaris bundle of ulnar nerve to 

triceps brachii branch). Initial manual muscle test revealed severe weakness in the left arm (MRC 

grade, 1~2/5) and electrodiagnostic study showed whole arm type BPI. Inpatient rehabilitation was 

implemented for 3 weeks including MRT along with range of motion exercises and electrical 

stimulation. In summary, the patient was encouraged to activate donor nerves when contracting 

target muscles (i.e. abducting his shoulder while tilting the neck to the left, flexing the elbow while 

volar flexing the wrist, extending the elbow while deviating the wrist medially). He was transferred 

to a hospital near his home and continued MRT on an outpatient basis. Significant increases in 

elbow flexor power was observed (MRC 2/5) 3 months after discharge and MRT was modified to 

contracting target muscles independently. It was further improved to MRC 5/5 at follow up 8 

months after discharge, although motor recovery of other target muscles was unremarkable. 

Discussion 

This case report demonstrates successful recovery of motor power through MRT in a patient who 

underwent nerve transfer after BPI. MRT is essentially practicing recruitment of the weak 

reinnervated muscles to establish new motor patterns and cortical mapping. The use of MRT may 

help patients regain functional motor power after nerve transfer although the results were 

inconsistent depending on the site of transfer. 
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Intra-supinator ganglion cyst compressing the posterior interosseous nerve: 

Case Series

Goo Young Kim1*, Ki Hoon Kim1, Dong Hwee Kim1†

Korea University College of Medicine, Department of Physical Medicine & Rehabilitation1

INTRODUCTION

The posterior interosseous nerve is most commonly compressed at the proximal margin of 

the supinator, the arcade of Frohse by various courses. Because posterior interosseous 

nerve is divided from the radial nerve just proximal to the arcade of Frohse, injury of the 

posterior interosseous nerve can cause pain along the radial nerve course, weakness of 

radial nerve innervating muscles without sensory symptoms. We retrospectively review 4 

patients with the posterior interosseous nerve compressed by intra-supinator ganglion 

cyst. 

CASE SERIES

The diagnosis of intra-supinator ganglion was confirmed by magnetic resonance imaging 

(MRI). The average age of patients is 63 (37-82) years old and 3 patients is woman. All 

patients showed motor weakness of upper extremity (distal part) and three of them are 

mostly suffering from finger weakness. Symptom starts on 16 (7-120) days ago. 

Electrophysiologic study was performed in the all patients. Abnormal findings (no response 

or low amplitude) of compound muscle action potential (CMAP) of the radial nerve and 

neurogenic pattern of radial nerve innervated muscles are found in the all patients. 

Sensory nerve action potential (SMAP) of superficial radial nerve is normal. 

Ultrasonographic examination revealed ganglion cyst within supinator muscle and 

compression of PIN around arcade of Frohse. MRI findings revealed the ganglion cyst 

compressing the radial nerve and swelling of posterior interosseous nerve, distal to the 

compression. Surgical excision of ganglion cyst and US guided aspiration with steroid 

injection to the ganglion cyst was performed in the 2 patients, each. Only the patients who 

treated with the US-guided aspiration with steroid injection was follow-up after treatment. 

Their symptom improved and reduced ganglion cyst was showed in the ultrasonographic 

examination. 

CONCLUSION

In patient with posterior interosseous neuropathy, the intra-supinator ganglion cyst is one 

of the important disease to be considered and ultrasonographic examination plays 

definitive role in identifying the cause. 



Acknowledgment :없음

Table 1. Symptom, electrophysiological diagnosis, ultrasonography finding and treatment in each cases
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Roles of pre and post operative electrodiagnosis(EDX) in brachial plexus 

injury patients:Case series

Woo Chul Son1*, Dae Yul Kim1†, Sara Kwon1

Asan Medical Center, Department of Rehabilitation Medicine1

Introduction 

Brachial plexus injury is a catastrophic event for patients in perspective of upper extremity 

motor function. To dates, for improving its functional features, various nerve transfer 

techniques targeting brachial plexus nerves involving axillary nerve and musculocutaneous 

nerve are adapted and it shows outstanding results. Pre- and post-operative 

electrodiagnosis (EDX) could be used as a tool assessing nerve, muscle denervation 

potentials and functional motor unit. Post-surgery EDX also could demonstrate 

reinnervations of nerves and muscles. In cases, we try to find out roles of pre- and post-

operative EDX in brachial plexus injury patients who underwent nerve transfer operations. 

Method

Between November 2017 to june 2019, we retrospectively reviewed four patients who 

underwent nerve transfer surgery involving musculocutaneous or axillary nerve in a single 

center. All patients took EDX for pre- and post-operation, 6-12 months after surgery. In 

outpatient clinic, we tested motor power of upper extremity after 6 and 12 months of 

surgery. For evaluating motor power, we used MRC grade of shoulder, elbow, wrist and 

finger, and motricity index. 

Result 

Table 1. shows characteristics of the patients. Four men (mean age 47.25) underwent 

nerve transfer and all targeted at least one of musculocutaneous or axillary nerve. One 

patient (case 3) underwent neurotization. Mean period of injury to surgery was 203.5 days, 

and surgery to post-operative EDX was 239.5 days. Table 2. demonstrates EDX indexes, 

and table 3. demonstrates motor power. All patients showed improvement in MRC grade 

of upper extremity especially shoulder abduction, and motricity index from initial to 6 

months, 12 months respectively. 3 Patients displayed improvement in target nerve 

compound muscle action potential (CMAP). 2 patients displayed decreased denervation 

potential, and better recruitment pattern. 3 patients had at least one result of 

reinnervation sign (Increased CMAP, better recruitment pattern). 

Conclusion 



It is not enough to verifying relationships between motor power and result of pre- and 

post-operative EDX. But we coarsely presumed that improvement of target nerve’s CMAP 

or better recruitment pattern could be related to better outcome of corresponding muscle 

function. EDX could be possible to use as a predictive tool because all studies had done 

before motor power testing, 12 months after operation. More cases and further 

evaluations should be needed to verify its correlation.

Table 1. Characteristics of the patients

Table 2. EDX index of patients



Table 3. Motor power index of patients
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RADIAL NEUROPATHY CAUSED BY INTRANEURAL LEIOMYOMA: A CASE 

REPORT

BYUNG CHAN LEE1*, JAE RIM KIM1, HYUN JIM KIM2, YOON LA CHOI2, BYUNG JOON JEON3, 

DUK HYUN SUNG1†

Samsung Medical Center, Department of Physical and Rehabilitation Medicine1, Samsung 

Medical Center, Department of Pathology and Translational genomics2, Samsung Medical 

Center, Department of Plastic Surgery3

Leiomyoma of peripheral nerve is a rare condition characterized by neuropathy of affected 

nerve. We herein report a rare presentation of leiomyoma of radial nerve which presented 

with wrist drop. The patient underwent excision of mass and attached nerve tissue, 

followed his medial antebrachial nerve graft for repair of the defected radial nerve. The 

strength of wrist dorsiflexion improved to grade 4/5 after 12 months. Utilizing its 

characteristic signs on MR imaging (homogeneous internal signal intensity, absence of split 

fat sign or target sign, and presence of hypo-intensity rim around the mass in T1-weighted 

and T2-weighted images), physicians can differentiate intra-neural leiomyomas from other 

benign peripheral nerve sheath tumors. 



Fig. 1 Right humerus MRI. T2-weighted with fat saturation image (A) showed a 0.8 × 0.5 cm round mass within 

the radial nerve. Increased signal intensity and enlargement of the radial nerve below the radial groove of 

the right humerus was also noted. This mass exhibited an iso-intensity signal, and a well demarcated hypo-

intense rim surrounded the mass in T1-weighted and T2-weighted images (B, C). The patient’s right radial 

nerve was exposed, revealing a 0.8 x 0.5 cm-sized firm mass (D). The tumor and adjacent radial nerve were 

excised (E). 



Fig. 2 Intraneural leiomyoma. Hematoxylin and eosin (H&E) stain (A) demonstrated fascicles of the radial 

nerve compressed at the periphery of the trunk by an intraneural tumor mass, and some axonal degeneration 

of the affected nerve fascicle was noted. Immunohistochemistry staining (B) showed diffuse smooth muscle 

actin (SMA) positivity in contrast to the S100 positive nerve fascicles shown in (C). 
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Treating Fatigue in Patients with Myotonic Dystrophy Using Modafinil: a 

Case series

Eun-Ho Yu1*, Zee Won Seo1, Myung Hoon Moon1, Soo-Yeon Kim1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1

Introduction

Myotonic dystrophy type 1 (DM1) is progressive disease caused by an expansion of 

unstable CTG trinucleotide repeat in the 3’ untranslated region of the DM protein kinase 

(DMPK) gene, located on chromosome 19q13.3. Daytime sleepiness and fatigue are one of 

the most frequent non-muscular symptoms among DM1 patients. 

We report cases of myotonic dystrophy patients who has been treated fatigue and

somnolence with modafinil. 

Case 1

A 50-year-old male was referred to our clinic. He had been diagnosed as DM1 by 400 CTG 

trinucleotide repeats identified in DMPK gene test. The patient complained difficulty in 

walking, dyspnea, severe fatigue and somnolence. Since his arterial blood gas analysis 

showed hypercapnia, we applied non-invasive ventilation (NIV), but he couldn’t adapt well 

due to severe obesity (body mass index 40) and sleep disordered breathing. In addition, 

because of fatigue and somnolence, which especially become worse at early afternoon, he 

couldn’t do his daily life properly. We prescribe 200mg of modafinil at morning, but since 

the patient reported dizziness, we reduced the dose to 100mg and maintained. The patient 

was asked to fill out questionnaires named the Schedule of Fatigue and Anergy/General 

Physician (SOFA/GP) and the Fatigue Severity Scale (FSS) serially, to assess change in 

degree of perceptive fatigue. The scores SOFA/GP and FSS showed marked reduce by 26 

and 56 points before taking the drugs and 13 and 17 points two weeks after taking them, 

respectively, and the scores remained at a similar level after 6 weeks (Table 1 and 2). The 

patient reported dramatic improvement of somnolence and fatigue. His compliance on NIV 

use also improved. 

Case 2

A 52-year-old female was visited our clinic. Her DMPK gene test had revealed 430 CTG 

trinucleotide repeats which implies DM1. She could walk independently despite the limb 

weakness due to disease progress, but she felt hard to climb the stair up. Fatigue and 

somnolence, as well as muscle weaknesses, adversely affected her daily life. Since her 

symptoms became worse in the afternoon, we prescribed 100mg of modafinil at morning. 



We asked her to fill out the SOFA/GP and FSS serially. Her initial scores were 27 and 53 

points, respectively. Two weeks after treatment, the SOFA/GP and the FSS scores elevated 

unexpectedly to 29 and 57 points, so we increased dose to 200mg. Along with her 

symptoms, her SOFA/GP and FSS scores have also slowly dropped to 24 and 37 points, 

respectively, 6 weeks after taking drug (Table 1 and 2). 

Discussion

Modafinil is a newly invented central nervous system stimulant that has been proved to be 

effective treatment of narcolepsy and hypersomnia, and is usually used for treating fatigue 

in patients with multiple sclerosis. Many studies have reported that modafinil is also 

effective in patients with DM1, but only little study had been conducted in Korea. Further 

studies are needed to confirm the efficacy of modafinil in neuromuscular patients. 

Table 1. Changes in the Schedule of Fatigue and Anergy/General Physician (SOFA/GP) scores before and after 

taking modafinil in each case. The SOFA/GP consists of 10 items which are Likert scale ranging from 1 (none 

to little) to 4 (most of the time).

Table 2. Changes in the Fatigue Severity Scale (FSS) scores before and after taking modafinil in each case. The 

FSS consists of 9 items which are Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree).
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A case of severe motor axonal polyneuropathy with monoclonal 

gammopathy of undetermined significance

Taeyeon Kim1*, Bum Sun Kwon1, Jin-Woo Park1, Ho Jun Lee1, Kiyeun Nam1†

Dongguk University Ilsan Hospital, Department of Rehabilitation Medicine1

Background 

Polyneuropathy associated with monoclonal gammopathy of undetermined significance 

(MGUS-PNP) has a chronic and slowly progressive course. Monoclonal gammopathy of 

undetermined significance (MGUS) with severe motor axonal polyneuropathy is rare. 

Case 

A 73-year-old man with no past medical history presented to our hospital with 6-month 

history of muscle weakness and progressive muscle wasting of both hands. The neurologic 

examination revealed atrophy in both thenar muscles. The manual muscle testing grades 

were 3+/5 for both finger flexors and finger abductors. In addition, fasciculation in the 

upper extremity muscles was observed. A tongue atrophy and gait imbalance was not 

observed. The Hoffman and Babinski signs were negative. The sensory examination was 

intact. Electrodiagnostic study revealed low amplitudes on compound muscle action 

potentials (CMAP) from median and ulnar nerve, bilaterally. There was no evidence of 

conduction block in multiple nerves tested. The sensory nerve action potentials (SNAP) 

were normal. There were 2+ fibrillation potentials and positive sharp waves in the right 

abductor pollicis brevis, left flexor carpi radialis, and bilateral first dorsal interossei. 

Magnetic resonance imaging showed normal with mild degenerating features. The working 

diagnosis at this point was motor axonal polyneuropathy involving upper extremities. 

Further laboratory investigations revealed elevated IgGκ 270,48mg/L(normal, 

3.30~19.40mg/L) in serum protein electrophoresis. The serum M-protein level of the 

patient was 0.7g/dL(normal, <3g/dl) and the clonal plasma cell population in the bone 

marrow was 1.5% (normal, <10%). These results support the diagnosis of MGUS. The 

increased levels of antibodies indicated an association between neuropathy and IgG-MGUS. 

6 months later, the patient’s symptoms progressed to dyspnea. In a repeat 

electrodiagnostic study, the results showed worsened low amplitudes on CMAPs of upper 

extremities. In addition, decreased CMAP amplitudes were also found in lower extremities 

that had normal findings in previous study. Most of distal latencies and nerve conduction 

velocities were normal. SNAPs were completely normal. Abnormal spontaneous activities 

in needle electromyography were observed in four extremities. The manual muscle testing 

grades of extremities remained 3+/5. Activities of daily living were needed maximal 



assistance because the patient was bedridden status due to a ventilator applied. 

Plasmapheresis and low dose steroid treatment was administered. One month following 

the treatment, dyspnea was persistent and ventilator remained. 

Conclusions 

In our case, the patient who had muscle weakness and progressive muscle wasting of the 

limbs was diagnosed motor axonal polyneuropathy associated with IgG-MGUS. 

Polyneuropathy associated with MGUS as a chronic and slowly progressive course, but we 

report a case of IgG-MGUS polyneuropathy involving only pure motor neurons that 

relatively rapidly progressed. 
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Anterior femoral cutaneous neuropathy after extracorporeal membrane 

oxygenation: a case report

YOUHO MYONG1*, SHINHOO KIM1, SANG YOON LEE2†

Seoul National University Hospital, Department of Rehabilitation Medicine1, Seoul 

National University Boramae Medical Center, Department of Rehabilitation Medicine2

Objective

Transarterial catheterization is a widely used technique in various interventional 

procedures, such as coronary and peripheral angiogram, atherectomy, and intraaortic 

balloon insertion. The overall complication rate after transfemoral cannulation is low, of 

which peripheral neuropathy is even rarer. This case report describes anterior femoral 

cutaneous neuropathy that occurred after extracorporeal membrane oxygenation. 

Methods

A thirty-one year old woman presented with hypesthesia and sharp, tingling pain in her 

right medial thigh and calf for three months. She recently received post-cardiac arrest ICU 

care due to viral endocarditis; the patient underwent a six-day course of venoarterial 

extracorporeal membrane oxygenation. Over the course of three months after ICU care, 

her symptoms aggravated. A series of careful physical examinations and electrodiagnostic 

studies were conducted. 

Results

Initial neurological examination revealed right anteromedial thigh and lower leg allodynia 

and hypesthesia (Figure 1) without motor weakness. The electrodiagnostic study revealed 

right anterior femoral cutaneous neuropathy. A follow-up study after three months 

showed an improving state of the neuropathy with partial axonal loss (Table 1, Figure 2). 

Discussion

Although anterior femoral cutaneous neuropathy is a rare complication after transfemoral 

cannulation, clinicians should remain vigilant of the symptoms, and be prepared to rule 

out the diagnosis. 



Table 1. Initial and Follow-up Results of Electrodiagnostic Studies

Figure 1. Serial Change of Hypesthetic and Paresthetic Regions



Figure 2. Change of Anterior Femoral Cutaneous Nerve Conduction Waveforms
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A Rare Presentation of Inflammatory Myositis as a Menifestation of 

Morphea: A Case Report

Kyung Ah Kim1*, Jae Lim Kim1, Dong-Youn Lee2, Duk Hyun Sung1†

Samsung Medical Center, Department of Rehabilitation Medicine1, Samsung Medical 

Center, Department of Dermatology2

Decription

A 50-year-old Korean woman presented to the locomotor clinic of the department of 

Physical Medicine and Rehabilitation with a six-year history of progressive weakness and 

sclerotic skin changes. She couldn’t climb stairs without holding handrails, had difficulty 

with raising hands above her head since 2012. On examination, both proximal upper and 

lower extremity weakness, decreased range of motion of both shoulders, both hip 

contractures were noticed. When palpated, both thigh muscle hardening was present. 

Discolored sclerotic skin lesions were found on her anterior neck, chest, abdomen and low 

back. There were no evidences of sclerodactyly, capillary change of nailbed, and Raynaud 

phenomenon. In laboratory tests, Anti-SSA was the only positive auto antibody. Nerve 

conduction study was normal but EMG showed denervation potentials and early MUAP 

recruitment in both upper and lower extremity proximal muscles. The skin biopsy did not 

have morphea like features. Lower extremity MRI showed diffuse enhancement, muscle 

edema, fascia thickening of both hip and thigh muscles. Muscle biopsy from vastus lateralis 

resembled inflammatory myopathy. Her symptoms and clinical evaluations gave the 

impression of generalized morphea with muscle involvement rather than systemic 

sclerosis or polymyositis. The patient was managed with oral prednisolone. After 40days 

of oral prednisolone treatment, the patient showed improvement in anterior neck flexor 

muscle strength, sclerotic skin lesions and serum CK level. However, weakness of both 

proximal upper and lower extremity persisted. 

Conclusion

Morphea is an autoimmune skin disorder characterized by inflammation and sclerosis of 

the skin and soft tissue. It is often misdiagnosed or not timely treated since its rare 

incidence rate, feature shared with systemic sclerosis and possibility of overlapping with 

other autoimmune disease. A clinician should keep in mind that myositis can be one of 

morphea’s systemic presentation and should be able to confirm the diagnosis and initiate 

appropriate evaluation and treatment.



Fig. 1 Both lower extremity weakness, muscle atrophy, both hip contracture, hand on thigh posture while 

standing were observed.

Fig. 2 Discolored sclerotic skin lesions were found on her anterior neck, chest, abdomen and lower 

back.



Fig. 3 Abnormal high signals in muscles and fasciae of pelvic girdle and proximal thigh representing acute 

stage inflammatory myofascitis.
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Consideration of Spiral CT as a diagnostic tool for Thoracic Outlet Syndrome: 

A Case Report

Yu Mi Kim1*, Ki Pi Yu1†

Presdbyterian Medical Center(Jesus hospital), Department of Rehabilitation Medicine1

Thoracic outlet syndrome (TOS) is disorders attributed to the compromise of either or both 

blood vessels and/or nerves at any points between the base of the neck and axilla, 

including anatomical landmarks such as interscalene triangle, costoclavicular space and 

coracopectoral tunnel. The diagnosis of TOS requires history taking and physical exam 

along with findings by electromyography, X-ray, CT, MRI and ultrasonography. The 

literature includes a report of anatomical measurement points in TOS by MRI. However 

there is no report involving the evaluation of this condition using the results by CT image. 

We report a 21-year-old female patient who presented with dysthesia along with 

decreased power in the left hand grip. Her symptoms and physical examination finding 

correlated with the suspicion of TOS, however electromyography findings were ambiguous. 

We treated the patient with the suspicion of TOS with notable improvement of symptoms. 

Two years thereafter, her symptoms recurred with worsening included bluish color of the 

left upper limb. We chose spiral CT scan as a cost-effective diagnostic tool for the 

assessment of vascular TOS. The results of this imaging study did not reveal any anatomical 

abnormalities such as cervical rib, fibrous bands and first rib anomalies. Referring to 

previous studies using MRI with three particular structures which differentiated TOS from 

non-TOS patients, we compared the findings from our patient with those of 30 non-TOS 

patients (16 males and 14 females; mean age 54.8±16.27). A spiral CT was taken with 

bilateral arms in hyper-abduction to 130° and in external rotation in accordance with the 

protocol in the aforementioned MRI study. The resultant data were measured by one 

experienced radiologist. The acquired data of the three structures are following 

parameters: (1) Minimum costoclavicular distance, (2) subclavius muscle thickness and (3) 

distance between posterior border of pectoralis minor muscle and posterior axillary lining 

at the passage of the axillary vessels. Comparing our patient with that of the non-TOS 

group, the first parameter is 3mm and 9.17±2.34mm, the second parameter is 4mm and 

5.94±1.29 mm and the third parameter is 22mm and 20.77±3.54mm. In the female non-

TOS group, the first is 8.36±2.65, the second is 5.38±1.28 and the third is 19.64±3.95. The 

comparative results showed a distinct decline in the value of the costoclavicular distance 

and it is highly considered as a plausible cause of TOS in our patient. Although there may 

not exists any abnormal structures in the thoracic outlet region, such particular finding 

serves as a meaningful criterion when prescribing an appropriate physical therapy plan. 



We propose that CT scan should be a useful diagnostic tool for TOS with as a cost-effective 

method of evaluation useful for appropriate treatment plan. Further studies of TOS 

patients using CT imaging to compare with those of non-TOS patients is necessary for 

adequate management of these patient 
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Anterior Interosseous Nerve Syndrome combined with flexor tendon tear of 

thumb and index finger 

Min-Ji An1*, Woo-Yong Shin1, Nam-Gyu Im1, Kyung-Rok Oh1, Seo-Ra Yoon1†, Yuri Choe1, 

Sura Ryu1

Gwangju Veterans Hospital, Department of Rehabilitation Medicine1

Introduction 

The anterior interosseous nerve(AIN) syndrome is a rare focal neuropathy with typical 

clinical and electromyographic features. We report a case of AIN combined with flexor

tendon tear of thumb and index finger. 

Case Report 

A 73-year-old man was presented with suddenly weakness of his right thumb and index 

finger. The patient was diagnosed with carpal tunnel syndrome(CTS) a few years ago. 

Muscle strength was MRC grade 1 in flexors of the interphalangeal joint of the right thumb, 

and the flexors of the distal phalanx of the right index finger, MRC grade 4 in the right 

forearm pronator. Sensation was slightly reduced over the right thumb, index and middle 

fingers. Right thenar eminences showed slight wasting. Deep tendon reflexes of the right 

upper extremities was normal. There was no limitation of range of motion. Typical "OK" 

sign was present. The right median and anterior interosseous nerve motor conduction 

study revealed delayed latency and decreased amplitude. The right median nerve sensory 

conduction study showed delayed latency and decreased amplitude (Table 1,2). The 

needle electromyography showed abnormal spontaneous activities and reduced 

recruitment pattern in the right FPL, FDP of index finger, and pronator quadratus(PQ) 

muscles. There was no motor unit action potentials(MUAPs) in the right FPL, and an 

polyphasic MUAPs with reduced recruitment pattern in the right APB muscle (Table 3). 

Considering the results of the electrodiagnostic studies. the patient was diagnosed with 

severe CTS and AIN. The forearm MRI showed no space-occupying lesions from the course 

of the AIN and vessels. Therefore, additional wrist and hand MRI were performed. It 

revealed severe tenosynovitis, FPL, and index of FDP tendon tear at metatarsal bone level. 

Discussion 

In the case of clinical symptoms such as weakness of the thumb and index finger, it shoulde 

be considered that both electrodiagnostic study and imaging studies such as hand sono or 

MRI. We report an unusual case of AIN combined with FPL and FDP tendon tear in patients 

with weakness of thumb and index finger.



Table 1. Motor nerve conduction study findings

Table 2. Sensory nerve conduction study findings



Table 3. Needle electromyographic findings 
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Case report : Incidental finding of myotonic dystrophy with EMG to 

diagnosis AIN syndrome

Jung Hyun Cha1*, Hyun Seok Lee1†, Yong Kyun Kim1, Yong Seob Jo1

MyongJi Hospital, Department of Rehabilitation Medicine1

Introduction 

Anterior interosseous syndrome is a medical condition that anterior interosseous nerve 

(AIN), a motor branch of the median nerve is damaged by trauma or entrapment. It is pure 

motor syndrome resulting in weakness of the pincer movement of the thumb and index 

finger. Electrophysiologic testing is an essential part of the evaluation of Anterior 

interosseous nerve syndromes. Typical nerve conduction studies (NCS) are normal, and 

electromyography (EMG) might demonstrate denervation in the flexor pollicis longus, 

flexor digitorum profundus I and II and pronator quadratus muscles. Myotonic dystrophy 

is the most common adult-onset muscular dystrophy, and autosomal dominant disorder. 

Symptoms include gradually worsening muscle loss and weakness. Muscles often contract 

and are unable to relax. Other symptoms may include cataracts, intellectual disability and 

heart conduction problems. EMG is also used to diagnosis myotonic dystrophy. In this case, 

patient who was suspicious about anterior interosseous syndrome had NCS & EMG and 

diagnosed myotonic dystrophy incidentally. 

Case presentation 

53 years old male patient complaining limited range of motion of right finger flexion since 

october, 2018 was referred for EMG to rule out anterior interosseous syndrome in physical 

medicine and rehabilitation department. No past history of diabetes, hypertension, 

tuberculosis, hepatitis was found. Physical exam showed positive reaction of "O.K sign" on 

his right hand and Hatchet face sign and mild weakness of left upper & lower extremities. 

Result of Needle EMG appeared myotonic discharge on all examed muscles and showed 

early recruitment sign except Rt. Flexor pollicis longus muscle because of uncheckable 

motor unit action potential(MUAP), and Rt. Pronator quadratus muscle due to normal 

MUAP with partial to full interference pattern. Result of nerve conduction study showed 

no abnormality of all examed motor and sensory nerve function. Compiling exams 

mentioned above could possible conclude Rt. anterior interosseous syndrome, but hard to 

confirm the diagnosis since myotonic discharge made it hard to distinguish abnormal 

spontaneous activity. Therefore, gene study is seemed to be required to confirm myotonic 

dystrophy. Thereafter, the patient visit Neurology department and tested Triplet Repeat 

Disorder (Myotonic dystrophy1 DMPK) and the result showed that DMPK gene's full 



mutation was observed for the gene's CTG iterative sequence increased more than 150 

times. 

Conclusion 

This patient had problem of finger flexion and got EMG examination to diagnosis anterior 

interosseous syndrome, but incidental finding of myotonic dystropy opinion induced gene 

study to confirm. Early symptoms of myotonic dystrophy are myotonia, muscle weakness 

but is easy to be missed unless patient expresses typical symptoms above. Ultimately, 

clinical doctor is highly required to suspect all possible diagnosis and differential diagnosis 

through exact physical examination. 

Fig 1. Result of needle electromyography

Fig 2. Result of DMPK gene study
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Usefulness of high-resolution ultrasonography on iatrogenic peripheral 

neuropathy: A case report

Hyun-sung Lee1,1*, Chang-Hwan Kim, M.D.1,1†, Chang-Beom Kim1,1

Inha University Hospital, Department of Rehabilitation Medicine1

Introduction

Varicose vein surgery is frequently associated with iatrogenic peripheral nerve damage. 

Because perineurium-epineurium damage can lead to slow regeneration and permanent 

sequlae, the distinction between ischemic type injury and direct epineurial-perineurial 

injury is important in the prediction of prognosis and the decision of treatment. High 

resolution MRI and electrophysiologic study have been used to identify the 

neuropathologic change. If surgical treatment of peripheral nerve injury is needed, 

localization of damaged nerve region can be directly confirmed through operation. 

Although the ultrasound with 10-15 MHz resolution has detected the site of injured lesion, 

it has been difficult to identify detailed structure of damaged nerve. We report a case of 

iatrogenic common peroneal and tibial nerve injury after small saphenous varicose vein 

surgery without obvious epineurium and surrounding tissue damage in the peripheral 

nerve injury through high resolution ultrasound. 

Case

A 61-year-old male patient without specific medical disease history visited our clinic with 

right foot drop after varicose vein surgery. He presented with tingling sensation on lateral 

aspect of right lower leg and weakness of ankle dorsiflexion and extension of toes. Surgery 

was performed partial removal and ligation of small saphenous vein with a popliteal fossa 

incision. Four days after surgery, MRC grades were 0/5 in the dorsiflexion of right ankle, 

2/5 in the extension of right great toe, 4/5 in the plantarflexion of right ankle and 0/5 in 

eversion of right ankle. On sensory examination, there was diminished sensation on 

superficial peroneal, sural area of right extremity. we performed nerve conduction study 

and electromyography (Table 1a and 1b). The results are compatible with right partial 

peripheral neuropathy of common peroneal nerve and tibial nerve around popliteal area. 

We conducted ultrasonography twenty days after surgery (Figure). With the high-

resolution ultrasound with 19-22 MHz, we have found that the operation wounds of 

varicose removal and soft tissue damaged are positioned at 2-4mm interval from peroneal 

and tibial nerves. 

Conclusion



The role of ultrasound in the evaluation of peripheral nerve has been a detection of the 

sites of damaged nerve or intervening mass lesions such as ganglion or cancers. However, 

the introduction of high resolution ultrasound not only has been able to identify the 

location of nerve injury lesion but also might have given some information of damaged 

epineurium or internal structure of peripheral nerve. The identification of damaged 

epineurium is one of the factors to determine whether immediate nerve reconstruction is 

necessary or whether it is expected to recover. Therefore, we expect that high-resolution 

ultrasound would help to decide the method of treatments and estimate the prognosis in 

patients with peripheral nerve injury by providing the accurate structural evaluation of the 

peripheral nerve. 



Figure. The tibial nerve and operation wound The operation wounds area located 1-4 mm apart from the 

epineurial tissues. The shape is preserved but there are some swellings and showed internal architecture 

changes. 
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A Case of Neoplastic Lumbosacral Plexopathy in Untreated Cervical Cancer

Min Seok Kang1*, Nackhwan Kim1, Dong Hwee Kim1†

Korea University Ansan Hospital, Department of Rehabilitation Medicine1

INTRODUCTION

Although the morbidity of cancer is increasing, involvement of cancer to the peripheral 

nervous system is uncommon. Especially, neoplastic lumbosacral plexopathy(NLP), usually 

manifested as painful neuropathy, is a rare complication. CT or MRI scan is commonly 

considered as the initial modality to surmise NLP. In this case, we discuss a patient who 

was initially thought as a herniated disc patient, then suspected as NLP after 

electromyography and sonography was done. 

CASE REPORT 

A 40-year-old woman complained rapidly progressive right lower extremity pain and 

weakness that had developed for nearly 5 months. The patient was diagnosed as micro-

invasive cervical squamous cell carcinoma 17 months ago, but she had refused further 

workup and palliative treatment such as chemo-radiation therapy. Approximately a year 

after the initial diagnosis, the patient presented with right hip and leg pain, hypoesthesia 

and weakness. She selected an alternative medicine preferentially, and received honey bee 

venom needle therapy for 6 months but the symptoms were not relieved. The patient 

visited a pain clinic and diagnosed as lumbar disc herniation on MRIs and received disc 

decompression and percutaneous epidural neuroplasty with ballooning. However, the 

symptoms progressed and eventually foot drop occurred. On physical examination, the 

motor function was zero in flexor and extensor of ankle and toes, poor in knee flexor and 

hip extensor. Hypoesthesia was noticed from right posterior and medial leg to foot. Right 

ankle reflex was not present. Upper motor neuron signs were not evident. 

Electrophysiological study suggested severe right multiple lumbosacral plexopathy from L5 

root to S4 root with considerable involvement of sciatic nerve. (Table 1) On 

ultrasonography, remarkably enlarged right sciatic nerve was identified from gluteal fold 

to thigh. (Figure 1). Magnetic resonance imaging of the pelvis revealed marked 

enlargement of the right lower lumbosacral plexus from L5-S3 nerve roots to right sciatic 

nerve. (Figure 2) Following FDG PET/CT demonstrated linear asymmetric FDG activity in 

the right pelvis compatible with the swelling of lumbosacral plexus on the MRI imaging. 

These findings insist the neural metastases from L5-S3 nerve roots along the right sciatic 

nerve. The patient was clinically diagnosed as stage III C1 cervical cancer with invasion to 



the right pelvic wall and with multiple lymph node metastases and planning to go under 

biopsy and following concurrent chemo-radiation therapy. 

CONCLUSION

Intraneural metastasis in lumbosacral plexus caused by malignancy is a rare condition, and 

majority of cases occur in the patients with prostate cancer. In this case, the patient with 

untreated cervical cancer who presented lower extremity weakness and pain was finally 

diagnosed as neural metastases after several procedures. Electromyography and 

ultrasound imaging were valuable modalities for the diagnosis of the perineural 

malignancy. 

Table 1. 



Figure 1. Cross-sectional sonographic image in mid gluteal area. The area of sciatic nerve is significantly 

increased on the right side compared to the left side.(C1/C2: Circumference of the left/right sciatic nerve, 

A1/A2: Area of the left/right sciatic nerve)

Figure 2. MRI (T1-weighted) and FDG PET/CT image of neural invasion by cervical cancer. The right 

lumbosacral plexus is obviously enlarged with low-signal mass on MRI. Linearly increased FDG uptake is 

found in the right pelvis on PET/CT. Correlating these image findings, neoplastic lumbosacral plexopathy is 

suspected.
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Herpes zoster radiculopathy : A Case Report

Hyeonseong Kim1*, Kyu Hoon Lee1†, Ji Won Jung1, Youjin Jung2, Youngsuck Ro2

Hanyang University Medical Center, Department of Rehabilitation Medicine1, Hanyang 

University Medical Center, Department of Dermatology2

Introduction 

Herpes zoster is a painful disease which is caused by varicella zoster virus. Stabbing pain, 

numbness and erythematous vesicular rash can be shown in patients with herpes zoster 

infection. As well, neurologic complications such as postherpetic neuralgia or herpes zoster 

radiculopathy paresis can be accompanied with above symptoms. 

Case presentation 

A 64 years old woman with a history of asthma presented stabbing pain and skin rash on 

right anterior shoulder 5 days ago. On physical examination, there were multiple 

erythematous grouped vesicles on right C4-T2 dermatome region, with itching sensation 

and stabbing pain. Initally, her first impression was herpes zoster infection and intravenous 

acyclovir (250mg per 8 hours) was given immediately from 1st to 10th hospital day. With 

antiviral treatment, her stabbing pain improved. On 6th hospital day, however, she 

complained of motor weakness in right upper extremity. On physical examination, motor 

strength of right upper extremity was measured as, shoulder flexor 2-/5, shoulder 

abductor 2-/5, elbow flexor 4/5, elbow extensor 4/5 and wrist extensor 4/5. At 12th 

hospital day, electrodiagnostic study was performed. Needle electromyography showed 

evidence of active denervation in right deltoid, teres minor, infraspinatus, biceps, flexor 

carpi radialis, brachialis and cervical paraspinalis muscles, which are innervated by C5, 6 

roots. Motor nerve conduction study showed delayed onset latency of right axillary CMAP, 

while right median, radial, ulnar, suprascapular and musculocutaneous CMAPs were 

normal. In conclusion, these electromyographic findings were suggestive of right cervical 

radiculopathy, mainly C56 root. During hospital courses, occupational therapy and 

electrical stimulation therapy were done to prevent muscle wasting. Strength of right 

shoulder flexor was slightly improved to 2/5 after 3 weeks from the onset of symptom and 

she discharged from hospital. After that, she visited outpatient department after 2 weeks 

from the discharge and physical examination showed that her symptom has been 

improved as shoulder flexor 2+/5. 

Conclusion



Unlike common incidence of herpes zoster infection, herpes zoster radiculopathy is rare 

complication and treated separately from vesicular skin rash2. Although the pathology of 

herpes zoster radiculopathy is not clear, there is presumption that virus develops local 

neuritis in the spinal nerve and gains access to motor axons3. With medical history and 

electromyographic findings, women in this case was diagnosed as herpes zoster 

radiculopathy and treated with antiviral agent, occupational therapy and 

electrostimulation therapy. This case emphasizes that clinicians should consider possibility 

of postherpetic paresis such as herpes zoster radiculopathy, and electrodiagnostic study 

as a helpful diagnosis tool. 

Acknowledgment :Reference (1) Kost RG, Straus SE. Postherpetic neuralgia--pathogenesis, 

treatment, and prevention. N Engl J Med 1996;335:32-42. (2) Hooi Khee Teo, A Rare 

Complication of Herpes Zoster: Segmental Zoster Paresis, Case reports in medicine, 

Volume 2016, Article ID 7827140, 3 pages (3) Dumitru D. Generalized peripheral 

neuropathies. In: Dumitru D. Electrodiagnostic medicine. Philadelphia: Hanley & Belfus, 

Inc;, 
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Cerebral Infarction after Clipping of Anterior Choroidal Aneurysm with No 

Abnormal IONM findings

Sang Beom Kim1†, Kyeong Woo Lee1, Jong Hwa Lee1, Young Hwan Kim1*

Dong-A University Hospital, Department of Rehabilitation Medicine1

Introduction 

Anterior choroidal artery aneurysms (AChoAA) are rare and count for less than 5% of all 

intracranial aneurysms. AChoAA has a particular significance as its first branches generally 

supply the posterior limb of the internal capsule that contains corticospinal fibers. In some 

case which is impossible to manage through coiling procedure, surgical intervention for 

clipping of the aneurysm is needed. And the procedure has the risk to hamper the blood 

supply, which leads to cerebral infarction. Motor evoked potential (MEP) modifications 

precede the occurrence of an irreversible ischemic lesion and may provide the basis for 

immediate corrective procedures. Intraoperative neurophysiologic monitoring (IONM) in 

clipping of anterior choroidal aneurysm surgery is useful to prevent ischemic stroke and 

severe post surgical outcome. But, there is little case report which showed AchoAA clipping 

with IONM and no IONM guideline or protocol about AchoAA clipping surgery. This is the 

case with cerebral infarction after the clipping of AChoAA with no abnormal signal in 

intraoperative neurophysiologic monitoring. 

Case Report 

A 63-year-old woman with a history of coiling of ruptured right posterior communicating 

artery aneurysm had visited hospital for regular check-up, and unruptured left anterior 

choroidal aneurysm had been incidentally found (Fig. 1). She had an elective surgery for 

clipping of the aneurysm with intraoperative neurophysiologic monitoring, which showed 

no specific finding in MEP of upper and lower extremities. And the last MEP test was done 

30 minutes after clipping of the aneurysm (Fig. 2). About 10 hours after surgery, she 

regained consciousness fully and felt weakness in right limbs. And brain MRI was taken and 

showed internal capsule infarction where blood was supplied by the anterior choroidal 

artery (Fig. 3). Nimodipine for preventing vasospasm was prescribed and she was 

transferred to rehabilitation unit 3 days after the infarction. Initial motor power in right 

limbs was less than grade 3. After 7 weeks of rehabilitation, her condition improved, but 

she needed moderate assistance for the activities such as washing, toileting, bathing and 

clothing, and supervision for gait with single cane due to hemiplegia. 

Discussion 



In this case, the exact time when the stroke occurred was uncertain. Thus, the exact cause 

and mechanism of the stroke were unknown. But, judging from the stroke pattern in brain 

MRI, the cause of the stroke seemed to be associated with the clipping site, rather than 

post-operative vasospasm. Therefore, extended IONM might be helpful to detect late-

onset, clipping-related infarction. 

Fig. 1. Angiography showed aneurysm in left anterior choroidal artery with wide neck appearance



Fig. 2. EMG signals in both upper extremities and lower extremities showed no change in amplitude and 

latency throughout the operation

Fig. 3. Brain MRI was taken after surgery. Diffusion weighted image (A) and Apparent diffusion coefficient 

image (B) showed infarction around left internal capsule
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Comparison of effects of sleep hygiene with/without cranial microcurrent

therapy in chronic insomnia

Dong Rak Kwon1*†, Jin Kuk Do2, Ji Eun Kim2

Daegu Catholic University, School of Medicine, Departments of Rehabilitation Medicine1, 

Daegu Catholic University, School of Medicine, Department of Neurology2

Purpose 

To investigate the therapeutic effect of sleep hygiene with/without cranial microcurrent 

therapy (MC) in patients with chornic insomnia 

Methods 

This study was designed as a prospective, double-blinded, and randomized controlled trial. 

Twenty-seven patients (20 females, 7 males, mean age; 60.7±9.4 years) with chronic 

insomnia were recruited from the outpatient clinic of university hospital. They were 

randomly allocated to two groups; MC group (14 patients, 9 females, 5 males, mean age; 

61.5±8.8 years) and Sham group (13 patients, 11 females, 2 males, mean age;59.9±10.3 

years). All patients received sleep hygiene education. All patients had a sham or true 

portable mi-crocurrent therapy device (PMTD; intensity, 25 μA; frequency, 8 Hz), and were 

treated with a PMTD 1 hour daily for 4 weeks. Treatment was given via electrodes clipped 

to the ear lobes (Figure 1) in MC group. In Sham group, sham treatment was provided by 

PMTD without current. Pittsburgh Sleep Quality Index (PSQI) and Insomnia Severity Index 

(ISI) were measured at baseline (pre-treament), 2 weeks and 4 weeks of treatment. Within-

group changes were analyzed with a repeated measures analysis of variance. Intergroup 

differences were analyzed using the independent t-test. 

Result 

In Sham group, the PSQI significantly decreased until 2 weeks of treatment (p<.01) (Table 

1, Figure 2). After 2 weeks of treatment, however, the PSQI increased. In MC group, the 

PSQI significantly decreased until 4 weeks of treatment (p<.01). The change of PSQI in MC 

group was smaller than that in Sham group between baseline and 2 weeks of treatment 

(p=.018), and greater than that in Sham group between 2 weeks and 4 weeks of treatment 

(p=0.030). In Sham group, the ISI significantly decreased until 2 weeks of treatment (p<.01). 

After 2 weeks of treatment, however, the ISI was not decreased. In MC group, the ISI 



significantly decreased until 4 weeks of treatment (p<.01). The change of ISI in MC group 

was greater than that in Sham group between 2 weeks and 4 weeks of treatment (p=.048). 

Conclusion 

This study showed that combination treatment of cranial microcurrent therapy and sleep 

hygiene is more effective in treating chronic insomnia than sleep hygiene only as 

demonstrated by improvement and maintenance of sleep score for 1 month. 
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Clinical RCT to Evaluate the Efficacy and Safety of High Frequency Flxeible 

Stimulator on OA

Sung Hoon Kim1†, Ji Hyun Kim1, Sang Yeol Yong1, Eun Young Lee1, Min Woo Kim1*

Yonsei University Wonju College of Medicine, Wonju, Korea, Department of Rehabilitation 

Medicine1

Introduction 

In recent years, electrical stimulation through the skin has been widely applied as the 

easiest and most effective pain treatment with no side effects, and interest is increasing. 

The medical team needed a clinical basis to accurately perform these effects and 

performed this clinical trial to evaluate the efficacy and safety of high frequency 

stimulators widely used for pain relief at home and abroad. 

Methods 

We selected the test subjects with a total score of 30 points or more through the K-

WOMAC evaluation. The clinical trial enrolled volunteers who signed the clinical trial 

agreement and met the selection and exclusion criteria through screening (visit 1). We 

then investigated the osteoarthritis-related medicines that are currently being taken 

through questionnaires from previous drug dosing questionnaires. We set up the drug

wash-out period of 3 to 10 days for those who need drug wash-out. Then, we trained about 

the use of antibiotics during the trial, how to use old drugs, how to apply the devices for 

the test, and overall clinical trials at baseline (visit 2). We conducted radiofrequency 

stimulation twice per week (every 3 days) for 3 weeks at daytime (30 minutes once) after 

the baseline (visit 2) of the subject, total of 6 stimulation were conducted until the last visit 

(visit 3). The followings are conducted to evaluate the efficacy of high frequency flexible 

stimulator, which are 100mm-VAS, K-WOMAC, X-ray and serum biomarker test related to 

osteoarthritis, C-terminal Cross-linking Telopeptide of Type 1 Collagen (CTX) at the visit 2 

and visit 3. The safety was evaluated via checking the adverse events to high frequency 

treatment at each visit. 

Results 

As a result of comparing the clinical characteristics of the subjects, there were statistically 

significant differences in baseline CTX and no statistically significant differences in other 

clinical characteristics. <br>However, in follow-up results, K-WOMAC, VAS, and CTX 

showed statistically significant differences in the test group compared to the control group. 



Conclusion

Clinical Efficacy : In this clinical trial, 34 subjects with knee osteoarthritis were treated with 

high frequency intervention twice a week for 3 weeks. In the evaluation results before and 

after treatment, we could observe a significant decrease in joint pain (VAS) and an 

improvement in the evaluation of functional and daily life performance (K-WOMAC) in the 

test group using this clinical test high frequency device compared to the control group. 

Clinical Safety: In the high frequency intervention performed in 34 subjects, 4 subjects 

complained of an abnormal sensation such as pain and tingling immediately after 

intervention, but this symptom disappeared without any treatment in all subjects. No 

burns or systemic abnormalities were observed at the intervention site. 

Fig. 1 As a result of verifying the differences before and after the intervention for only the test group among 

the subjects of this study, K-WOMAC and VAS showed statistically significant differences.
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The Risk Factor and prognosis of Clavicular Fracture in Infants with 

congenital muscular torticollis

Ju Young Cho1*, Kwang Jae Yu1, Hyunseok Moon1, Sungwon Park1, Byung Joo Lee1, Donghwi 

Park1, Jong-Min Kim1, Zeeihn Lee1†

Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Introduction 

There have been limited studies on the risk factor of clavicle fracture combined with 

congenital muscular torticollis (CMT). Therefore, the aim of this study was to investigate 

the risk factors associated with clavicular fracture in infants with CMT and its effect on 

prognosis. 

Subjects 

We retrospectively reviewed the medical records of 134 patients diagnosed as CMT in 449 

patients complained of abnormal head and neck posture. CMT was diagnosed when 

subjects met the following criteria: (1) thickness of the involved SCM ≥ 2 mm of the 

contralateral side, along with increased echogenicity on ultrasonography.; and (2) show 

shortening of the unilateral SCM. Clavicular fracture was diagnosed when the fracture lines 

and/or callus were detected on antero-posterior plain radiographs of the cervical spines 

and/or clavicles. A total 134 infants with CMT were included in this study. The clavicular 

fracture was found in 15 of 134 infants, with the concurrent rate being 11.19%. 

Demographic data, including birth weight, maternal age, gender, gestational age, delivery 

method, SCM thickness of ipsilateral side, thickness ratio to contralateral side, treatment 

duration, and the first visitation date after birth, were collected by reviewing the medical 

records. 

Results 

CMT and clavicular fracture occurred on the opposite side of each other in 13 out of 15 

subjects. In chi-square analysis, discordance of side between CMT and clavicular fracture 

was significant (P = 0.004). In a comparison of the demographic data between CMT infants 

with or without clavicular fracture, there was a significant difference in delivery mode and 

birth weight (p <0.05). However, there was no significant difference in the maternal age, 

gestational age, SCM thickness ratio, first visitation to the clinic, and gender. In a 

multivariate logistic analysis, the birth weight was the only significant parameter for 

predicting clavicular fracture in CMT infants (p <0.05). The area under the ROC curve of the 

birth weight for predicting clavicular fracture was 0.659 (p<0.05). The optimal cut-off value 



obtained from the maximum Youden index J was 3470g, and the odd ratio of clavicular 

fracture in CMT infants increased by 1.244 times for every 100g of birth weight. There was 

no significant difference of treatment duration between CMT infants with or without 

clavicular fracture. In a multivariate regression analysis, the SCM thickness ratio was the 

only significant parameter for predicting treatment duration in infants with CMT (p <0.05). 

Conclusion 

This is the first report on the risk factors of clavicular fracture in CMT infants and its effect 

on prognosis. Birth weight can be a clinical predictor for clavicular fracture in CMT infants. 

However, presence of clavicular fracture is not associated with treatment duration. This 

study suggests that physiatrists need to be aware of the possibility of a clavicular fracture 

in CMT infants when the birth weight is greater than 3470g. 

Figure 1. (A) Antero-postrior plain radiographs of the clavicle showing callus formation of the right clavicle 

(arrow). (B) Follow-up plain radiograph at 4 months after birth. Callus formation was nearly invisible, and it 

was difficult to find any difference between the two clavicles (arrowhead).



Figure 2. ROC curve of birth weight in patients with CMT. Youden index J was 3470g (sensitivity: 57.14%, 

specificity: 75.76%).
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Videofluoroscopic Swallowing Study Findings in Full-Term and Preterm 

Neonates with Dysphagia

Seung-Hwan Jung1*, Tae-Woo Nam2, Jae-Eun Lee1, Hyun-Woo Jung2, Tae-Du Jung2, Ae-

Ryoung Kim1†, Yang-Soo Lee1

Kyungpook National University Hospital, Department of Rehabilitation Medicine1, 

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine2

Objective 

There has been an increased demand on evaluation of swallowing disorders in the 

neonatal period. However a few studies have been conducted on subjects from birth to 28 

days of age. Therefore this study analyzed the clinical features of neonates with dysphagia 

symptoms and compared preterm to full-term neonates through videofluoroscopic 

swallowing study (VFSS) findings. 

Method

Total 38 neonates registered in our Neonates Intensive Care Unit(NICU) requested for 

dysphagia evaluation from 2017 to 2019 were selected for this review. They underwent 

VFSS before 28 days of age, and when they were evaluated more than once, only the first 

VFSS finding was included. Many clinical characteristics were examined including sex, 

gestational age at birth, birth weights, the reason of dysphagia evaluation request and suck 

to swallow ratio. Infants with congenital anomaly or hereditary disease were excluded to 

see the true influence of gestational age on swallowing disorder. Mann-Whitney U-test 

and χ2 test were conducted as statistic measurement, and the level of significance was set 

at p<0.05. All analyses were performed using SPSS 20 (IBM, Armonk, NY, USA). 

Results 

There were 66 neonates who were requested for dysphagia evaluation from 2017 to 2019 

and we excluded 28 patients with congenital disease such as congenital heart defect, 

encephalopathy, cleft palate, or chromosomal defect/hereditary syndrome. Of the 38 

neonates left, 21 were male and 17 were female. Twenty-five were full-terms born at 37 

weeks or later while 13 were preterm infants born earlier than 37 weeks. Mean suck to 

swallow ratio was 2.42±1.15:1, and mean weight at discharge was 3370.2±563.0 g (Table 

1). Reasons for VFSS request were poor sucking in 21 cases (55.3%), desaturation in 12 

cases (31.6%), cough in 3 cases (7.9%), suspicious aspiration pneumonia and regurgitation 

in 1 case (2.6%), respectively (Table 2). VFSS findings revealed weak sucking in 22 (57.9%), 

followed by decreased sustained sucking in 14 (36.8%) infants in the oral phase. Delayed 



swallowing reflex (2 cases, 5.3%) and penetration (16 cases, 42.1%) were significantly 

different between the 2 groups (Table 3). In this study we identified suck to swallowing 

ratio as a significantly different finding between preterm and full-term groups, delayed 

swallowing reflex and penetration showed significant difference as well. However there 

was no significant difference in aspiration between two groups while prevalence were 3 

cases (23.1%) and 1(4.0%), respectively. 

Conclusion 

This study showed the pharyngeal phase contribute more to neonatal swallowing function 

than the oral phase does, as suck-to-swallowing ratio showed significant different between 

preterm and full-term groups. However there was no significance in aspiration, which 

means the difference between two groups does not always lead to aspiration itself. When 

neonates develop well with proper dysphagia therapy the swallowing difficulty could be 

overcome. 

Table 1. Demographic characteristics. Values are presented as mean±standard deviation, (%). *p<0.05, 

significantly different between full-term and preterm groups according to Mann-Whitney U-test.



Table 2. Reasons for VFSS requests. No request was significantly different between two groups according to 

χ2 test.

Table 3. Videofluoroscopic swallowing study findings. * p<0.05, significantly different between 2 groups 

according to χ2 test.
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Influence of Communication Ability on the School Adaptation of Children 

with Cerebral Palsy

Da-hye Cho1*, Hyanghee Kim1,2, Song Hwa Han3, Eun Sook Park2, Seungki Kim2, Dong-wook 

Rha2†

Yonsei University, Graduate Program in Speech and Language Pathology1, Yonsei 

University College of Medicine, Department and Research Institute of Rehabilitation 

Medicine2, Yonsei University, Institute of Language and Information Studies3

Objectives 

Schools play a critical role in child development. Children with cerebral palsy (CP) with 

speech and language impairments have more difficulties in adaptation to school compared 

to typically developed children(TD). This study investigated whether School Adjustment 

Scale (SAS) showed difference between children with CP and TD, and which 

communication-related factors were correlated with SAS responses. 

Subjects and Method 

A total of 23 children with CP (male 10, female 13) participated in this study. Inclusion 

criteria was the ages between 8 and 12 years who were currently attending the third to 

sixth grades of elementary school, and Communication Function Classification System 

(CFCS) level 1 to 3 who can answer to SAS. Thirty TD (male 15, female 15) who are currently 

attending the third to sixth grade of elementary school were also recruited. School 

adaptation assessment using SAS, language test, speech data collection, and Quality of 

Communication Life Scale (QCL) were evaluated in children with CP. Only case interview 

and SAS were tested in TD. SAS consisted of four sub-categories (academic attitude/rule 

observance, relationships with peers, relationships with teachers, and school satisfaction). 

Each question was measured in four-point scale (1 to 4 points). Language Scale for School-

aged Children (LSSC) was evaluated as a language test. In addition, conversation was 

recorded and told to adults (age, 20 to 36) who had no experience in speech therapy or 

hearing training to measure the level of speech intelligibility and acceptability. QCL-Korean 

version is a validated questionnaire to test quality of life in communication aspect. Mann-

Whitney U-test was conducted to compare the SAS between CP and TD. Spearman’s rank 

correlation analysis and stepwise logistic regression were conducted to assess the factors 

influencing the SAS. 

Results 



The SAS scores of children with CP were significantly lower than those of TD in all sub-

categories except school satisfaction (p<.05). Communication-related factors correlated 

with most of SAS scores, especially QCL scores were more relevant than language and 

speech abilities. QCL total score was strongly correlated with SAS total scores (R2=.767, 

p<.01), academic attitude/rule observance (R2=.700, p<.01) and school satisfaction 

(R2=.317, p<.01). Non-communication QCL items were strongly correlated with peer 

relationship (R2=.650, p<.01), but communication QCL items were strongly correlated with 

teacher relationship (R2=.495, p<.01). 

Conclusion 

The SAS scores of children with CP were significantly lower than those of TD. Although 

speech and language abilities correlated with most of SAS scores, QCL scores were more 

correlated and non-communication QCL scores were also correlated with peer relationship 

of SAS. In the aspect of school adaptation, the functional communication interventions as 

well as speech and language skills should be considered in speech therapy in children with 

CP.
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Factors associated with Cardiopulmonary and Physical Fitness in Children 

with Spastic Cerebral Palsy

Ja Young Choi1*, Li Hua Jin1, Howook Kim1, Min Kyun Sohn1, Shin-Seung Yang1†

School of Medicine, Chungnam National University, Department of Rehabilitation 

Medicine1

Objective

To investigate the factors associated with cardiopulmonary and physical fitness in children 

with cerebral palsy (CP). 

Design

Cross-sectional, prospective single center study 

Subjects

Twenty-seven children with spastic cerebral palsy, gross motor functional classification 

system (GMFCS) level II to IV, aged 3-16 years (mean: 6.6 ± 3.1). 

Methods

The mean and peak VO(2) were obtained with the cardiopulmonary exercise test (CPET) 

during resting and walking at 1.0 km/h on the treadmill with or without assistance. 

Multifrequency bioelectrical impedance analysis (BIA) was conducted to assess skeletal 

muscle mass (SMM) and percent body fat (PBF). In addition, gross motor function measure-

88 (GMFM-88) was measured. 

Results

There were no significant group differences in SMM, PBF, or CPET measurements 

according to GMFCS level. In Univariate linear regression analysis, age and mean VO(2)/kg 

resting was significantly related with SMM. In multivariable analysis, only age was 

significantly related with skeletal muscle mass. 

Conclusion

Age was only significant factors associated with muscle mass in children with cerebral palsy. 

In this study, gross motor function shows no significant relationship with cardiopulmonary 

functions. However, Further studies in larger groups are needed to delineate the factors 

associated with cardiopulmonary and physical fitness in children with CP.
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Physical activity and sleep in children with cerebral palsy

Bo Young Hong1*†, Hyehoon Choi1, Joon Sung Kim1, Seong Hoon Lim 1

The Catholic University of Korea St. Vincent`s Hospital , Department of Rehabilitation 

Medicine1

Background/Objectives 

Physical activity and sleep influence a lot in a healthy life in all population. Children with 

cerebral palsy (CP) are at risk of reduced physical activity (PA) and known to have a low 

quality of sleep. The purpose of this study was to evaluate the PA status and sleep quality 

of children with CP. 

Method 

Physical activity (PA) and quality of sleep were monitored with Actigraph in children with 

CP for a week. Moderate and vigorous PA time, sleep latency, and the software, ActiLife 6 

calculated sleep efficiency. The proportion of the children who met the WHO guideline, 

more than 60 minutes of moderate to vigorous PA daily, was calculated according to the 

gross motor function (GMFCS level). The sleep latency less than 30 minutes and sleep 

efficiency more than 85% were regarded as normal. Also, the proportion of normal sleep 

latency and efficiency were calculated. 

Results 

Some of them were bothered with wearing the gadget; therefore 94 children (47 boys) 

participated in monitoring their PA, but 73 children wore it during sleep. Mean age of 

children were 7.51 ± 2.58 years old. Twenty-eight children were taking antiepileptic drugs. 

The percentage of children those who did enough PA as guideline was significantly 

different according to the gross motor function (Table 1 and Table 2). The children with 

GMFCS level 4 and 5 showed a significantly lower percentage of enough PA compared to 

those with GMFCS level 1. And children with GMFCS level 2 and 3 showed no significant 

difference compared to children with GMFCS level 1. Sleep latency was normal in 96.6%, 

and sleep efficiency was normal in 93.2% of children. The latency of sleep, efficiency, 

number of awakening during the sleep, and average awakening time were not significantly 

different according to the GMFCS level. The proportion of normal sleep latency and sleep 

efficiency was not significantly different according to gross motor function also between 

ambulatory and non-ambulatory children. And the use of antiepileptic drugs did not show 

an effect on sleep efficiency and latency. 



Conclusion 

Among the participants, about 50% were sufficiently doing PA according to the WHO 

guideline. Not surprisingly, gross motor function significantly influenced the amount of PA 

in children with CP. The quality of sleep was relatively better than the previous reports. 

Sleep quality was not affected by the gross motor function and the use of antiepileptic 

drugs. 

Acknowledgment :This research was supported by the National Research Foundation of Korea (NRF) 

grant funded by the Korea government (MSIT, Ministry of Science and ICT) (No. NRF-

2017R1C1B5017423). 

Table1. The number of participants and the percentage of those who met the WHO guideline (more than 60 

minutes of moderate to vigorous PA daily) according to GMFCS level. 

Table 2. The difference of the those who met the WHO guideline (more than 60 minutes of moderate to 

vigorous PA daily) according to GMFCS level
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Language assessment according to arcuate fasciculus among developmental 

delayed children

Sehee Kim1*, Hae yeon Park1, Kyung Eun Nam1, Ah-Ra Cho2, Joo Hyun Park1†

Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 

Korea, Department of Rehabilitation Medicine1, Eunpyeong St. Mary`s Hospital, College of 

Medicine, The Catholic University of Korea, Seoul, Korea, Department of Rehabilitation 

Medicine2

Introduction

In adults, the arcuate fasciculus(AF) is known to play an important role in speech 

production. However, the role of AF in language development of toddlers is not clear yet. 

AF has been proposed to play a role in language development and cognitive function. In 

adults, language is lateralized to the left hemisphere of the cerebrum but the timing of 

lateralization is not known precisely. 

Objective

To investigate the role of AF in clinical development aspect, especially in language status, 

we elucidate the difference of development and language assessment results according to 

presence of AF in diffusion tensor tractography (DTT). We also assessed the relationship 

between the absence of AF and development status depending on hemisphere. <br> 

Method

A retrospective chart review was done in 131 developmental delayed children who 

underwent brain MR imaging and DTT. Among them, 31 patients showed the absence of 

AF. Patients were divided into 2 groups based on the presence of AF. A Mann-whitney test 

was done to determine statistical differences of language profile between two groups. A 

student’s t-test was performed to elucidate the difference of Developmental Quotient (DQ) 

between two groups. Patients with absence of AF then were divided again into 3 groups 

based on hemisphere. A Kruskal wallis test was conducted to determine statistical 

differences of Developmental Quotient (DQ) and language profile using Sequenced 

Language Scale for Infants (SELSI) or Preschool Receptive Expressive Language Scale (PRES) 

between three groups. DQ was calculated based on the results of the Denver 

Developmental Screening Test. 

Results



Of the total patients, 23.66% showed no AF in DTT. There was no statistically significant 

difference between the two groups on general demographic data and the DQ (Table1). No 

statistically significant difference was observed between the two groups on language 

assessment including SELSI and PRES(Table2). There was no statistically significant 

difference between the three groups based on side of absent AF on DQ and language 

assessment in all domains (Table 3). 

Conclusion

A few studies suggested the role of AF in cognitive development in children. In this study, 

there was no significant difference in developmental assessment according to presence or 

absence of AF among children with developmental and language delay. And also no 

difference was observed in the language domain according to the side of absent AF. It 

seems that the unilateral hemisphere of children does not dominate in language function, 

unlike adults. The limitations of this study is that there was no normal control group and 

the sample size was small. Further cumulative and prospective data are needed to 

understand the role and correlation between language development and AF at DTT. 

table1.General demographics and Developmental Quotient (DQ) between two groups according to 

presence of arcuate fasciculus.



table2.Comparison between the groups classified by arcuate fasciculus in language assessment. * SELSI : 

Sequenced Language Scale for Infants, PRES : Preschool Receptive Expressive Language Scale, AE : Age 

Equivalent



Table 3. Comparison between tree groups classified by side of absent arcuate fasciculus in development and 

language assessment.
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Effect of FLEXpine brace on spinal alignment, pain and quality of life in 

neuromuscular scoliosis

A Reum Shin1,2*, Ju Seok Ryu2†, Yul Hyun Park2, Joon Young Jang2, Hee Won Jeon2

Yonsei University, Department of Physical Therapy1, Seoul National University Bundang 

Hospital, Department of Rehabilitation Medicine2

Background

Progressive scoliosis is common in patients with neuromuscular diseases (NMD). Severe 

scoliosis limit the cardiopulmonary function, the sitting balance, appearance and the 

quality of life and their incidence is more than 80% of patients with neurologic and NMD.1 

Scoliosis becomes worse as it grows and progresses from flexible form to fixed deformity 

in NMD patients. However, the management of neuromuscular scoliosis is unclear, and 

previous studies have reported controversial results of traditional thoracolumbar brace for 

neuromuscular scoliosis.2-4 Thus, the aim of this study was to prove the effect of novel 

flexible thoracolumbar brace (FLEXpine brace) on Cobb’s angle of scoliosis, pain and quality 

of life in patients with neuromuscular scoliosis. 

Methods

Twelve patients with neuromuscular scoliosis who ranged from three to eighteen years 

were participated (age = 10.78, height = 111.27 cm, weight = 21.87 kg). Experimental group 

wore FLEXpine brace for 6months (Fig 1.). We also used Cobb’s angle of patients visited 

from 2014 to 2016 (n=3). As clinical parameters, visual analog scale (VAS), likert scale and 

Muscular Dystrophy Spine Questionnaire (MDSQ) were used. To compare the differences 

of Cobb’s angle, VAS and MDSQ between before and after wearing FLEXpine brace, paired 

t-test was used. The progression of neuromuscular scoliosis between experimental group 

and control group was analyzed by Mann-Whitney U test. 

Results

The Cobb’s angle was significantly decreased immediately after wearing FLEXpine brace (p 

= 0.004) (Fig 2.). However, Cobb’s angle (Fig 2.), VAS and MDSQ did not show significantly 

differences between before and 6months after wearing FLEXpine brace (p=0.093, p=0.929, 

respectively). The progression of Cobb’s angle between experimental group and control 

group also did not have significant difference (p=0.229). 

Conclusion



The FLEXpine brace palliated Cobb’s angle immediately after NMD patients wore the brace. 

As FLEXpine brace significantly decreased Cobb’s angle and is easier to wear than the 

conventional thoraco-lumbo-sacral orthosis, daily application of FLEXpine during growing 

period is expected to reduce the degree of fixed deformity in the long-term follow up. 

Acknowledgment :This work was supported by 'Supporting Project to Test New Domestic 

Medical Devices in Hospitals' funded by 'Ministry of Health and Welfare (MOHW)' and 

'Korea Health Industry Development Institute (KHIDI)' 

Fig 1. The condition with FLEXpine brace



Fig 2. Comparison of Cobb's angle among before, immediately after and 6 months after wearing FLEXpine 

brace (* p<0.05)

Fig 3. Comparison of progression of Cobb's angle between experimental group and control group
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Changes of neurodevelopmental outcome after congenital heart disease 

surgery: 2-years follow up

Kyeong Joo Song 1*, In Young Sung1†, Eun Jung Choi1

Asan Medical Center, University of Ulsan College of Medicine, Department of 

Rehabilitation Medicine1

BACKGROUND

Recently, advances in cardiac surgery techniques and intensive care of infant patients led 

the increase of long-term survival rate of patients with congenital heart disease. Despite 

these advances, the possibility of neurological damage is still high in children undergoing 

cardiac surgery. There have been several reports of neurodevelopmental outcomes in 

children after cardiac surgery, but the results differed from study to study. Also, there are 

few studies investigating serial changes of outcomes by aging. 

OBJECTIVE 

The purpose of this study was to assess the neurodevelopmental outcomes of patients 

who underwent cardiac surgery in infancy in a single center in Korea. 

METHODS

This study was designed as a retrospective study. The information were collected by 

medical chart review. A total of 119 patients who underwent cardiac surgery before the 

age of 1 from January 2007 to December 2018 were screened. We evaluated the following 

characteristics : sex, birth weight, gestational age at birth, presence of any kind of 

syndrome, cardiac diagnosis, age at surgery, preoperative brain US or MR finding, brain 

hemorrhage grade, maternal profile (age, education). We used the Bayley scale 

assessment tool to analyze the developmental delay. The assessment was made two times 

to watch the neurodevelopmental outcomes serially. 

RESULTS 

The clinical characteristics of patients are listed at Table 1. Bayley scale of infant 

development in patients without any syndromes is shown at Table 2. Bayley scale of infant 

development in patients with any syndrome is shown at Table 3. In 81 patients without 

any syndromes, psychomotor development index(PDI)s were ≥ 1 SD below the population 

mean for 74.42% of patients and 25.58% showed normal development in the first 

evaluation. In the second evaluation, 36.05% showed normal development and 63.95% 

showed delayed development (p = 0.47). In the case of mental development index(MDI), 



41.86% and 47.67% showed normal development in the first and the second evaluation, 

respectively(p = 0.10). Among the children with any syndrome, PDI in normal range was 

shown at no patients in the first evaluation and 1 patient in the secondary evaluation (p = 

0.64). In the case of MDI, 5 patients were at normal range in the first evaluation, but only 

3 patients were at normal range in the second evaluation (p = 0.31). 

CONCLUSION 

The number of patients in the range of normal development were increased at the second 

evaluation compared to the first evaluation, although not statistically significant. Still, 

more than half of the patients had developmental delay even in the second evaluation. 

Therefore the necessity of early screening and early rehabilitation intervention is 

emphasize. 

Acknowledgment :none 

Table 1. Characteristics of subjects (n=119)



Table 2. Bayley scale of infant development in patients without any syndromes (n=81)

Table 3. Bayley scale of infant development in patients with any syndrome (n=38)
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Cardiorepiratory Exercise Test in Children with Cerebral Palsy 

Sang Moon Yun1*, Min-Hwa Suk2, In-Kyeong Park2, Jeong-Yi Kwon1,2†

Samsung Medical Center, Department of Rehabilitation Medicine1, Samsung Medical 

Center, Sungkyunkwan University School of Medicine, Department of PRE2

Introduction 

Children with cerebral palsy (CP) have lower aerobic exercise capacity, and a higher oxygen 

cost for activities of daily living compared with typically developing children, and the 

oxygen cost increases with increasing disability. Progressive exercise testing on a cycle

ergometer or treadmill may be useful for evaluating exercise tolerance and 

cardiopulmonary response to exercise in children with CP. However, studies on 

cardiopulmonary exercise tests(CPX) have been rarely reported in CP. The purpose of this 

study is to investigate the applicability of the modified Naughton protocol in children with 

CP, GMFCS level I and II. 

Method 

Thirty-seven children with CP (21 GMFCS level 1 and 16 GMFCS level 2; median age, 7.0 

years) participated in this study. The children underwent CPX with continuous monitoring 

of the ECG, blood pressure, peak oxygen uptake (VO2peak), minute ventilation (VE), and 

respiratory exchange ratio (RER) according to the modified Naughton protocol. Gross 

motor capacity was measured by Gross Motor Function Measure (GMFM) 88, GMFM 66, 

Pediatric Balance Scale (PBS), Timed Up and Go (TUG) test, and 6-minute walk test (6MWT). 

Results 

All children with CP successfully performed CPX according to the modified Naughton 

protocol. 43% (16 out of 37) performed maximal exercise test based upon RER. There was 

moderate to high correlation between the exercise time of the treadmill test and GMFM66 

(r=.714, p=.000), GMRM88 (r=.717, p=.000), PBS (r=.690, p=.000), TUG (r=-.537, p=.001), 

and 6MWT (r=.706, p=.000). There was low-moderate correlation between the VO2peak 

and GMFM66 (r=.353, p=032), GMRM88 (r=.369, p=.000) PBS (r=.460, p=.004), and 6MWT 

(r=.409, p=.012). 

Conclusions

Assessment of cardiorespiratory fitness(VO2max) using modified Naughton protocol was 

feasible in children with CP (GMFCS level I, II). Exercise time of CPX showed strong 



correlation with motor capacity. However, VO2peak showed weak correlation with motor 

capacity. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea funded by the Ministry of Education 

(NRF-2017R1A2B4004615) 
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Quantitative linguistic feedback for pediatric patients: the more you talk, 

the better they speak.

Seong-Min Chun1*, Jooae Hong2, Yoon-Hee Choi1, Jiyeon Hong2†

Soonchunhyang University Hospital, Seoul, Department of Physical Medicine and 

Rehabilitation1, PURME Foundation NEXON Children`s Rehabilitation Hospital, 

Department of Rehabilitation Medicine2

Pediatric patients with brain lesions frequently demonstrate difficulties in communication 

as a result of impaired language skills. Parent behaviors are believed to facilitate child 

language development, including encouraging participation, focused stimulation and 

increasing parent-child interactions. The Language Environment Analysis (LENA) system is 

able to evaluate natural language environments of children in quantitative manner. In this 

study, we evaluate the efficacy of a LENA system to promote language skill of pediatric 

patients. Fourteen patients who had some abnormal findings in brain MRI, and their 

caregivers involved in the study. Exclusion criteria were a history of hearing impairment, 

neurological damage, a mother tongue other than Korean, or receiving other speech 

therapy while attending the program. The LENA system`s hardware includes a digital 

language device that can audio record for up to 16 hours. Once the recording is complete 

it is uploaded to the LENA software, which automatically segments the recordings into 

several categories, and then estimates: adult word count (AWC), child vocalization count 

(CVC), and conversational turn count (CTC). Our program was consisted of initial and final 

evaluation of language development (SELSI or PRES), eight education sessions conducted 

by an experienced speech therapist. Each session for teaching effective communication 

skills for parents and LENA linguistic feedback time was 50 minutes long and took place 

once a week. At the LENA linguistic feedback time, the reports that provided to parents 

included raw numbers, percentiles, and graphic representation of AWC, CVC, and CTC. We 

examined the correlations between average raw number for three variables of LENA 

system and developmental quotient (DQ) scores of the language development assessment. 

Demographic characteristics of the fourteen patients were shown in Table 1. The average 

AWC of 14 patients was 15,232.8 with a standard deviation of 1,317.14 (range = 5,517-

35,139). The average CVC was 1,272.0, with a standard deviation of 202.46 (range = 318-

4,413). The average CTC was 410.5, with a standard deviation of 53.9 (range = 297-1,356). 

After the LENA program, all the patient`s both receptive and expressive language 

developments were improved: receptive language DQ 1.2 (SD = 0.66, range = 0.3-2.3), 

expressive language DQ 0.7 (SD = 0.72, range = 0-2.7). There was a significant positive 

correlation between receptive language DQ score and average number of AWC, CTC and 



borderline positive correlation between expressive language DQ score and average 

number of CVC (Table 2). This study provides valuable evidence for the favorable effect of 

LENA system in language skill improvement for children with brain lesions, suggesting a 

positive correlation between CVC, CTC and DQ scores. Follow-study is needed to determine 

whether LENA program has a substantial effect compared with speech therapy. 
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The effect of chemodenervation in lower limb on gross motor function in 

children with cerebral palsy

Eun Sook Park1*†, Ja Young Choi2, Seung Ki Kim1

Severance Hospital, Department of Rehabilitation Medicine1, Chungnam National 

University Hospital, Department of Rehabilitation Medicine2

Objectives

As for lower limb spasticity in children with spastic cerebral palsy, chemodenervation has 

been regarded as safe and effective tool for the reduction of spasticity. The aim of this 

study is to find out the targeting age and muscles for the injection and the efficacy of the 

injection in gross motor functional gain according to GMFCS (Gross Motor Function 

Classification System) in the children with spastic cerebral palsy. 

Design

a single center retrospective study 

Participant and Methods

Medical records were searched from January 2006 to January 2017. The children with 

spastic cerebral palsy who had injected with botulinum toxin injection until December 

2016 were selected. The children who had not assessed at least 2 times after injection and 

whose age at injection was over 13 years old were excluded and thus 919 times of 591 

children were recruited for this study. 

Results

The injection was predominantly done under the age of 6 years. The calf muscles for 

dynamic foot deformity was the most common muscles for all age groups. The injection 

into knee flexor muscles was most commonly performed for the children aged from 4 to 6 

years. The distal injection was mainly performed for high function children whereas 

proximal injection was mainly done for low functioning children. The multilevel injection 

was mostly done for the children at mid-functioning children. Cast application after 

injection was significantly higher in the children aged from 4 to 6 years group. The GMFM 

was significantly increased after injection for both high and low functioning groups. 

Younger age at injection and distal injection type were related to higher GMFM gain in 

both short and mid-term follow up. 

Conclusion



The chemodenervation and combined cast application differ based on age. The targeting 

muscles for the injection varied depending on gross motor functioning and age. The age at 

injection and injection type was significant factors relating to the changes in GMFM. 
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Effect of Equine-Assisted Activities on autonomic nervous function in 

children with cerebral palsy

In-Kyeong Park1*, Min-Hwa Suk1, Jeong-Yi Kwon1†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of 

Physical and Rehabilitation Medicine1

Purpose 

There were several studies describing about an impaired autonomic nervous system 

among children with cerebral palsy (CP). Generally, attenuated heart rate recovery which 

is valuable prognostic tool for autonomic nervous system, is known to be associated with 

increased risk of cardiovascular events and all-cause mortality. but only few studies 

observed the effects of exercise on the autonomic nervous system in children with CP. 

Therefore, the aim of this study was to determine the effects of Equine-Assisted Activities 

program on the body composition and autonomic nervous function in children with CP. 

Subjects and Method 

Twenty-six children with CP (Gross Motor Function Classification System, GMFCS Level I-II) 

participated in this study. The children (age ranged from 6 to 13 years old) were randomly 

assigned to the EAA group(n=13) and the control group(n=13). EAA program for the EAA 

group was 40 minutes lesson, twice a week, and the period of the program was 16 weeks 

(total 32 lessons). Body composition test was used for evaluation of skeletal muscle mass 

and body fat percentage, and cardiopulmonary exercise test was performed to measure 

resting heart rate (RHR), heart rate recovery (HRR), and VO2peak on both groups before 

and after 16 weeks of period. 

Results 

Skeletal muscle mass was increased in both groups, but there was no significant difference 

between both groups (p<.238). Autonomic nervous function measured by the response of 

HRR was improved at 1min (p<.015), 3min (p<.004), and 5min (p<.008) only in the EAA 

group. Also, RHR had a significant improvement in the EAA group (p<.004). Though, 

VO2peak had no significant difference between two groups (p<.106). 

Conclusion 

This study showed an improvement on the HRR and RHR after the 16 weeks of EAA 

program. The results demonstrated that the program had a positive effect on the 

improvement of autonomic nervous function in children with CP. 
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Effects of High-intensity Robot-assisted Gait Training in Children with 

Cerebral Palsy

Ho wook Kim1*, Lihua Jin1, Shin-Seung Yang1†, Ja Young Choi1, Min Kyun Sohn1†

Department of Rehabilitation Medicine, School of Medicine, Chungnam National 

University1

Objective

Robot-assisted gait training was proved as a safe and efficient therapy on the neurologic 

recovery or musculoskeletal system. Intervention programs with higher intensity (ie, low 

body weight support and high speed) robotic training seems lead to better outcomes for 

stepping ability, physical fitness, in children with cerebral palsy (CP). However, not enough 

evidence to date to draw conclusions about the effects of high-intensity robot-assisted gait 

training. The purpose of our study is to determine the effects of it in children with cerebral 

of neurological and physical function. 

Subjects & Methods 

This is a single center, single-blinded, randomized, controlled trial. We studied patients 

with cerebral palsy who satisfied all of the following criteria : (1) 98~150cm in height, (2) 

GMFCS level 2~3, and (3) the patients who were able to communicate and implement the 

instructions were studied(Communication and social interaction score in WeeFIM >10). 

We excluded patients with any of the following : (1) Patients who are difficult to perform 

each assessment due to cognitive impairment, (2) Neurosurgical or orthopedic surgical 

management in the past 3 months, (3) patient with joint contracture (knee flexion more 

than 20 degrees, hip flexion more than 40 degrees), (4)presence of peripheral neuropathy 

or muscular disorders, and (5)unstable medical condition. Patients were divided into two 

groups according to intensity of robotic therapy (high or low intensity groups) and 

participated in Walkbot-K training 3 times per week for 45-min sessions for 6 weeks. Body 

weight support of high-intensity(HI) group was no more than 5kg and that of low-

intensity(LI) group was from10 to 15kg. The speed of treadmill was 1.5km/h in HI group 

and 1.1km/h in LI group. GMFM, WeeFIM, COPM, postural stability test, body composition, 

MEP, and CPET were evaluated at baseline, and after the robotic therapy intervention. 

Results 

Seven children with cerebral palsy(GMFCS level II~III), ages 3 to 8, were analyzed for data. 

Subject ages ranged from 3 to 8 years with a mean of 4.7±1.8 years. The mean height was 

105.1±9.1 cm, and mean weight was 16.6±3.3 kg. There was no difference in improvement 



of GMFM, WeeFIM, COPM, postural stability test, body composition, gait performance, 

MEP latency, and CPET between HI and LI group. However, both groups showed 

improvement in outcome after robot-assisted gait training compared to baseline in most

assessments. 

Conclusion

Robot-assisted gait training was found to be a helpful therapy for neurologic recovery, gait 

ability, and functional gain. We could not confirm the difference in treatment effect 

according to intensity of robot-assisted gait training. Additional patient enrollment is 

required to determine the effects of robot-assisted intensive gait training on neurological 

recovery and functional improvement in patients with cerebral palsy. 
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Bone mineral density and T-score discordance of adults with cerebral palsy

Se Hee Jung1*†

Seoul National University Boramae Medical Center, Department of Rehabilitation 

Medicine1

Objective

To investigate the prevalence of osteoporosis and osteopenia and describe characteristics 

of the bone mineral density of adults with CP. 

Design

Cross-sectional study. 

Setting

University hospitals and communities for persons with disabilities. 

Participants

A total of 87 adults with CP (52 men, mean age of 42.0±8.29 years) were included. 

Method

The bone mineral density and body composition was assessed using dual-energy x-ray 

absorptiometry. We investigated the correlation between the bone mineral density and 

CP-related characteristics. The T-score discordance and its prevalence were also assessed. 

Results

The prevalence of osteopenia was 42.5% (40.0% in men and 45.7% in women) and that of 

osteoporosis was 25.3% (30.8% in men and 17.1% in women). The mean L-spine (LS) T- and 

Z-score were lower in men than in women but T-score in femur neck (FN) and total femur 

(FT) did not show difference by sex. LS, FN, and FT T-score were negatively correlated with 

the Gross Motor Function Classification System (GMFCS) level but not with age, body 

weight and waist circumference. Non-ambulatory subjects showed lower FN (-1.4±1.5, -

0.4±0.8, p<0.001) and LS T-score (-1.2±1.9, -0.3±1.4, p=0.04) than ambulatory subjects. 

With controlling with the GMFCS level, the body mass index (BMI) was correlated with LS, 

FN, and FT T-score but not with LS, FN, and FT Z-score. The percent body fat was correlated 

with LS, FN, and FT T-score and LS Z-score but not with FN and FT Z-score. The total fat free 

mass was correlated with LS T-score but not with FN and FT T-score and the total fat mass 

was correlated with LS, FN, and FT T-score. There was no difference in LS, FN, and FT T-



score between bilateral and unilateral CP. Major (>2SD) T-score discordance was observed 

in 15.0% (10.4% in men and 21.9% in women) and moderate (1-2SD) T-score discordance 

was observed in 33.8% (35.4% in men and 31.3% in women), which is higher than the 

prevalence of T-score discordance in general population. 

Conclusion

Adults with CP had decreased bone mineral density. The BMD was correlated with motor 

function, physical activity, BMI, and percent body fat. As T-score discordance was more 

frequent in adults with CP than in general population, estimation of fracture probability

may need more caution in adults with CP. 

Acknowledgment :This research was supported by the R&D grant of rehabilitation services by Korea 

National Rehabilitation Center Research Institute, Ministry of Health & Welfare. 
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Medical consultation on special education class for students with severe and 

multiple disabilites

Da-Ham Kim1*, Doo-Young Kim1, Min-Young Kim2, Si-Woon Park1, Jae-Hyung Kim1†

Catholic Kwandong University International St. Mary’s Hospital, Incheon & Catholic 

Kwandong University School of Medicine, Gangneung, Republic of Korea, Department of 

Physical Medicine & Rehabilitation1, Catholic Kwandong University International St. Mary’s 

Hospital, Incheon, Republic of Korea, Department of Physical Therapy2

Objective

this study is to report on the process and results of the medical consulting program for 

students who are currently enrolled in special classes in general schools. 

Subjects

twenty-six students with severe and multiple disabilities were enrolled in 8 general schools 

(3 middle schools, 5 elementary schools) in the western Incheon metropolitan city for last 

year. 

Methods

1) visiting consultation: medical team visited all 26 students (12 female, 14 male; average 

age, 15.54 ± 3.96 years) who were studying at special classroom in general school. Their 

general characteristics, medical conditions were assessed. 2) health examination: the 

health examination was conducted for 10 students who were permitted by the parents. 

The somatosensory evoked potential study, visual evoked potential study, auditory evoked 

potential study, gross motor function measure (GMFM), medical research council (MRC) 

score, modified Bathel index-korean version (K-MBI), basic blood chemistry, spine 

scannogram, and video-fluoroscopic swallow study (VFSs) were conducted. 

Results

1) general characteristics: total 26 Subjects consist of Rett syndrome 3 cases, lennox 

gastaut syndrome 3 cases, genetic disorder 2 cases, cerebral palsy 5 cases, hypoxic brain 

damage 2 cases, hydrocephalus 2 cases, unknown 9 cases. 2) the results of visiting 

consultation: all students are unable to ambulate independently and nearly total 

dependent ADL state. Students’ medical complications (Fig. 1) were speech problem 26 

cases (100%), major joint contractures 24 cases (92.3%), scoliosis 21 cases (80.7%), 

dysphagia 21 cases (80.7%), seizure disorder 19 cases (73.0%) constipation 16 cases 

(61.5%), torticollis 4 cases (15.3%). 3) the results of health examination: 6 students has 

abnormal blood chemistry, if overlapping is allowed (unknown origin infection 3 cases, 



dyslipidemia 2 cases, renal dysfunction 1 case, hypoalbuminemia 1 case, anemia 1 case). 

The mean GMFM score was 28.7±17.71, the MRC score was 30.33±4.79 out of 60, the 

mean K-MBI score was 2.40±5.79 out of 100. The somatosensory evoked pathway 

dysfunction 5 cases, visual evoked pathway dysfunction 2 cases, auditory evoked pathway 

dysfunction 1 case, if overlapping is allowed. The cobb’s angle for scoliosis was 

31.55±31.59 degree in whole spine scannogram. The functional dysphagia scale score were 

42.71±25.21 out of 100 by VFSs.

Conclusions

All students had very low functional state and severe, various medical complications. They 

needed medical and rehabilitative intervention. We suggest that participation by 

physiatrist is necessary to set the educational goal according to individual functional status, 

cognitive state and learning ability. Regular medical consultation will be needed for 

persistent healthcare services, but it is realistically difficult. Telemedicine or video-

conference between physiatrist and teacher periodically could be another choice for 

medical consultation. 

Fig 1. Students' medical complications



소아재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-18

Functional assessment of CP patient who ipsilateral MEP evoked

Ju-Yul Yoon1,2*, Young-Bin Oh 1,3, Gi-Wook Kim 1,3, Yu Hui Won 1,2, Myoung-Hwan Ko 1,3, 
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Chonbuk National University Medical school and Hospital, Department of Physical 
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of Clinical Medicine and Biomedical Research Institute2, Chonbuk National University 

Hospital, Translational Research & Clinical Trial Center for Medical Device3

Introduction 

Cerebral palsy is a group of permanent movement disorders that appears in early 

childhood. In general development, the most of the ipsilateral connections are withdrawn 

and taken over by the contralateral motor cortex. As a result, movements of limbs are 

regulated by contralateral motor cortex through the corticospinal tract. However, an early 

damage to the motor system can prevent the development progress by preserving the 

ipsilateral connections between the contralesional hemisphere. Stimulation of motor 

cortex of brain by using Motor evoked potentials (MEPs) can indicate the preserved 

connections of ipsilateral side. Many recent studies compared the results of MEPs for 

ipsilateral evoked patients and contralateral evoked patients for TMS as a treatment, we 

investigated on functional differences in CP patients with MEPs. 

Objective 

Out of 78 CP patients who has done MEP, there were ipsilateral MEP evoked patients (n=24) 

and not-evoked patients (n=54). Retrospective observation was done for hand function 

test, birth weight and gestational weeks. Throughout the hand function test, we 

investigated the function of patients who showed evoked result from MEP. In addition, we 

attempted to show the relationship between gestational weeks and weight. To compare 

properly, from hand function test, we selected ratio of lesional side and intact side as 

dependent variable. T-test was done for each box and block ratio, grip power ratio, 9-hole 

ratio, birth weight and gestational weeks. 

Result 

Among the hand function test, 9-hole test had significant result from paretic side by having 

time delay (p=0.0041) while grip power and Box and block results showed p=0.147 and 

p=0.304 respectively. Longer gestational week (37.85 week vs. 34.81 week) was associated 

with ipsilateral MEP evoked patients and higher birth weight (3.07kg vs. 2.42kg) was 

related to ipsilateral MEP evoked patients 



Discussion

This study demonstrated that ipsilateral MEP evoked patients show different functional 

outcome. 9-hole show more noticeable result than grip power and box and block test. It 

means more influence on fine-motor function; therefore, this study can help to establish 

the potential treatment options for ipsilateral MEP evoked patients. 
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Correlation between upper limb function and activities of daily living 

capability in cerebral palsy

Ja Young Choi1*, Sook-hee Yi2, Eun Sook Park3, Dain Shim3, Yonghyun Lee3, Hyerin Park3, 

Jun-il Park1, Dong-wook Rha3†

Daejeon-Chungcheong Regional Rehabilitation Center, Chungnam National University 

College of Medicine, Department of Rehabilitation Medicine1, Seoul Rehabilitation 

Hospital, Department of Rehabilitation Medicine2, Severance Hospital, Research Institute 

of Rehabilitation Medicine, Yonsei University College of Medicine, Department of 

Rehabilitation Medicine3

Purpose

This study examined the correlation between upper limb function and activities of daily 

living capability in children with cerebral palsy (CP). 

Methods

Seventy children with CP (mean age 7.0 ± 3.2 years old; 39 boys, 31 girls) participated in 

this prospective cross-sectional study. Melbourne Assessment of Unilateral Upper Limb 

Function, version 2 (MA2) and upper limb physician’s rating scale (ULPRS) were conducted 

to measure upper limb function. Activities of daily living capability were measured using 

Pediatric Evaluation of Disability Inventory-computer adaptive test (PEDI-CAT). The 

percent score of MA2 and scaled score of PEDI-CAT were used for analysis. In the case of 

bilateral CP, data of more affected limb was selected. Spearman or Pearson correlation 

coefficients were calculated to estimate the correlations among the scores on the 

functional tests. 

Results

The fluency dimension of MA2 showed a moderate positive correlation with daily activity 

and mobility domain of PEDI-CAT (r=0.43, 0.41, respectively; p<0.05), and a weak positive 

correlation with responsibility domain (r=0.27; p<0.05). The range and accuracy dimension 

of MA2 also showed a weak positive correlation with the daily activity domain of PEDI-CAT 

(r=0.33, 0.32, respectively; p<0.05). As for ULPRS, active elbow extension, forearm 

supination, wrist deviation, and two-handed function score, along with total score were 

weakly correlated with the daily activity and responsibility domain of PEDI-CAT (r=0.24-

0.40; p<0.05). However, the total score of ULPRS did not significantly correlate with 

mobility and social cognitive domains of PEDI-CAT. 



Conclusion

This study investigates how well upper limb function measured by MA2 and ULPRS relates 

to the child's actual performance in activities of daily living. MA2 and ULPRS were 

significantly correlated with daily activity domain, not with social cognitive domains in 

PEDI-CAT. A relatively weak correlation with the responsibility domain suggests that upper 

limb function does not lead to participation in managing complex, multi-step life tasks in 

children with CP. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 
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Strabismus is Correlated with Gross Motor Function in Children with Spastic 

Cerebral Palsy

Jin A Yoon1*, Ho Eun Park1, Mi Kyung Cho1, Dong Min Kim1, Yong Beom Shin1†

Pusan National University Hospital, Department of Rehabilitation medicine1

Purpose 

To investigate the correlation between clinical features of strabismus and motor 

dysfunction classified according to the Gross Motor Function Classification System (GMFCS) 

in patients with spastic cerebral palsy (CP). 

Methods 

In this retrospective, cross-sectional study in single tertiary medical center, 62 patients 

who are diagnosed with spastic CP who had an ophthalmic examination between 2006 and 

2014 were included. Only patients with vision sufficient to fixate were included and 

patients with restrictive or paralytic strabismus were excluded. The types of CP were 

classified as diplegia, hemiplegia, or quadriplegia for distribution of motor impairment. The 

GMFCS was used to grade gross motor dysfunction, which was then classified as mild 

(grade 1, 2 and 3) or severe (grade 4 and 5) motor impairment(Table 1). Strabismus was 

investigated in terms of direction, constancy, and deviation angle. The relationship 

between strabismus characteristics and the level of GMFCS and type of CP were assessed. 

Results

Thirty-eight and 24 patients had mild or severe motor deficit, respectively(Table 2). Forty 

patients had strabismus, which was more frequent in patients with severe motor 

impairment (P = .014). Exotropia and esotropia occurred with similar frequency. Constant 

and large-angle strabismus was frequently observed in patients with severe motor 

impairment.(P < .005, 0.027)(Fig. 1). The topographical subtype of CP was not related to 

clinical features of strabismus(Fig. 2). There was no correlation between the refractive 

errors and the GMFCS severity(Table 3). Visual acuity was measured in 32(51.6%) 

patients(Table 4). GMFCS grade was only the risk factor for strabismus on 

univariate(P= .001) and multivariate(P= .001) analysis(Table 5). 

Conclusions 

The prevalence of strabismus is higher in severe motor impairment. The constancy and 

angle of strabismus was related to the severity of motor impairment while the 

topographical subtype of CP has no significant relationship. 
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Validity of the TIMP-SI test to Assess Motor Development in Preterm Infants
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Ulsan University Hospital, Department of Physical Medicine and Rehabilitation1, Asan 

Medical Center, Department of Rehabilitation Medicine2

Introduction

Preterm infants are high risk group for developmental delay. The Test of Infant Motor 

Performance Screening Items test (TIMPSI) is a shorter screening version of the Test of 

Infant Motor Performance. The aim of this study was to assess the relationship between 

TIMPSI and the Alberta Infant Motor Scale (AIMS) in preterm infants. 

Method

Total 139 infants were scheduled to receive TIMPSI at 34-40 weeks postmenstrual age 

(PMA), 1 month, and 3 months corrected age (CA) and AIMS at 4, 8, 12-months CA. The 

association between the z-score on the TIMPSI and AIMS percentile ranks (PR) was 

analyzed. The age at which the best correlation occurred between TIMPSI and AIMS was 

selected for analysis of sensitivity and specificity for predicting AIMS performance below 

the 10th PR at 4, 8, and 12 months. 

Results

Baseline characteristics of the infants are shown in Table 1. TIMPSI at 34-40 weeks PMA, 1 

month, and 3 months CA showed correlation with AIMS at 4 and 8 months CA (p<0.05), 

except TIMPSI at 1 month CA and AIMS at 4 months CA (Table 2). However, TIMPSI at all 

periods were not related with AIMS at 12 months CA. The best TIMPSI to maximize 

specificity and correctly identify 86% of the infants above versus below the 10th PR at 4 

months was a TIMPSI at 34-40 weeks PMA with a cut-off point of 2 SD below the mean 

(Table 3). The same cut-off point correctly identified 74% of the infants at 8 months. 

However, the best TIMPSI to maximize specificity and correctly identify 84% of the infants 

above versus below the 10th PR at 12 months was a TIMPSI at 3 months CA with a cut-off 

point of 2 SD below the mean. 

Conclusion

TIMPSI scores significantly predict AIMS PR 4 to 8 months later. TIMPSI at 34-40 weeks 

PMA has the greatest validity for predicting motor performance on the AIMS at 4 and 8 

months, whereas TIMPSI at 3 months CA has the greatest validity for predicting motor 

performance on the AIMS at 12 months. 



Table 1. Clinical and demographic characteristics (total n=139)

Table 2. Pearson’s correlation between TIMPSI and AIMS test results at various ages 



Table 3. Summary of diagnostic efficiency of TIMPSI in predicting performance on AIMS at 4, 8, and 12 months
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Visual behavior in Full term and Preterm infants under 24-months Using 

PreViAs Questionnaire.
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Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 

Department of Rehabilitation Medicin1, Areumdri Pediatric Clinic, Areumdri Pediatric 

Clinic2

Introduction 

Visual difficulties in infancy are not only limited to ophthalmologic problems such as visual 

field loss and visual acuity. It has been known that cortical visual impairment is also 

involved in visual behaviors. Preterm birth is known as a risk factor for neurological deficit 

and cognitive impairment. Early visual approach will help screening high-risk infants and 

predicting their neurological and cognitive development, including visual impairment. 

Methods 

The Preverbal Visual Assessment (PreViAs) questionnaire designed by V. Pueyo et. al, is a 

useful tool for assessing visual integrative functions in infants under 24 months. All 30 

questions can be answered within a short period of time, and each item is related to one 

or more of four domains (visual attention, visual communication, visual–motor 

coordination and visual processing) (Table 1). The Preverbal Visual Assessment (PreViAs) 

questionnaire was administered to full term infants who visited a local pediatric clinic and 

preterm infants who visited our outpatient clinic. All infants enrolled in the study were 

under 24 months. The caregivers of 174 full term infants and 204 preterm infants have 

completed the questionnaire. 

Results 

The subjects were divided into 6 groups at 4-month intervals. The number of full term 

infants assigned in each age-group was between 11 and 56. Most of them were assigned 

in age-group of 12 to 15.99 months (Table 2). The number of preterm infants assigned in 

each age-group was 2 and 85. The age-group with the largest number of infants was 0 to 

3.99 months (Table 2). Each domain was added up by items corresponding to each visual 

function. The mean score of each domain in the preterm infants was compared to the full 

term infants reference at matching age group. The mean global score in preterm infants 

was generally lower than the references, except for age group of 12 to 15.99 months. The 

mean scores of visual attention were generally lower than the references, except for age 



group of 12 to 15.99 months. The mean scores of visual communication were lower than 

the references between 8 to 11.99 and 16 to 19.99 months. The mean scores of visual 

motor coordination were lower than the references between 8 to 11.99, 16 to 19.99 and 

20 to 23.99 months. The mean scores of visual processing were generally lower than the 

references, except for age 0 to 3.99 and 16 to 19.99 months (Table 2). The global score 

showed statistical significance in most age groups except for 0 to 3.99 and 12 to 15.99 

months (Figure 1). 

Conclusion 

The PreViAs questionnaire is an easy and useful tool for assessing the visual performance. 

Overall, except some age groups, the preterm group generally showed a lower means 

score distribution for each domain than for the full term group. Based on this study, we 

expect to use this tool to help early diagnosis of high-risk infants including premature 

babies with cortical visual impairment. 



Table 1. The Preverbal Visual Assessment (PreViAs) questionnaire.



Table 2. The number of full term and preterm infants in each age group, and the mean scores of each visual 

domain.

Figure 1. Comparison of global score between full term and preterm infants with statistical significance.
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Assessment of hip adductor stiffness using ARFI sonoelastography in 

cerebral palsy : Pilot study

Dongmin Hwang1*, Ja Young Choi1†, Shinseung Yang1†

Department of Rehabilitation Medicine, School of Medicine, Chungnam National 

University1

Introduction

Hip displacement is one of the most common deformities in children with cerebral palsy 

(CP). Spasticity-related adductor muscle contracture plays a key role in the development 

of hip displacement. Recent sonoelastography using Acoustic Radiation Force Impulse 

(ARFI) imaging can measure intrinsic viscoelastic changes using shear wave velocities 

(SWPVs), which can be a quantitative marker of muscle stiffness. Therefore, this study was 

designed to investigate the correlation among hip adductor spasticity, SWPVs measured 

by sonoelastography, and hip migration index in children with spastic CP. 

Methods

Twenty legs of 10 children (mean age 4.6 ± 0.97 years) diagnosed with spastic CP were 

investigated in this study (Table 1). ARFI sonoelastography was conducted to measure the 

stiffness of the hip adductor muscle. Scans of the short axis of the adductor longus muscles 

were performed with minimal compression applied with the transducer weight, bilaterally. 

Three trials of ARFI imaging were performed and the mean values were used for analysis. 

Hip adductor spasticity was assessed with the Modified Ashworth Scale (MAS) in knee 

flexed and extended posture. The hip migration index (MI) was measured in pelvic simple 

radiography to assess the severity of hip displacement. 

Results

Hip adductor MAS shows positive strong correlation with MI (r=0.615, 0.627, P<0.05), and 

hip abduction ROM shows negative moderate correlation with MI (r=-0.503, P<0.05). 

However, SWPVs of hip adductor longus measured by ARFI sonoelastography shows no 

significant correlation with hip adductor MAS, ROM, or MI (Table 2). 

Conclusion

This study found that severity of hip displacement was correlated with hip adductor 

spasticity and ROM, not with the intrinsic viscoelastic changes. Further studies in larger 

groups of children are needed to delineate the correlation of muscle stiffness measured 

by ARFI elastography and other clinical assessments. 



Table 1. Characteristics of the participants 

Table 2. Correlation coefficients between hip adductor spasticity, SWPV, and migration index 
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Normal weight obesity and low skeletal muscle mass in teenagers with 

disabilities

Won Jin Sung1*, Woo Jin Kim2, Joon Sung Kim1, Seong Hoon Lim1, Bo Young Hong1†

St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 

Republic of Korea, Department of Rehabilitation Medicine1, The Catholic University of 
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Introduction

Growth and development are important processes in children. Depending on the age or 

region, problems associated with development and growth can occur in a variety of ways, 

ranging from nutritional deficiency and low growth rate to nutritional excess, obesity, and 

metabolic syndrome. Moreover, more attention needs to be given to children with 

disabilities in regard to growth and development, which can be studied indirectly through 

body composition indices. The aim of this study was to measure and analyze the growth 

and body composition indices of children with disabilities and compare them to those of 

typically developing children in Korea. 

Subjects and Methods 

Students from two elementary schools and one special school were recruited. Growth was 

measured with height and body weight (BW). Fat mass (FM), fat-free mass (FFM), skeletal 

muscle mass (SMM), and percentage body fat (PBF) were measured with body composition 

analyzers (Inbody). The mean values of the body composition indices and the proportions 

of ‘under range’, ‘within range’, and ‘over range’ in both typically developing children and 

children with disabilities groups were analyzed. 

Results 

In total, 355 typically developing children and 73 children with disabilities participated. As 

shown in Table 1, SMM was significantly lower in children with disabilities than in typically 

developing children. BW showed a significant difference in the proportion of ‘under range’, 

‘within range’ and ‘over range’ between typically developing children and children with 

disabilities (Fig. 1). In addition, the proportions of over-range PBF were 70% and 60% and 

of under-range SMM were 55% and 60% in children without disabilities and those with 

disabilities, respectively. As shown in Table 2, The percentage of high PBF in normal or low 

BMI was 144/297 (48.5%) and 28/61 (46.9%) in children without disability and in those 

with disabilities. 



Conclusion 

As a result of our study, we found that normal weight obesity showing high PBF with 

normal or low BMI was found to be frequent in both children with disabilities and typically 

developing children. We need to be aware of the high proportion of normal weight obesity 

in teenagers. In addition, the percentage of underweight children with disabilities was high, 

which might be due to the decrease in SMM. Therefore, for both health and functional 

improvement, efforts to identify normal weight obesity are needed, and intervention to 

increase physical activity is also crucial.  

Acknowledgment :This research was supported by the National Research Foundation of 

Korea (NRF) grant funded by the Korea government (MSIT, Ministry of Science and ICT) (No. 

NRF-2017R1C1B5017423). 

Table 1. The mean difference in body composition indices between typically developing children and children 

with disabilities (5th and 6th grades).

Table 2. The number and percentage of students with a high percentage of body fat (PBF) according to their 

body mass index (BMI).



Figure 1. Proportion of body composition indices that are ‘under range’, ‘within range’ and ‘over range’ 

between typically developing children and children with disabilities.
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The obesity rate and risk of cardiovascular disease of adults with cerebral 

palsy 

Se Hee Jung1*†

Seoul National University Boramae Medical Center, Department of Rehabilitation 

Medicine1

Background

Individuals with cerebral palsy (CP) are prone to lack of physical activity as well as 

inadequate dietary intake due to dysphagia or gastrointestinal problem at the same time. 

It was not fully studied whether CP makes subjects more vulnerable to obesity or not. 

There is a J-shaped relation between the BMI and mortality/morbidity. Regional body fat 

distribution as well as body fat amount are known to be important for cardiovascular 

disease (CVD) risk. Therefore we need to investigate the characteristics of body fat amount 

and its distribution in adults with CP with regard to CVD risk of this population. 

Objective

To investigate the characteristics of body fat amount and distribution with regard to CVD 

risk in adults with CP. 

Design

Cross-sectional study. 

Setting

University hospitals and communities for persons with disabilities. 

Participants

A total of 99 adults with CP (58 men, mean age of 41.8±9.0 years) were included. 

Method

The body composition was analyzed using dual-energy x-ray absorptiometry. Body fat mass, 

body mass index (BMI), fat mass index, and fat mass and ratio in android and gynoid region 

were analyzed. Resting blood pressure was measured and fasting blood samples were 

obtained for measurement of plasma glucose, serum triglycerides and cholesterol. The 

Framingham risk score (FRS) was calculated for estimating the risk of coronary heart 

disease (CHD). 



Results

The mean body weight was 57.3±12.9 kg (59.5±14.4 in men 54.2±9.9 in women) and the 

mean BMI was 22.5±4.6kg/m² (22.6±5.1 in men and 22.4±3.7 in women). According to BMI 

criteria, there were 3.3 (3.7 and 2.7) % of underweight, 16.5 (20.4 and 10.8) % of normal 

weight, 54.9 (48.1 and 64.9) % of overweight and 27.3 (27.8 and 21.6) % of obese subjects 

(men and women, respectively). The fat mass index (FMI) criteria revealed 7.6 (6.7 and 

8.8) % of obesity (men and women, respectively). The rate of obese and overweight based 

on BMI and FMI criteria were higher than what was reported in general population in South 

Korea. The mean body fat percent was 27.6±11.6% (23.0±10.3 in men and 33.6±10.4 in

women). The mean FRS was 4.4±5.5 (5.2±5.5 in men and 3.1±5.2 in women) and the mean 

10-year risk of developing CHD was 2.5±4.0 (3.9±4.5 in men and 0.2±0.5 in women, Table 

1). The mean FRS was similar or higher than that of general Korean population. Simple and 

multiple linear regression analyses were performed to determine the factors 

independently associated with the FRS. Variables with p<0.1 on univariate analyses were 

used for multivariate analysis. According to the results of the multivariate regression 

model with stepwise selection, a formula was driven for the FRS as “FRS = -18.79 + 0.42 * 

Age + 0.54 * Android body fat (%) (R²=0.741)”. 

Conclusion

The rate of obese and overweight and FRS was higher in adults with CP than the general 

Korean population. Percent android body fat was associated with the CVD in adults with 

CP. 

Acknowledgment :This research was supported by the R&D grant of rehabilitation services 
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Efficacy of language profiles in Bayley-III scales as a screening test in infants 

and toddlers

Taejun Min1*, Junmo Cho1, Kyung Mook Seo1, Don-kyu Kim1, Si Hyun Kang1†, Si Hyun Kang1

Chung-Ang University College of Medicine, Department of Physical Medicine & 

Rehabilitation1

Introduction

The aim of this work is to test the usefulness of language scale of Bayley-III scales for 

screening tools compared with Sequenced Language Scale for Infants (SELSI) test, and to 

investigate whether the developmental delay of the cognition and adaptive behavior of 

infants and toddlers who addressed language delay by comparing the language scale with 

the cognitive and adaptive behavioral scale of Bayley-III scales. 

Method

Spearman's correlation coefficients were calculated for comparisons expressive language 

and the receptive language developmental age in SELSI test and the expressive language 

and receptive language developmental age in Bayley-III scales respectively. Also, Bayley's 

scaled score of expression language and receptive language was compared with the scaled 

scores of Social-Emotional and Adaptive Behavior. 

Results

There was a significant correlation between the receptive language and the expressive 

language in the SELSI test and the receptive language and the expressive language in 

Bayley-III scales, respectively (r=0.773, p=<0.001; r=0.817, p=<0.001). Additionally, the 

receptive language and the expressive language in the SELSI test showed significant 

correlations with cognitive scale(r=0.779, p=<0.001; r=0.592, p=0.002), social emotional 

scale (III (r=0.470, p=0.021; r=0.439, p=0.032), and adaptive behavior scale (r=0.408, 

p=0.048; r=0.558, p=0.005) of the Bayley-III. 

Discussions and conclusion

Language scales of the Bayley-III are useful instrument for screening of language delay in 

the children less than 42 months old. In addition, it was found that the developmental 

delay of cognition and adaptation behavior can be seen in children who have behind 

language. 
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Changes of mass of muscle after botulinum toxin injection in spastic 

hemiplegic cerebral palsy
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Introduction

Botulinum toxin injections are widely used to control spasticity in cerebral palsy and have 

been proved effective in improving spastic equinus and gait pattern. Although it is 

considered safe in general, there is a concern that BoNT-A injections may negatively effect 

on muscle mass and strength. The purpose of this study was to measure the properties of 

botulinum toxin injected and non-injected muscle and to evaluate muscle mass changes 

after injection in spastic hemiplegic cerebral palsy patients. 

Methods

Children who were diagnosed with hemiplegic cerebral palsy with tip-toeing gait in 

affected side aged between 2 and 18 years were prospectively enrolled for the study. The 

participants were injected with botulinum toxin [Botox, Type A; Allergan] on spastic lower 

extremity. The lean muscle mass were measured by Dual-Energy X-Ray absorptiometry at 

baseline, 4 weeks, and 12 weeks after botulinum toxin injection. 

Results

A total of 14 children with hemiplegic cerebral palsy (8 males and 6 females; age range 3-

11 years, mean age 5.29 ±2.60 years) were analyzed for the study. 4 weeks after botulinum 

toxin injection, the muscle mass of the injected leg decreased as compared to the non-

injected side. However, the decrease in muscle mass was recovered within 12 weeks (Table 

1). In consideration of the physiological increase of muscle mass during development, we 

compared the ratio of injected leg mass to uninjected leg or total body mass. The 

compared the ratio of injected leg mass to uninjected leg or total body mass was 

significantly reduced 4 weeks after injection. But, after 12 weeks, the muscle loss was 

meaningfully recovered, when compared with 4 weeks ago (Table 2, Table 3).

Conclusions

Our findings suggest that even if the botulinum toxin injection on spastic muscle in children 

with hemiplegic cerebral palsy causes the loss of muscle mass at 4 weeks after injection, 

the muscle mass can be eventually restored within 12 weeks of injection. 



Acknowledgment :Acknowledgement: This study was supported by Sol hospital research 

grant of Korean Academy of Rehabilitation Medicine for 2018. 

Table 1. Muscle mass (mean ± SD, g) after botulium toxin injection analyzed by Dual-Energy X-Ray 

absorptiometry

Table 2. Muscle mass ratio to total body (mean ± SD, %) after botulinum toxin injection

Table 3. Muscle ratio of injected leg to uninjected muscle (mean ± SD, %) after botulinum toxin injection
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Physical activity and GMFM in children with cerebral palsy

Byung Chan Lee1*, Min Hwa Suk2, In Kyeong Park2, Jeong Yi Kwon1,2†

Samsung Medical Center, Department of Rehabilitation Medicine1, Samsung Medical 

Center, Sungkyunkwan University School of Medicine, Department of PRE2

Purpose 

Cerebral palsy (CP) has the movement and posture disorders, causing activity limitation in 

childhood (Rosenbaum et al., 2007). The children with CP have generally lower levels of 

health-related fitness (muscle strength and cardiorespiratory endurance, etc), that 

reduced the levels of physical activity. It is considered the relationship of the physical 

activity and motor function. The purpose of this study was to investigate the associations 

between Physical Activity and Gross Motor Function Measure in children with CP. 

Subjects and Method 

Fourty-six children (age, 7.46±1.57; 24 boys and 22 girls) with CP (Gross Motor Function 

Classification System level Ⅰ-Ⅲ) participated in this study. Inclusion criteria were: (1) 

children with CP, (2) 7 to 13 years of age; and (3) GMFCS , ⅠⅡ and Ⅲ. Potential subjects 

were excluded if they had received orthopedic surgery or neurosurgery and/or botulinum 

toxin injection within the previous 6 months. All participants’ parents signed a written and 

informed consent by the subject’s verbal assent. Physical activity levels measured with 

ActiGraph model GT3X accelerometer (Health One Technology, Fort Walton Beach, FL) on 

the waist. For physical activity, % sedentary physical activity (%SPA), % light physical 

activity (%LPA), % moderate physical activity (%MPA), % vigorous physical activity (%VPA), % 

moderate-vigorous physical activity (%MVPA) were measured using an ActiGraph model 

GT3X accelerometer (model GT3M, Health One Technology, Fort Walton Beach, FL, USA). 

The Gross Motor Function Measure (GMFM) were used for assessment of Korean version 

(Ko and Kim, 2015). The GMFM scale is used to plan treatment and detect quantitative 

changes in gross motor function in children with CP (Russell et al., 2000). All variables were 

tested for normality using Kolmogorov-Smirnov descriptive test. Bivariate correlations 

were conducted between physical activity and GMFM. 

Results 

The GMFM value showed a significant negative correlation with %SPA (p < 0.05), and 

positive correlations with %MPA (p < 0.001), %VPA (p < 0.01) and %MVPA (p<.001), 

especially, the %MPA %MVPA were found significant correlations. Weight was found to 



have a significant positive correlation with SPA (p < 0.05) and a negative correlation with 

LPA (p < 0.05), MPA (p < 0.05) and MVPA (p < 0.05). 

Conclusion 

Gross motor function significantly influenced on the intensity of physical activity in children 

with CP. Children with GMFCS level 3 showed the lowest proportion 

insufficient %MPA, %VPA, and %MVPA though it was not significantly different 

in %sedentary and %LPA. Increasing high intensity physical activity can be improved the 

motor function.

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea funded by the Ministry of Education 

(NRF-2017R1A2B4004615) 
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Dysphagia is related to bone mass and fat free mass in adults with cerebral 

palsy 

Se Hee Jung1*†

Seoul National University Boramae Medical Center, Department of Rehabilitation 

Medicine1

Background

One of common disability of cerebral palsy (CP) is dysphagia which frequently results in 

long-standing inadequate dietary intake. Inadequate dietary intake can affect body weight, 

bone mass, bone mineral density, muscle mass, and fat mass in general population. 

However, there is no study to investigate the relationship between the severity of 

dysphagia and the body composition in adults with CP. 

Objective

To determine whether the severity of dysphagia is associated with the body composition 

of adults with CP. 

Design

Cross-sectional study. 

Setting

University hospitals and communities for persons with disabilities. 

Participants

A total of 99 adults with CP (58 men, mean age of 41.8±9.0 years) were included. 

Method

The severity of dysphagia was assessed as no, mild, moderate, and severe. The body 

composition was analyzed using dual-energy x-ray absorptiometry. The correlation 

between the dysphagia severity and body weight, waist circumference, body mass index, 

percent body fat, trunk percent fat, android-to-gynoid fat ratio, bone mass, bone mineral 

density, T-score, Z-score, fat mass, and fat free mass was investigated using the Spearman

correlation analysis. 

Results



The severity of dysphagia was not related to age (p=0.4) or the Gross Motor Function 

Classification System level (p=0.06). The severity of dysphagia was related to 1) bone mass 

(trunk and legs), 2) fat free mass (total and legs), 3) lean mass (total and legs), 4) bone 

mineral density (lumbar spine, femur neck and total femur), and 5) T-score (lumbar spine, 

femur neck and total femur). However, the severity of dysphagia was not related to body 

weight, waist circumference, body mass index, fat mass, percent body fat, trunk percent 

fat, and android-to-gynoid fat ratio (Table 1). 

Conclusion

Dysphagia in adults with CP is related to bone mass, fat free mass and bone mineral density. 

Dysphagia does not show relationship with well-known parameters of obesity or 

underweight in adults with CP. 

Acknowledgment :This research was supported by the R&D grant of rehabilitation services 

by Korea National Rehabilitation Center Research Institute, Ministry of Health & Welfare. 
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Predictive value of language scales in BSID III based on correlation between 

SELSI in infants 

Joug Hyun Doh1*, Soo A Kim1†, Yuntae Kim1, Ki Young Oh1, Sang Hoon Lee2, Jin young Kim3

Soon Chun Hyang University Cheonan Hospital, Department of Rehabilitation Medicine1, 
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INSTRUCTION 

Up to 20% of 2yr old children have delayed expressive language, which resolves by 5 yrs of 

age in about half of cases, but others have persistent delay. It is diagnosed by standardized 

language assessment tools, such as the BSID III and SELSI. Since early intervention can 

improve developmental function and minimize the sequele of disabilities, early diagnose 

is crucial for treatment and good prognosis. This study is to find out about relationship 

between BSID III and SELSI, with a specific focus on the receptive and expressive language 

subscales. 

METHOD 

The test scores of BSID III and SELSI were retrospectively assessed on 125 infants from 

August 2015 to December 2018. We only focused on BSID III’s language abilities about 

receptive and expressive language and corresponding Language Index. And SELSI is also 

subdivided into receptive and expressive language abilities. We calculated quotient scores 

based on their developmental age, by dividing estimated age by corrected age and 

multiplying it by 100. First, we compared quotient scores of each group and then, analyzed 

the correlation of these scores between language scale of BSID III and two subcategories 

of SELSI. 

RESULT 

There were no significant differences between the groups with respect to sex, gestational 

age, birth weight. Bayley results were classified into 4 groups(average, below average, 

borderline, delay). No significant correlations between variables and receptive Bayley 

score changes were revealed, except for gestational age. There was significant correlations 

between variables and expressive Bayley score, except for sex. Tested infants showed that 

expressive Bayley score is lower than receptive one. SELSI results were classified into 5 

groups(average, borderline and mild, moderate, severe delay). Significant correlations 

between variables and receptive SELSI score were revealed, except for sex and expressive 

SELSI score and gestational & tested age had significant correlation(Table 1). Evaluation of 



language test results compared between BSID III and SELSI are described in Table 2. 

Receptive and expressive Bayley score correlates with statistical significance to SELSI score, 

regardless of gestational age, birth weight, and tested age. Receptive and expressive SELSI 

score had no prominent difference in diagnosing as language development delay 

compared to Bayley scores. In ROC curve analysis, optimal cut-off value where sensitivity 

of 83% and specificity of 78% were achieved with receptive BSID III was 1.50 and sensitivity 

of 85% and specificity of 81% were achieved with expressive BSID-III was 3.5 in SELSI(Table 

3). 

CONCLUSION 

SELSI provides reliable and valid measurements that used for the evaluation of language 

development delay. Correlations between language abilities of children using Bayley and 

SELSI were statistically significant. Therefore, receptive and expressive Bayley score can be 

used as an alternative screening tool to diagnose the language delay. 

Table 1. Distribution of SELSI score by variables (receptive and expressive)



Table 2. Comparison between BSID III and SELSI score (receptive and expressive)

Table 3. Distribution of SELSI rate according to BSID III Score (receptive and expressive)
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CVAI reduction according to severity and accompanied brachycephaly for 

deformational plagiocephaly.

Hyundong Kim1, Nami Han1, Mija Eom1†, SangHoon Jung1, YunHo Kim1, JeeYoung Kim1*, 

Heesung Nam1

Inje University Busan Paik Hospital, Department of Physical Medicine and Rehabilitation1

Introduction 

The effect of a cranial molding orthotic device(helmet) for correcting deformational 

plagiocephaly was well announced these days. In numerous clinical cases, there are 

deformational brachycephaly accompanied with plagiocephaly. But, there are few studies 

for relationships between brachycephaly and plagiocephaly. So we investigated the effect 

of helmet according to severity, starting age and accompanied brachycephaly. 

Methods 

A total of 47 pediatric patients diagnosed deformational plagiocephaly and applied helmet 

were enrolled in this study. The mean duration of the helmet treatment was 5.7±1.9 

months. The mean hour of putting on the helmet per day was 19.3±3.3. The mean age at 

initiation of helmet treatment in the subjects was 8.19±3.1 months. Pre- and post-

treatment cranial shape asymmetry was measured according to the Cranial Vault 

Asymmetry Index (CVAI) using 3D-Photogrammetry. The CVAI is the difference between 

the lengths of two diagonals measured 30 degrees from midline, divided by the larger of 

the two diagonals multiplied by 100. Patients were classified by age at which treatment 

was started: Group 1 was comprised of patients younger than 6 months (n = 22); Group 2, 

those aged 6-9 months (n =13); Group 3, those aged >9 months (n = 12). Groups were also 

categorized by severity (mild: CVAI 3-7%; moderate: CVAI 7-12%; severe: CVAI > 12%). 

Additionally, patients were divided into 2 groups: Group A, those without brachycephaly; 

Group B, those with brachycephaly. We set up standard that CI(Cranial Index)>90% as 

brachycephaly. Cranial Index is the ratio of the maximum width divided by maximum 

length multiplied by 100. 

Results 

The mean initial CVAI was 9.77%, which reduced to 5.69% after helmet treatment. Group 

1 (<6 months) showed the highest CVAI reduction. But there was no significant difference 

among the groups. A significant difference in CVAI reduction depending on age was only 

seen in severe cases of plagiocephaly but not in mild and moderate plagiocephaly[table 1]. 

Severity correlated positively with CVAI reduction between some groups, but no significant 



difference was seen. However, regardless of age, more severe group appeared higher CVAI 

reduction[table 2]. Although the existence of brachycephaly did not affect on the CVAI 

reduction, in the severe groups there was a significantly higher CVAI reduction in the group 

without brachycephaly[table 3]. 

Conclusion 

The effect of helmet for patients of deformational plagiocephaly was greater in the case of 

more severe groups. The existence of brachycephaly did not affect on the effect of helmet. 

But, in case of severe plagiocephaly, accompanied brachycephaly reduced the CVAI 

reduction. In case of severe deformational plagiocephaly with brachycephaly, we must 

consider that CVAI reduction could be poor. 

Table 1. CVAI reduction of 47 patients with plagiocephaly treated with helmet. Patients were divided by 

severity of plagiocephaly according to the CVAI and stratified by age at start of therapy.

Table 2. CVAI reduction of 47 patients with plagiocephaly treated with helmet. Patients were divided by age 

at start of therapy and severity.



Table 3. CVAI reduction of 47 patients with plagiocephaly treated with helmet. Patients were divided by 

severity of plagiocephaly according to the CVAI and stratified by existence of brachycephaly.
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Feasibility of robot assisted gait training using G-EO for children with brain 

lesion ; pilot study

Inkyoung Cho1*, Hyun Kyung Kim1†

National rehabilitation center, Department of Rehabilitation Medicine 1

introduction 

Children with brain lesion shows characterized motor impairment such as muscle 

weakness, spasticity, selective motor control that cause gait disturbance. Robot assisted 

gait training is widely used for patients with neurologic deficit to improve gait pattern. The 

result obtained by the meta-analysis suggest that the training benefits people with CP, 

specifically by increasing walking speed, endurance and improving gross motor function. 

But, most of this studies used exoskeletal type, and only one study used end effector robot 

called Gait trainer I. End effector type of gait assist robot is easier to wear than exoskeletal 

gait trainer and provides mechanically variable walking pattern with less precision. this can 

be more naturalistic gait training. In this study we assessed feasibility of robot assisted gait 

training using G-EO for children with brain lesion. 

Method 

Participants were recruited from one rehabilitation center in Seoul. Study inclusion criteria 

were 1) age from 3 to 18 years old, 2) height taller than 90cm, 3) able to understand

commands, and 4) in GMFCS level I to IV. We excluded children who received botulinum 

toxin injection within 6 months, or underwent orthopedic surgery or neurosurgery within 

12 months. We used G-EO system. Subject’s feet are strapped to independent pediatric 

foot plates moving along a gait-like trajectory that can be adjusted by the therapist in range 

and velocity while allowing unconstrained movement of knees and only harness related 

contraint to the hips. All children participated was checked height, weight, shoe size, 

GMFM-66, MMT, MAS. 

Results 

From December 2018 to June 2019, total 6 children participated in this study. 4 out of 6 

children dropped out from this study. characteristics and drop out reason is on table 1. 

Discussion 

Patient 5 dropped out because of the small shoe size smaller than 200mm. GEO is designed 

for adult and pediatric patients and the foot plate is switchable between adult and 

pediatric foot plate. Even if we used pediatric foot plate for children, the strap could not 



hold children’s shoe under 200mm in the proper position which results in ineffective knee 

and ankle motion. Patient 6 case has severe spasticity on adductor, biceps femoris, 

quadriceps femoris, GCM checked 3 by MAS scale. We couldn’t derive patient 6 knee in 

flexion and ankle in dorsiflexion safely since G-EO makes lower extremity pattern with less 

precision compare to exoskeletal type of gait assist robot. Because of high risk of bone 

fracture and fall down the training was stopped in 1 session. 2 out of 6 dropped out due to 

low extremity pain. Whether G-EO reproduces more pain than exoskeletal type of robot is 

unclear. Large number study is needed to find relationship between pain and GEO. 

Conclusion 

Small shoe size and severe spasticity may prevent children from applying robot assisted 

gait training using G-EO for children with brain. 

figure 1. pediatric foot plate 



figure 2. picture of G-EO system

table 1. characteristics and drop out reason of children of robot assisted gait training 
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Botulinum Toxin Injection for Limitation of Ankle Motion with 

Periventricular Leukomalacia: A case

Ga Yang Shim1*, JongKyu KIM1†, Seung Hee Han1

Seoul Medical Center, Department of Physical Medicine & Rehabilitation1

Introduction 

Periventricular leukomalacia (PVL) is a cerebral white matter injury and a major cause of 

cerebral palsy. The most common clinical manifestation of PVL is spastic diplegia with 

shortened Achilles tendon. We experienced a case of isolated Achilles tendon shortening 

without any other neurologic deficit associated PVL with serial follow up and treated with 

botulinum toxin and report it. 

Case 

An 8-year-old boy had visited Pediatric Rehabilitation Clinic due to sustained tip-toe 

walking. In history taking, he was born at a gestational age of 37th week with 3520g birth 

weight. He had no perinatal asphyxia nor head injury up to now. He started to walk at 12 

months of age. His mother recognized his tip-toe walking pattern 5 years ago. Although he 

seems to be a not stable walker, he had no complaint and need no aid at school life, 

including walking, running, and other physical activity such as soccer. On physical 

examination, he showed normal responses of deep tendon reflex on both knees, but 

increased reflexes on both ankles with positive Babinski sign. However, he showed no 

ankle clonus. His ankle dorsiflexion range of motion was decreased.(Table 1) Brain MR 

showed mild periventricular leukomalacia. (Figure 1) He and his mother were taught about 

heel cord stretching. 9 months later, he still showed limitation of ankle dorsiflexion with 

tip-toe gait. And took botulinum toxin injection on both calves. Total 300 unit of botulinum 

toxin type A was injected on both gastrocnemius and soleus muscles. After 2 months follow 

up with regular stretching exercise, he showed improvement of ankle dorsiflexion for 5 

degrees. (Table 1) 2 years later, he showed aggravated limitation of ankle motion and took 

the second injection of botulinum toxin. Thus he showed minimal improvement of range 

of ankle dorsiflexion 

Conclusion 

Isolated Achilles tendon shortening associated PVL mimics orthopedic problem. Physical 

examination with attention can help to find out the central nervous system problem. Serial 

follow-up and adequate treatment such as botulinum toxin injection or surgical release are 

required. 



Fig. 1 Brain MR images. Red arrows indicates suggested area of PVL.
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Effects of X-Factor Increase Program on Swing Performance and Back 

Muscles of Professional Golfers

Jung Ho Yang1*, Seong-Ho Jang1†

Hanyang University College of Medicine, Seoul, Korea, Department of Rehabilitation 

Medicine1

Objective 

X-factor, which refers to the separation angle of both shoulders and pelvis from the 

backswing top during swing, is closely related to the distance, and it is reported that the 

stretch of X-factor is closely related to the increase in driving distance of shots. In this 

regard, quantitative analysis between X-factor and various variables including swing 

performance and back muscle as well as distance is necessary. This study analyzed the 

effect of X-factor increasing program on swing performance and back muscles of female 

professional golfers. 

Methods 

Initially comprised of 15 members of the Korean Ladies Professional Golf 

Association(KLPGA), we randomly allocated 8 participants to conventional training 

group(conventional group) and 7 to X-factor increase program group(X-factor group). The 

exercise program of the X-factor group consisted of eight main exercises related to the 

increase of the X-factor, which was developed to apply to this study for the increase of the 

X-factor of the athletes and the distance improvement. The study was finally performed to 

4 participants in conventional group and 6 in X-factor group after 5 participants were 

dropped. Participants underwent imaging studies and physical examination for accurate 

clinical diagnosis. The measurement of the evaluation items was carried out twice before 

and after application of exercise program with the total of six weeks swing coaching and 

exercise. We performed swing motion analysis using K-vest, ball trajectory evaluation using 

Trackman Pro, and lumbar spine magnetic resonance imaging(MRI) to measure the cross-

sectional area of multifidus muscle, the antero-posterior surfaces based on the facet joint 

and the left and right sides based on the rear end of spinous process, at transverse plane 

of L5 and S1 level in lumbar spine MRI. 

Results 

We found that the rotation speed of the pelvis and the upper body in the X-factor group 

was higher than that of the conventional group. When comparing the effect of multifidus 

muscle hypertrophy, the cross-sectional area increased by 3.8% in control group and 8.8% 



in X-factor group. Relatively, the muscle hypertrophy of X-factor group was more than 2 

times higher compared with conventional group, but it was not statistically significant. 

Conclusion 

Compared to conventional swing coaching, X-factor increase program after measuring the 

body angle is more advantageous for increasing muscle strength. Although it is difficult to 

judge whether there was a significant change in actual swing performance after short-term 

examination, we can expect long-term injury prevention and gradual improvement in 

performance through the golf swing protocol suggested in this study. Furthermore, by 

developing virtual reality contents using ergonomic sensing other than clinical approach, 

we believe it is possible to create a system that can intuitively grasp the competence of an 

athlete. 

Acknowledgment :Acknowledgement This research was supported by the Research and 

Business Development Program funded by the Korea Institute for Advancement of 
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Development of Hybrid-Web Based Self-Training Rehab Program for 

Cardiocerebrovascular Patients
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Eun Ji Shin1, Hye Mi Kim1, Jae Kook Lee1, Hee Joo Kim1, Chan Heo2
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Department of Rehabilitation Medicine1, Nasaro, www.nasaro.co.kr2

Introduction

Cardio-cerebrovascular Diseases have been known as serious vascular diseases related to 

high mortality rate and life-long disabilities. Korean Government established the several 

Regional Cardio-cerebrovascular centers in 2008 and has been supported their operations 

financially and politically. Moreover, their project fields has been widen from in-hospital 

to out of-hospital as community. For Rehabilitation part, disability-related life limitations 

are main issues in community care, and limited resources of rehabilitation have been made 

cardio-cerebrovascular patients dropped out of continuous rehabilitation care. Thus, for 

the connected rehab program from hospital to community, easily approaching web-based 

self-based program was developed by a Regional Cardio-cerebrovascular Center. 

Methods and Results

Multidisciplinary Rehab Team of a Regional Cardio-cerebrovascular Center in OO National 

University Hospital participated in this project. For multi-device application, Hybrid-Web 

system was applied. Self-Training Rehab Program was composed of cardiac and 

cerebrovascular rehab parts mainly, and cerebrovascular rehab part was re-divided by 

cognitive, speech, and swallowing rehabilitations (http://www.kwrehab.co.kr/main/). Each 

part consists of video clips or touch/click based task-reaction works. All video clips were 

up-loaded on youtube.com(https://www.youtube.com/channel/UC3lQNBKAUduFCYpU70M6cJQ) for 

freely uses. Now, these programs are applying to in-hospital patients initially, and will be 

trying to home-based training. Moreover, up-dating of contents in physical and activities 

of daily living Rehab Self-Training programs are on-going in 2019 with newly composed 

Multidisciplinary Rehab Team. 

Conclusion

Development of technology has been changed the form of rehabilitation approach. Hybrid-

Web Based Self-Training Rehab Program is easily assessable and overcomes the place 

restrictions. Moreover, quantitative analysis of patient’s use and improvement is possible 

without complex process. The sense of duty and feeling of rewarded might make our 



Multidisciplinary Rehab Team of a Regional Cardio-cerebrovascular Center in a National 

University Hospital do more jobs without any compensation despite of limited time and 

budget. 

Acknowledgment :This project was supported by Korea Centers for Disease Control and 

Prevention, Ministry of Health and Welfare of South Korea. 

Fig. 1 Main Home



Fig. 2 Cardiac Rehabilitation Program

Fig. 3 Cognitive Rehabilitation Program
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Objective

The purpose of this study was to investigate the effect of customized insole hardness on 

foot pressure during a static standing posture with stroke hemiplegia. 

Method

46 stroke patients who were hospitalize at the rehabilitation center were recruited and 3 

patients eliminate from them. The foot pressure distribution was measured by 

device(Pedar-X) while patient maintained a static standing posture. hardness of soft and 

rigid insole were classified by measuring using an A-type hardness taster(Shoer A, CL-150, 

Asker, Japan). The evaluation was divided into two parts: a trial with Pedar-X in the shoes 

and a trial with the pedal-X with the insole in the shoes. The subjects were placed in the 

center of the laboratory, and the legs were allowed with the shoulder width wide and arms 

were allowed to cross the chest. Take a posture with eyes open and stating ahead for black 

dot. The foot pressure was measured for 30 seconds while maintaining posture and it 

repeated 3 times. Measurements were taken at the great toe, little toe, medial metatarsal, 

lateral metatarsal, medial arch, lateral arch, and heel 7 section. The data were analyzed 

using the IBM SPSS statistics ver. 18.0 statistical program. A paired-t test was performed 

to compare the foot pressure of the before and after wearing the insole. An independent 

t-test was performed to compare soft and rigid delta values. The level of significance at a 

P-value of <.05. 

Results

The soft insole showed a significant differences in medial metatarsal, lateral metatarsal, 

medial arch, lateral arch and heel before and after wearing insole. The Rigid insole showed 

a significant differences in little toe, medial metatarsal, lateral metatarsal, medial arch, 

lateral arch and heel before and after wearing insole.In comparison soft and rigid insole 

hardness showed a significant difference in medial arch and lateral arch. 



Conclusion

As a result, wearing soft and rigid insoles both affect the foot pressure. Soft and rigid 

insoles were compared before and after wearing. In the most heavily pressures of the 

medial metatarsal and lateral metatarsal areas decreased and the pressure of the medial 

arch and the lateral arch increased after wearing the insole. Wearing insole was shown to 

disperse the pressure of metatarsal caused by the insole supported the medial arch during 

the static standing posture. Rigid insole has higher hardness than soft insole, and it is 

thought that difference is caused by supporting arch more strongly. The results of this 

study showed that wearing the insole and the hardness of the material had effect on 

dispersing pressure. In the follow-up study, force and area analysis should be performed 

as well as pressure dispersion of the foot pressure change by different hardness of insole. 

Acknowledgment :Acknowledgments: This study was supported by a Ministry of Health & 

Welfare, Korea 

Table1. Soft and Rigid insole Foot Pressure
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Comparison of the Forefoot Pressure-Relieving Effects of Foot Orthoses

Tae Im Yi1†, Eun Chae Lee1*, Joo Sup Kim1, Yeon Gyu Jeong1

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1

Objective 

Metatarsalgia is frequently treated with a metatarsal pad (MP) to offload the painful area. 

Sometimes clinical use of MPs is limited due to discomfort related inadequate position, 

thickness and so on. Insole thicknesses over 10mm were proved to reduce plantar pressure 

with a similar degree of MPs in previous studies. However, over 10mm thickness insole 

padded shoes may be too tight to wear in practice. The aim of this study was to compare 

the effect of a metatarsal pad and a 6mm soft plastazote(Plastazote®; Chicago, Justin Blair 

& Company) on plantar pressure of the forefoot. 

Methods 

We enrolled 16 asymptomatic participants (Table 1). Forefoot plantar pressure datas were 

recorded using with pedar-x®-in-shoe System during walking in three different conditions 

(i) no padding (Control group), (ii) a MP positioned just proximal to the metatarsal heads 

(MTHs) (Group 1) and (iii) a 6mm soft plastazote (Group 2) in a standardised shoe. We used 

anatomically-based masking protocol divided the forefoot into sub-areas (beneath (bMTHs) 

and distal to the MTHs (dMTHs)) as determined by the position of each metatarsal head. 

Also, participants rate the perceived insole comfort by visual analogue scale. We used 

Wilcoxon’s signed-ranks for pressure properties differences between the three conditions. 

Data analyses involved use of SPSS v18.0 for Windows. P < 0.05 was considered statistically 

significant. 

Results 

Forefoot peak pressure(PP) [kPa], and maximum force(MF) [N] in the dMTHs (PP ; p = 0.008, 

MF ; p = 0.036, respectively ) and bMTHs (PP ; p = 0.000, MF ; p = 0.002, respectively) were 

reduced in group 1 and 2 compared to the control group (Table 2). This analysis revealed 

that a 6mm soft plastazote was significantly more effective than a metatarsal pad for 

reducing peak pressure and maximum force in the dMTHs(PP ; p = 0.005,MP ; p = 0.002) 

and bMTHs(PP ; p = 0.036, MF ; p = 0.642). However, Contact area did not change 

significantly in the dMTHs and bMTHs. Insole comfort with a 6mm soft plastazote also 

revealed significant better than a metatarsal pad (p = 0.000) (Table 3). 

Conclusion 



This is the study to investigate plantar pressure properties assessment focusing on 

anatomically based specific MTHs. This study reveals that the both metatarsal pad and 

6mm soft plastazotes were effective for reducing forefoot pressures. In addition, the 6mm 

soft plastazotes are more effective and better tolerable to participants than metatarsal 

pad. Further research in forefoot pain patients is needed. 
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Effect of FLEXpine brace on spinal alignment in patients with scoliosis in 

cerebral palsy

Joonyoung Jang1*, Yulhyun Park1, Seungeun Lee1, Min Yong Lee1, Ju Seok Ryu1†

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1

Objectives

Neuromuscular scoliosis occurs frequently in children with cerebral palsy (CP) and reported 

incidence is up to 80%, regarding the characteristics of patients [1]. The problem of 

scoliosis in CP is that they tend to progress rapidly during the growing period and continue 

to progress from flexible form to fixed deformity [2]. These scoliosis cause sitting problem 

which influences vision, communication, mobility, pressure sore, feeding, pulmonary 

function, and pain [1, 3, 4]. However, there are only controversial reports about 

nonsurgical treatments using conventional thoracolumbar braces, and these conventional 

braces are stiff and need frequent changes as children grow. Thus, the aim of this study 

was to investigate the effect of a noble flexible thoracolumbar brace (FLEXpine) on the 

spinal alignment of neuromuscular scoliosis in CP. 

Subjects and Methods

Eleven patients with CP who met the following inclusion criteria: (1) GMFCS level III, IV, 

and V, (2) initial Cobb’s angle between 20° and 45°, (3) children who refused to take surgery 

even though Cobb’s angle was over 45°, and (4) age between 3 and 15 years, were 

recruited in the tertiary rehabilitation hospital (mean age 10.64 ± 3.3 years old). The 

patients were treated with FLEXpine for 6 months. The effect was assessed using the 

Cobb’s angle measured with whole spine x-ray. We measured Cobb’s angle three times: 

baseline, immediately after wearing FLEXpine, and after 6 months. An age-, gender- and 

GMFCS level-matched control group, who did not use any braces, was selected from 

database of our hospital to compare the change of Cobb’s angle. Wilcoxon signed rank test 

was used to compare Cobb’s angle between baseline and immediately after wearing 

FLEXpine. Mann Whitney U-test was used to compare characteristics and changes of 

Cobb’s angle during 6 months between two groups. P-value of less than .05 was considered

statistically significant. 

Results

The characteristics of the patients were listed in Table 1. The photographs of S-type 

FLEXpine and the whole spine x-ray of a patient before and immediately after wearing the 

FLEXpine were in Fig. 1. The Cobb’s angle significantly decreased immediately after 



wearing FLEXpine (Baseline: 52.94 ± 18.96, immediately after: 39.45 ± 21.66, p-value = 

0.006) (Fig 2 (a)). Also, changes of the Cobb’s angle was significantly less when compared 

with the control group after 6 months (FLEXpine: -4.82 ± 7.05, control: 9.08 ± 2.76, p-value 

= 0.000) (Fig 2 (b)). 

Conclusions

The FLEXpine brace could suggest the alternative and promising treatment modality in 

treating neuromuscular scoliosis in children with CP. As FLEXpine brace significantly 

decreased Cobb’s angle and is easier to wear than the conventional TLSO, daily application 

of FLEXpine during the growing period is expected to reduce the degree of fixed deformity 

in the long-term follow-up. Further studies are required to find out the long-term effect of 

the FLEXpine. 

Acknowledgment :This work was supported by 'Supporting Project to Test New Domestic 

Medical Devices in Hospitals' funded by 'Ministry of Health and Welfare (MOHW)' and 

'Korea Health Industry Development Institute (KHIDI)' 
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Hemorrhagic Bursitis as a Complication of Transtibial Amputation: A case

Kyungyeul Choi1*, JongKyu KIM1†, Ki Chun Kim2, Ga Yang Shim1, Seung Hee Han1

Seoul Medical Center, Department of Physical Medicine & Rehabilitation1, Seoul Medical 

Center, Department of Orthopedic Surgery2

Introduction 

Stump pain is the most common complaint after lower limb amputation. Commonly it is 

caused by skin abrasion, neuroma, loosened socket, and mechanical failure. Sometimes 

infection such as cellulitis may also cause stump pain. We experienced hemorrhagic 

bursitis associated bony stump spur as a rare complication after transtibial amputation and 

report it. 

Case 

A 54-year-old man with both transtibial amputated state complained pain, tenderness, 

swelling with reddish skin color change on his left stump. He got right transtibial 

amputation 4 years ago due to diabetic foot ulcer with osteomyelitis. And left transtibial 

amputation was done with the same reason 2 years ago. For left stump, he suffered for 

neuropathic pain, and have surgical neuroma excision twice. His last surgery was 6 months 

ago. MR image showed soft tissue swelling and septated fluid collection at the stump with 

rim enhancement, with spicular margin, bone marrow edema at the amputated end of the 

tibia.(Figure 1 & 2) Official radiologic reading suggested bursitis below the bony projection 

of the stump, less likely infection. Ultrasound-guided aspiration of the bursa was tried and 

50cc of red colored fluid was aspirated. Then his pain was relieved. Microscopic exam of 

the fluid suggested hemorrhagic bursitis. He was referred to orthopedics for surgical 

excision of the bursa. At the surgical field, the spinous bony spur at the end of the tibia was 

found. (Figure 3) Total bursectomy with bony stump grinding was done. At POD#47, he 

discharged to home using both prostheses. Now he can walk independently for 100m 

outdoor with prostheses.

Conclusion 

We experienced hemorrhagic bursitis associated bony stump spur after transtibial 

amputation. It mimics infection such as bursitis and cellulitis. Further study about bony 

stump spur formation after amputation may be needed. 



Figure 1. Serial X-ray of the stump - (A)2yrs ago, (B)6months ago, (C)before bursectomy, (D)after bursectomy

Figure 2. MR image of the stump - (A)Coronal, (B)Sagittal, (C)Axial T1WI images with contrast enhancement



Figure 3. Surgical finding - Black arrow indicates spinous bony spur of the tibial stump
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Background

Work-hardening program have been developed and implemented in order to reduce 

duration of work disability and facilitate returning to work in worker’s compensation 

insurance since 2013. The efficacy of work-hardening program has rarely been proven 

using patient medical record in Korea. The analysis of the medical records can confirm not 

only the effectiveness of work-hardening program but also how the program affects 

injured workers specifically. 

Purpose

We retrospectively collected and analyzed the Functional Capacity Evaluation(FCE) records 

of patients who participated in work-hardening program at the KCOMWEL Incheon 

Hospital between January 1 and December 31, 2018 in order to examine the effects of the 

program on the patient's physical, psychological, and work-related outcomes: body 

functions, the readiness for return-to-work, and job performance capacity. 

Methods

The subjects of this study were selected from the patients who participated work-

hardening program and had pre- and post-test of FCE in KCOMWEL Incheon Hospital 

between January 1 and December 31, 2018. Fifty seven patients with injuries on lower 

extremities(42.2%), upper extremities(31.5%) and back(17.5%), and complex(5.3%) were 

included and 8-week or 12-week program was provided. We analyzed using electronic 

medical record(EMR) data and analyzed changes in body functions, the readiness for 

return-to-work, and job performance capacity level before and after the program. <br> 

Results

The significant improvement was found in basic physical functions, such as agility, balance 

and flexibility, but not in endurance. The results of the job performance capacity evaluation 

showed that patients were most likely to use lift and bilateral carry motion. And The 

significant improvement was found in strength and time required for the task. The score 

of the dimension of “Prepared for action-Self-evaluation" in the readiness for Return-to-



work (RRTW) scale significantly increased. It means that patients felt more ready to go back 

to work and acquried more strategies to make work manageable after returning to work. 

Conclusion

The effect of work-hardening program for workers with work-related injury was proven 

partially in physical, psychological, and job performance capacity. The program should be 

improved to increase patient’s endurance in basic physical functions and consider RRTW 

stage-specific psychological intervention. 

Acknowledgment :This study was funded by Korea Workers' Compensation and Welfare 

Service 

Table 2. Statistical Analysis of Body Function Assessment



Table 4. Results of Each Job Performance Assessment

Table 5. Statistical Analysis of Readiness for Return-To-Work(RRTW) Scores
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Socioeconomic status and mortality after Parkinson’s Disease : A 

nationwide matched cohort study

Seo Yeon Yoon1*, Eun Chae Lee1, Jong Mi Park2, Yong Wook Kim2†
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University College of Medicine, Department and Research Institute of Rehabilitation 
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Objective

Parkinson’s disease (PD) is the second most common neurodegenerative disorder, placing 

a large burden of the health care system. However, very few studies investigated the role 

of socioeconomic status (SES) in relation to mortality in PD. Although it is known that lower 

SES is associated with increased mortality in the general population, few study have 

examined whether the impact of SES on mortality is modified by PD. Therefore, the 

objective of this study was to evaluate the mortality rate in PD using a large nationwide 

cohort in Korea, and to examine the impact of SES for mortality in individuals with and 

without PD. 

Materials & Methods

The nationwide population-based matched cohort study was conducted using the Korean 

National Health Insurance Service cohort data. We selected patients with a primary 

diagnosis of Parkinson’s disease (ICD-10 code: G21) and registration code for PD (V124) in 

the program for rare intractable diseases between 2002 and 2015. A matched cohort 

without PD was enrolled by randomly matching patients by sex, age, and year of diagnosis 

to the PD group with a ratio of 1:9. Cox proportional hazard models were used to identify 

risk factors associated with mortality using Hazard Ratios and 95% confidence intervals. 

We calculated the mortality rate using Kaplan-Meier method, and used the log-rank test 

to compare the survival distributions between the two groups. P < 0.05 was considered 

statistically significant. The statistical software SAS System for Windows, version 9.4 (SAS 

Institute Inc, Cary, NC) was used to perform the statistical analyses. 

Results

In total, 33,060 participants were enrolled in the study: 3,306 in the PD cohort and 29,754 

in the matched control cohort. During the follow up periods, mortality rate was 35.36% in 

PD cohort and 18.57% in the comparison cohort. After adjusting for co-variables, the Cox 

proportional regression model showed an adjusted hazard ratio (aHR) of 2.561 (95% CI, 

2.395-2.738) for mortality in PD cohort. Log-rank test revealed a significantly higher rate 



of mortality in PD cohort. According to residential areas, PD patients in metropolitan and 

rural revealed significantly increased aHRs of 1.219 (95% CI, 1.015-1.465) and 1.229 (95% 

CI, 1.047-1.442) compared to those of capital region, respectively. Medical aid group also 

showed increased mortality rate (aHR = 1.434, 95% CI, 1.131-1.817) compared to that of 

national health insurance group. There was no significant difference of mortality according 

to income level. 

Conclusions

During the 12 year of follow-up periods, PD cohort showed almost doubled mortality rate 

compared to control cohort, after adjusting for potential confounders. Residential area 

such as metropolitan and rural and type of insurance were significantly associated with 

increased mortality in PD patients. 
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Factors associated with need for community reintegration service in 

patients with stroke

Eunjoo Kim1*, Hyun Choi2, Eun-Hye Kim2, Hyoung Jun Kim2, In Yae Cheong1, Minyoung Lee2†

Korea National Rehabilitation Center, Department of Community Reintegration Service1, 

Korea National Rehabilitation Center, Korea National Rehabilitation Research Institute2

Background

recently, Ministry of Health and Welfare encourage rehabilitation hospitals to provide 

patients customized and intensive community reintegration services during convalescent 

periods to support them to return to daily life and work in the early stage after stroke. For 

this, last year our research team developed a community reintegration model V1.0 & V2.0 

for convalescent patients using the Knowledge-To-Action framework through pilot study, 

and current report is a part of the study. 

Objectives

The purpose of this study is to explore the factors affecting perceived need for community 

reintegration service in convalescent patients with stroke. 

Methods

An exploratory qualitative study design was used in this study. Ten convalescent patients 

with stroke (female: 2, mean age 53 ± 14.61) in the rehabilitation hospital were 

participated. In-depth individual interviews were conducted to explore the factors 

affecting patients’ perceived need for community reintegration service in the hospital. 

Results

Two themes were identified as factors affecting perceived need for community 

reintegration service: personal factors and social factors. For personal factors, the 

following four subthemes were identified: (1) personal goals during hospitalization; (2) 

physical limitations as primary effects of stroke; (3) whether or not to return to a job after 

discharge from hospital; (4) personal taste. Social factors relate to the patients’ interaction 

with other people and community environment. The following two subthemes were 

identified: (1) practical and emotional support from family; (2) a lack of community 

resources and information. 

Conclusion



This result suggests that when designing a community reintegration model, currently 

identified personal and social factors need to be considered to provide individually 

customized services.

Acknowledgment :Acknowledgement: This was funded by Korea National Rehabilitation 

Research Institute grant (NRC-2018-02-009). 
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Comparing participation between brain and spinal cord injury in 

community-dwelling severe disability

Seo Yeon Yoon1*, Tae Hwan Cho1, Ja-ho Leigh2,3†

Bundang Jesaeng General Hospital, Department of Rehabilitation Medicine1, Seoul 

National University Hospital, Department of Rehabilitation Medicine2, Incheon Workers` 
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Objective

Central nervous system (CNS) injuries which include stroke, traumatic brain injury and 

spinal cord injury (SCI) constitute a major cause of morbidity and mortality. Morbidity 

associated with severe CNS injuries may result in long-term disability and burden families 

and society. Most previous studies have focused on the medical problems and treatment 

for CNS injuries, and measures of activity and participation in chronic community-dwelling 

CNS injured people with various origins relatively remain underdeveloped. In this study, 

we wanted to evaluate differences in the pattern of disability in people with severe CNS 

injuries from different causes. The objective of this study was to compare activity and 

participation of community-dwelling people with severe disability from different origins 

including brain injury and SCI, and to find out risk factors related with disability. 

Methods

Data were collected by the questionnaire survey of home-dwelling people with severe 

disability from 65 health care center involved in community-based rehabilitation program. 

Demographic profile and socioeconomic factors were asked, and registered grade of 

disability in one and two were categorized to severe disability. To measure the physical 

impairment and participation, WHODAS 2.0 (World Health Organization Disability 

Assessment Schedule 2.0) were also surveyed. WHODAS was recommended by World 

Health Organization in 2001 for evaluating the activities of daily living of people with 

chronic disabilities. We compared domain and summary scores of WHODAS between the 

two groups, and regression analysis was performed to find out risk factors associated with 

disability. P < 0.05 was considered statistically significant. The statistical software SAS 

System for Windows, version 9.4 (SAS Institute Inc, Cary, NC) was used to perform the

statistical analyses. 

Results

In total, survey of 505 community-dwelling people with severe disability (322: brain origin, 

183: SCI origin) were used for analysis. Domain scores of cognition and relationships were 



significantly higher in the people with brain injury, whereas score of mobility was higher in 

the people with SCI (P < 0.05). Subgroup analysis according to age groups and onset 

duration were also performed, and regression analysis revealed that onset duration was 

negatively correlated with cognition, relationship, participation, and summary scores only 

in people with brain injury, but not in SCI. 

Conclusions

Mobility was more impaired in people with severe disability from SCI origin, whereas 

cognition and relationship were more impaired in those from brain injury. Onset duration 

was negatively related with cognition, mobility, relationship, and summary scores in brain 

injury, but not in SCI. Future studies with more detailed factors including education level 

and cognitive function and long term follow up period would be warranted. 
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Introduction

Bibliometric means a method of analyzing the information from published materials 

including books, magazines, journals, newspapers and various hand-held documents. 

More recently, there is a rapidly growing demand for quantitative measurement about the 

dissemination of scientific knowledge on the public through various media. So-called 

alternative bibliometrics, might be an alternative tool to complement the conventional one. 

The purpose of study was to investigate the articles of ARM using the bibliometric analysis 

of conventional and alternative aspect, and to verify whether there is a correlation for the 

topics of interest between expert group and public media. 

Material and Method 

1)Articles of Journal : We enrolled only the articles of ARM published since the third issue 

of 2011, which the society introduced an English-only policy. 2)Methods : This study 

simultaneously adopted both methodologies of conventional metrics(CM) and alternative 

metrics(AM). CM was investigated by finding out the type of publication, number of 

citations, and the specific field of rehabilitation medicine for each article. The types of 

publication were divided into the following four categories of review article, original article, 

case report and others. The specific fields were distinguished as 10 subjects, Brain and 

neurorehabilitation/ Neuromuscular rehabilitation and electrodiagnostic medicine/ Pain 

and musculoskeletal rehabilitation/ Spinal cord injury rehabilitation/ Physical medicine/ 

Pediatric rehabilitation/ Prosthetics and Orthotics/ Geriatrics and Cancer rehabilitation/ 

Cardiopulmonary rehabilitation/ Sports rehabilitation. AM was analyzed using the data 

provided by Altmetrics. 

Result

From 3rd issue of 2011 to 3rd issue of 2019, total number of articles was 1088. First, the 

number of original article were 779 and the percentage(71.6%) was the highest, followed 

by the percentage of case report, corrigendum, erratum, images in this issue, and review 

article. Second, for the category for the specific field of rehabilitation medicine, both the 

number of brain and neuro-rehabilitation and pain and musculoskeletal rehabilitation 



were 363(33.4%) and 263(24.2%), respectively. In the bibliometric analysis, the number of 

articles, cited by journal at least once, was 800 and the citations was in the range of 1-128 

(mean=5.60±6.22). The number of articles, having at least one point of AAS, was 271 and 

the AAS was in the range of 1-127 (mean=3.20±8.92). There were a total of 233 articles 

satisfying the both conditions simultaneously. The number of citations and scores were 

found to have a statistically significant positive linear correlation.(r=0216, p=0.001). 

Discussion 

At the time of this study, the SNS activities of the Korean Academy of Rehabilitation 

Medicine were extremely low. Therefore, It is also important to increase the impact of 

academic knowledge on the mass media as well as efforts to increase traditional citation 

through journals. 



재활정책

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-45

Comparison of Incidence Risk of Metabolic Syndrome in the Disabled and 
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Introduction

The prevalence of metabolic syndrome is also increasing in Korea due to changes in diet 

and lifestyle. Metabolic syndrome is a metabolic disorder associated with abdominal 

obesity, high blood pressure, dyslipidemia, and high blood sugar. It is known to be a risk 

factor for cardiocerebrovascular diseases. Prevention and treatment of metabolic 

syndrome is considered to be important for lowering the social burden caused by 

metabolic syndrome. There are some studies to report the prevalence or incidence of 

metabolic syndrome and efforts to prevent and treat it in normal adult people. However, 

there are no studies about incidence of metabolic syndrome in disabled people. The aim 

of this study was to investigate the incidence of metabolic syndrome in the disabled people 

and to compare the incidence and incidence risk of metabolic syndrome of the non-

disabled. 

Materials & Methods

Data were obtained from 2009 to 2015 from the National Health Information Database 

(NHID). The disabled who were first enrolled as brain lesion disability or people with 

physical disability and the non-disabled who were matched using propensity score 

matching were enrolled. The metabolic syndrome was defined according to the ATP-III 

guideline. We investigated the incidence of metabolic syndrome in the disabled and the 

non-disabled. The demographic characteristics, socioeconomic factors, clinical 

characteristics and lifestyle in NHID were used to investigate the association of the 

metabolic syndrome between the disabled and the non-disabled. Chi-square test was 

performed to determine the descriptive statistics and frequency of various factors. 

Results

The incidence of metabolic syndrome was 34.05% in non-disabled and 40.33% in the 

disabled. The incidence risk of metabolic syndrome was higher in both the disabled and 

non-disabled groups in women, medical aid group, living in small cities, high cholesterol or 

heart disease group, overweight or obese group and ex-smoker or current smoker. The 



incidence risk of metabolic syndrome was 1.24 times higher in the disabled and it was 

significantly higher in the disabled group in all variables. 

Conclusion

The incidence of metabolic syndrome was higher in the disabled than the non-disabled, 

and the disabled group was vulnerable to the risk of the metabolic syndrome compared to 

the non-disabled. The result of this study can be used as a reference for the prevention of 

the metabolic syndrome of the disabled and active health care is needed to prevent and 

manage the metabolic syndrome of the disabled. 
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Non-disabled
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Introduction

It is reported that the number of disabled people in Korea increased from 1134177 in 2001 

to 2511051 in 2016. The proportion of people with disabilities is also reported to have 

increased from 2.4% to 4.9%, which has more than doubled over the past 15 years. It is 

also known that people with disabilities have a higher prevalence of chronic diseases than 

people without disabilities. Health problems are more likely to occur in the disabled than 

the non-disabled. In this study, we aimed to investigate the incidence risk of chronic 

diseases among the disabled persons (brain lesion disability or people with physical 

disability) and non-disabled persons. 

Materials & Methods

Data were obtained from 2002 to 2016 from the National Health Information Database 

(NHID). The disabled who were first enrolled as brain lesion disability or people with 

physical disability from 2009 to 2011 and the non-disabled who were matched using 

propensity score matching were enrolled. The incidence of chronic diseases in the disabled 

persons was confirmed when chronic diseases were diagnosed after registration as brain 

lesion disability or people with physical disability. The incidence risk of hypertension, 

diabetes, dyslipidemia, and obesity were compared among the disabled and the non-

disabled. The hazard ratios were calculated using the Cox proportional hazards model to 

investigate the association of chronic diseases in the disabled and the non-disabled. 

Results

The incidence risk of hypertension was 1.51 times (95% CI: 1.487-1.523) higher in the 

disabled than in the non-disabled, and the incidence risk of diabetes was not significantly 

different between the disabled and the non-disabled. The incidence risk of dyslipidemia 

was 1.30 times higher (95% CI: 1.271-1.322) in the disabled than the non-disabled and the 

incidence risk of obesity was 1.16 times (95% CI: 1.141-1.179) higher in the disabled 

persons. 

Conclusion



The incidence risk of chronic diseases such as hypertension, dyslipidemia, and obesity is 

higher in people with disabilities than non-disabled people. Therefore, active health care 

is needed to prevent and manage the chronic diseases of the disabled. 
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Burden of work-related upper limb amputation is Korea, 2004-2013

Ja-ho Leigh1,2*†, Jun-Soo Ro1,3
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Objectives

Among work-related injuries, amputation is the most serious condition that can affect the 

current and future quality of life. Most amputations involve the upper limb and are 

preventable. Measurement of the burden of disease can help prevent work-related injuries 

by assessing their characteristics. However, few studies have measured the burden of 

disease associated with work-related amputation. This study aimed to measure the burden 

of work-related upper limb amputation in Korea over a 10-year period and assess its trend. 

Methods

We extracted upper limb amputation-related codes using the 2004–2013 Korea workers’ 

compensation insurance data. Among the 49,535 subjects, the disability-adjusted life years 

were calculated by sex, age, and the site of amputation using annual incidence. 

Results

The burden of work-related upper limb amputation in Korea reached its peak in 2007 and 

has decreased thereafter. Males showed a higher burden of disease. Finger amputations 

showed a decreasing trend from 2007, whereas arm amputations continued to show an 

increasing trend. An increasing trend was found among participants older than 50 years. 

Conclusions

The decrease in the burden of finger amputations may be attributable to the lower 

incidence as a result of policy efforts. The increase in the burden of arm amputations was 

particularly noticeable among the elderly population over 50 years old. This could be 

attributable to the lack of policy efforts regarding major amputations in Korea and the high 

proportion of the elderly population working in the manufacturing sector. Future 

regulatory efforts are needed in the prevention of amputations. 

Acknowledgment :This work was supported by a grant from the Research Center for 

Innovation in Medical Rehabilitation, funded by the Korea Workers’ Compensation and 

Welfare Service. 



Table 1. Standardized DALYs on work-related upper limb amputation in Korea from 2004-2013
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Therapeutic effectiveness depending on the composition of upper limb 

robotic therapy in tetraplegia
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Introduction

Upper limb robotic therapy has been shown to be a effective tool for rehabilitation for 

individuals with spinal cord injury(SCI). While there are some studies that have determined 

the effectiveness of upper limb robotic therapy with different frequencies and duration, 

there are few researches on which composition of training is effective in improving motor 

function. Therefore, this study is conducted to determine which composition of upper limb 

robotic therapy is more effective in recovering the upper limb function of spinal cord injury 

patients, simple repetitive training or training to elicit complex movements. 

Method

A total of 16 American Spinal Injury Association Impairment Scale(AIS) B,C,D tetraplegic 

patients were randomly assigned to one of the two training protocols and received robotic 

therapy with upper limb robots called Armeo power(Hocoma, Switzerland). Although the 

contents of training were the same in both protocols(shoulder flexion/extension, shoulder 

abduction/adduction, and elbow flexion/extension, 10 minutes each), one was composed 

of repeating each movement in order and the other was composed of combining the above 

movements by performing tasks, such as games. All patients trained for 30 minutes per 

session, 3 times a week, for a total of 5 weeks. The assessment was conducted before the 

training and at the end of the training. To assess the upper limb movement, we placed a 

circle with a radius of 20cm in front of 85% of the patients' extended arm length in their 

chair position. Participants performed touch the markers on the center, 6, 12, 9 o'clock, 

and 3 o'clock of the circle in order. Movement time, mean velocity(MeanV), maximal 

velocity(MaxV), ratio between mean velocity and max velocity(MeanV/MaxV), mean arrest 

period ratio, and time to velocity peak were evaluated. In addition, manual muscle 

test(MMT), modified ashworth scale(MAS), Korean version of spinal cord independence 

measure-3(KSCIM-3), the goal attainment scale(GAS), the capabilities of upper 

extremity(CUE) and upper limb pain were evaluated. 

Result



participants performed simple repetitive training and 9 participants performed complex 

movement training. After training, both groups have significantly improved MeanV, MaxV 

and GAS scores. Significant improvements in MeanV/MaxV and mean arrest period ratio, 

which are represented by smoothness of movement, were seen in the complex movement 

training group. There were no significant differences between the two groups in the above 

indices. Movement time, time to velocity peak, MMT, KSCIM-3, CUE, MAS and upper limb 

pain were not significantly improved and no difference was seen between the two groups. 

Conclusion

Upper limb function has improved overall by using any composition of training. While there 

was no significant difference, it is suggested that complex movement training may be more 

effective in improving smoothness and coordination of movement than simple repetitive 

training. 

Figure 1. Armeo Power



Figure 2. Setting for assessment of upper limb movement
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The Effectiveness of NDFT or Evaluating Cardiorespiratory Fitness of Cervical 

Spinal Cord Injury 

Hye Jin Lee1†, Seck Jin Kim1*, Se Kwang Yeo1, Jun Pil Shin1, Jae Hak Kim1, Ji woo Choi1, Su 

Yeon Kim1, Jeong Jun Lee1, Hong Sik Yun1, Yoon Kyu Song1

National Rehabilitation Center, Department of Rehabilitation Exercise1

This study was designed to evaluate the cardiorespiratory fitness of patients with cervical 

spinal cord injury. Experimental and field tests have been devised, and recently, the 11-

meter and 15-meter modified multiple shuttle run test (MMSRT) wheeling methods have 

been used to evaluate the cardiorespiratory fitness. However, although the 11-meter and 

15-meter MMSRTs are effective in evaluating for people with mild-to-moderate disabilities, 

it is reported to be difficult to evaluate for people with severe disabilities. Therefore, this 

study devises aninterval-type evaluation method called NDFT suitable for patients with 

cervical spinal cord injury and evaluates its effectiveness in conducting the 

cardiorespiratory fitness test by comparing with the 11-m, 15-m MMSRT wheeling 

methods. 

The subjects of this study were limited to the wheelchair-bound people with spinal cord 

injury(cervical vertebrae 6-7/ASIA-A). A total of 12 subjects with comparable physical 

function and basic physical fitness were selected from the pool of 52 former 2010 - 2012 

South Korea Paralympic national rugby players. For the study, the 11-m, 15-m MMSRT 

shuttle wheeling tests and interval-type NDFT were applied to conduct respiratory gas 

analysis by evaluating the following variables: (1) oxygen consumption (VO2peak, VE, HR, 

RER); and (2) muscle fatigue before and after exercise (Lactate level). For the statistics of 

the study, one-way repeated measures ANOVA was used to determine the variability of 

cardiorespiratory fitness between the 11-m, 15-m MMSRT and NDFT, and Duncan's 

method was used for post-verification. In addition, a two-way repeated measure ANOVA 

was conducted before and after exercise to analyze muscle fatigue (Lactate)level. Upon 

detecting variability, acontrast verification was conducted. 

As a result of evaluating the cardiorespiratory fitness using field test method, NDFT 

resulted the highest value for VO2peak(ml/min/kg), followed by MMSRT 11-m and 15-m, 

respectively (P <.001). For HR (beat/min), it was found that NDFT, MMSRT 11-m, and 15-

m, respectively. MMSRT 11-m resulted the highest mean HR; however, no statistically 

significant difference was found between NDFT and MMSRT 11-m upon post-verification 

test. The RER results were as follows: NDFT, MMSRT 11-m and 15-m, respectively. The 

energy metabolism was the highest in NDFT (p <.001). Lastly, the muscle fatigue levels 



(Lactate/mmol) measuring the post-cardiorespiratory fitness test were found to be the 

highest in NDFT, followed by MMSRT 11-m, and 15-m, respectively (p <.001). 

The results of this study show that NDFT measures the broadest range of the 

cardiovascular fitness compared to the conventional MMSRT 11-m and 15-m. Therefore, 

utilizing NDFT has the potential leading to appropriate exercise regimens for cervical spinal 

injury patients. In addition, it is expected that NDFT will be able to set the exercise intensity 

effectively in the future development of exercise programs. 
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The Body Compositional Change of Obese Tetraplegic Patients after Short-

term Rehabilitation

Ji Cheol Shin1†, Kye Hee Cho2, Min Cheol Ha1, Yu Sang Jung 1, Seok Young Chung3, Sang Hee 

IM 1*

Severance Hospital, Yonsei University College of Medicine, Department and Research 

Institute of Rehabilitation Medicine1, Kumi CHA Hospital, CHA University, Department of 

Rehabilitation Medicine2, Gangnam Severance Hospital, Yonsei University College of 

Medicine, Department of Rehabilitation Medicine, Rehabilitation Institute of 

Neuromuscular Disease3

Introduction 

Spinal cord injury (SCI) patients are vulnerable to obesity, due to concurrent development 

of sarcopenia, decreased metabolic rate, limited mobility, and diminished levels of activity. 

In relation to decreased physical activities, the risk of adiposity, disorders of carbohydrate 

metabolism and coronary artery disease are also increased. The prevalence of obesity 

among SCI individuals has been reported to be very high as 40-66% across studies. 

Therefore , this study aims to reveal the change of body composition in the obese 

tetraplegic patients following short-term rehabilitation treatment. 

Methods 

The medical charts of SCI patients who were admitted to tertiary university hospital for 

rehabilitation treatment from 2016 to 2017 were reviewed. Only the patients with A and 

B by ASIA Impairment Scale and with available records of initial and follow-up body weight 

and body composition analysis by bioelectrical impedance were included. In our institution, 

short-term rehabilitation consists of appropriate nutritional support, physical therapy 

including passive or active exercise, respiratory muscle training, and neuromuscular 

electrical stimulation lasting 6-8 weeks. Obesity was defined as body mass index (BMI) ≥ 

22kg/m2 or body fat mass > 25% for male and > 35% for female. The prevalence of obesity 

and body compositional change in obese SCI patients after short-term rehabilitation were 

analyzed. 

Results 

Total 36 tetraplegia patients were included. The average age was 44.0 years old, the 

majority of participants were male (97.2%) and ASIA A (68.4%). Twenty-three patients 

(63.9%) were classified as obese in accordance with aforementioned definition of obesity 

(Table 1). After short-term rehabilitation, absolute fat mass (kg), fat percentage and fat 



mass index (kg/m2) were significantly reduced (p<0.05). On the other hand, body weight 

and BMI tended to decrease. Absolute skeletal muscle mass (kg) and skeletal muscle 

percentage tended to increase (Table 2). 

Conclusions 

The percentage of obesity was consistently high in tetraplegic patients. Through short-

term rehabilitation, obesity can be managed effectively without any loss of skeletal muscle 

mass, even in the tetraplegic patient with ASAI A and B, who have severe disability in their 

motor function. These results imply that modifiable obesity in SCI patients need to be 

identified depending on their metabolic demand in relation to physical condition and 

intensity of rehabilitation therapy for proper management. Further studies with more 

patients with various features of SCI (level, severity and chronicity) are necessary in order 

to establish effective management of obesity in SCI patients. 

Table 1. Patients characteristics



Table 2. Change of body weight and composition after short-term rehabilitation
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Subjective Percentage of Remnant Sharp Pain Sensory Predicts Functionality 

in Spinal Cord Injury

Jae Eun Lee1*, Tae-Woo Nam3, Dae-Won Gwak3, Jae-Gyeong Jeong1, Yu-Sun Min2,3, Chul-

Hyun Kim1,2†

Kyungpook National University Hospital, Department of Rehabilitation Medicine1, School 

of Medicine, Kyungpook National University, Department of Rehabilitation Medicine2, 

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine3

Background 

Motor recovery and restoration of functionality after spinal cord injury depends on the 

extent and severity of the initial injury. Sparing of the spinothalamic sensory, which is 

assessed through sharp pain discrimination and referred to as pin prick, seems to be most 

closely correlated with motor recovery, possibly due to the anatomical proximity of the 

spinothalamic tract and the corticospinal tract.

Objective 

Our aim was to determine the prognostic significance of remnant sharp pain sensation 

below the neurological level of injury (NLI) on functional outcome of spinal cord injury 

patients. Predictability of motor recovery and functionality based on initial physical 

examination may help physicians provide personalized rehabilitation programs even in the 

earliest phases of recovery. 

Subjects & Method 

Sixty-two patients with incomplete injury to the spinal cord were evaluated in this study. 

The American Spinal Injury Association (ASIA) scoring system was used for evaluation, and 

patients with ASIA C or D were enrolled. Patients were evaluated before and after in-

patient rehabilitation. Spinothalamic sensory starting 3 levels below the neurological level 

of injury was checked at each dermatome and marked as a subjective numerical 

percentage compared to uninjured dermatomes. The average of sensory percentage 

below the NLI was used for analysis. According to a study conducted by Godi, M., et al, the 

best minimal important change is known as 7 points for BBS in patients with balance 

deficits. Subjects were divided into 2 groups based on whether their change in BBS 

exceeded 7 points or not (Table 1). 

Result 



The initial remnant pin-prick sensory between group A (△BBS≤7) and group B (△BBS>7) 

was examined, and there was statistically significant difference between the 2 groups 

(group A 54.58%, group B 73.42%, p=0.004) (Table 1). <br> Spearman correlation analysis 

showed significant correlation between the change in BBS, change in MBI and initial sharp 

pain sensory (Table 2). The change in BBS was more closely correlated to initial sensory 

showing a correlation coefficient of 0.520 (p=0.000), compared to the change in MBI which 

had a correlation coefficient of 0.345 (p=0.006). nitial pin-prick sensory, age, and 

rehabilitation duration were considered as possible variables in regression analysis, but the 

analysis excluded age (p=0.912) and rehabilitation duration (p=0.269) as variables that 

explain this model. Initial pin-prick sensory, however, was shown to be a significant 

variable (R2=0.257, p=0.000) (Table 3). 

Conclusion 

More sparing of spinothalamic sensory below the neurological level of injury was observed 

in patients with more change in functionality. It may be useful to check subjective 

percentage of remnant pin-prick sensory when evaluating spinal cord injury patients, 

contrast to marking sensory score as numbers (normal 2, impaired 1, absent 0) as it is 

currently the standard according to ASIA scoring system. 

Table 1. Demographic data of patients

Table 2. Spearman correlation analysis showed significant correlation between initial sharp pain sensory and 

both ΔBBS, ΔMBI



Table 3. Regression analysis model predicting the change in BBS
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Satisfaction evaluation after four type of robot-assisted gait training in 

patients with paraplegia.

Su Jeong Lee1*, Hye Jin Lee1†

National Rehabilitaion Center, Department of Rehabilitation Medicine1

Introduction

Robot-assisted gait training is an established intervention used to improve walking ability 

in patients with paraplegia. Although it has been shown that patients’ subjective feeling is 

a key factor for successful rehabilitation, the satisfaction of patients after robot-assisted 

gait therapy is often neglected. The purpose of this study is to analyze the difference of 

satisfaction after four type of robot-assisted gait training in patients with paraplegia. 

Methods

A total of 6 patients with paraplegia were included at four type of robot(Lokomat, Walkbot, 

Morning walk, GEO-system). Patients with paraplegia of American Spinal Injury Association 

(ASIA) Impairment Scale [AIS] A to D were included. Patients with limb fracture, 

contracture, severe spasticity or other comorbidities that can limit robot-assisted gait 

training were excluded. Each patient performed three simple PT for 30 minutes before 

applying the gait training robot, and then four gait training robots were applied three times 

each for 30 minutes and we evaluated their satisfaction, efficiency and stability of each 

type of robot at the end of each training session. Demographic data such as the sex, age, 

height and weight of the patient were collected and the severity of spinal cord injury was 

evaluated using AIS. Satisfaction, efficiency and stability were assessed on a 10-point scale 

by the patient reported method. The relationship between demographic data and 

outcome was analyzed according to type of robot and AIS. 

Results

3 patients were AIS A and AIS B, C and D were one each. Of the four types of robots, the 

GEO system had the highest overall average score(8.2) of satisfaction, efficiency and 

stability with the highest score in stability. It scored the highest score in terms of 

satisfaction and stability among four types of robots. Walkbot followed with the second-

highest overall average score(8.16) with the highest score in stability among the three 

categories. Locomat followed with the third-highest overall average score(8.06) with the 

highest score for stability among the three categories. Morning walk has the lowest 

score(7.87) among four types of robots. Satisfaction and stability are the lowest scores 

among four types of robots, but the highest score among four types of robots in efficiency. 



Comparisons based on the severity of spinal cord injury showed no significant difference 

in satisfaction and efficiency(p=0.054, and 0.076, respectively). In the stability, AIS A 

patients scored significantly lower(p=0.004) compared to AIS B patients, but there was no

difference in other cases. 

Conclusion

In this study, we compared the differences in satisfaction, efficiency and stability of robots. 

Of the four robots, the GEO system had the highest overall average score. Next was 

WalkBot, Lokomat, and Morning Walk had the lowest score. In order to compare the 

outcome according to the demographic data, a larger study is expected in the future. 
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Severity of Neurogenic Bowel Dysfunction and its Management in Patients 

with Spinal Cord Injury

So Jung Kim1*, Ju Hyun Son1, So Jung Lee1, Sungchul Huh1, Hyun-Yoon Ko1,2†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

Introduction 

Bowel dysfunction is a significant consequence of spinal cord injury (SCI), leading to fecal 

incontinence and constipation. Bowel management and its associated problems have 

increasingly been considered as important factors for community reintegration and quality 

of life after injury. The purpose of the study is to describe the severity of neurogenic bowel 

dysfunction and its management in patients with SCI. 

Methods 

The questionnaire consisted of two sections, neurogenic bowel dysfunction (NBD) score of 

Krogh et al. and bowel management proposed by Coggrave et al. The survey was 

conducted inpatient and outpatient with SCI. A correlation between severity, satisfaction, 

and limitation of daily life was analyzed using a chi-square test. 

Results 

A total of 38 subjects of SCI were enrolled. Table 1 showed the clinical characteristics of 

the subjects (30 men, 8 women, mean age 54 ± 15.7 years). The distribution of neurological 

level of injury in patients was as follows: C-level 17 (44.7%), T-level 13 (34.2%), and L-level 

8 (21.1%). A complete injury was 14 (36.9%). The NBD score was 12.84 ± 7.83 in all subjects, 

and the severity score was 8 (21%) in very minor, 7 (18.4%) in minor, 9 (23.7%) in moderate, 

and 14 (36.9%). The reported interventions for bowel management are shown in Figure 1. 

Many responders said more than one intervention was performed. Suppositories were 

used in 52.6% and they often used in combination with abdominal massage or manual 

evacuation. The reported problems associated with bowel care are shown in Figure 2. The 

priority of problems related to bowel care was constipation (17%) and the second priority 

was abdominal distension (15%). Fifty percent of respondents were dissatisfied or very 

dissatisfied. Table 2 showed the effect of bowel management on daily activities. More than 

60% of respondents said they had limitations in their daily life. In order to examine the 

effect of severity and satisfaction on daily activities, we evaluated the correlation between 

severity, satisfaction, and limitation of daily life (Table 3). There was no significant 

correlation between satisfaction and severity (p = 0.14). The level of satisfaction was 



related to the part of the “It's a problem” (p = 0.04) and the “Prevents staying away from 

home” (p=0.01) in daily life, but the severity was not correlated with the limitation of daily 

life. 

Conclusion 

For effective bowel management and quality of life improvement in patients with SCI, the

management status and main problem of the SCI population must be better known and 

taken into account. This will provide basic data for the development of rehabilitation 

programs that can positively affect the bowel management and quality of life in individuals 

with SCI. 

Fig 1 Interventions used for bowel care (multiple responses possible) Fig 2. Reported problem associated 

bowel care



Table 1 Clinical characteristics of the subjects, n=38

Table 2. Reported effect of bowel management on life activity Tab 3. Satisfaction and NBD severity related 

life activity
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A Systematic Review on Caregiver’s Burden of Care using CBI-SCI for 

Caregivers

Young-Hyeon Bae1,2, Won-Kyung Song1,2†, Myung-Joon Lim1,2, Jae Ho Kim1,2*, Bum Suk Lee3, 

Onyoo Kim3, Jeongwon Hwang4, Dong-Il Choi1,2, Su-Hyang Park1,2

National Rehabilitation Center, Department of Rehabilitative and Assistive Technology1, 

National Rehabilitation Center, Institute of Translational Research Program for Care 

Robots2, National Rehabilitation Center, Department of Spinal Cord Injury Rehabilitation 

Specialist in Physical Medicine and Rehabilitation 3, National Rehabilitation Center, 

Department of Community Reintergration Service4

Objective

It is important to explore the factors constituting a caregiver burden on the caregivers of a 

person with spinal cord injury. The purpose of this study is to identify the factors 

constituting a caregiver’s burden of care using Caregiver Burden Inventory-Spinal Cord 

Injury (CBI-SCI) on the caregivers of a person with spinal cord injury. 

Method

A systematic review of the four databases, including PubMed, PsycINFO, CINAHL and the 

Cochrane Library was carried out to access relevant articles published between 2010 and 

2019. Two articles met the inclusion criteria of this study. 

Result

The two selected analysis study of the caregiver’s burden of care using CBI-SCI showed a 

high level of caregiver burden on caregivers of a person with spinal cord injury. And the 

factor of time-dependent burden in CBI-SCI was the primary factor of the person with 

spinal cord injury that is associated with the caregiver’s burden of care in this review study. 

Conclusion

It was important to confirm that the caregiver’s burden of care was worse due to the 

increase in providing care time by the health condition of a person with spinal cord injury. 

Therefore, there are needed to improve the caregiver’s general working environment 

including working hours and care receiver’s health condition for decreasing the caregiver’s 

burden of care. 

Acknowledgment :The research was supported by the Translational Research Program for 



care robots[HK19C0002], National Rehabilitation Center, Ministry of Health and Welfare, 
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Prevention Effect of whole body vibration on orthostatic hypotension in SCI 

patients–A pilot study

Won Jae Jo1*, Eun Sil Kim1†

Presbyterian Medical Center(Jesus hospital), Department of Rehabilitation Medicine1

Introduction 

Orthostatic hypotension is a distressing and troublesome disorder after spinal cord 

injury(SCI). The mechanisms underlying orthostatic hypotension following SCI are unclear, 

but are likely to be multifactorial. Orthostatic hypotension results in cerebral 

hypoperfusion and several symptoms such as dizziness, fainting and syncope. This is a

negative impact upon the ability of SCI individuals to participate in rehabilitation. 

Therefore, prevention and treatment of orthostatic hypotension in SCI patients is very 

important. 

Methods 

Participants were recruited from our hospital. Inclusion criteria were: cervical SCI patients 

with orthostatic hypotension symptoms above a certain angle at the tilt table. Participants 

were excluded if they had any condition, such as severe hip or knee flexion contractures 

>30°, and/or uncontrolled autonomic dysreflexia. A tilt table angle at which they began to 

show orthostatic hypotension symptoms was measured before treatment. After that, tilt 

table with whole body vibration treatment was applied for 20 minutes at the angle that 

orthostatic hypotension symptoms began to appear. A vibration frequency was 10 Hz and 

amplitude was 4.0mm. Ten treatment sessions were given for 2 weeks. The tilt table angle 

at which they began to show orthostatic hypotension symptoms was measured after 

treatment. 

Results

Five participants A) 35 years old female, neurological level of injury C2, ASIA B by American 

Spinal Injury Association/International Spinal Cord Society(ASIA/ISCOS), B) 61 years old 

male, neurological level of injury C3, ASIA A, C) 55 years old male, neurological level of 

injury C5, ASIA A, D) 42 years old male, neurological level of injury C4, ASIA A, E) 75 years 

old male, neurological level of injury C5, ASIA D complete the intervention. In all patients, 

the tilt table angle was increased after treatment and there was no orthostatic 

hypotension symptoms at the pre-treatment angle. Patient A had an angle of 35 degrees 

before treatment and improved to 80 degrees a�er treatment.(35° → 80°), B(40° → 65°), 

C(70° → 85°), D(50° → 80°), E(45° → 70°). 



Conclusion 

A Tilt table with whole body vibration therapy in adults with SCI might help prevent 

symptoms of orthostatic hypotension. 

Fig.
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Relevant Factors of Clostridium Difficile Infection in Spinal Cord Injuries

Ju Hyun Son1*, So Jung Kim1, In Hye Kim1, Sungchul Huh1, Hyun-Yoon Ko1,2

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 
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Introduction 

Clostridium difficile infection (CDI) is a major cause of health-threatening infectious 

diarrhea in patients with chronic disabling conditions. Antibiotics, gastric acid inhibitors, 

nonselective NSAIDs, inflammatory bowel disease, diabetes, leukemia or lymphoma, renal 

failure, and solid cancers are known risk factors of CDI. The purpose of the study is to 

investigate the related factors of CDI in patients with spinal cord injury (SCI). 

Methods 

We reviewed medical records of 69 patients with SCI diagnosed with CDI. The use of 

antibiotics (cephalosporins, fluoroquinolones, and clindamycin), probiotics, PPIs, H-2 

blockers, nonselective NSAIDs, anticholinergic drugs and diabetes were considered as risk 

factors of CDI. Descriptive analysis and Fisher’s exact test were performed. 

Results 

There were 55 males and 14 females with SCI, and the mean age was 57 years (Table 1). 

There were 51 tetraplegics and 18 paraplegics. The number of ASIA Impairment Scale (AIS) 

A was 42, B was 8, C was 12 and D was 7. The ratio of each factor is as follows; antibiotics 

65.2% (cephalosporin 30.4%, fluoroquinolone 29.0%, clindamycin 4.3%), PPI 43.5%, 

anticholinergic drug 27.5%, probiotics 20.3%, H-2 blocker 17.4%, nonselective NSAID 13.0% 

and diabetes mellitus 13.0% (Table 2, Fig. 1). There was no statistically significant 

difference between each subgroup divided by gender, age, neurological level of injury, 

completeness of injury, and duration of PPI use (Table 3). 

Conclusion 

In this study, the incidence of CDI was higher in the order of antibiotics, PPI, and 

anticholinergics. The use of anticholinergics in addition to antibiotics and PPIs, which are 

known to be important causes of CDI, is associated with a high incidence of CDI. A well-

designed study is needed to evaluate the association between anticholinergics and CDI in 

patients with SCI. 



Figure 1. Priority of relevant factors proportion in SCI patients with CDI

Table 1. Demographics and clinical characteristics of the subjects



Table 3. Fisher’s exact test and p-values of variables in SCI patients with CDI
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The Effect of Patient Tailored Exercise Program in Spinal Cord Injured 

Patients

Hye Jin Lee1†, Jae Hak Kim1*, Seck Jin Kim1, Se Kwang Yeo1, Jun Pil Shin1, Ji woo Choi1, Su 

Yeon Kim1

National Rehabilitation Center, Department of Rehabilitation Exercise1

According to the survey on the Disabled people in Korea(2014), 53.4% of the respondents 

thought that their health was "bad". In contrast, in case of non-disabled people, 65.5% of 

them replied "Good" in subjective results. This shows that disabled people are not healthy 

in their daily lives and feel so, and this subjective recognition on health can be objectively 

confirmed in the morbidity of chronic diseases. Therefore, the rehabilitation exercise 

department in National Rehabilitation Center offers tailored exercise programs based on 

hospital in order to prevent and manage these chronic diseases, and tries to prepare for 

the foundation for offering them to local communities, analyzing the effects of the 

programs executed for spinal cord injured patients. 

This study analyzed retrospectively physical tests of spinal cord injured patients who are 

available for walking before after the program, after completing the tailored programs in 

the rehabilitation exercise department in National Rehabilitation Center during the period 

between January and October, 2017. For statistical analysis, SPSS 22.0 version was used, 

and average of variables, standard deviation, and frequency were calculated by using 

descriptive statistics. And for variance in the group before and after, it was done by paired 

t-test. The statistical significance level was set at P<0.05. 

The results of total 61 patients were analyzed. And their demographic characteristics are 

as follows: As seen in (Table 1) and (Figure 1), female patients were 31.1% and male were 

68.9%, respectively, showing that the male patients were dominant. For age, their 50's 

were highest(27.9%). In addition. For Asian Impairment Scale, AIS D(31.1%) was highest, 

and then AIS B(23.0%) and AIS C(14.8%) followed in order. After the tailored exercise 

program, the participants with spinal cord injuries showed improvement in their body 

composition, and muscle amount(P<.029) and BMR also showed significant changes. 

(Table 2) All chest strength(P<.001), cardiopulmonary endurance(P<.000), and ability and 

flexibility(P<.000) showed significant differences with significant improvements of 

vitalizing emotions, refreshing, as well as positive good, exciting, and happy emotions in 

quality of life. The rehabilitation exercise department in National Rehabilitation Center 

offers health promotion tailored exercise programs for adjusting morbidity of higher 

chronic diseases and improving well-being in comprehensive quality of life. By providing 



health promotion programs based on medical evidences by type of disability and 

severeness, it aims at improving voluntary physical activity ability and preparing 

framework for health promotion. 

As a result, for physical strength enhancement, all the areas including body composition 

improvement, cardiopulmonary endurance, muscle endurance, ability, flexibility and 

balancing were improved and first of all, satisfaction for quality of life and decreases in 

negative emotions were identified. 
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Effect of BMI on rehabilitation outcome on persons with spinal cord injury

Inkyoung Cho1*, Hye-Jin Lee1†

National Rehabilitation Center, Department of Rehabilitation Medicine1

Introduction 

The prevalence of overweight and obesity in SCI patients is increasing. The prevalence of 

underweight is also higher (3.6-7.4%) compare to general population (0.7-2.4%). Those 

within the abnormal BMI range (<18.5 or ≥23.0) is more susceptible to medical 

complications such as hypertension, diabetes mellitus, pressure ulcer, associated with pain, 

unplanned hospitalizations, and lower community participation. But, limited research has 

examined the effect of body weight on rehabilitation outcomes. The pulpose of this study 

was to examine the effect of BMI on rehabilitation outcome. 

Method 

In this study, data was collected retrospectively from inpatient SCI patients of national 

rehabilitation center in Seoul, Republic of Korea from June 2015 to July 2017. Selection 

criteria for the study included: (1) ≥19 years of age (2) admitted to rehabilitation center for 

more than 30 days (3) onset <1 year. Patients were excluded if data were missing in weight 

or height. BMI was classified into 4 categories; underweight (<18.5kg/m2), normal (18.5-

22.9 kg/m2), overweight(23.0-24.9 kg/m2), obese (≥25 kg/m2), according to Korean 

society for the study of obesity. Rehabilitation outcome includes KSCIM-III, wheelchair

control, AIS Motor -Score. To analyze, we compared demographics across the BMI 

categories by using chi?square or analysis of variance. Multivariate regression models were 

conducted to examine the association of BMI groups with rehabilitation outcome at 

discharge. We used rehabilitation outcome at admission as a risk adjuster. In addition to 

BMI group, other predictors included age, sex, injury completeness and neurologic 

impairment. 

Result 

Table 2 shows the result of regression models predicting rehabilitation outcome. A 

significant association between BMI group and KSCIM-III is seen in obese group. 

Overweight group achieved lower KSCIM-III score than normal BMI group. Wheelchair 

control is positively associated with underweight group, and negatively associated with 

obese group. Other rehabilitation outcome showed similar tendency.

Discussion & Conclusion 



Being overweight or obese is associated with diminished functional outcomes at discharge. 

Further study is needed with larger underweight population. 
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Skeletal Muscle Mass and Rehabilitative Outcome in Spinal Cord Injury 

patients

Ji Cheol Shin1†, Sang Hee IM1, Yu Sang Jung1, Myungsang Kim2, Min Cheol Ha1*

Yonsei University College of Medicine, Department and Research Institute of 

Rehabilitation Medicine1, Gangnam Severance Hospital, Yonsei University College of 

Medicine, Department of Rehabilitation Medicine, Rehabilitation Institute of 

Neuromuscular Disease2

Introduction 

Lean soft muscle mass is an important indicator of the metabolism and functional 

independence. Muscle atrophy after SCI causes a reduction in metabolic rate, which is 

closely related to long term complication and functional independence of SCI patients. 

However, the importance of body composition management in SCI patients has been 

frequently neglected. Therefore, this study aims to demonstrate the relationship between 

the level of skeletal muscle mass and functional rehabilitation outcome of SCI patients. 

Method 

Participants: The medical charts of SCI patients who were admitted to a tertiary university 

hospital for rehabilitation treatment from June 2016 to March 2018 were reviewed. 

Patients older than or equal to 18 years of age who were within 6 months after the onset, 

with available records of initial and follow-up body composition analysis by bioelectrical 

impedance were included. 

Body composition analysis& Outcome measure: Body composition was assessed by a body 

composition analyzer (InbodyS10, Biospace, Seoul, Korea). The independent variables 

were weight, height, body mass index (BMI, kg/m2), total skeletal muscle mass (kg), lean 

mass index (LMI, kg/m2, total skeletal muscle mass divided by height squared), total fat 

mass (kg), fat mass index (FMI, kg/m2, total fat mass divided by height squared). The 

outcomes of rehabilitative treatment were assessed using Spinal Cord Independent 

Measure (SCIM3) and the Functional Independent Measure (FIM). 

Statistical analysis: Statistical analyses were performed using IBM SPSS Statistics 25 and 

considered statistically significant when the p-value was less than 0.05. The initial and 

follow-up results of SCIM3 and FIM were compared by paired t-test. The Pearson 

correlation coefficient was calculated among BMI, LMI, FMI, andSCIM3, and FIM scores at 

admission and prior to discharge. 

Result 



A total of 127 patients (102 males and 25 females) participated in this study (Table 1). 

SCIM3 and FIM scores showed significant improvement after rehabilitation treatment 

(Table 1). Initial and follow-up functional index, SCIM3 and FIM, showed significant 

correlation with initial BMI and LMI; whereas, no correlation with FMI values (Table 2). 

Conclusions 

As more initial muscle mass was related with better functional index both initially and at 

discharge, we carefully assert that the maintenance of muscle mass is important for better 

outcome of rehabilitative treatment. Further studies with more patients with various 

features of SCI patients (level, severity and chronicity) are needed to clarify the association 

between BMI, LMI changes and rehabilitative outcome.



척수재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-60

The factors Influencing Cerebral Hemodynamics according to Postural 

Change

Joohyun Kee1*, Il-Young Jung1†, Chang Won Moon1†, Kang Hee Cho1,1†

Department of Rehabilitation Medicine, School of Medicine, Chungnam National 

University1

Objective 

The purpose of this study was to analyze the the factors influencing cerebral 

hemodynamics according to postural change in high-level spinal cord injury using duplex 

ultrasonography. 

Materials and Methods 

We examined carotid duplex ultrasonography during head-up tilt in 24 patients with 

cervical spinal cord injury. The internal carotid artery on right side were studied and 

intravascular flow volumes were measured by using a 9 MHz linear array transducer. The 

CBFV and blood pressure (BP) were measured in the supine position, immediately tilted 50 

degrees and after 5 minutes after tilted 50 degrees. We analyzed the characteristics of 

people who deviate from the general tendency between the changes of BP and CBFV 

according to postural change. We sought to compare patients by dividing them into three 

subgroups, subgroup2 (1 if systolic blood pressure (SBP) difference > 20 when tilted 50 

degrees, 0 if not.), subgroup3 (1 if CBFV difference when tilted 50 degrees > 20%, 0 if not.) 

and subgroup4 ( 1 if it is on general tendency, 0 if not.) 

Results 

A total of 24 patients with high spinal cord injury were analyzed in this study. Subject ages 

ranged from 21 to 88 years with a mean of 56.83 years and the study group was composed 

of 18 men and 6 women. Table 2 shows a significant correlation between changes in CBF 

and diastolic blood pressure (DBP) and motor score (p<0.05). Height and K-SCIM score also 

showed some correlation (p<0.1). Table 3 shows that the total motor score difference 

between the two groups of Subgroup 2 is significant and that the difference between the 

two groups of subgroup 3 is significant in the motor score in low extremities (p<0.05). In 

subgroup 4, no significant change was observed. This analysis also did not confirm the 

difference in the level of spinal cord injury or ASIA impairment scale, which we thought 

would be different between the groups. 

Conclusions 



Suggesting that motor score may be an indicator for predicting orthostatic hypotension in 

patients with high spinal cord injury. This study analyzed only for 24 patients and it is 

expected that it will be necessary to analyze and analyze the characteristics of more 

patients. 
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Comparison of the Effect of Oxybutynin and Mirabegron on Rectal 

Compliance in Patients with SCI

So Jung Lee1*, Ju Hyun Son1, So Jung Kim1, Myung Hoon Moon1, Sungchul Huh1, Hyun-Yoon 

Ko1,2†, Hyun-Yoon Ko1,2†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

Introduction 

Neurogenic lower urinary tract dysfunction is a major concern in patients with spinal cord 

injury (SCI). Antimuscarinics are the first-line drugs for the pharmacologic treatment of 

neurogenic detrusor overactivity (DO). However, antimuscarinics for overactive bladder 

reduce bowel movement, increase rectal compliance, alter the activity of the anorectal 

reflex, and worsen constipation. Previous studies reported that mirabegron, a newly 

invented β3-adrenoceptor agonist, had similar efficacy with conventional antimuscarinics 

in the treatment of DO, but there was less dry mouth and constipation in individuals with 

overactive bladder. The purpose of this study is to compare the effect of oxybutynin and 

mirabegron on rectal compliance by anorectal manometry (ARM) in patients with SCI. 

Methods 

A retrospective cross-sectional retrospective study was conducted. In 30 patients taking

either oxybutynin or mirabegron, ARM was performed. Patients with a neurological level 

of injury above T12 with upper motor neuron bowel were included. Rectal compliance was 

calculated by plotting the relationship between balloon volume (dV) and steady-state 

intrarectal pressure (dP) in ARM. Rectal compliance reflects the capacity and distensibility 

of the rectum. The statistical comparison of the effect of oxybutynin and mirabegron on 

rectal compliance was analyzed. 

Results 

Of the 30 patients with SCI, 23 took oxybutynin and 7 had mirabegron. Demographics and 

descriptive data are listed in Table 1. Rectal compliance was statistically lower in patients 

treated with mirabegron than in oxybutynin (p<0.05) (Table 2). 

Conclusion 

Although there is a limitation in the study that includes a small number of subjects, the 

mirabegron group had significantly lower rectal compliances than the oxybutynin group. 

In our clinical experience, oxybutynin-taking patients complained constipation more 



severely or frequently than patients taking mirabegron, and this may be strongly related 

to low rectal compliance. We will design another study to prove the relationship between 

rectal compliance and constipation. 

Table 1. Demographics and clinical characteristics of the subjects

Table 2. Mann-Whitney test for comparison of the effect of oxybutynin and mirabegron on rectal compliance
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Correlation of Heart Rate Variability with Impaired Autonomic Nervous 

System in Patients with SCI

In Hye Kim1*, Ju Hyun Son1, So Jung Kim1, Myung Hoon Moon1, Sungchul Huh1, Hyun-Yoon 

Ko1,2†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

Introduction 

The autonomic nervous system (ANS) is supraspinally controlled, has many functions 

including heart rate control. The sympathetic innervation of the heart is from T1 to T5 

spinal cord segments and the parasympathetic innervation of the heart from the vagus 

nerve. Therefore, spinal cord injury (SCI) above the T6 level can cause ANS dysfunction and 

interfere with supraspinal cardiac control. Our hypothesis is a disturbance of sympathetic 

control of the heart that causes uninhibited parasympathetic stimulation. The aim of the 

study is to investigate the association of heart rate variability (HRV) and impaired 

sympathetic nervous system in patients with SCI. 

Methods 

The retrospective study was performed on medical records of 20 patients (16 males and 4 

females) with SCI. It is known that the HRV strongly represents the parasympathetic tone 

during the Valsalva maneuver. It is believed that the accurate Valsalva maneuver causes 

forced exhalation for 15 seconds with an expiratory pressure of over 40 mmHg. During the 

Valsalva maneuver, real-time electrocardiography monitoring was performed on all 

subjects. Distance between two consecutive R-waves of the QRS complex in milliseconds 

is defined as the R-R interval. The R-R interval ratio is calculated as the maximum value 

divided by the minimum value. We calculated the R-R interval ratio for each patient during 

the 15 seconds of Valsalva maneuver. The correlations between the neurologic level of 

injury (NLI), lesion completeness and HRV were statistically analyzed. 

Results 

Demographic data and descriptive data are listed in Table 1. Fifteen patients had NLI of 

above T1 and five patients had NLI of T1 or below. The number of patients with American 

Spinal Injury Association Impairment Scale A, B, C, and D was 3, 0, 2 and 15, respectively. 

Eight patients (40.0%) showed normal R-R interval ratio (average 1.6 ± 0.18 ms), while 12 

patients showed an abnormal finding (average 1.15 ± 0.11 ms) (Table 1). HRV during the 



Valsalva maneuver did not correlate statistically with NLI (p = 0.29) nor with the 

completeness of the SCI (p = 0.125). 

Conclusion 

According to the literature, it is known that the sympathetic and parasympathetic tone 

after a lesion, which can lead to an ANS dysfunction, recover their mutual equilibrium after 

a certain period of time. In our study, the period from the onset of SCI to the ANS function 

test was not considered. To know the changes in the ANS function after SCI requires a 

larger study with more variables. 

Table 1. Demographics and clinical characteristics of the subjects

Table 2. Correlations among the NLI or completeness of lesion and HRV



척수재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-63

Quantification of Autonomic Dysflexia Severity in Spinal Cord Injuries

Zee Won Seo1*, Eun-Ho Yu1, Ju Hyun Son1, So Jung Kim1, Myung Hoon Moon1, Sungchul 

Huh1, Hyun-Yoon Ko1,2†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

Introduction 

Autonomic dysreflexia (AD) occurs in spinal cord injuries (SCI) with a neurological level of 

injury (NLI) of T6 or above. Previous studies indicated that AD symptoms are strongly 

affected by NLI, onset duration, and completeness. Clinical assessment of the severity of 

AD may be necessary, but it is unlikely that a quantitative assessment of the severity of AD 

is well studied. The aim of the study is to propose a model for the quantification of the 

severity of AD and to find out relevant factors. 

Methods 

We retrospectively collected data from 14 SCI patients (12 males and 2 females) with AD 

defined as an increase in systolic blood pressure more than 20 mmHg. Considering variable 

situations such as orthostatic hypotension, postprandial hypotension, and tendency of 

blood pressure (BP) change showing nocturnal dipping and increase at dawn, cystometric 

capacity was measured in a supine position, in the morning, and 2 hours after meals. The 

real-time BP was measured using FinometerTM (Fig. 1A). BP was measured from the start 

of bladder filling to the normalization of BP. The area above 20 mmHg using integration 

was calculated (Fig. 1B). We also calculated the detrusor overactivity index (DOI) from the 

urodynamic study (UDS). DOI is defined as the sum of the detrusor pressures at each point 

of bladder overactivity during the filling phase of UDS divided by the cystometric capacity. 

Both the area and the maximal BP change during the filling phase were analyzed to 

determine the relationship between these values and various factors such as DOI, bladder 

compliance, NLI, completeness, and onset duration using Pearson correlation and Kendall’s 

Tau-b analysis. 

Results 

Demographics and descriptive data are listed in Table 1. The area showed a strong positive 

linear correlation with DOI (p=0.002, rho=0.753), however, the maximum change in BP 

during the filling phase was not significantly associated with DOI. The area also showed a 

moderately positive statistical correlation with the completeness of SCI (p= 0.032, rho= 

0.467) (Table 2). 



Conclusion 

There are various possible causes of AD, but the most acute symptom is usually caused by 

bladder filling which is easily experienced in daily life. Since the Finometer has an 

advantage of easily measuring the BP, the area of the graph appears to be a useful method 

for quantifying AD in the patients with SCI. 

Figure 1. A) Real-time BP measured by connecting a Finometer sensor to the fingertip of the patient B) Area 

and maximal BP change obtained from the Finometer

Table 1. Demographics and clinical characteristics of the subjects



Table 2. Statistical correlation with two values in DOI, bladder compliance, NLI, completeness of SCI and 

duration of disease 
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Thalamocortical connection changes with recovery of imparied 

consciousness in parietal lobe injury

Sung Ho Jang1†, Chul Hoon Chang1†, Sung Jun Lee1†, Seung Hwa Jang1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

we report on a stroke patient with a parietal lobe injury who showed recovery of impaired 

consciousness and increased thalamocortical connectivity to the frontoparietal lobe, which 

was demonstrated on diffusion tensor tractography (DTT) of the ascending reticular 

activating system (ARAS). 

Case presentation 

A 52-year-old female patient underwent craniectomy and hematoma removal for a 

spontaneous intracerebral hemorrhage in the left parietal lobe, as well as intraventricular 

and subarachnoid hemorrhages. When he started rehabilitation at approximately three 

months after onset she was in a vegetative state (VS) with a Coma Recovery Scale-Revised 

(CRS-R) score of 11. She underwent comprehensive rehabilitation including transcranial 

direct current stimulation of the left parietal lobe (centered on the supraparietal lobule) 

and repetitive transcranial magnetic stimulation of the mid-portion of the right 

intraparietal sulcus. After one month of rehabilitation, the patient had recovered to a 

nearly normal conscious state with a CRS-R score of 21. On DTT performed at 4-months 

after stroke onset, the right lower dorsal ARAS was observed to be thicker than that on 

DTT at 3-months post-stroke. Moreover, on 4-month DTT there was an increase in neural 

connections to the right frontoparietal lobes compared to that on 3-month post-onset DTT, 

the increase was particularly notable at the right medial prefrontal cortex and the 

precuneus. 

Conclusion 

Changes in the lower dorsal ARAS between the pontine reticular formation and the 

thalamic ILN and in the thalamocortical connections between the thalamic ILN and the 

cerebral cortex were demonstrated in a stroke patient who showed concurrent recovery 

from a vegetative state to a nearly normal conscious state. The results suggest that the 

changes observed in the medial prefrontal cortex and precuneus were mainly responsible 

for the patient’s recovery from a vegetative state to a nearly normal conscious state. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 



Fig. (A) Brain computed tomography images at onset show hematoma in the left parietal lobe and subfalcine 

herniation. (B) Brain magnetic resonance images at three months after onset reveal leukomalactic lesions in 

the left parieto-occipital lobes. (C) Results of diffusion tensor tractography (DTT). On 4-month post-onset 

DTT, thickening of the right lower dorsal ARAS is observed compared with that on 3-month DTT. Decreased 

neural connections to the right frontoparietal lobes on 3-month DTT are shown to be increased on 4-month 

DTT, especially in the right medial prefrontal cortex (green arrows) and precuneus (blue arrows).
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Increased medial prefrontal connectivity in a HI-BI patient

Sung Ho Jang 1†, Sung Jun Lee1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Physical Medicine and 

Rehabilitation 1

Introduction

Elucidation of neural correlates for consciousness (NCC) is clinically important for 

management for patients with consciousness disorders. The medial prefrontal cortex 

(mPFC) is involved in consciousness, and recent studies have demonstrated that it is an 

NCC [1-5]. However, the correlation has not yet been fully elucidated. Herein, we report 

on a patient who showed increased thalamocortical connectivity to the mPFC with 

recovery of impaired consciousness following hypoxic-ischemic brain injury (HI-BI). 

Method

A 40-year-old female patient underwent conservative management for HI-BI that had been 

induced by hanging at a general hospital.Brain magnetic resonance images obtained at six 

weeks after onset showed leukomalactic lesions in the fronto-parieto-temporo-occipital 

lobes in both hemispheres. The patient was in a vegetative state (VS) with a Coma Recovery 

Scale-Revised (CRS-R) score of 9 (auditory function: 2, visual function: 3, motor function: 2, 

verbal function: 0, communication: 0, and arousal: 2). Transcranial direct current 

stimulation (tDCS; neuroConn DC-stimulator; neuroCare Group, Ilmenau, Germany) was 

applied on both mPMCs (the anode) using saline-soaked surface sponge electrodes 

(7 cm × 5 cm) with the cathode in the supraorbital region (stimulation intensity: 2 mA, 

stimulation duration: 20 minutes/session, one session/day, and seven sessions/week) 

Result

Serial DTTs were used to demonstrate changes in the lower dorsal ARAS between the 

pontine reticular formation and the thalamic ILN, as well as in the thalamocortical 

connectivity between the thalamic ILN and the cerebral cortex, in a patient who 

concurrently exhibited recovery from a vegetative state to a minimally conscious state 

during six weeks of rehabilitation. The main neural changes were the increases in 

thalamocortical connectivity to both mPFCs, occurring between 6 and 12 weeks after onset. 

These results appear to indicate that the increased thalamocortical connectivities to both 

mPFCs could be attributed to the partial recovery of impaired consciousness in this patient, 

which supports findings in previous studies showing that the mPFC is an important NCC. 



Conclusion

Increased thalamocortical connectivity to the mPFC was demonstrated in a patient with 

HI-BI who showed concomitant recovery from a vegetative state to a minimally conscious 

state. The results suggest that increased neural connectivity to the mPMC contributed to 

the recovery of consciousness in this patient. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 

Fig. Brain magnetic resonance images obtained at 6 and 12 weeks after HI-BI onset show leukomalactic 

lesions in the fronto-parieto-temporo-occipital lobes in both hemispheres (B) Results of diffusion tensor 

tractography (DTT). The lower dorsal ascending reticular activating system does not show a significant 

change between 6- and 12-week DTT images. By contrast, neural connectivities to both medial prefrontal 

cortices (blue arrows) are lower on 6-week DTT compared to those on 12-week DTT (green arrows) and show 

increments to the left lateral PFC. 
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Magnetic stimulation of paravertebral muscles for strengthening in kyphotic 

subacute stroke patients

Joonhyun Park1*, Jong Ouk Kim1, Jong Moon Kim1,2, MinYoung Kim1,2†

CHA Bundang Medical Center, CHA University School of Medicine, Department of 

Rehabilitation Medicine1, CHA University, Rehabilitation and Regeneration Research 

Center2

Introduction 

Weakened core muscles in hemiplegic stroke patients lead to a decrease in trunk stability 

and poor sitting balance, which limit the rehabilitation outcomes both in terms of hand 

function and locomotive ability. For this reason, stimulating the paravertebral muscle using 

had been tried using neuromuscular electrical stimulation device. Recently, instead of 

electrical stimulation, magnetic stimulation is used to improve motor function, which can 

induce painless deep muscle contraction without direct skin contact. In this pilot study, we 

investigated whether repetitive peripheral magnetic stimulation (rPMS) can improve the 

core strength and balance of stroke patients. 

Subjects and Methods 

This retrospective review was based on chart review of patients hospitalized between 

January 2019 and May 2019. Inclusion criteria were as follows: 1) subacute stage within 6 

months after the onset of the stroke, and 2) who were treated with rPMS in lower 

paravertebral muscles for at least two weeks. Among these patients, we studied patients 

who had both initial and follow up back muscle strength measure using pressure 

biofeedback unit (PBU), as explained below. A total of five patients were included. Medical 

history including low back pain severity by numeric rating scale (NRS), gender, age, cause 

of the stroke, duration from the onset, previous history associated with lumbar spine 

(Table 1). In order to evaluate low back muscle strength, in a prone position on a hard 

surface while placing their belly on the PBU (Stabilizer, Chattanooga Group Inc., Hixson, 

USA), patients contracted their back muscle under examiner’s verbal command. To 

minimize effect of intrathoracic pressure, full exhalation before back extension was 

ordered. At end-expiratory cuff pressure was set to 70mmHg, maximal increase of cuff 

pressure was recorded (△P = maximum cuff pressure – 70 (mmHg)). During each trial, 

patient was told the cuff pressure, so encouraged to maximize the result by real-time bio-

feedback manner. In lumbar paravertebral muscle rPMS protocol, rPMS coil center was 

focused at the L3 spinous process. 20-min rPMS session was conducted on a daily basis 

using electromagnetic stimulation device (Salus Talent Pro, Remed Co., Korea) in biphasic 



pulse mode of 3-15Hz using pulse duration of 250 μsec. Pain-free maximum intensity

stimulation was used. 

Results 

In all five patients, the mean pressure difference was increased from 24.2 to 25.0 mmHg 

(p =0.043, by Wilcoxon-signed rank test) and the mean NRS score for low back pain was 

decreased from 3.8 to 2.2 (p=0.039, Table 2). In addition, no side effect was observed 

associated with the treatment. 

Conclusion 

This pilots study suggests that rPMS could be used for core muscle strengthening and pain 

relief safely. Further research is needed for confirm this finding. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI16C1559)

Table 1. Baseline characteristics of the patients



Table 2. Outcomes after repetitive peripheral magnetic stimulation therapy in subacute stroke patients
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Thalamocortical connection changes following shunt operation for 

Hydrocephalus in a patient with TBI

Sung Ho Jang1†, Seong Ho Kim2†, Sung Jun Lee1†, Kyu Tae Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1, 

College of Medicine, Yeungnam University, Department of Neurosurgery2

Hydrocephalus is a dilatation of the ventricular system of the brain and is usually 

accompanied by an elevated intraventricular pressure. A few studies have demonstrated 

changes in the thalamocortical connections between the central thalamus and the cerebral 

cortex, which is a main neural structure for consciousness, following a shunt operation for 

hydrocephalus. In this study, we report on a patient who showed increased 

thalamocortical connectivity to the precuneus and the posterior cingulate cortex 

concomitant with recovery of impaired consciousness following TBI. A 78-year-old female 

patient underwent craniectomies on both frontal lobes for hematoma removal of 

traumatic ICH in both frontal lobes, as well as IVH and SAH. 1 month after onset, she was 

transferred to the rehabilitation department of the same university hospital. The patient 

exhibited impaired consciousness, with a GCS score of 9 and a CRS-R score of 6. Brain MRI 

taken at four months after onset showed hydrocephalus along with leukomalactic lesions 

in both fronto-temporal lobes and hydrocephalus. At that time, the patient exhibited a GCS 

score of 9 and a CRS-R score of 12. As a result, the patient underwent a V-P shunt operation 

via the right parietal approach. When the patient was transferred to the rehabilitation 

department at 8 days after the shunt operation, her consciousness had improved to a GCS 

score of 11 and a CRS-R score of 16. As a result, she was able to control her head for about 

3 minutes while in a sitting position, and could track her eyes and execute hand 

movements according to verbal command. DTI data were obtained twice (1 day prior to 

shunt operation and 8 days post-op). For analysis of the neural connectivity of the 

intralaminar nucleus (ILN) of the thalamus to the cerebral cortex, the seed ROI was placed 

at the ILN of the thalamus at the level of he commissural plane. Out of 5000 samples 

generated from the seed voxel, contact results for neural connectivity of the ILN were 

visualized at a threshold of 10 contacts streamlined through each voxel for analysis. On 

DTT 8 days post-op, there was increased thalamocortical connection between the thalamic 

ILN and the cerebral cortex in the left precuneus and the posterior cingulate cortex 

compared to the connection level on DTT performed a day prior to the shunt operation. In 

this study, serial DTTs were used to demonstrate changes in the level of thalamocortical 

connections between the thalamic ILN and the cerebral cortex in a patient with TBI who 

showed partial recovery of impaired consciousness following a shunt operation. The main 



changes were increased thalamocortical connections to the left precuneus and the 

posterior cingulate cortex. 

In conclusion, increased thalamocortical connectivity to the precuneus and posterior 

cingulate cortex following a shunt operation for hydrocephalus was demonstrated in a 

patient with TBI who concurrent with the shunt operation showed partial recovery of 

impaired consciousness. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 

Fig. (A) Brain magnetic resonance images (MRI) at 1 day prior to shunt operation shows leukomalactic lesions 

in both fronto-temporal lobes and the presence of hydrocephalus. MRI at eight days post-operation show 

improvement of the dilatation of the ventricular system. (B) Results of diffusion tensor tractography (DTT). 

On DTT eight days post-operation the thalamocortical connections between the thalamic ILN and the 

cerebral cortex have increased in the left precuneus (blue arrows) and the posterior cingulate cortex (green 

arrows) from the connection level observed on the DTT performed one day prior to the operation.
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Oral apraxia due to injury of the corticofugal tract from the secondary motor 

area in stroke patient

Jeong Pyo Seo 1†, Sung Ho Jang 1†, Dong Gyu Kwak1*

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

No previous study has reported on the relationship between oral apraxia (OA) and injury 

of the corticofugal tracts (CFTs) in stroke patients by using diffusion tensor tractography 

(DTT). Herein, we report on a stroke patient who showed OA due to injury of the CFT from 

the secondary motor area. 

Methods

A 56-year-old male patient presented with severe dysarthria at the onset of a 

striatocapsular infarct in the left hemisphere. He showed right face paralysis, reduced 

range of motion of the jaw, reduced range of motion and weakness of lips, as well as 

weakness and motion limitation of the tongue. Diffusion tensor imaging data were 

acquired at one week after onset. On subsequent DTT, the integrity of the corticobulbar 

tract (CBT) and CFT from the supplementary motor area was well-preserved in both 

hemispheres, however tearing and narrowing of the CFT from the dorsal premotor cortex 

at the subcortical white matter were observed in the left hemisphere. 

Conclusions

By using DTT, we were able to visualize injury of the CFT from the secondary motor area in 

a stroke patient with OA. Our results suggest the necessity of evaluating the CBTs and CFTs 

from the secondary motor area in stroke patients with dysarthria. <br> 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education (NRF-2016R1A6A3A11933121) 



Fig. A. T2-weighted brain magnetic resonance images at one week after infarct onset show leukomalactic 

lesions in the left striatocapsular region.
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Dysphasia patients with palatal tremor due to lesion of Guillain and 

Mollaret triangle/Case series

Su Jeong Lee1*, In Yae Cheong1†

National Rehabilitation Center, Department of Rehabilitation Medicine1

Introduction 

Brainstem lesions in the triangle of Guillain and Mollaret interrupt dentato-rubro-olivary 

pathway. Interruption of this circuit results in a characteristic, though rare, movement 

disorder called palatal tremor that presents with recurring rhythmic contractions of the 

soft palate and sometimes synchronous twitching of the lower facial muscles, pharynx, 

larynx, trunk, and extremities. We reported cases of dysphasia patients with palatal tremor. 

Case

Case 1) A 61-year old man presented with hoarseness, dysarthria and dysphasia. Physical 

examination revealed palatal tremor. Palatal tremor could be visualized during VFSS, with 

inadequate bolus formation, nasal regurgitation, delayed swallowing reflex, reduced 

laryngeal elevation and aspiration at thickened fluids. Brain MRI demonstrated focal 

infarction at left cerebellum and left pons and hemorrhagic transformation at left posterior 

midbrain involving superior cerebellar peduncle. (Fig 1.) 

Case 2) A 63-year old man presented with hoarseness, dysarthria and dysphasia. Physical 

examination revealed palatal tremor with synchronous twitching of lower facial muscles, 

pharynx and larynx. Palatal tremor could be visualized during VFSS, with inadequate bolus 

formation, delayed swallowing reflex and aspiration at thickened fluids. Brain MRI 

demonstrated focal infarction at left cerebellum, left pons and both midbrain involving 

superior cerebellar peduncle. (Fig 2.) 

Case 3) A 40-year old woman presented with dysphasia, hoarseness and dysarthria. 

Physical examination revealed palatal tremor. Palatal tremor could be visualized during 

VFSS with pre-mature bolus loss, delayed swallowing reflex and aspiration at thickened 

fluids. Brain MRI demonstrated ICH at right posterior midbrain involving superior 

cerebellar peduncle. (Fig 3.) 

Conclusion 

We reported three rare cases of dysphasia patients with palatal tremor with lesion in the 

triangle of Guillain and Mollaret, especially superior cerebellar peduncle without 

involvement of the medulla. The review of these rare cases confirmed through both 



physical assessment and MRI may help understand and learn about dysphasia patients 

with palatal tremor as a result of lesion in the triangle of Guillain and Mollaret.

Fig 3. Coronal and Sagittal T2-weighted MRI showing lesions in the triangle of Guillain and Mollaret 
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Diffusion tensor tractography revealing unexplained patient's ipsilateral 

hemiplegia

Na Na LIM1*, Ji Hong Cheon1, Geun Su Lee1, Won Ki Hong1, Eun Young Kang1†, Youn Kyung 

Cho1, Sung Hoon Lee1, Hyun Kyung Lee1

Kwangju Christian Hospital, Department of Rehabilitation Medicine1

Introduction 

A 47 year old female had a blunt traumatic injury to her head in march 2017. She was 

diagnosed as traumatic sub-dural hematoma on left fronto-temporal lobe with mid-line 

shifting, soon received hematome removal with craniectomy operation to reduce 

intracranial pressure caused by cerebral edema and swelling. 

Clinical presentation 

Her major brain lesion on the brain computed tomography was left fronto-temporal area 

but she had left side motor weakness instead of left hemisphere impairment such as right 

hemiplegia and the dysfunction of memory, calculation, executive function and language. 

Because the symptom did not correlate with the main anatomical lesion, we considered 2 

possibilities which can explain her clinical presentation. First, are there anatomical 

variation of corticospinal tract? Second, missed diagnosis such as diffuse axonal injury 

caused by counter coup or ischemic infarct followed by cerebral edema? 

Diagnosis 

The diffusion tensor tractography revealed that decreased fiber volume of right 

corticospinal, corticorecticular and medial lemniscus tract comparing with left side. Against 

our expectation, tracts from left hemisphere were preserved within normal limits despite 

the huge sized hematoma on left hemisphere. 

Discussion 

In the diffusion tensor tractography, there were no anatomical variation as her left tracts 

were normal. Furthermore, we could confirm that right MCA area infarction causing deficit 

of right tracts which correlates with the patient's neurological presentation. <br> 

Conclusion 

We could confirm causative lesion for unexplained ipsilateral hemiplegia by diffusion 

tensor tractography. Diffusion tensor tractography is a useful radiologic tool to reveal 

functional status of brain. 



<Figure 1> Brain CT shows subdural hematoma on the left fronto-temporo-parietal lobe with midline shifting 

at the time of injury in march 2017(left), absorbed brain hematoma without hydrocephalus(right)



<Figure 2> Diffusion tensor tractography in July 2019A : Corticospinal tract(yellow), B : Corticorecticular 

tract(orange), C : medial lemniscus(green), Decreased fiber volume on right comparing with left side.

<Figure 3> Brain MRI in July 2019 reveals ischemic lesion on right MCA territory which was not seen in 

previous brain CT.
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Effects of rTMS of the left dorsolateral prefrontal cortex in locked-in 

syndrome : A case report

Yeon Gyu Jeong1,1*, Joo Sup Kim1,1, Hyun Im Moon1,1†

Bundang Jesaeng Hospital, Department of Rehabilitation Medicine1

Introduction 

Locked-in syndrome(LIS) is caused by infarction or hemorrhage in ventral pons and 

characterized as quadriplegia and anarthria with preservation of consciousness. As mid-

brain tectum remains intact, patients retain upper eyelid control and vertical eye 

movement, which allows non-verbal communication. The possibility of communication 

depends on the patients’ level of consciousness, and successful communication 

contributes to significant improvement of quality of life in patients and their caregivers.

Efficacy of repetitive transcranial magnetic stimulation(rTMS) for consciousness and 

attention have been widely reported. However, there were few attempts to apply rTMS to 

improve consciousness and attention in LIS and now we present the effect of 10Hz rTMS 

of the left dorsolateral prefrontal cortex(DLPFC) in LIS 

Case 

A 33-year-old man without medical history showed mental change and pontine ICH was 

confirmed by brain CT in Hallym University Medical Center, on December 21st, 2016. K-

MMSE(Mini Mental State Examination) was found to be 0/30, and CRS(Coma Recovery 

Scale) was 5/23 on July 31th, 2017. He was admitted to Bundang Jesaeng General Hospital 

on March 8th, 2019, with K-MMSE 0/30, and CRS 8/23, and his relatives had never 

successfully communicated with him. Although he showed possible voluntary eye blinking, 

it was hard to distinguish from involuntary tremors. We applied Methylphenidate from 

5mg upto 20mg/day, Cerebrolysin IV 1mg/day for cognitive improvement, and 

Levodopar/Benserazide 500mg/day for control of tremor. After 2 weeks of admission, we 

noticed that he can answer the simple yes-no question by vertical eye movement, so we 

set a code that an upward eye movement means ‘yes’, and a downward ‘no’. After several 

weeks of training, K-MMSE was 15/30 on April 15th, 2019 with possibility of 

overestimation since we evaluated by ‘yes-no’ code providing example answers. We 

applied 10Hz rTMS at the left DLPFC(F3) from April 29th to May 13th. A single daily session 

of stimulation consisted of 1,000 pulses (10Hz trains for 5s; repeated 20 times with an 

inter-train interval of 55s; 19min and 55s for total session) at an intensity of 90% RMT, for 

one session per day, total 10 sessions. At the same period, we made a letter board 

containing consonants and vowels, trying to make sentences with ‘yes-no’ code by pointing 



each letter. After 5 sessions of rTMS, he successfully made a 4-word sentence for the first 

time ever. Throughout sessions, time required to make one sentence dramatically 

decreased from 30 minutes to 5 minutes. At the end of rTMS sessions K-MMSE was 23/30, 

on March 13th, 2019, by making a direct answer using a letter board. 

Conclusion 

The consciousness level and attention of the LIS patients are important for the detection 

of awakeness and successful communication. 10Hz rTMS at the left DLPFC was effective 

for successful communication, which indicates the effect of rTMS on cognitive function in 

patients with LIS. 

Figure 1. The axial gradient echo signal T2-weighted magnetic resonance image shows pontine ICH



Figure 2. Application of various treatments over time and changes in MMSE and CRS scores
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Recovery of injured optic radiations in a patient with hypoxic-ischemic brain 

injury

Sung Ho Jang1†, Yu Sung Seo1†, Kyu Tae Choi1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Introduction of diffusion tensor imaging (DTI) has made three-dimensional reconstruction 

of optic radiation (OR) possible, and OR injury in patients with brain injury has been 

reported in many studies using DTT. However, only a few studies have demonstrated the 

recovery of injured OR. As a result, the recovery mechanisms of injured OR have yet to be 

elucidated. 

A 19-year-old female patient underwent conservative management for HI-BI induced by 

hanging. At 4 months after onset, she was transferred to the rehabilitation department of 

our university hospital. Brain MRI at 4 and 5 months after onset showed leukomalactic 

lesions in the parieto-temporo-occipital lobes in both hemispheres. The patient was in a 

VS with a CRS-R score of 9. Although she could open her eyes spontaneously, she did not 

show blinking reflex with visual stimuli. She underwent comprehensive rehabilitation, 

which included medications, physical therapy, and occupational therapy. tDCS was applied 

to the upper occipital area (the anode) using saline-soaked surface sponge 

electrodes(cathode: the supraorbital region, stimulation intensity: 2mA, duration: 20 

min/session, one session/day and seven sessions/week). rTMS was applied to the right 

upper occipital area at a frequency of 10 Hz with an 80% motor threshold intensity and 

160 pulses for 8 minutes twice/day with seven sessions per week. After a month of 

rehabilitation, the patient had recovered to a MCS with a CRS-R score of 15. In addition, 

she showed blink reflex with visual stimuli and visual tracking according to visual stimuli. 

DTI was conducted twice. For OR, the seed ROI was placed on the lateral geniculate 

body(LGB), and the target ROI was placed on the bundle of the OR at the middle portion 

between the LGB and the occipital pole. On 4-month DTT, discontinuations of the OR were 

observed in both hemispheres. However, the OR was connected to the upper occipital lobe 

in both sides on 5-month DTT 

In the current study, we followed up DTTs for the OR in a patient with impaired 

consciousness after HI-BI. We found the discontinued portions of both ORs were thickened 

and connected to the upper occipital lobes. These changes on DTTs indicate the recovery 

of injured ORs. At 5 months after onset she revealed blink reflex and visual tracking, which 

was not observed at 4 months after onset. These findings suggest that some of the visual 

function of this patient recovered during a month of rehabilitation. Because recovery of 



the injured ORs occurred druing the chronic stage of HI-BI, this recovery appeared to be a

result of brain plasticity 

In conclusion, using follow up DTT, we demonstrated the recovery of injured ORs in a 

patient with HI-BI who showed partial recovery of visual function. We believe that the 

results of this study suggest one of the recovery mechanisms of injured OR in patients with 

brain injury. In addition, the recovery of injured ORs appeared to contribute to recovery of 

consciousness in this patient. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 

Fig. A: Brain magnetic resonance images at four and five months after onset showed leukomalactic lesions 

in the parieto-temporo-occipital lobes in both hemispheres. B: Results of diffusion tensor tractography (DTT) 

for optic radiation (OR). On 4-month DTT, discontinuations (blue arrows) except for tiny fibers in the posterior 

portions of the OR were observed in both hemispheres. However, the OR was connected to the upper 

occipital lobe on both sides (yellow arrows) on 5-month DTT.
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Traumatic trigeminal neuropathy after whiplash injury: a case report

Sung Ho Jang1†, Jeong Pyo Seo1†, Min Son Kim1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

Recent studies have demonstrated brain injuries following whiplash. Many studies have 

reported clinical evidence, including facial pain, which suggests trigeminal neuropathy 

after whiplash. Herein, we report on a patient who showed post-whiplash traumatic 

trigeminal neuropathy, which was demonstrated by using diffusion tensor tractography 

(DTT). 

Case Description

A 51-year old female suffered an indirect head trauma resulting from flexion-

hyperextension injury after being hit from behind by a moving vehicle while her vehicle 

was stopping at an intersection. At approximately 30 minutes after onset, she began to 

sense a headache in the left frontal area and sensory changes in the left facial area, signs 

that intensified with the passage of time. At seven days after onset, she visited the 

rehabilitation department of our university hospital and described the characteristics and 

severity of pain as follows: headache on the left frontal area including the forehead with 

intermittent squeezing and numbness sensations. Her visual analog scale (VAS) pain score 

was 6 with her left cheek having a continuous, dull, swelling sensation (VAS score: 1). On 

neurological examination, she revealed mild allodynia without hyperalgesia or 

somatosensory change on the head, cheek, tongue, and oral cavity. On DTT, the left 

trigeminal nerve showed discontinuation in the middle portion compared to that of the 

right trigeminal nerve.

Conclusions

By using DTT, we demonstrated traumatic trigeminal neuropathy in a patient with whiplash. 

We suggest that DTT would be a useful tool for the detection of traumatic trigeminal 

neuropathy in patients who show clinical features of trigeminal neuropathy following 

whiplash. 

Acknowledgment :This work was supported by the Medical Research Center 

Program(2015R1A5A2009124) through the National Research Foundation of Korea funded 

by the Ministry of Science, ICT, and Future Planning. 



Fig. A: T2-weighted brain magnetic resonance (MR) images obtained seven days after whiplash onset show 

no abnormality (upper row). Results of diffusion tensor tractography: the left trigeminal nerve is 

discontinued (arrow) (lower row). B: Results of diffusion tensor tractography for a control subject (53-year 

old female).
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Deletion of Ca2+-dependent Activator Protein for Secretion Gene in a 

Patient with Cerebellar Ataxia

Seungbeen Hong1*, Su Ji Lee1, Seok Young Chung3, Sung-Rae Cho1,2†

Yonsei University College of Medicine, Department of Rehabilitation Medicine and 

Research Institute1, Yonsei University College of Medicine, Brain Korea 21 PLUS Project for 

Medical Science2, Gangnam Severance Hospital, Rehabilitation Institute of Neuromuscular 

Disease, Yonsei University College of Medicine, Department of Rehabilitation Medicine3

Introduction

Cerebellar ataxia is characterized by impairment of balance and coordination caused by 

dysfunction of cerebellum. It has heterogeneous etiology. Chronic progressive ataxia is the 

most common form of hereditary cerebellar ataxia, although its rate of progression and 

severity are variable depending on the causative gene. Various genes are related to 

cerebellar function. Here, we present a 33-year-old male patient with cerebellar ataxia. He 

was first considered to have a psychiatric conversion disorder but supposed to have de 

novo Ca2+-dependent activator protein for secretion (CADPS) gene deletion. 

Case Reports 

A 33-year-old male patient visited the clinic of our hospital to be evaluated for weakness 

of bilateral lower extremities and balance problem. He recognized weaknesses in both 

lower extremities since January 2017. Several examinations including brain MRI and C-

spine MRI revealed no specific findings. When he was referred to our hospital in April 2017, 

he showed weakness for both legs along with poor standing balance, resulting in an 

inappropriate ambulation without hand support. To assess causes of his symptoms, we 

performed nerve conduction studies and somatosensory evoked potential studies. Results 

did not show any evidence of peripheral neuropathy or central conduction defect. 

Laboratory results for anti-GM1 antibody, anti-GD1b antibody, and anti-myelin associated 

glycoprotein antibody were all negative. Official readings of brain MRI and C-spine MRI 

were within normal limits. Since cerebellar ataxia pattern was definitely seen in physical 

examinations, we decided to perform brain PET-CT scan despite normal brain MRI findings. 

Findings of brain PET-CT scan revealed decreased FDG uptake in the anterior cerebellum. 

(Figure 1) We also performed next-generation sequencing(NGS) to identify genetic 

mutations. Copy-number variation was detected by NGS result due to chromosomal 

deletion at 7q31.2 - 7q31.32. We conduct chromosomal microarray study to confirm the 

possibility of genetic deletion. Comparative genomic hybridization by oligonucleotide 

arrangement (microarray) showed a deletion of approximately 8.6Mb in the ‘q’ arm of 



chromosome 7 involving band 7q31.2q31.32 (Table 2) known to be associated with 

CADPS2 gene deletion and autism spectrum disorder. Genetic analyses from the patient’s 

parents were also performed. We could not find gene deletion in 7q31. 

Discussion 

We present a 33-year-old male patient with cerebellar ataxia diagnosed after adulthood 

without a specific birth history or past medical history. It is important to consider the 

possibility of ataxia caused by various gene mutations after excluding common causes of 

ataxia. Moreover, further study is necessary to reveal a number of diseases not presently 

diagnosed and determine the fundamental treatment of diseases. 

Figure 1. Brain MRI images and PET-CT fusion images. There was no remarkable finding in brain MRI images 

(A), although hypometabolism in the anterior cerebellum was noted (B; arrow).
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Impaired consciousness due to injury of ARAS in a patient with pontine 

infarct

So Young Kwak1†, Min Cheol Chang1, Jong Bum Kim1*

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

The ascending reticular activating system (ARAS) is known to play an essential role in 

maintaining arousal and consciousness. Several studies have reported the association 

between injury of the ARAS and impaired consciousness in patients with pontine 

hemorrhage, traumatic brain injury, and hypoxic-ischemic brain injury using recently 

developed diffusion tensor tractography (DTT) derived from diffusion tensor imaging (DTI) 

technique. However, the evaluation of the ARAS using DTT in patients with impaired 

consciousness following pontine infarction is limited. In this case report, we describe a 

patient with impaired consciousness and injured ARAS after bilateral pontine infarction. 

A 73-year-old female patient presented with anterior chest pain to the emergency 

department of our university hospital. She had suffered from typical anterior chest pain

radiating to the back for three days. She was diagnosed with chronic stable angina pectoris, 

three-vessel disease, and chronic total occlusion of left anterior descending artery by the 

coronary angiography (CAG) and received conservative treatment. Five days after the CAG, 

she showed decreased mentality and her brain MRI revealed bilateral paramedian pontine 

infarction (Figure 1A). At four weeks after the pontine infarction, the patient was 

transferred to the department of physical medicine and rehabilitation. She showed 

severely impaired consciousness, with a Glasgow Coma Scale score of 7 (eye opening: 2, 

best verbal response: 2, and best motor response: 3) and Coma Recovery Scale-Revised 

score of 10 (auditory function: 2, visual function: 3, motor function: 2, verbal function: 2, 

communication: 0, and arousal: 1). Diffusion tensor imaging data was acquired at four 

weeks after the onset of pontine infarction and the three portions of the ARAS (namely 

lower dorsal ARAS, the lower ventral ARAS, and the upper ARAS) were reconstructed using 

regions of interest (ROI) as follows: for the lower dorsal ARAS, the pontine reticular 

formation and the intralaminar thalamic nucleus; for the lower ventral ARAS, pontine 

reticular formation and the hypothalamus; and for the upper ARAS, the intralaminar 

thalamic nucleus to the cerebral cortex. The neural connectivity in the upper ARAS 

between the thalamic intralaminar nucleus and the cerebral cortex was impaired in both 

hemispheres, as well as the left lower dorsal ARAS and both lower ventral ARAS (Figure 

1B). The injured ARAS revealed by the DTT might be associated with the impaired 

consciousness of the patient in this case. To the best of our knowledge, this is the first 

report of injured ARAS in bilateral pontine infarction revealed by DTT. Further studies with 



larger number of patients and follow-up data would be needed for the better 

understanding of the relationship between injured ARAS and impaired consciousness, its 

prognosis, and the implications for establishing the rehabilitation strategy. 

Acknowledgment :the National Research Foundation of Korea (NRF) grant funded by the 

Korean government (Ministry of Science and ICT) (2018R1C1B5046706). 

Fig1.
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Bilateral cerebral ptosis with in patient with subdural hemorrhage: A Case 

Report

Ji Hye Kang1*, Min-Wook Kim1, Young-Ah Choi1†

College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea, 

Department of Rehabilitation Medicine1

Introduction

Differential diagnosis of bilateral ptosis can be challenging due to multiple etiologies. 

Although cerebral ptosis is rare, it is known to be frequently associated with unilateral right 

hemispheric lesion. We report a bilateral cerebral ptosis case developed after acute right 

subdural hemorrhage (SDH). 

Case Report 

A 79-year-old woman presented with mild left hemiparesis, bilateral complete ptosis and 

headache after falling down accompanied with loss of consciousness. Computed 

Tomography of the brain revealed a traumatic right fronto-temporo-parietal SDH without 

midline shift and there was no evidence of parenchymal lesion in brain Magnetic 

resonance imaging. She underwent craniotomy with hematoma removal. Examination 

after surgery revealed alert mental status and obeying a three step command. However, 

even when she tried to open her eyes, she could not open her eyes at all despite of frontalis 

contraction. There was no evidence of abnormalities in the neuro-ophthalmologic 

evaluation including pupil reflex, gaze deviation or visual field loss. Although she had 

difficulty in getting rehabilitation because of bilateral complete ptosis, she underwent 

rehabilitation with assistance of physical and occupational therapist. Bilateral ptosis were 

gradually improved with intensive rehabilitation. On measurement of eyelid function 

performed six weeks after onset in rehabilitation unit, the bilateral palpebral aperture 

measured 5 mm. The bilateral superior margin-reflex distance was 1 mm. Levator 

excursion amplitudes from downgaze to upgaze measured 7 mm bilaterally. The results of 

facial nerve conduction study, electromyography and blink reflex study to exclude 

peripheral type facial neuropathy were normal. Furthermore, ocular myasthenia gravis 

was excluded considering no fluctuating, fatigable ocular symptoms and negative 

acetylcholine receiver antibody. For more information, the brain perfusion single-photon 

emission computed tomography (SPECT) and Diffusion Tensor Imaging (DTI) were 

conducted. The brain perfusion SPECT revealed hypoperfusion in left frontal, right 

temporal regions and right basal ganglia. Bilateral intact corticospinal tract were visualized 



in DTI. Bilateral ptosis resolved almost completely and she could walk independently at 

hospital discharge. 

Conclusion 

In patient with bilateral cerebral ptosis is known to be mostly related to right hemispheric 

infarction and early diagnosis is urgent as acute bilateral cerebral ptosis is usually 

associated with impending sign of cerebral herniation. Bilateral ptosis also can be the 

primary manifestation of acute right SDH without parenchymal lesion. In our case, the 

brain perfusion SPECT can provide additional information. Right hemispheric 

hypoperfusion in brain perfusion SPECT implied that lateralization of eyelid control is 

dominant to the right hemisphere consistent with previous reports. Bilateral cerebral 

ptosis after right SDH showed favorable prognosis of recovery. 
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Recovery of ideomotor apraxia and superior longitudinal fasciculus injury in 

a stroke patient

Jeong Pyo Seo1†, Jang Sung Ho1†, Jun Young Kim1*†

College of Medicine, Yeungnam University, Department of Rehabilitation Medicine1

Objectives

No previous study has reported on the recovery of an injured superior longitudinal 

fasciculus (SLF). In this study, we report on a stroke patient who showed recovery of 

ideomotor apraxia (IMA) concurrent with recovery of an injured SLF as demonstrated by 

serial diffusion tensor tractography (DTT). 

Methods

A 50-year-old male patient presented with right hemiparesis at the onset of an infarct in 

the left middle cerebral artery territory. At two weeks after infarct onset, he started 

rehabilitation and exhibited appropriate response to instruction and an intact ideational 

plan for motor performance; however, he was uncheckable on Mini-Mental State 

Examination and showed global aphasia (aphasia quotient 12th percentile) on the Western 

Aphasia Battery. During 3 weeks of rehabilitation, his ideomotor apraxia test score 

improved from uncheckable at two weeks after onset to full score at five weeks after onset 

(full score: 40, cut-off value: 32). On DTT at 2-weeks post-onset, the left SLF fibers showed 

injury at the inferior parietal lobule (IPL) area. By contrast, the injured left SLF was 

elongated to the left IPL area on 5-week DTT. In addition, the voxel number of the left SLF 

was higher on 5-week DTT than on 2-week DTT. 

Conclusion

Recovery of an injured SLF concurrent with recovery of IMA was demonstrated in a patient 

with cerebral infarct. We believe that the recovery of an injured left SLF is an IMA recovery 

mechanism in patients with brain injury. 

Acknowledgment :This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education (NRF-2016R1A6A3A11933121)



Fig. T2-weighted brain MR images at two weeks and five weeks after onset show leukomalactic lesions in the 

left middle cerebral artery territory. B: Results of diffusion tensor tractography (DTT). The left superior 

longitudinal fasciculus (SLF) shows injury in the inferior parietal lobule (IPL) area on 2-week DTT. By contrast, 

the injured left SLF extends to the left IPL area on 5-week DTT (purple arrows)
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A case report, Neuromyelitis optica(NMO) with TB meningitis

Soolim Lee1*, Hyun Haeng Lee1, Jongmin Lee1†

Konkuk University Medical Center, Department of Rehabilitation Medicine1

Back ground 

Neuromyelitis optica(NMO) is an idiopathic autoimmune inflammatory disorder of CNS 

which predominantly involves optic nerves and spinal cord. Here we present a rare case of 

Tb meningitis which later was <br>confirmed to be accompanied with NMO. 

Present illness 

52 years old woman, who worked as health personnel in public health office first visited 

emergency department due to aggravating fever and headache. Multiple CSF tappings 

were performed to analyze the cause, which revealed WBC level of 310 with lymphocyte 

being 94%, Protein of 14, ADA of 12.3IU/L, which then lead to considering tuberculosis 

meningitis. Anti-Tb medications (HERZ) were administered afterwards. After a week, the 

patient developed a new symptom of left homonymous hemianopsia. Brain MRI 

demonstrated high signal intensity of right temporal, occipital lobe and sub cortical white 

matter of left hemisphere. Further CSF tapping showed 8.6 of ADA and Beta-D-glucan. 

Serum blood test also revealed positive for IGRA which lead to consideration of Tb or fungal 

meningitis. Despite of two weeks of antibiotics and anti Tb medication, her leg weakness 

and urinary difficulty worsened along with abulic feature. Brain, C-spine MRI and CSF 

tapping were performed again to analyze exacerbating symptoms, along with aquaporine 

antibody test.. C-spine MRI displayed rim like enhancement in cervical and upper thoracic 

level and steroid pulse therapy was applied for 5 days under diagnosis of demyelinating 

disease. After 2 weeks, serum blood test showed 1:10(weak positive) to aquaporine 

antibody. The patient’s neurologic symptoms and weakness seemed to be maintained 

stably after two months of diverse treatments. Her mental state was observed to become 

stuporous and AEDs were added after EEG and MRI analysis, with correlated to clinical 

seizure. Neuropathic pain upon upper extremity was observed and several pain killers were 

used including Lyrica, Neurontin, Vimovo, Ultracet and even fentanyl patch. Her symptoms 

including motor weakness, mildly impaired mental state and neuropathic were well 

managed and the patient was transferred to another hospital to be further treated. After 

half a year, her neuropathic pain aggravated. Topiramate, Pregabalin, Sentil along with 

AEDs including Levetiracetam, valproic acid were applied 

Conclusion 



NMO is difficult to be suspected owing to the possibility of delayed appearance of it’s key 

symptoms of optic neuritis and acute myelitis. Serial diagnostic tools including imaging 

tests like MRI and serum blood tests including several autoimmune antibodies need to be 

performed to verify the diagnosis. After initial treatment of the attack, remaining sequelae 

should further be managed through continuous rehabilitation and medical management. 
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Management of ischemic colitis in the patient with chronic subdural 

hemorrhage: a case report

Byung-Mo Oh1†, Jae-Hyun Yun1*

Seoul National University Hospital, Department of Rehabilitation Medicine 1

Recurrent vomiting is a common problem in the patients with traumatic brain injury, which 

increases risk of aspiration pneumonia, malnutrition, and causes other medical problems 

such as acid-base imbalance. 

We report the female patient with chronic subdural hemorrhage, who underwent 

recurrent vomiting, aspiration pneumonia, ileus, and severe constipation due to chronic 

ischemic colitis. 3 years ago, she underwent traumatic event, developed left 

frontotemporoparietal subdural hemorrhage, and had ventriculoperitoneal shunt. She 

have continued to be admitted in multiple hospitals because of recurrent vomiting and 

aspiration pneumonia, and eventually, had feeding jejunostomy 1 year ago. After 

jejunostomy tube change, the patient had peritonitis and underwent emergent explorative 

laparotomy and shunt externalization. After a few days, she started to have severe 

constipation and abdominal distension which were thought to be the symptoms of chronic 

ischemic colitis, which was revealed in computed tomography scan. We tried various 

methods to relieve the symptoms including medication and endoscopic decompression, 

but all failed. Finally, she had ileostomy and the symptoms of ileus and pseudoobstruction 

are resolved. 

This case shows that when the elderly patient with traumatic brain injury have intractable 

vomiting, chronic ischemic colitis should be considered as one of causes, and treatment of 

chronic ischemic colitis can be relatively successful with jejunostomy and ileostomy, which 

is less invasive than explorative surgery such as hemicolectomy. 
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Increased thalamocortical connectivity to med-PFC with recovery of 

impaired consciousness

Sung Ho Jang 1†, Yu Sung Seo 1†, Sung Jun Lee1†, Seung Hwa Jang1*†

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Objectives

We report a stroke patient who showed increased thalamocortical connectivity to the 

medial prefrontal cortex (mPFC) with recovery of impaired consciousness that was 

demonstrated on diffusion tensor tractography (DTT) of the ascending reticular activating 

system (ARAS). 

Case presentation

A 48-year-old male patient underwent craniectomy and hematoma removal for 

spontaneous intracerebral hemorrhage in the right basal ganglia and thalamus. When he 

started rehabilitation at five weeks after onset he was in a vegetative state (VS) with a 

Coma Recovery Scale-Revised (CRS-R) score of 6. He underwent comprehensive 

rehabilitation including transcranial direct current stimulation and repetitive transcranial 

magnetic stimulation of the left prefrontal lobe (Brodmann area 10). After five weeks of 

rehabilitation, the patient had recovered to a nearly normal conscious state with a CRS-R 

score of 22. On 10-week DTT, thickening of the lower dorsal ARAS was observed on both 

sides compared with 5-week DTT. Decreased neural connectivity to the left PFC was 

observed on 5-week DTT whereas decreased neural connectivity to the left PFC was 

increased on 10-week DTT, especially the mPFC. 

Conclusions

Increased thalamocortical connectivity to the mPFC was demonstrated in a stroke patient 

who showed concomitant recovery from a vegetative state to a nearly normal conscious 

state. The results suggest that the increased neural connectivity to the mPMC contributed 

to recovery of consciousness in this patient. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 



Fig. (A) Brain magnetic resonance images at five and ten weeks after onset show leukomalactic lesions in the 

right basal ganglia and thalamus. (B) Results of diffusion tensor tractography (DTT) of the ascending reticular 

activating system (ARAS). On the 10-week DTT, thickening of the lower dorsal ARAS is observed on both sides 

when compared with the 5-week DTT. Decreased neural connectivity to the left prefrontal cortex is observed 

on the 5-week DTT whereas the decreased neural connectivity to the left prefrontal cortex is increased on 

the 10-week DTT, especially the medial prefrontal cortex (green arrows). 
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The use of Diffusion Tensor Imaging Study for proving Motor Recovery : Case 

report

Geun Su Lee1*, Youn Kyung Cho1†, Sung Hoon Lee1, Hyun Kyung Lee1, Eun Young Kang1, Ji 

Hong Cheon1, Na Na Lim1, Ki Hong Won1

Kwangju Christian Hospital, Department of Rehabilitation Medicine1

Introduction

There is no well-known way to visualize motor recovery for stroke patients. The 

corticospinal tract(CST) is a main neural tract to control motor function. therefore, it is 

involved in control of both fine motor activity and gait function. In our clinical practice, 

Assessment of the CST state is important for successful stroke rehabilitation. 

Case

The CST was tracked through two regions of interest placed on the anterior part of the mid 

pons level and upper pons level. The cut off value for stop tracking was FA < 0.15 and 

turning angle >60. A 51-year-old male patient with right hemiplegia from a cerebral 

hemorrhage has been admitted to our hospital for rehabilitation. His Muscle strength of 

right-side extremities was grade 1/5 by manual muscle test. A brain lesion involving the 

left basal ganglia, thalamus and internal capsule was detected on CT. DTI-based fiber-

tracting displayed a reduced and partially interrupted fiber tract on the left CST. (fig. 1) He 

underwent four months of conventional rehabilitation, after then improvement in muscle 

strength of affected limb was observed. his muscle stregth of affected limb was grade 3/5 

by manual muscle test on follow up DTI, It was observed that the fibers became thicker 

than before and that the connections continued to the primary motor cortex (fig. 2) 

Discussion

DTI-based fiber-tracting displayed a reduced fiber tract on the left CST, and partially 

interrupted in the lesion area(fig. 1), But four months later, on follow up DTT, we observed 

that CST became thicker and connecting to primary motor cortex.(fig. 2) 

Conclusion

In this study, As the muscle strength of stroke patient has been recovered, we assumed 

that there will be a change in the CST fiber, and in fact a change has been observed in the 

follow up DTI .The recovery of CST of affected side was based on the evidences of motor 

recovery. Hence, significance of this report was that DTI is a useful way to visualize motor 

function recovery for stroke patients . 



fig. 1 Corticospinal tract(Lt.) Decreased fiber volume to cortex compared with Rt. side.

fig. 2 Corticospinal tract(Lt.) Increased fiber volume to cortex compared with fig. 1
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Alterations of Functional Connectivity in a Patient with Cortical Deafness: A 

Case Report Study

Dae-Won Gwak1*, Tae-Woo Nam1, Jae-Eun Lee2, Jae-Gyeong Jeong2, Jin-Su Park3, Yang-Soo 

Lee2, Yongmin Chang3, Tae-Du Jung1†

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine1, 

Kyungpook National University Hospital, Department of Rehabilitation Medicine2, 

Kyungpook National University, Department of Medical & Biological Engineering3

Background

Cortical deafness is a hearing disorder caused by damage of bilateral primary auditory 

cortex or white matter, having a very rare prevalence. This case report presents alterations 

of functional connectivity in intrinsic auditory, motor, and sensory networks in a patient 

with hearing loss after bilateral putaminal hemorrhage. 

Case

A 41-year-old woman was referred to an inpatient consultation to Department of 

Rehabilitation Medicine for sequelae after the second hemorrhagic stroke. She had 

diagnosed as hypertension but did not take a medicine. Eight years earlier, she had 

suffered from a left putaminal hemorrhage, however she almost fully recovered. After 7 

years later, she got a right putaminal hemorrhage and transferred to our department and 

then received an intensive rehabilitation therapy. At that time, she had quadriparesis, gait 

imbalance, hypoesthesia and complete hearing loss. The patient could not respond to 

auditory stimuli, but the ability of writing and reading was intact. Although there was not 

reliable response to pure tone audiometry, auditory brainstem response and distortion 

product otoacoustic emission were intact. After 6 months later her receiving rehabilitation 

therapy, we obtained resting-state fMRI (rs-fMRI). Although the corticospinal tract and 

somatosensory track were intact, the acoustic radiation of central auditory pathway was 

not detected using deterministic tracking methods. Furthermore, in the patient compared 

to healthy controls, decreased functional connectivity between auditory and motor 

networks was shown. Also, there was decreased functional connectivity between auditory 

and sensory networks. However, functional connectivity between motor and sensory 

networks was relatively preserved. 

Conclusion

According to our knowledge, this is the first rs-fMRI report of cortical deafness patient. Our 

case represents decreased functional connectivity among intrinsic auditory, motor and 



sensory networks when considering disabled with complete deafness, motor and sensory 

impairments after bilateral putaminal hemorrhagic stroke. 

Fig 1. Functional connectivity between auditory and motor networks in control group and a patient with 

cortical deafness.
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Severe memory impairment as a rare complication of endoscopic brain 

biopsy: A Case Report

Dae-Won Gwak1*, Hyun-Min Oh2, Ju-Hyun Kim1, Chan-Hee Park2, Ae-Ryoung Kim2, Yu-Sun 

Min1†

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine1, 

Kyungpook National University Hospital, Department of Rehabilitation Medicine2

Introduction 

Endoscopic brain biopsy is a widely used technique for the diagnosis of brain lesions. 

Potential risks of this procedure such as hemorrhage, seizure and infection have been 

reported and established. Here we present a rare complication, severe memory 

impairment, after endoscopic brain biopsy. 

Clinical presentation

20-years old male patient who suffered from headache, polydipsia and polyuria for 1 year 

visited our hospital. The patient was a college student, had good academic achievement, 

and had no previous memory or cognitive impairment. Brain MRI revealed pineal gland 

and suprasellar germinoma. Neuronavigation guided endoscopic brain biopsy was 

performed on the pineal gland via burr hole trephination at the right Kocher's point. After 

biopsy, the patient presented with retrograde amnesia and symptoms that he could not 

register the newly learned information. In the Korean Wechsler Adult Intelligence Scale-IV 

(K-WAIS-IV) test, intelligence quotient (IQ) was 67 (1 percentile, mild mentral retardation) 

and memory quotient (MQ) was 43 (less than 0.1 percentile) in the Rey-Kim Memory Test. 

Korean-version of Mini-Mental State Examination (MMSE-K) score was 19 and a significant 

reduction was observed in the memory recall item. Follow-up brain MRI was performed 

and injury of the fornix was observed. During the biopsy, the normal structure of fornix 

around the foramen monro had been damaged. 

Interventions

The patient was referred to the Department of Rehabilitation for treatment of cognitive 

and memory impairment. Bed-side memory trainings tasks such as daily diary writing were 

performed, and computer assisted cognitive rehabilitation therapy was performed in the 

rehabilitation unit. Donepezil, 10mg/day was used as a pharmacological treatment. 

Outcomes 



After one month of inpatient rehabilitation, MMSE-K improved from 19 to 26 and IQ 

improved from 67 to 84 on the K-WAIS-IV test. However, on the Verbal Learning Test that 

evaluates to delayed recall, T score was 27 (0.5 percentile) and there was no change. In a 

caregiver interview, the cognitive rehabilitation program improved the overall cognitive 

function and judgment, but the patient did not remember the words he had heard 

yesterday. 

Discussion 

The fornix, a part of Papez circuit, is a arch shaped nerve tracts acting as the major output 

tract of the hippocampus. Damage to any part of the structure of the Papez's circuit can 

cause memory impairment. The patient had memory impairment after fornix damage, and 

working memory was relatively unimpaired, but he had severe disability in memory recall. 

Since the fornix is located between the lateral ventricles, there is a need to be careful about 

fornix damage when procedures are performed around the lateral ventricles. 

Conclusion 

This case suggests that after mechanical injury of Papez's circuit including fornix, the 

cognitive rehabilitation therapy helps the recovery of the general cognitive impairment of 

the patient. 

Fig 1. Brain MRI after endoscopic brain biopsy showing fornix injury; (A) Sagittal plane, (B) Axial plane. 
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Disturbed Perception of Limb Ownership in Stroke: A Case Series

Min Kyu Choi1*, Seung Don Yoo1†, Dong Hwan Kim1, Seung Ah Lee1, Young Rok Han1

College of Medicine, Kyung Hee University, Department of Physical Medicine & 

Rehabilitation1

Somatoparaphrenia (SP) is characterized by delusions concerning the contralesional 

paralyzed body parts, including feelings of non-belonging and the tendency to attribute 

parts of the own body to someone else. Anawareness of ownership of one’s arm 

(asomatognosia) and misunderstanding that there is one more arm (supernumerary hand) 

are known to be associated with somatoparaphrenia. We studied six patients with 

disturbed perception of limb ownership to find common disease entities. 

Patient #1 was a 73-year-old man with intracranial hemorrhage involving the right basal 

ganglia, thalamus and intraventricular hemorrhage. He had a left side weakness with 

motor power grade 1 and a severe neglect, and MMSE score was 21. He believed that he 

had a additional left arm, and it is the other people’s arm. This patient showed a 

particularly supernumerary hand phenomenon. Patient #2 was a 59-year-old man with 

subarachnoid hemorrhage and intraventricular hemorrhage. He had a decrease in ovarall 

motor power both sides, and MMSE score was 16. He believed that his limbs were his 

wife’s. Patient #3 was a 81-year-old man with cerebral infarction involving right thalamus. 

He had a left side weakness with motor power grade 3 and somatosensory loss, and MMSE 

score was 30. He said that his left arm is the other’s, and this belief disappeared after 3 

months. Patient #4 was a 70-year-old man with cerbral infarction involving right parietal 

lobe. His left motor power was close to normal and MMSE score was 25, but he had 

somatosensory loss and impaired proprioception. He said that his left arm is other people’s 

arm and moves by itself, and this symptom disappeared after 7 months. Patient #5 was a 

57-year-old man with intracranial hemorrhage involving basal ganglia. He had a left side 

weakness with motor power grade 2 and somatosensory loss, impaired proprioception, 

and MMSE score was 26. He had the belief that his left limbs are someone else's. Patient 

#6 was a 47-year-old man with intracranial hemorrhage involving left parietal and occipital 

lobe. He had a right side weakness with motor power grade 3 and impaired proprioception, 

and MMSE score was 23. He believed he had no right arm, and he was able to recognize 

his right arm only by pulling right arm with left arm, and this phenomenon could be called 

asomatognosia. These symptoms were controlled by drugs such as pregabalin, quetiapine, 

along with rehabilitation cognitive exercise. However, with the exception of the two cases, 

symptoms persisted for months or more. 



In our cases, most patients had lesions on the right hemisphere. Damaged lesion were right 

parietal lobe, basal ganglia, and thalamus, and it is similar to known to affect 

somatoparaphrenia in previous studies. Nevertheless, we have observed cases of 

disturbed perception of limb ownership in subarachonid hemorrhage and intraventricular 

hemorrhage and left-brain-damage patients. Treatments for symptom control and 

localization should be further discussed. 
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Temporoparietal lobar hemorrhage with isolated ipsilateral oculomotor 

nerve palsy: A Case Report

Seung Min Baek1*, Kwang Jae Lee1†, Yong Soon Yoon1†, Won Jae Jo1†

Presbyterian Medical Center(Jesus hospital), Department of Rehabilitation Medicine1

Background

Isolated ipsilateral oculomotor nerve palsy with involvement of cranial nerve III (CN III) 

after temporoparietal lobar hemorrhage has not been reported to date anywhere in the 

literature. We report a case of an isolated CN III palsy following temporoparietal lobar 

hemorrhage in a patient. 

Case description

A 38-year-old woman with left temporoparietal lobar hemorrhage was admitted to our 

hospital. She presented initially to an outside institution with ipsilateral ptosis, dilated fixed 

pupil to 5 mm in diameter without a light reflex, lack of superior and medial eye movement 

with limited inferior eye movement of the left eye. Initial signs and symptoms were noted 

on the day of intracranial hemorrhage(ICH) without subsequent changes in the 

symptomatology for greater than months at the time of admission to our institution. She 

had no concomitant underlying diseases or injuries, such as diabetes mellitus, aneurysm 

or infarction. Magnetic resonance imaging (MRI) demonstrated that there was a 

hematoma extending medially and inferiorly into the anterior midbrain region but sparing 

the basal ganglia and thalamic region. Two months following the precipitating event, there 

were no abnormalities appreciated in our findings on nerve conduction study and needle 

electromyography (EMG) of the facial region (blink reflex, trigeminal and facial nerves were 

all intact on the left side). 

Conclusion

Temporoparietal lobar hemorrhage without subarachnoid hemorrhage, brain stem lesion, 

microbleed or underlying diabetes mellitus could have been attributable factors in the 

etiology of an ipsilateral oculomotor nerve (CN III) palsy. 
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UES balloon dilatation and dexamethasone treatment for dysphagia by a 

prepontine epidermoid cyst.

Jimin Song1*, Kwang-Ik Jung1, Woo-Kyoung Yoo1, Suk Hoon Ohn1†

Hallym University College of Medicine, Department of Physical Medicine and 

Rehabilitation1

Prepontine epidermoid cyst is a rare congenital tumor which arises during 3rd-5th week of 

embryogenesis due to incomplete separation of neuroectoderm. This is slow growing 

benign tumor with late presentation in adult life. The clinical symptoms depend on the 

location of the tumor.. Treatment usually involves surgery. But complete removal may be 

difficult if the cysts have surrounded or are very close to cranial nerves, arteries, or brain 

tissue. 

In this case, 53-year-old man who was suffering from dysphagia and headache for 3months 

was diagnosed with prepontine epidermoid cyst on brain diffusion-weighted magnetic 

resonance imaging (DWI) (Figure 1-A). The patient’s MRI showed about 1.5cm size irregular 

marginated DWI high signal lesion in pre-pontine cistern with pressure erosion of posterior 

surface of clivus. The patient had a videofluoroscopic swallow study (VFSS) and failed to 

swallow pudding because of limited dilatation of upper esophageal sphincter (UES) (Figure 

2-A). Aspiration was evoked by an overflowing of pyriform sinus remnant. We performed 

videofluoroscopy-guided balloon dilatation of UES for four consecutive days. Checking 

images on fluoroscopy, 16-Fr Foley catheter with deflated balloon was inserted through 

the nasal cavity until the balloon part of catheter was estimated to be under lower margin 

of UES. Then balloon was gently inflated using 3mL of contrast media, and we pulled the 

inflated catheter slightly upward, locating the balloon at middle of UES. We kept balloon 

at UES for 30 seconds so the UES could be dilated mechanically. If the balloon was thrown 

upward from UES, we promptly deflated and repositioned the balloon at UES and 

continued the procedure. The procedure was done ten times every day. Moreover, the 

patient was administered intravenous dexamethasone 15mg and mannitol 400mg per day 

for seven days with tapering. The 2nd brain DWI after four sessions of UES balloon 

dilatation and seven administrations of dexamethasone did not showed the definite 

change of prepontine epidermoid cyst (Figure 1-B), but the patient could have semisolid 

foods and the swallowing difficulty have not recurred for more than 1 month (Figure 2-B). 

There is a limitation that we could not distinguish how the dysphagia was relieved; if it 

resulted from UES balloon dilatation or dexamethasone or mixed. The change of 

prepontine epidermoid cyst was not definite in DWI, but considering the low resolution of 



brain DWI, we could not completely exclude the change of prepontine epidermoid cyst by 

dexamethasone. 

In conclusion, our case implies that the UES balloon dilatation and the dexamethasone 

could be a safe and effective treatment plan for the dysphagia by prepontine epidermoid 

cyst.

Figure 1. Prepontine epidermoid cyst (white arrow) on DWI before (A) and after (B) UES balloon dilatation 

and dexamethasone administration.



Figure 2. VFSS findings before (A) and after (B) UES balloon dilatation and dexamethasone administration.
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A Stroke Patient With Asymptomatic Huge SMA Aneurysm For 20 Years -

Case Report

Sook Joung Lee1†, Yeonwoo Ju 1*, Eunseok Choi 1, Sangjee Lee1

The Catholic University of Korea Daejeon St. Mary`s Hospital , Department of 

Rehabilitation Medicine1

Introduction

Superior mesenteric artery (SMA) aneurysms are unusual and difficult to detect until

definite complications arise such as rupture or abdominal pain which are associated with 

a high mortality. General approach to visceral artery aneurysms is an elective intervention 

early on rather than conservative management. We report a case of a stroke patient who 

has an incidentally detected huge SMA aneurysm. 

Case presentation 

A 85-year-old female with hypertension and dyslipidemia was admitted to the department 

of neurosurgery due to mental change and Lt. hemiparesis. Her brain magnetic resonance 

imaging showed an acute infarction on the Rt. thalamus and Rt. occipital lobe. She 

underwent conservative treatment for one month and transferred to the department of 

rehabilitation medicine for active rehabilitation. At that time, she had Lt. hemiparesis but 

her overall muscle power was good grade in all extremities. She couldn’t describe her 

symptoms because she had cognitive impairment with 9 points on Mini-Mental State 

Examination. 33.4 aphasia quotients on the Korean version of Western revealed 

Wernicke’s aphasia. Functional evaluation revealed impaired daily activity with 34 scores 

on Modified Barthel Index and gait disturbance with 8 scores on Berg Balance Scale. Her 

visual field was defected on her Lt. side and visual evoked potential test showed Rt.

delayed latency. At the routine checkup of kidney, ureter and bladder x-ray, a large, 

calcified structure was found (Fig 1.). In the physical examination, she had mild Rt. upper 

quadrant tenderness. Suspecting large stone in gallbladder or Rt. kidney, abdomen CT was 

conducted. Abdomen CT depicted large aneurysm with peripheral calcification and partial 

internal thrombus of proximal SMA (Fig 2.). For further evaluation, Celiac arteriography 

and Superior mesenteric arteriography was performed and a large 6cm calcified aneurysm 

was seen (Fig 3.). The patient’s husband said that he had heard about the patient’s 

abdominal mass 20 years ago when the patient received an operation for gastric outlet 

stricture. In this case, operative intervention for the aneurysm was not conducted after 

consideration of risks of operation and the patient age. During gentle rehabilitation 

program, the patient went through strengthening training for her Lt. hemiparesis and static, 



dynamic balance training. After 5 weeks rehabilitation program, motor power of 

extremities maintained good grade and the patient could walk using a low walker with 

moderate assistance. She showed no symptom and complication related to the aneurysm. 

Conclusion 

SMA aneurysm is rare and usually asymptomatic but it is related to high mortality when it 

ruptures. We report an incidental finding of a huge aneurysm which has been existed for 

20 years. Physicians should pay closure attention to image findings and related symptoms 

especially in patients with cognitive dysfunction. Proper managements tailored to 

individual conditions should be conducted. 

Fig 1. KUB



Fig

Fig 3. Superior Mesenteric arteriography
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Repetitive Transcranial Magnetic Stimulation in Traumatic brain injury with 

Titanium Skull Plates

In Hye Kim1*, Sung-Hwa Ko1, Yong-Il Shin1,2, Ji Hong Min1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1, 

Pusan National University School of Medicine, Department of Rehabilitation Medicine2

BACKGROUND

Noninvasive brain stimulation techniques, such as repetitive transcranial magnetic 

stimulation (rTMS), have emerged as promising tools. Most studies that examine cognitive 

rehabilitation with rTMS have evaluated effects in patients with traumatic brain injury (TBI) 

as well as depression. More specifically, dorsolateral prefrontal cortex (DLPFC) stimulation 

has been associated with improvements in cognitive performance. Cranioplasty with 

titanium is usual procedure in a patient with TBI, but there is limited evidence available for 

the safety and efficacy of rTMS in patients with titanium skull plate. 

CASE PRESENTATION

A 21-year-old male was diagnosed with severe traumatic brain injury following a 

pedestrian versus vehicle traffic accident a years ago. He had been received brain 

decompressive craniectomy and cranioplasty with titanium later. The patient physically 

improved to some degrees during the rehabilitation program and medication, but 

continued to endorse severe cognitive impairment, especially executive dysfunction and 

delayed psychomotor speed. So, we decided to perform the rTMS therapy for his executive 

dysfunction and planned to rTMS treatment course with stimulation of the left dorsolateral 

prefrontal cortex referred to the previous study. But, the titanium skull plate covered the 

target site, we couldn’t use the high-frequency rTMS therapy in accordance with the 

previous study about the potential heating of metallic objects by induced eddy currents. 

As the next best thing we decided to use the rTMS protocol with the inhibitory rTMS of the 

right DLPFC based on the valence lateralization hypothesis. He underwent a 10-time course 

of inhibitory rTMS to the right DLPFC with conventional rehabilitation therapy and had 

some improvement in cognitive and executive functions by the end of the therapy as 

indicated by the hand function test and cognitive assessment tools. During the rTMS 

therapy showed no signs of adverse side effects as like seizure or burn. 

CONCLUSION

This report suggests that inhibitory rTMS to the right DLPFC is a safe and effective 

treatment for the cognitive dysfunction in patients with TBI who have a titanium 



cranioplasty. Further work is also required to establish guidelines regarding definitive rTMS 

safety and efficacy protocols for use in this patient population. 
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Recovery of impaired consciousness and injured ARAS during rehabilitation

Jang Sung Ho1†, Kwak Dong Gyu1*†

college of medicine, Yeungnam University, Department of Rehabilitation Medicine1

A 47-year-old male patient underwent craniectomy and hematoma removal for traumatic 

epidural hematoma in the right fronto-parieto-temporal area in the neurosurgery 

department of a university hospital. Approximately eight weeks after onset, he was 

transferred to the rehabilitation department of the same university hospital. Brain 

magnetic resonance images (MRIs) at eight weeks after onset showed leukomalactic 

lesions in the right fronto-parieto-temporal lobes (Fig. 1-A), and the patient was in a 

vegetative state (VS) with a Coma Recovery Scale-Revised (CRS-R) score of 7 (auditory 

function: 1, visual function: 2, motor function: 2, verbal function: 0, communication: 0, and 

arousal: 2). He underwent comprehensive rehabilitation, which included neurotropic drugs 

(modafinil, ropinirole, pramipexole, amantadine, levodopa, and baclofen) and physical and 

occupational therapies including tilt table standing and neuromuscular electrical 

stimulation on both finger extensors and ankle dorsiflexors [1]. Transcranial direct current 

stimulation (tDCS) was also administered with a neuroConn DC-stimulator (neuroConn, 

Ilmenau, Germany) [2]. DC was applied with a battery-driven constant-current stimulator 

with saline-soaked surface sponge electrodes (7 cm × 5 cm). The anode was placed at the 

prefrontal cortex (either position of Broadmann area 9 of the 10–20 international 

electroencephalography system locations for electrode placement). The cathode was 

placed at the opposite supraorbital region (approximate positions Fp1 or Fp2, as 

appropriate). Stimulation intensity was 2 mA and stimulation duration was 20 

minutes/session with two sessions/day (either side of Broadmann area 9) and 14 

sessions/week. Repetitive transcranial magnetic stimulation (rTMS) using a MagPro 

stimulator (Medtronic Functional Diagnostics, Skovlunde, Denmark) was applied to each 

prefrontal cortex (frequency of 10 Hz with 80% motor threshold intensity and 160 pulses) 

for 8 minutes once/day for each prefrontal cortex with seven rTMS sessions per week. 

After five weeks of rehabilitation, the patient had recovered to a minimally conscious state 

(MCS) with a CRS-R score of 14 (auditory function: 2, visual function: 3, motor function: 4, 

verbal function: 2, communication: 1, arousal: 2). At that time, he was able to open his 

mouth and perform partial grasp-release with his hands on verbal command. The patient’s 

wife provided signed, informed consent, and the study protocol was approved by our 

institutional review board. Diffusion tensor imaging (DTI) data were acquired twice (at 8 

and 13 weeks after onset) using a 6-channel head coil on a 1.5 T Philips Gyroscan Intera 

(Philips, Best, Netherlands) with single-shot echo-planar imaging. For each of the 32 non-



collinear diffusion sensitizing gradients, 67 contiguous slices were acquired parallel to the 

anterior commissure-posterior commissure line. Diffusion-weighted imaging data was 

analyzed using tools within the Oxford Centre for Functional 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 

Fig. (A) Brain magnetic resonance images (MRIs) at 8 and 13 weeks after onset show leukomalactic lesions in 

the right fronto-parieto-temporal lobes. 



뇌신경재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-91

Prediction of motor function of stroke patient by diffusion tensor imaging 

study : case report

Geun Su Lee1*, Youn Kyung Cho1†, Sung Hoon Lee1, Eun Young Kang1, Hyun Kyung Lee1, Ji 

Hong Cheon1, Na Na Lim1, Ki Hong Won1

Kwangju Christian Hospital, Department of Rehabilitation Medicine1

Introduction

Diffusion tensor imaging(DTI) is a useful diagnostic tool in rehabillitative medicine. 

Corticospinal tracts(CSTs) are eloquent pathways responsible for motor function. 

Displacement, deformation, disruption and disorganization of CST due to stroke may alter 

the brain fuction and well recognized by changes in fiber bundles on DTI tractography. In 

our clinical practice, we found that the motor functional defect of patient with a brain 

lesion could be elucidated with DTI results. 

Case

The CST was tracked through two regions of interest placed on the anterior part of the mid 

pons level and upper pons level. The cut off value for stop tracking was FA < 0.15 and 

turning angle >60. A 69-year-old female patient with left hemiplegia from a cerebral 

hemorrhage has been admitted to our hospital for rehabilitation. Her muscle strength of 

left-side extremities was grade 1/5 by manual muscle test. A brain lesion involving the right 

basal ganglia was detected on CT. DTI-based fiber-tracting displayed few right CST & 

transpontine projection to left side(fig. 1, fig. 2) 

Discussion

DTI-based fiber-tracking showed significantly decreased fibers of a CST within a stroke 

lesion. Contralateral muscle strength was significantly impaired. The motor function 

damage in this case could be explained with DTI-derived CST. 

Conclusion

CSTs obtained by DTI with tractography may be consistent with motor function of patients. 

Therefore, DTI could be useful tool to predict motor function of stroke patients 



fig. 1 Corticospinal tract(right, red)



fig. 1 Corticospinal tract(anterior view)
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The Effect of NMMS on The Recovery of Dysphagia in subacute stroke 

patients

Da Young Lim 1*, Yeongwook Kim1, Min Kyun Sohn1†

Chungnam National University Hospital, Department of Rehabilitation Medicine1

Objective 

The purpose of this study was to compare the effects of neuromuscular magnetic 

stimulation (NMMS) and neuromuscular electrical stimulation (NMES) in subacute stroke 

patients with dysphagia. 

Study design and method 

We planned to prospectively enroll 20 subacute stroke patients with dysphagia who were 

admitted to our rehabilitation facility. Participants were randomly assigned to either the 

NMMS (Experimental group, EG) (n = 3) or the NMES (Control group, CG) (n = 1) so far. In 

EG, NMMS was applied to the suprahyoid muscles (Figure 1), at strength set at 90% of the 

minimal intensity that elicited pain. One train of stimuli comprised 30 Hz for 2 sec followed 

by 28-sec rest. A single session included delivery of repetitive 20 trains of stimuli over 10 

min. In CG, NMES was delivered using a dual-channel, with pulse rate of 80 Hz and duration 

of 700 ms. The electrodes of channel 1 was attached to the submandibular area at the 

midpoint between the mandibular angle and chin, the channel 2 was attached to the 

midpoint between the chin and the edge of the hyoid bone. The amplitude of the electrical 

current was based upon subjects’ verbal feedback. When a grabbing sensation was 

reported, the amplitude was kept at that level for the remainder of the 30 min session. All 

participants received 30 min conventional therapy, 5 days per week for 2 weeks. Outcome 

measurement was American Speech-language-Hearing Association National Outcome 

Measurement system Swallowing level scale (ASHA-NOMS), Functional Dysphagia Scale 

(FDS), Penetration-Aspiration Scale (PAS), Mylohyoid Motor Evoked Potential (MH-MEP), 

and the Korean Swallowing-Quality of Life Questionnaire (K-SWAL-QOL). The assessments 

were performed at the beginning (T0) and at the end of the treatment (T1). 

Result 

Four patients (EG = 3, CG = 1) were enrolled in this study, and the demographic and clinical 

characteristics are presented in Table 1. The intervention was completed by all participants 

without any adverse reactions. In all cases, NMMS and NMES induced improvements in 

ASHA-NOMS, PAS, FDS, and K-SWAL-QOL, but no visible changes were observed in MH-

MEP (Table 2). 



Conclusion 

The NMMS seems to be safe and effective intervention modality for subacute stroke 

patients with dysphagia. Further larger studies are needed to confirm its efficacy. 

Fig. 1 Participant testing NMMS





뇌신경재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F) 

P 3-93   

Degeneration of Corticobulbar Tract by Perilesional Effect of Lacunar 

Infarction: A Case Report

Mi-Jeong Yoon1*, Da-ye Kim1, Yeun Jie Yoo1, Sun Jae Won1, Sun Im2, Youngkook Kim1†

Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 

Department of Rehabilitation Medicine1, Bucheon St. Mary’s Hospital, College of Medicine, 

The Catholic University of Korea , Department of Rehabilitation Medicine2

Introduction

Swallowing difficulties due to lacunar infarction in the periventricular white matter have 

been reported, however, the microstructural injury mechanism of lacunar infarction on the 

corticobulbar tract (CBT) has not been explored. We report a dysphagia case that the 

lacunar infarction did not directly involve the corticobulbar tract, but it revealed a focal 

degeneration of the CBT by perilesional edema of the lacunar infarction. 

Case report

A 61-year-old male presented with anarthria following left periventricular white matter 

infarction. He had right basal ganglia hemorrhage leaving mild hemiplegia 15 years ago. 

Neurological examination revealed severe lingual paralysis. Diffusion tensor tractography 

showed the focal degeneration of left corticobulbar tract by perilesional edema, and a 

great part of right corticobulbar tract had already been injured by the old lesion. Fractional 

anisotropy (FA) analysis revealed the FA decrease of neural tissues surrounding the 

infarction, which attenuated with increasing distance. Perilesional edema may cause focal 

degeneration of neural tract, and FA analysis was valuable in evaluating the dispersing 

effect of perilesional edema. 

Conclusion

It is difficult to determine whether the periventricular lacunar infarction involved the CBT 

using conventional neuroimaging modalities. Using diffusion tensor imaging and 

tractography, we could find the microstructural evidence of CBT degeneration, although 

lacunar infarction did not directly involve the CBT. Quantitative analysis of FA may help to 

evaluate the perilesional effect of the lacunar infarction. 

Acknowledgment :None 



Fig. 1 (A) Left periventricular white matter infarction on diffusion-weighted (onset) and T2-weighted image 

(3weeks later). (B) Diffusion tensor tractography (3weeks later). Focal degeneration of left corticobulbar tract 

(blue) adjacent to the infarction (red) and perilesional edema (transparent yellow). (C) Perilesional fractional 

anisotropy values decrease with the distance compared with 5 healthy controls.
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Subarachnoid hemorrhage caused by Arteriovenous fistula in Anterior 

spinal artery ; A case report

Kil-Byung Lim1†, Jeehyun Yoo1, Jiyong Kim1, Sang Wan Lee1*

Ilsanpaik Hospital, Inje University, Department of Physical Medicine and Rehabilitation1

Background

Subarachnoid hemorrhage (SAH) is one of the most important differential diagnoses in the 

emergency department. Most of patients with intracranial SAH come to emergency room 

due to ruptured aneurysm or perimesencephalic hemorrhage. However approximately 5% 

of patients experience intracranial SAH with cause other than them. One of these rare 

causes is a Spinal Dural Arteriovenous Fistula (DAVF). Spinal DAVF are the most commonly 

encountered vascular malformation of the spinal cord. Despite the most common case, 

spinal DAVFs are still underdiagnosed disease entities, which, if not treated properly, can 

lead to considerable morbidity. Here, we present a rare case of high cervical spinal cord 

dural arteriovenous fistula in anterior spinal artery which caused intracranial SAH. <br> 

Case report 

A 64-year-old woman came to the emergency room with abruptly developed headache. 

Brain computed tomography (CT) and CT angiography presented SAH and Intraventricular 

hemorrhage (IVH). And Vertebral angiography (VA) was conducted for further evaluation, 

which resulted spinal DAVF from anterior spinal artery was ruptured at upper cervical area 

in VA. The drainage of spinal DAVF to tortuous dilated radiculomedullary vein was noted. 

External ventricular drainage (EVD) and embolization were performed. There were 

difficulties in entering the microcatheter in to the fistula selectively, the glue embolization 

was performed at the proximal feeding artery level. Subsequently, she was suffering from 

quadriplegia, and Trace/Trace was checked in manual muscle test (MMT) conducted at 

that time. One week later, Brain CT was perfomed for evaluation and revealed marked 

resolution of acute SAH &IVH, and there was no hydrocephalus. Then, EVD was removed. 

Two months later, she was transfered to B hospital for comprehensive rehabilitative 

treatment. In the physical examination conducted at that time, Korean-Mini Mental state 

Examination(K-MMSE) =16 points and MMT= Trace/Trace were identified. A physical 

examination conducted five months later showed improvement with K-MMSE=24, but the 

MMT was consistently identified as Trace/Trace. Cervical spine MRI was conducted and 

encephalomalacic change was found in medulla oblongata. 8 month later, Brain MRI was 

conducted for follow-up. There was no change of encephalomalacia in medial aspect of 

both medulla oblongata. 



Conclusion

We report a rare case of ruptured spinal dural arteriovenous fistula on high cervical spinal 

cord induced intracranial subarachnoid hemorrhage. If other sources of bleeding are not 

found in intracranial Subarachnoid patients, the bleeding caused by the Cervical dural 

anteriovenous fistula should be considered. 
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Case report: Effect of Medication adjustment and Gait training in Patients 

with Tardive Dyskinesia.

Hyun Seok Lee1†, Jun Young Ko1*, Jung Hyun Cha1, Yong Seob Jo1

MyongJi Hospital, Department of Rehabilitation Medicine1

Introduction 

Tardive dyskinesia (TD) assumed to be related with the hypersensitivity or upregulation of 

the dopamine receptor, but the precise mechanism remains unclear and therefore, no 

definite treatment option is established. With the occurrence, dose-reduction or 

discontinuation of the medication is considered for the main managing strategy. In the 

mid-2000s, there were some cases reporting TD in patients with long-term administration 

with 8mg of risperidone (RSP), an atypical antipsychotics, but no cases of TD have been 

reported with 2mg low dose medication. In the present case, TD occurred even with low 

dose of RSP, an atypical antipsychotics. Even the symptoms were relived with medication 

adjustment by a neurologist, the gait disturbance persisted and afterwards, improvements 

in gait disturbance were observed with gait rehabilitation. 

Case presentation 

An 80-year-old women who maintained medication on bipolar disorder for 20 years with 

no any other abnormal findings, started taking RSP since June 2017. The patient had 

dizziness and hang over symptoms after taking RSP. The medication was discontinued from 

December 31, 2018 and for symptom control, the patient started to take anticholinergics, 

Trihexine. Intra-oral involuntary movement began since March 2019 and the patient was 

admitted to the neurology department on March 22, 2019. To identify the presence of 

brain lesion, brain imaging were performed. No specific findings other than global brain 

atrophy and calcified atherosclerosis were found. With suspicion of RSP-induced TD, the 

patient was discharged after medication treatment. The symptoms persisted after 

discharge and the patient was admitted to the neurology department on June 10, 2019 

with symptoms of whole body tremor worsened from May 2019. After adjusting 

medication, systemic involuntary movements seemed to improve, but the patient was 

referred to the rehabilitation department due to persistent gait disturbance. Gait 

rehabilitation through lower limb muscle strength exercise and balance training were 

performed. There found no enhancement to the L/Ex Fair on MMT, but improvements in 

coordination and balance were found leading to standing static balance enhancements, 

from Fair to Good. The patient was discharged after monocane gait in Walker gait 20m was

found to be possible. 



Conclusion 

The present patient with TD had improvements in symptoms with medication adjustment, 

but gait disturbance persisted. With balance training pushfully carried out aiming to 

independent gait, the patient was recovered to condition in which monocane gait was 

possible. The findings from the present case suggest that medication adjustment is 

important in patients with TD, better outcomes can be expected when accompanied with 

active rehabilitation in early stages of the disorder. 

Fig 1 No specific findings other than global brain atrophy on Brain MRI

Fig 2 No specific findings other than calcified atherosclerosis on bilateral V4 on Brain MRA
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CADASIL with balance disturbance indentified CRP abnormalities on DTT: 

CASE report

Han Eum Choi1*, Ghi Chan Kim1†, Ho Joong Jeong1, Young Joo Sim1, Jae Hyun Lee1

Kosin University Gospel Hospital, Department of Rehabilitation Medicine1

INTRODUCTION 

Cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (CADASIL) is a genetic disorder that causes stroke and dementia and 

main symptoms are migraine and cognitive impairment. CADASIL is caused by a mutation 

in the Notch3 gene on chromosome 19. We report a case of CADASIL diagnosed with 

dizziness and balance disturbance and analyzed the cause of balance disturbance through 

diffusion tensor tractography (DTT). 

CASE REPORT 

A 58-year-old man visited the emergency room with disorientation for one day. The patient 

had a history of left thalamus infarction 6 years ago and a history of infarction of left basal 

ganglia and corona radiata 3 months ago. The father of the patient had a history of cerebral 

infarction. The patient had no history of hypertension, diabetes, or arrhythmia. 3 months 

ago, c.1630C> T mutation was detected through NOTCH3 gene analysis and CADASIL was 

diagnosed. At admission, the patient complained of vomiting with dizziness, unable to 

maintain standing posture due to difficulty in balance control. The cognitive function of 

the patients was relatively preserved with an MMSE of 26 points. The patient was assessed 

to be at least grade 4 in the right extremities muscle strength. Hypesthesia of the right side 

was noted, but proprioception was normal. Cerebellar function test showed abnormal in 

tandem gait. The patient was diagnosed with acute infarction of the left corona radiata by 

magnetic resonance imaging (MRI) diffusion weighted image (DWI). In the gradient 

recalled echo (GRE) images, numerous microhemorrhages and subcortical white matter 

lesions were observed in the bilateral basal ganglia, thalamus, and pons regions. In 

corticospinal tract, medial lemniscus, and corticoreticular pathway (CRP), the left bundle 

of nerves was not connected to the cortex and the bundle of neurons in the left side of 

arcuate fasciculus was decreased in volume compared to the right on the MRI DTI. The 

ponto-cerebellar, cingulum, fornix tract showed normal findings. Patient was treated with 

anticoagulant therapy for acute infarction, physical therapy including balance training, and 

occupational therapy including hand manipulation training. <br> After one week of

hospitalization, the patient still had difficulty in control the balance. After 10 days of 

hospitalization, dizziness of aspect of vertigo recurred. On a repeat brain MRI DWI, a high 



intensity signal was seen in the left frontal lobe. The patient was already taking 

anticoagulant and started the antivertigo treatment. After one month of hospitalization, 

dizziness was relieved, the patient was able to walk himself in hospital room. The patient 

planned an outpatient visit after discharge. 

CONCLUSION 

We report a case of CADASIL patient who complain of dizziness and balance disorders. The 

cause of dizziness and balance disorders in this patient is thought to be due to 

abnormalities in the CRP. 

Figure.(1-A). Microbleeding in pons (1-A) and Brainstem (1-B) of MRI GRE.



Figure.(1-B). Microbleeding in pons (1-A) and Brainstem (1-B) of MRI GRE.

Figure. 2 F=0.25, CRP abnormalities on DTT
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Increased thalamocortical connectivity from the affected thalamus to the 

unaffected hemisphere 

Sung Ho Jang1†, You Sung Seo1, Sung Jun Lee1, Jong Bum Kim1*

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

Consciousness is controlled by complicated actions of various neural structures. The 

thalamocortical connections between the central thalamus and cerebral cortex is 

considered an important neural structure for consciousness. Here, we report a stroke 

patient who showed increased thalamocortical connectivity from the affected thalamus to 

the unaffected hemisphere through interthalamic adhesion. 

A 79-year-old female patient underwent decompressive craniectomy for brain swelling 

due to infarction in the right intracerebral artery territory at the neurosurgery department 

of a university hospital. She was transferred to the rehabilitation department of the same 

university hospital at ten weeks after onset. Brain magnetic resonance imaging showed a 

leukomalatic lesion in the right fronto-parieto-occipito-temporal lobes, subcortical white 

mater and midbrain. The patient showed a vegetative state, with a Glasgow Coma Scale 

(GCS) score of 6 (eye opening: 1, best verbal response: 1, and best motor response: 4) and 

Coma Recovery Scale-Revised (CRS-R) score of 3 (auditory function: 0, visual function: 0, 

motor function: 2, verbal function: 1, communication: 0, and arousal: 0). In this patient, 

DTT revealed that the majority of the thalamocortical connections between the thalamic 

ILN and the cerebral cortex in the right (affected) hemisphere were connected from the 

right thalamus to the left (unaffected) hemisphere through the interthalamic adhesion in 

a stroke patient. The central thalamus is a core structure of consciousness because it 

directly links to the cerebral cortex, brainstem and basal forebrain, and indirectly links to 

the cortico-basal ganglia-thalamo-cortical loop system. It appears that the increased 

thalamocortical connection from the thalamic ILN of the affected hemisphere to the 

unaffected hemisphere in this patient is a compensatory phenomenon to the severe 

damage of the affected hemisphere. 

Acknowledgment :This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean Government(MSIP) (No. 2018R1A2B6000996). 
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Diagnosis of complex regional pain syndrome type 1 in patients with 

corticobasal degeneration

Kyung Hee Do1†, Hee Sup Chung1*, Seung Min Kim2, Min Cheol Chang3, You Gyoung Yi1, Hyo 

Jung Kang1, Dae Hyun Kim1

Veterans Health Service Medical Center, Department of Physical Medicine and 

Rehabilitation1, Department of Neurology, Veterans Health Service Medical Center2, 

Department of Physical Medicine and Rehabilitation, College of Medicine, Yeungnam 

University, Daegu, Korea3

Here, we report a corticobasal degeneration (CBD) patient who was also diagnosed as 

complex regional pain syndrome type I (CRPS I) which resemble each other. A 76-year-old 

male who was already diagnosed with CBD several years ago presented asymmetric severe 

pain, postural instability, limb rigidity, limb dystonia, tremor, ideomotor apraxia and 

bradykinesia especially on his left upper extremity at the admission of the our 

rehabilitation center. Due to the severe pain with a visual analogue scale (VAS) score 

between 8~9 of his left upper extremity, he could not transfer well, side lying on the left 

side at all, and was awoke from his sleep more than 10 times during the night due to severe 

pain. Additional physical examination showed darker skin color change, edema, reduced 

skin elasticity, cold skin temperature, wet skin and limited range of motion compared to 

the right side. Three phase bone scan showed increase of blood flow, blood pool and 

delayed periarticular uptake in left wrist and hand, and relatively increased bone and joint 

uptake in left upper extremity, suspicious of typical CRPS I. Therefore, proper treatments 

including steroid pulse therapies and non-steroidal anti-inflammatory drugs were 

conducted for managing CRPS I, his left extremity pain reduced from VAS score 8~9 to 3, 

and his functional level also improved. To the best of our knowledge, this is the first report 

which the CBD patient who finally also diagnosed as CRPS I. Clinicians should keep in mind 

of differential diagnosis the CRPS I from CBD because they could have similar clinical 

features. Also, proper managements based on precise diagnosis are important because 

these symptoms interrupt the patients’ quality of life and activities of daily livings. 

Acknowledgment :This study was supported by a VHS Medical Center Research Grant, 

Republic of Korea (grant number: VHSMC19014). 

Table I. Changes in Medical Research Council scores of left upper extremity for the patient. Medical Research 

Council scores are as follows: 0, no contraction; 1, palpable contraction but no visible movement; 2, 

movement without gravity; 3, movement against gravity; 4, movement against a resistance lower than the 



resistance overcome by the healthy side; and 5, movement against a resistance equal to the maximum 

resistance overcome by the healthy side.

Figure 2. Three phase bone scan of the patient. Three phase bone scan shows the increase of blood flow, 

blood pool and delayed periarticular uptake in left wrist and hand, and relatively increased bone and joint 

uptake in left upper extremity, suspicious of typical complex regional pain syndrome. (A) Blood pool phase 

(B) Delayed phase



Figure 1. (A) 18F-fluorodeoxyglucose positron emission tomography (PET), (B) 18F-florinated-N-3-

fluoropropyl-2-β-carboxymethoxy-3-β-(4-lodophenyl) nortropane PET, (C) maximum intensity projection 

images of 18F-florinated-N-3-fluoropropyl-2-β-carboxymethoxy-3-β-(4-lodophenyl) nortropane PET 

demonstrating asymmetric decreased FP-CIT uptake in the bilateral posterior putamen (Right > Left) with 

relative sparing of the ventral putamen, interval aggravated status compared to the previous study 

conducted 8 months before admission
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Profile of intellectual declines in carbon monoxide intoxication patients ; 

case report

Kil-Byung Lim1†, Jeehyun Yoo1, Jiyong Kim1, Hojin Lee1, Sang Wan Lee1*

Ilsanpaik Hospital, Inje University, Department of Physical Medicine and Rehabilitation1

Background

Carbon monoxide (CO) intoxication has delayed effects on the cerebral white matter 

characterized as bilateral lesions that reflect diffuse demyelination. This process is thought 

to be related to delayed cognitive sequelae. Cerebral white matter lesions (WMLs) are 

considered to be associated with psychomotor slowing which is important function of 

frontal lobe. Several studies indicate that speed of cognitive processes appear to be 

affected by WMLs. For this reason, psychomotor speed is expected to decrease in CO 

intoxication patients. 

Case report 

Three CO intoxication patients were admitted to the A hospital On December 18, 2018. 

They were unconscious at the time of admission. They recovered their alert mentality after 

intubation and high-pressure oxygen treatment. They were discharged after finishing the 

acute phase treatment during 7 to 25days. After that, they were admitted B hospital for 

comprehensive rehabilitation and evaluation. Cognitive function test include K-MMSE 

(Korean Mini-Mental Status Examination), K-WAIS-IV (Korean Wechsler Adult Intelligence 

Scale- IV), and CDR (Clinical Dementia Rating) were performed to assess cognitive abilities 

by Clinical psychologist. Three patients were expected to graduate from private high school 

and they had excellent academic performance. In the case of patient A, he was given a 

perfect score in the Mathematics of SAT test. Patients B and C also had excellent academic 

ability, rankling 9th and 30th overall. The results of the Cognitive function test in three 

patients are indicated in Table 1. The test results showed that the MMSE scores were 

perfect score of 30 in all patients. However, considering the patients' previous academic 

ability, the FSIQ (Full Scale Intelligence Quotient) score were reduced in all patients. 

Especially, The PSI (Processing Speed Index) was significantly lower in patients A and B. 

These results suggest that the processing speed is the most affected characteristic in CO 

intoxication patients. In patient C, VCI (Verbal Comprehension Index) was the highest level, 

but other indices resulted a lower value when compared with VCI. Unlike other indices, the 

VCI is less susceptible to the impairment of processing speed because there is no part to 

perform a given task within a limited time when it is assessed. So, This could be considered 

as an overall decrease in the index excluding the VCI in patient C. 



Conclusion

Considering the patients’ previous academic performance, These cases suggest a 

significant decrease in intellectual ability in CO intoxication patients. In addition, 

processing speed is most affected feature by CO intoxication. Therefore, it is necessary to 

evaluate the intellectual ability, especially the processing speed impairment in CO 

intoxication patients. 

Table 1. The results of Cognitive function test in three CO intoxication patients.
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Pediatric tetrasomy 18p presenting as a spastic cerebral palsy: a case report 
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CHA Bundang Medical Center, CHA University School of Medicine, Department of 
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Introduction

Tetrasomy 18p syndrome is a genetic syndrome caused by an isochromosome consisting 

of chromosome 18 short arms. 18p isochromosome causes various symptoms including 

developmental delay, intellectual disability and abnormal muscle tone. This tetrasomy 18p 

case is about a patient with developmental delay and increased spasticity, previously 

diagnosed as a spastic diplegic cerebral palsy in another hospital. 

Case report 

An eight-month-old female presented with a delayed milestone. Because she could not 

able to creep and had a severe spasticity of both legs, clinically cerebral palsy (CP), 

specifically spastic diplegic type was suspected. She was born vaginally at 41 weeks of 

gestation with weight of 2.6kg (5-10%) and was the second child of healthy parents. At the 

time of birth, her Korean father was 24 years old, her Malian mother was 26 years old. At 

8 months of age, the body weight was 7.2 kg (10-25%), and the height was 72.6 cm (90-

97%), and the head was 41 cm compatible with microcephaly. Bayley Scales of Infant 

Development II showed delayed motor development compatible with an age of 4 months. 

She was classified in Gross Motor Function Classification System level V. On physical 

examination, microtia and smooth philtrum were also observed (Figure 1). Spasticity, as 

well as hypertonus and opisthotonus, involving both legs symmetrically was observed in 

bilateral hip adductors (grade 2), hamstrings (grade 1+), and heelcords (grade 2) by 

modified Ashworth Scale. On brain magnetic resonance image (MRI), volume loss of 

periventricular white matter and corpus callosum in parietal area was shown (Figure 2), 

although this was not a typical finding of periventricular leukomalacia usually shown in CP. 

High-resolution chromosome study and multiplex ligation-dependent probe amplification 

(MLPA) tests were conducted. In chromosome study, small metacentric marker 

chromosome was observed in all of blood metaphase cells (Figure 3). The MLPA results 

showed peak ratio at 18p11.32 region, which suggested tetrasomy 18p (+i(18p)). 

Fluorescence in situ hybridization (FISH) analysis was conducted using CEP 18 (D18Z1) 

SpectrumOrange probe (18p11.1-q11.1) to confirm the diagnosis. Alike all the other 18p 



isochromosome cases identified to date which were monocentric, and most of them being 

de novo cases, the chromosome study of parents were revealed to be normal. 

Conclusion 

CP is a neurological disorder, including developmental delay caused by a nonprogressive 

lesion of developing brain. Recently, as genetic test becomes more accessible, the 

comorbid genetic causes of delayed development more have been identified. Especially, 

the identification of pathogenic genes or chromosome abnormality is imperative in 

surveillance of complications in related syndromes and prediction of clinical course. 

Therefore, genetic testing should be considered in patients with subtle minor physical 

anomalies or with equivocal MRI findings. 

Acknowledgment :This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 

the Ministry of Health & Welfare, Republic of Korea (grant number : HI16C1559) 

Figure 1. Dysmorphic features of the patient, including microtia and smooth philtrum



Figure 2. Brain MRI (T1-weighted, axial (left) and sagittal (right). Suspected decreased white matter volumes 

in parietal areas, with small splenium and posterior body of corpus callosum

Figure 3. Genetic testing results. (a) High-resolution chromosome study (b) MLPA results (SALSA P070 

subtelomeric probemix) (c) FISH using CEP 18 (D18Z1) SpectrumOrange probe. Results summary: 

47,XX,+mar.ish i(18)(p10)(D18Z1+)
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STXBP1 mutation associated ataxia-tremor-retardation syndrome : Case 

report

Su jin Choi1*, Jong Weon Lee1, Ha Ra Jeon1, Seong Woo Kim1, Minji Chae1†

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1

Introduction

De novo mutations in STXBP1 have been found in a group of patients with early infantile 

epileptic encephalopathy (EIEE), the so-called Ohtahara syndrome. The Ohtahara 

syndrome is characterized by a severe early infantile epileptic encephalopathy. All patients 

suffer from severe developmental delay and severe neurologic pathology, such as 

muscular hypotonia, spasticity, or motor asymmetries. The prognosis is poor with a high 

mortality rate during infancy. Also, a variety of associated movement disorders like ataxia, 

tremor, and head tremor are described in a few patients with STXBP1 mutations. Here, we 

report on one female patient with ataxia-tremor movement pattern and intellectual 

disability caused by a de novo STXBP1 mutation. 

Case 

A 2year 6 months year old girl was delivered via normal spontaneous vaginal delivery at 

IUP 41 weeks and birth weight of 2.9kg. She was born without any medical history or family

history. At 3 days after birth. However, she demonstrated seizure and underwent 

neurosonography, which showed mild subdural hemorrhage. Though

electroencephalogram(EEG) did not detect any irregular activities, she was prescribed 

phenobarbital for 1 month. At 2 months after birth, she again showed seizure activity and 

was admitted to our hospital for further evaluation. She was started on antiepileptic drug 

(AED) regimen. Although brain MRI did not show a delay in maturation or any abnormality 

in shape, size, and signal of the cerebellum or the cerebrum, gene study revealed mutation 

in STXBP1 gene. After 7 months of AED therapy, EEG returned to normal and we 

discontinued AED. All growth parameters were within normal range. However, this patient

displayed dysmorphic features, such as almond-shaped eyes and low nasal bridge. 

Furthermore, she showed global development delay in gross motor function, fine motor 

function, language, and cognitive function. For example, she was not able to stand with 

holding until 18 months. When she was able to ambulate independently at a delayed 24 

months, her gait pattern was ataxic. She tumbled quite often due to imbalance, but ataxic 

gait pattern did not exacerbate. Trunk tone was hypotonic and ataxic movements made it 

quite difficult to change position from supine to sit and from sit to stand. This patient was 

not able to perform mature pincer grasp until 24 months. Even immature grasps were 



difficult to execute due to ataxia and tremor. This patient displayed no oculomotor 

abnormalities like nystagmus, slowing of saccades. Reflexes were normal. There was also 

no clinical indication of neuropathy or muscle weakness. 

Conclusion 

We have diagnosed a patient with an ataxia-tremor-retardation syndrome without 

epilepsy caused by a de novo mutation in the STXBP1 gene. The vast majority of patients 

carrying a STXBP1-mutation have an early onset epilepsy. But we can herewith document 

that the phenotypical spectrum of STXBP1 mutations is much broader than described 

before. 
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Absence of Arcuate Fasciculus in a Child with Bilateral Perisylvian 

Polymicrogyria
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Introduction 

Congenital bilateral perisylvian polymicrogyria occurs due to bilateral perisylvian cortical 

malformations, and is characterized by pseudobulbar palsy, feeding disturbances and facial 

diparesis as well as seizures since early infancy. The speech impairment was more 

pronounced than what would be expected from the severity of the cortical pseudobulbar 

palsy. Thus, it has been suggested that the linguistic defect in congenital bilateral 

perisylvian polymicrogyria patients was caused due to the dysfunction of the perisylvian 

language networks of the brain. In the current study, we used diffuse tensor tractography 

(DTT) to identify the dysfunction of the perisylvian language networks. We focused our 

analysis on the arcuate fasciculus (AF), which belongs to the core perisylvian circuit 

underlying the speech function. 

Case report 

The patient was a 10-year-old female. She visited our institution for evaluation of severe 

dysarthria. Gestation and pregnancies were unremarkable. She had delayed 

developmental milestones with severe delay in developing speech. She had difficulty in 

sucking during the perinatal period. Development of language skills was severely impaired. 

She had a marked tongue movements deficit, with severe dysarthria and a nasal tone. She 

also showed oromotor apraxia and pseudobulbar symptoms. Mild mental retardation (IQ

43 and SQ 58.25) was documented on the Korean-Wechsler Intelligence Scale for Children-

third edition and Social Maturation Scale. Magnetic resonance images (MRIs) revealed an 

abnormally thickened frontoparietal perisylvian cortex bilaterally, consistent with bilateral 

parietal polymicrogyria, Fiber tracking was processed using DTI Studio (Johns Hopkins 

University, Baltimore, MD, USA) based on fiber assignment using the continuous tracking 

algorithm which can estimate a single dominant diffusion orientation within the imaging 

voxel. The termination criteria used for fiber tracking were fractional anisotropy (FA) < 0.25, 

angle < 70˚. the bilateral arcuate fascicles were not seen in the patient 



Discussion 

This would be the first case report, which showed the absence of arcuate fascicle in a 

patient with congenital bilateral perisylvian polymicrogyria. The arcuate fascicle is a major 

white matter tract that is one of the primary fiber bundles involved in human language 

processing. This tract connects the Broca's area in the frontal lobe, a region mainly involved 

in speech production, with the Wernicke's area in the temporal lobe, a region related to 

speech comprehension. The absence of AF in our patient might have been caused due to 

the failure of formation of appropriate connections between the Wernicke's area and the 

Broca's area. Further mechanistic studies are required to explore the mechanisms for the 

absence of AF in a patient with congenital bilateral perisylvian polymicrogyria. 
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Significance of Skeletal Imaging for Early Diagnosis of VACTERL association 

Soyoung Lee1*†, Yong Min Choi 1, Seung Wook No 1

Keimyung University, School of Medicine, Daegu, Korea , Department of Rehabilitation 

Medicine1

Introduction 

VACTERL association specifically refers to the abnormalities in structures derived from the 

embryonic mesoderm. Some of the features of VACTERL association can be subtle and are 

not identified until late in childhood or adulthood, making a diagnosis of this condition 

difficult and realizing the need for rehabilitation too late. This case was presented to 

identify the significance of musculoskeletal imaging and to show how it was used for 

clinical diagnosis of VACTERL association.

Case report 

The eight months old, full-term baby was referred to the Rehabilitation department for 

delayed development. She just underwent major surgery with the imperforated anus and 

had an anovaginal fistula. She was diagnosed with Atrial septal defect in pediatric 

cardiology and hydronephrosis in urology. The swallowing study was performed due to 

cricopharyngeal incoordination. The pediatrician conducted genetic studies to determine 

the cause of various congenital anomalies of the baby from birth but there was no 

abnormal finding. On physical examination, the baby shows an abnormal postural reaction 

on axillary hanging, side-lying, prone position, and abnormal Landau reaction. She 

preferred side lying position one direction only. The chest X-rays have been taken 

periodically about her heart problem in the pediatric department and showed Rt. thoracic 

scoliosis after 5 months old. We ordered x-rays of the spine, hand, and foot and finally, she 

was confirmed to be a VACTERL association. Approximately 90% of cases of VACTERL 

association appear to be sporadic, we could not find any abnormality on a genetic test. 

Conclusion 

VACTERL association is clinically defined by the presence of a cluster of congenital 

malformations.Abnormal spinal curvature due to underlying costovertebral anomalies is 

common. Clinical signs of scoliosis may be the first one of vertebral anomalies if imaging 

studies are not performed when the VACTERL association is suspected. The pediatric 

rehabilitation physician should pay attention to the musculoskeletal structures of an infant 

with multiple congenital abnormalities and delayed development before they show clinical 



signs or symptoms. We could make an early diagnosis by careful review of the 

musculoskeletal imaging of the VACTERL association with delayed development.

Fig. 1 Chest X-ray on the day of birth. 



Fig 2. Chest X-ray shows Rt. thoracic scoliosis on 5-month-old age.



Fig 3. Telegram of the upper trunk shows R. thoracic scoliosis with supernumerary ribs on 10-month-old age. 
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Discordant Cranial asymmetry in Dizygotic Twins pairs : a Case Report 

Da-Hye Ryu1*, Ah-Ra Cho1†

Eunpyeong Saint Mary`s Hospital, Department of rehabilitation Medicine1

Introduction 

The incidence of cranial asymmetry is higher in twins than single born neonates. Several 

studies have suggested that the posture of intrauterine positioning as the cause of the 

deformational plagiocephaly. But it must be distinguished from craniosynostosis. In this 

study, we reported a case in a twin birth baby who was considered with positional 

plagiocephaly but was diagnosed with a unilateral lambdoid synostosis. 

Case Report 

A Seven-month old dizygotic twin boy visited in pediatric rehabilitation unit with abnormal 

cranial shape. He and his twin brother were born in full-term pregnancy that was no 

perinatal complications. His face asymmetry and cranial asymmetry were already 

recognized at birth. But his cranial shape were considered to be posterior positional 

deformational plagiocephaly that he was a twin and the lower in uterus infant. As the baby 

grew, the cranial asymmetry was prominent and the tilted neck movement was observed. 

His parents visited the outpatient's department to discuss the correction using helmet. He 

showed flattening of the right posterior cranium, bossing of the ipsilateral mastoid process, 

anterior displacement of the ipsilateral ear(Fig 1). Appropriate motor mile stone was 

gained for age but decreased neck rotation to right side was observed. Other apparent 

torticollis symptoms were not seen. His brother showed only occipital cranial flattening 

and showed appropriate motor mile stone and symmetric neck movement. 

Ultrasonography was done for evaluating neck muscles such as sternocleidomastoid 

muscle and abnormal findings were no found. Plain radiographic films for skull were done 

for cranial sutures and the right lambdoid suture is not well visualized. Three-dimentional 

computed tomographic reconstruction was done (fig 2) and he was diagnosed right 

lambdoid suture craniosynostosis. He was commissioned as neurosurgical part to discuss 

surgical correction. 

Conclusion 

The lower in utero infant is at increase risk for the development of plagiocephaly such as 

positional deformational plagiocephaly. But the posterior positional deformational 

plagiocephaly must be closely evaluated because of risk of missing for lambdoid synostosis. 



Fig. 1 Cranial asymmetry ; flattening of the right posterior cranium, bossing of the ipsilateral mastoid process, 

anterior displacement of the ipsilateral ear (circles).



Fig. 2 3D CT scan reconstruction. Right lambdoid suture closure (arrow).
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Chiari malformation with syringomyelia associated with otopalatodigital 

syndrome : A case report

Dong-Woo Lee1*, Minsuk Kang1, Dae-Hyun Jang1†

Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon, 

Department of Rehabilitation Medicine1

Introduction

The term otopalatodigital syndrome spectrum disorders is an umbrella category that 

includes four phenotypically related conditions, otopalatodigital syndrome types 1 and 

2(OPD1 and OPD2), frontometaphyseal dysplasia(FMD), Melnick–Needles syndrome(MNS), 

and Terminal osseous dysplasia with pigmentary skin defects(TODPD). FLNA is the only 

gene in which pathogenic variants are known to cause the otopalatodigital spectrum 

disorders. We report the first case of a patient with Chiari malformation and syringomyelia

in otopalatodigital syndrome spectrum disorders in this study. 

Case report 

A 12-year-old boy visited our clinic complaining of back pain in March 2019. He had 

suffered from back pain without in radiating pain of lower extremity for two years. He had 

bilateral sensorineural hearing loss and diagnosis of intellectual disability due to unknown 

origin. In addition, he underwent surgery twice because of the contracture of left 5th finger. 

In addition, he underwent surgery twice because of the contracture of left 5th finger. As a 

family history, he had two cousins who were not diagnosed any disease with similar 

appearance and morphology. On physical examination, he showed contracture of multiple 

proximal interphalangeal joints in both hands. In addition, his face represented full cheek 

and micrognathia. Furthermore, scoliosis and hypodontia were also noted. On radiologic 

findings, his skull x-ray exhibited diffuse skull thickening and absence of frontal sinus. Also, 

there was scoliosis in whole spine x-ray and mild bowing figure in long bone x-ray in upper 

and lower limbs. In brain magnetic resonance imaging, there was cerebellar tonsilar 

inferior herniation. In whole spine magnetic resonance imaging, huge hydrosyringomyelia 

from C1 to T12 level was confirmed with Chiari I malformation. In exome next-generation 

sequencing (NGS) test, heterozygous missense mutation in FLNA gene was confirmed. As 

a result, this patient was diagnosed with otopalatodigital syndrome spectrum disorders. 
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Torticollis Management Using Soft Neck Collar in CATCH 22 Combined with 

Klippel-Feil Syndrome

In Hye Kim1*, Myung Hoon Moon1, Soo-Yeon Kim1†

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1

Introduction 

CATCH 22 syndrome and Klippel-Feil syndrome (KFS) are rare congenital diseases, and 

genetic association between both syndromes has not yet been reported clearly, but

cervical vertebral anomaly is frequently observed in both. We present a case of torticollis 

managed using neck collar in a girl with both CATCH 22 syndrome and KFS. 

Case report 

An 11-year-old girl visited outpatient clinic for torticollis. At birth, her pediatrician 

performed chromosome analysis because of her low ear set, skull deformity. The test result 

showed deletion of 22q11 and she was diagnosed as CATCH 22 syndrome. She presented 

tilted and rotated head to the left about 25 degrees (Figure 1A), and reported cosmetic 

problem and neck pain due to abnormal head posture. X-ray and 3-dimensional computed 

tomography scan revealed left thoracic scoliosis with 50 degrees of Cobb’s angle, and right 

lateral C3 hemivertebra accompanied by multisegmental fusion of cervical vertebral 

bodies which implies possibility of KFS (Figure 2). Under the co-work with the pediatricians, 

we decided to perform whole exome sequencing (WES) to confirm the diagnosis, which is 

finally revealed as negative study. Since she was unable to fully cooperate with exercise 

instruction due to intellectual disability, we applied the customized soft neck collar (Figure 

3A). The ipsilateral aspect of the neck collar is designed higher to provide support between 

clavicle and mandibular angle and is made to be adjustable in height. A rough surface using 

Velcro was attached to the site of contact with mandibular angle at the tilted neck side, 

which makes the patient uncomfortable, inducing her to tilt neck to opposite side as 

negative feedback (Figure 3B). We applied the neck collar for 1 hours a day and instructed 

active stretching exercise of ipsilateral neck muscle and strengthening of contralateral neck 

muscle. The angle of inclination of the head was measured every visit at outpatient clinic, 

and the neck collar was serially modified to fit between the ipsilesional clavicle and 

mandible according to improved neck motion. After a year of treatment, angle of 

inclination of the head was improved from 25 to 10 degrees (Figure 1B). She had a cosmetic 

problem due to abnormal tilted head posture before the customized soft neck collar 

treatment. She and her family were satisfied with corrected head posture through a 

negative feedback exercise using neck collar. 



Discussion 

Negative feedback Exercise using customized soft neck collar can be one of the treatment 

options of postural management in patient with torticollis in CATCH 22 syndrome 

combined with KFS. 

Figure 1. (A) The angle of inclination of the head on the coronal plane is approximately 25 degrees before 

treatment. (B) The angle of inclination has improved to 10 degrees after a year of treatment. In both pictures, 

long vertical lines are midline of her body and the short ones are midline of her head.



Figure 2. (A) The plain radiography shows left thoracic scoliosis at T4 with 50 degrees of Cobb’s angle. (B) 

Three-dimensional computed tomography representing C3 hemivertebrae and multisegmental fusion, C4 to 

C6, of cervical spine (indicated by arrows).



Figure 3. (A) A customized soft neck collar. Velcro is attached to the site of contact with mandibular angle at 

the tilted head side (arrow). The neck collar is made to be adjustable in height. (B) Because of the discomfort 

caused by the Velcro, the patient is induced to tilt neck to contralesional side.
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Isolated Achilles Tendon Shortening Associated Periventricular 

Leukomalacia: 3 cases

Ga Yang Shim1*, JongKyu KIM1†, Seung Hee Han1

Seoul Medical Center, Department of Physical Medicine & Rehabilitation1

Introduction 

Periventricular leukomalacia(PVL) is a well-known cause of cerebral palsy, spastic diplegia 

or quadriplegia. We experienced isolated Achilles tendon shortening cases with brain MR 

image suspicious periventricular leukomalacia. 

Case 1

A 21-year-old male suffered from short Achilles tendon to the orthopedic surgery 

department. He showed increased tone at both ankles, thus referred to the Rehabilitation 

Department. His ankle dorsiflexion showed 10/5 degree with knee flexion and 0/-5 degree 

with knee extension. His brain MR showed wall irregularity of left lateral ventricle dorsal 

horn with mild thinning of adjacent white matter, suggested PVL. (Figure 1)

Case 2 

A 13-year-old boy complaint tip-toe walking pattern. His range of ankle dorsiflexion 

showed 10/0 degree with knee flexion and -20/-30 with knee extension. He could not 

maintain to touch heels to the ground at standing position. His brain MR showed 

asymmetry of lateral ventricle dorsal horns with mild thinning of adjacent white matter, 

suggested PVL. (Figure 2) 

Case 3 

A 5-year-old boy came to the clinic because of intermittent tip-toe gait. His ankles showed 

dorsiflexion limitation of 5/5 degree with knee flexion and -5/-5 degree with knee 

extension. Intermittently he showed excessive intentional pes valgus to decrease tip-toe 

gait. His brain MR images showed minimal cystic PVL at white matter around the lateral 

ventricle dorsal horn. He showed no other neurologic abnormality. (Figure 3) 

Conclusion 

PVL is a common cause of cerebral palsy. However, isolated Achilles tendon shortening 

might be mistaken for the musculoskeletal problem, not a neurologic disorder. In our cases, 

a very mild type of PVL may be elicited as isolated ankle limitation of motion.



Fig.1 Brain MR images - Red arrow indicates suggested PVL area



Fig. 2 Brain MR images - Red arrow indicates suggested PVL area

Fig. 3 Brain MR images - Red arrow indicates suggested cystic PVL



소아재활

게시일시 및 장소 : 10 월 19 일(토) 08:30-12:30 Room G(3F) 

질의응답 일시 및 장소 : 10 월 19 일(토) 11:00-11:30 Room G(3F)

P 3-108

Developmental delay in a child with 20q11.2 microdeletion syndrome : A 

case report

Young-Jin Lee1†, Jae-Min Song1*, Jong-Bum Park1, Won-Chul Lee1, Ja-Young Moon1, Mi-Jin 

Hong1, Jong-Dae Kim2, Hyon-J. Kim2

Konyang University College of Medicine, Departments of Rehabilitation Medicine1, 

Konyang University College of Medicine, Departments of Medical Genetics2

Introduction 

Interstitial microdeletion of the chromosome 20q region, namely the 20q11.2 

microdeletion syndrome, is a rare disease. Clinical findings include intellectual disability, 

motor developmental delay, craniofacial dysmorphism, anomalies of the extremities and 

feeding difficulties. Associated prenatal growth retardation, gastrointestinal, heart and eye 

anomalies have also been reported. In this article, we report a case of 20q11.2 

microdeletion syndrome patient with developmental delay. 

Case Report 

A 20 months old girl visited our rehabilitation department because of developmental delay. 

She was born at 40th week of gestation by normal spontaneous vaginal delivery as the 

third child of unrelated nonconsanguineous parents. Her birth weight was 2900g (10-25th 

percentile(%ile)). The child could walk while grabbing onto things, but was unable to 

ambulate on her own. Otherwise, she did not have abnormal physical examination findings. 

While undergoing rehabilitation at another hospital, she did not return for follow up. At 

the age of 45 months, she re-visited our hospital for further developmental evaluation. At 

the time, her height was 88.1cm(<3rd %ile), weight 11.2kg(<3rd %ile), and occipital-frontal 

circumference 47.3cm(3-10th %ile). On Bayley Scales of Infant and Toddler Development 

– 3rd Edition; cognition 85(16th %ile), language 74(4th %ile), motor 91(27th %ile), social-

emotion 100(50th %ile), general adaptive composite 65(1st %ile). On Preschool Receptive 

& Expressive Scale(PRES); reception at the level of 31 months(2nd %ile), expression at 23 

months(<1th %ile). Again, she was lost for follow up since then. When the patient became 

6 years old, she returned to our department because of scoliosis. On physical examination, 

her height and weight were 106cm(<3rd %ile) and 21kg(25-50th %ile). She also revealed a 

crouching gait pattern when asked to walk. Further investigations showed thoracic spine 

scoliosis(Cobb’s angle 14.1) on whole spine x-ray and both hip joint dislocations on lower 

extremity scannogram. The MRI results of the child’s brain showed diffusely enlarged 

ventricles and atrophic changes. The patient’s array comparative genomic 

hybridization(CGH) test showed approximately 1.9Mb deletion within chromosome 20(arr 



20q11.22-q11.23). Consequently, she was diagnosed to have 20q11.2 microdeletion 

syndrome. She underwent surgery for hip dislocations last year, and is currently in a walker 

assisted gait while undergoing rehabilitation for ambulation. 

Conclusion 

To the best of our knowledge, this is the first case of a 20q11.2 microdeletion syndrome 

patient to be reported in the Korean population. We also showed that chromosomal 

microarray can be a useful tool for identifying causative pathogenic variants in patients 

with developmental delay. 
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Glycopyrronium oral solution (Sialanar ® ) for children with severe drooling : 

A case report

Hyunseok Moon1*, Sungwon Park1, Ju Young Cho1, Kwang Jae Yu1, Jong Min Kim1, Donghwi 

Park1, Byung Joo Lee1, Zeeihn Lee1†

Daegu Fatima Hospital, Department of Rehabilitation Medicine1

Introduction 

Drooling of saliva is common in children with physical, intellectual and learning disability, 

and with poor neuromuscular coordination and oral control. It can cause skin breakdown, 

psychosocial problems for the child and family. For many years, glycopyrronium has been 

prescribed off-label using the injection solution given orally or tablets crushed and 

suspended in water. From January 2017, a glycopyrronium oral solution (Sialanar®) 

became available in the UK as the first licensed product for the trearment of severe 

drooling in children and adolescents aged 3 years and older with chronic neurological 

disorders. In south korea, since December 2017, a glycopyrronium oral solution (Sialanar®) 

became purchasable only through Korea Orphan & Essential Drug Center. At the patient 

age of 9, With the consent of the patient’s guardian, patient’s guardian was able to 

purchase a glycopyrronium oral solution (Sialanar®) through the Korea Orphan & Essential 

Drug Center. So, we need to consider this new product in the management of severe 

drooling. 

Case 

This patient is 9-year-old male who diagnosed as cerebral palsy at the age of 2. He had not 

only physical, intellectual and learning disability, but also swallowing difficulty. His Gross 

Motor Function Classification System was corresponded level 4 and His Manual Ability 

Classification System level was corresponded level 4. He was usually fed by his guardian 

with total oral intake of multiple consistencies requiring special preparation. Since the age 

of eight, his guardian has complained about his odor of saliva. So we planned a 

pharmacological intervention to control his salivation. Prior to medication, we assessed 

the status of drooling of him by Drooling Impact Scale, Drooling Rating scale, Drooling 

Severity and Frequency scale. He obtained a score of 76.5/100 on Drooling Impact Scale. 

In each item, he obtained a score of 4 on Drooling Severity and Frequency scale. And also 

he obtained a score of 14/15 on Drooling Rating scale. Under Nottinghamshire area 

prescribing committee guideline, we prescribed 1.5ml per day as loading dose. After a 

month, We found no side effects on him, and then we prescribed 2.4ml per day as 

maintaining dose. Since 2 month later, we assessed the status of drooling of him by 



Drooling Impact Scale, Drooling Rating scale, Drooling Severity and Frequency scale as 

follow up. He obtained a score of 62.5/100 on Drooling Impact Scale. In each item, he 

obtained a score of 3 on Drooling Severity and Frequency scale. And also he obtained a 

score of 12/15 on Drooling Rating scale. Until now, no specific side effects have been found 

in him. 

Conclusion 

Glycopyrronium oral solution (Sialanar ® ) is the possible choice of therapeutic option for 

the pediatric patient who suffered from severe drooling. 
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Developmental Status of Institutionalized Children: A Preliminary Study

Jee Hyun Suh1*†, Soon Yong Kwon1

Bobath Children`s Clinic, Department of Rehabilitation Medicine1

Introduction

The institutional children are well known to suffer from structural neglect. 

Material and Method

A retrospective study was conducted in eleven institutionalized children in one orphanage. 

Children were screened for the developmental status by Korean Denver Ⅱ developmental 

screening test (K-DDST II). Children were measured for height, weight, and head 

circumference to determine their physical development. In this study, we calculated the 

equivalent age of each items of K-DDST-II. The developmental index was calculated by 

dividing the equivalent age by the actual age. And we calculated the difference between 

equivalent age of the K-DDST-II and actual age. Developmental delay was defined as 

developmental index less than 75. 

Result

In this study, the average age of the eleven children was 30.09 months. 9.09% of the 

children had delayed the social development, 45.45% delayed the development of fine 

motor, 27.27% delayed the language development, and 27.27% delayed the gross motor 

development. In this study, the developmental index of personal-social category was 

106.65%, which was better than average. Instead, the developmental index of fine motor 

was 75.76% and the risk of development delay was the highest. 

Discussion

It is generally known that institutionalized children have problems of articulation and 

sociality. The personal-social category of the K-DDST-II are related to activity of daily 

living(ADL). Institutionalized children had more opportunities for eating, dressing and 

tooth brushing training compared with the home-reared children. However, in this study, 

the fine motor category was the most delayed category, which had fewer educational 

opportunity in institutionalized children. The institutional child should be given more 

opportunities for fine motor training such as painting and building blocks. 

Conclusion



In institutionalized children, the developmental delay was most commonly seen in the fine 

motor category. In future study, the accurate developmental assessments in the 

institutionalized children would be needed by conducting the multi-center study. 

Table 1. Demographic data and Anthropometric data

Table 2. Developmental status through the Korean Denver Ⅱ developmental screening test
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A Case of Acute Necrotizing Encephalitis associated with Influenza B Virus 

Infection

Jinmann Chon1†, Hee-Sang Kim1, Jong Ha Lee1, Dong Hwan Yun1, Yunsoo Soh1, Yong Kim1, 

Myung Chul Yoo1, Seona Chae1*

College of Medicine, Kyung Hee University, Department of Physical Medicine & 

Rehabilitation1

Acute necrotizing encephalitis (ANE) is a clinico-radiologic disease characterized by 

multifocal, symmetric lesions in bilateral thalami, brain stem, periventricular white matter, 

basal ganglia and cerebellum. During the clinical course, lesions progress from edema to 

petechial hemorrhage and necrosis. It is considered to be a parainfectious disease that is 

triggered mainly by viral infections, especially influenza A. Since ANE was first proposed as 

a distinct disease in 1995, less than 30 cases have been reported in Korea. Furthermore, 

none of these cases were caused by influenza B virus infection. We report the case of a 11-

year-old Korean patient with influenza B-associated ANE. A 11-year-old boy presented to 

a emergency department with a 1-day history of cough, rhinorrhea, fever (up to 39.1℃) 

and confused mentality. He was diagnosed with influenza B infection by rapid antigen test 

and real-time polymerase chain reaction analysis. Initial brain magnetic resonance imaging 

(MRI) showed increased T2 signal intensity in left superior parietal lobe, bilateral thalami, 

pons, and periventricular white matter, with swelling of bilateral thalamus. Cerebrospinal 

fluid (CSF) analysis revealed WBC count of 7 cells/mm3, elevated protein level of 83.4 

mg/dL, glucose level of 86.5 mg/dL and no organisms on CSF culture. The initial laboratory 

findings showed mild elevation of an aspartate aminotransferase level of 159 U/L and an 

alanine aminotransferase level of 84 U/L without elevated serum ammonia level. In the 

intensive care unit, he treated with intravenous immunoglobulin and steroid in addition to 

antiviral therapies. Therapeutic hypothermia was done for 3 days. Two weeks later, follow-

up brain MRI revealed decreased extent of the lesions and resolution of edema. 

Susceptibility weighted image showed stippled low signal intensities which suggest 

petechial hemorrhage. After 3 months, he was able to follow 2-step commands, control 

his head, and sit with minimal assistance. However, gait and language disabilities were 

remained. ANE is a devastating disease and has been rarely reported in Korea. This is the 

first case report of ANE caused by influenza B virus infection in Korea. 
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A new vocalization method during ventilator use in tracheostomized 

patients: Above cuff ventilation

Jinyoung Park1*, Han Eol Cho1, Sangwon Hwang2, Yewon Lee1, Seong-Woong Kang1†

Department of Rehabilitation Medicine, Gangnam Severance Hospital, Rehabilitation 

Institute of Neuromuscular Disease, Yonsei University College of Medicine, Seoul, Republic 

of Korea1, Department of Rehabilitation Medicine and Research Institute of Rehabilitation 

Medicine, Yonsei University College of Medicine, Seoul, Korea2

Introduction

Tracheostomy is performed for securing the stable respiration and for protecting the 

airway. Continuous cuff inflation makes most of the exhaled air to be excreted through the 

tracheal tube, so the amount of air passing through the vocal cords is significantly reduced. 

These patients usually suffer from the frustration or anxiety due to the communication 

issue. There has been ‘above cuff vocalization’ which supply oxygen via subglottic suction 

catheter to pass the vocal cord for vocalization. However, this method is not physiologic 

since the flow continues through whole respiratory phases. Thus, we designed a new 

technique named ‘above cuff ventilation’. 

Case

A 35-year-old male diagnosed with spinal muscular atrophy at the age of 1, who has been 

using non-invasive positive ventilation via full-face mask was admitted for respiratory 

distress. He was tracheostomized in part of the management for aspiration pneumonia 

and septic shock, and invasive positive ventilation was applied. After the active lung lesion 

was resolved, the ventilator was set to assist-controlled mode with 400 mL of tidal volume 

(TV), 12/min of respiration rate, inspiration : expiration = 1:2, and with no positive end 

expiratory pressure. The peak inspiratory pressure (PIP) was checked between 13-15 

cmH2O. Due to the inflated non-fenestrated tracheal tube he could not phonate. Therapy 

Outcome Measure for Voice Impairment scale (TOMS) score was 0 (Table 1). The patient 

was provided the informed consent and agreed to participate in this trial (approved by IRB, 

YUMC, 3-2019-0111). As a preparation step, the secretion which remained in the above-

cuff space, the main circuit, the subglottic suction catheter was cleared out. The subglottic 

suction catheter was then connected to the tip of the connector as Figure 1. The airflow 

from the ventilator passed through the main circuit, connector, subglottic suction catheter, 

above cuff space, vocal cord, and mouth, sequentially. Via this new air route, he could 

phonate without deflating the tracheal tube, and the TOMS score was improved to 2 with 

400 mL of TV. However, due to the decreased inflow to the lung, the PIP was slightly 



decreased to 11-13 cmH2O, and he reported minimal respiratory discomfort. Therefore, 

we increased the TV to 450 mL, and the TOMS score improved to 3, and the PIP was 

restored to 13-15 cmH2O without respiratory discomfort. When tried with TV of 500 mL, 

the PIP elevated to 20 cmH2O, and TOMS score remained to 3 (Table 2). In that, the 

caregiver was educated to apply ‘above cuff ventilation’ with 450 mL of TV. No aspiration 

event or any other adverse event was occurred during and for the day after the trial. 

Conclusion

This is a new vocalizing method for the patient with inflated non-fenestrated tracheal tube 

to protect the airway from the aspiration event. This method does not need no additional

flow other than airflow from the ventilator, so that the patient or the caregiver can simply 

apply. 

Figure 1. Above cuff ventilation.
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Cardiac Rehabilitation in a Patient with Isolated Cardiac Sarcoidosis: A Case 

Report

Won Hyeong Jeong1*, Jae Young Han1†, In Sung Choi1, Hyeng Kyu Park1, Min Keun Song1, 

Dong Joo Kim1

Chonnam National University Medical School & Hospital, Department of Physical & 

Rehabilitation Medicine, Regional Cardiocerebrovascular Center1

Objective

Sarcoidosis is a multisystem, granulomatous disease of unknown etiology. Lungs are 

affected in more than 90% of patients with sarcoidosis, but isolated cardiac sarcoidosis (CS) 

occurs in about 2% of sarcoidosis patients. CS is treated by administering corticosteroid to 

control inflammation, prevent fibrosis and protect from any deterioration of the cardiac 

function. Previous observational studies have shown that patients with pulmonary 

sarcoidosis benefit from physical training by improving their exercise capacity. As far as we 

know, there is no study about effectiveness of cardiac rehabilitation (CR) in patients with 

isolated CS. We report our therapeutic experience of CR in a patient with isolated CS 

manifesting heart failure and cardiomyopathy. 

Case Description

A 74-year-old woman visited our CR center for the improvement of cardiac function. She 

was already diagnosed as isolated CS 1 month ago. At that time, echocardiography 

demonstrated unclassified cardiomyopathy with 35% ejection fraction. For further 

evaluation, Torso PET-CT was checked and it showed active inflammation involving 

interventricular septum and adjacent right ventricle, which is consistent with CS (Fig. 1). 

On previous history, she experienced right hemiplegia associated with multifocal cerebral 

infarction. However, at the time of hospitalization for CR, muscle strength was measured 

fair+ on right upper extremity and good on right lower extremity, which means nearly 

complete recovery regarding activities of daily life. She underwent exercise tolerance test 

(ETT) and exercise was prescribed with 40~50% intensity of the peak oxygen consumption 

(VO2) on the basis of ETT data. She finished exercise training 5 times a week for 6 weeks 

using treadmill with ECG monitoring, except 4 days for OPD follow-up at other hospital. 

There was no adverse event during CR. ETT was conducted before CR and 3 times 2 weeks 

apart. The 6-minute walk test (6MWT) was performed on a 60 m course. After 6 weeks of 

CR, there was no significant change in mental and physical status such as consciousness, 

muscle strength and muscle stretch reflex. There was some improvement in maximal METs, 

peak VO2, peak respiratory exchange ratio and the minute ventilation/carbon dioxide 



production (VE/VCO2) slope. The Korean Activity Scale/Index was also slightly increased 

(Table 1). However, there was no marked change in total exercise time and distance in 

6MWT (Table 2). She did not report any palpitation or dyspnea on daily life and she is 

planning to continue hospital-based CR. 

Conclusion

Exercise capacity was improved in our isolated CS patient after CR for 6 weeks. 

Key Words: Cardiac sarcoidosis, Cardiac rehabilitation, Exercise tolerance test 

Acknowledgment :This research was supported by a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development Institute(KHIDI) 

funded by the Ministry of Health & Welfare, Republic of Korea (grant number HI18C0546). 

Table 1. Results of Exercise Tolerance Test



Table 2. Results of 6-minute Walk Test

Fig. 1 Torso PET-CT displays active inflammation involving interventricular septum (apical portion, black 

arrow) and adjacent right ventricle, which is consistent with cardiac sarcoidosis.
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One-year follow-up of heart transplant recipient with cardiac rehabilitation, 

a case report

Hee Eun Choi1†, Se Heum Park1*, Cheol Won On1, Hwan Kwon Do1, Geun Yeol Jo1

Inje University Haeundae Paik Hospital, Department of Rehabilitation Medicine1

Introduction

Heart transplantation (HT) is known to be the treatment of choice for advanced heart 

failure patients, but their exercise capacity remains under aged-predicted value after HT. 

Cardiac rehabilitation (CR) is a multifactorial rehabilitation program and many current 

studies described the effectiveness of CR in HT recipients. However, in Korea, there is a 

lack of research on CR in HT recipients. Moreover, recent systematic review of CR shows 

that long-term follow-up data is insufficient. Therefore, an evidence for the long-term 

effects of CR is lack in HT recipients. In this case report, we present objective findings of 

the benefits of CR in a HT recipient and the serial follow-up data for 1 year. 

Case report

A 48-year old female visited our CR clinic, due to dyspnea on exertion after HT. She was 

diagnosed with dilated cardiomyopathy and received HT on June 22, 2018. When she first 

visited our CR clinic at one month after HT, she needed a wheel chair for travelling a long 

distance and had to stop for breath when walking at her own pace. We prescribed phase I 

CR program for 1 month and each CR session was performed five times per week with 10 

minutes warm-up exercise, 30 minutes main aerobic and 10 minutes cool-down exercise. 

The exercise intensity corresponded to 60% of heart rate reserve (HRR) measured by initial 

cardiopulmonary exercise test (CPX). We used both bicycle and treadmill with moderate 

intensity continuous training (MICT) protocol. After 1 month CR, we changed the protocol 

to high intensity interval training (HAIT). HAIT protocol was performed for 50 minutes using 

treadmill and consisted of 4 minutes interval training period at 85% of HRR and 3 minutes 

active rest period at 40-60% of HRR. After phase I CR period for 67 days, we recommended 

the phase II CR, but the patient refused outpatient CR. So we prescribed a home exercise 

CR program five times a week, once a day. One year after HT, VO2max increased from 12.3 

ml/kg/min to 22.8 ml/kg/min and chronotropic incompetence recovered after CR. The 6-

minute walk test result increased from 281 meters to 520 meters (Table 1). Furthermore, 

pulmonary function parameters, grip power, leg strength, skeletal muscle mass and phase 

angle value improved after the CR program (Table 2, 3). 

Conclusion



This case showed that CR programs with the HAIT protocol can be successfully performed 

in HT recipients and showed objective improvements in muscle strength, pulmonary 

function and exercise capacity. In the future, we need a large-scale, prospective study of 

CR in Korean HT recipients. 
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Macroglossia in Primary Lateral Sclerosis: a Case Report 

So Young Kwak1†, Min Cheol Chang1, Jong Bum Kim1*

Yeungnam University Medical Center, Department of Rehabilitation Medicine1

We describe a 62-year-old woman presented with macroglossia in the early stages of 

motor neuron disease. She was referred to the department of physical medicine and 

rehabilitation of a university hospital for rehabilitation with the diagnosis of motor neuron 

disease, most likely primary lateral sclerosis. Her speech was incomprehensible, and she 

also showed significant sialorrhea and had difficulty in chewing large solid food. Her tongue 

was enlarged on examination, and she could not close her mouth fully. No other possible 

causes of macroglossia was found. She showed nocturnal hypercapnia on overnight 

capnography examination coupled with desaturation, which was believed to result from 

the macroglossia. After commencing non-invasive ventilation with pressure control mode, 

follow-up overnight capnography revealed EtCO2 values within the normal range. To the 

best of our knowledge, this is the first report of macroglossia in PLS. Further study would 

be needed to ascertain the pathogenesis of this phenomenon. 

Acknowledgment :National Research Foundation of Korea (NRF) grant funded by the 

Korean government (Ministry of Science and ICT) (2018R1C1B5046706). 
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A Uncommon Complication of Edoxaban, Non-Traumatic Quadriceps 

Hematoma

Beom Suk Kim, M.D.1*, Jeongmin Kim1, Joon Shik Yoon, M.D., Ph.D.1†

Korea University Guro Hospital, Department of Rehabilitation Medicine1
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Case report : Decannulation in patient with video-assisted thoracic surgury, 

left upper lobectomy

Yong Seob Jo1*, Yun Jung Lee1†, Jung Hyun Cha1, Jun Young Ko1

MyongJi Hospital, Department of Rehabilitation Medicine1

Introduction

Lung resection has various postoperative complications. Pulmonary complication is one of 

the most important among them. For patients with lung resection, tracheostomy is known 

as option of good treatment method to reduce the prevalence of pulmonary complications 

by aiding postoperative sputum clearance. In addition, the importance of pulmonary 

rehabilitation in terms of postoperative care is gradually emerging. In particular, 

pulmonary rehabilitation programs are necessary to reduce airway secretion and enhance 

postoperative lung capacity. This case is the successful decannulation of the tracheostomy 

tube through pulmonary rehabilitation program in patients with video-assisted thoracic 

surgery(VATS), left upper lobectomy. 

Case presentation 

On April 26, 2018, A patient with a history of chronic obstructive pulmonary disease was 

diagnosed as a lung cancer and performed left upper lobectomy the following day. On May 

3, 2018, the patient had acute respiratory failure, septic shock, pneumothorax during 

postoperative care, and subsequently tracheostomy was performed on May 10, 2018. In 

October 18, 2018, the patient was admitted to our hospital for pulmonary rehabilitation. 

Patient's respiratory assessments including chest x-ray were conducted at the time of the 

hospitalization. (Figure 1) The assisted peak cough flow was measured at 120 and it was 

difficult to expectorate sputum on its own. In addition, FVC 39%, FEV1 38% were measured 

and the results reflected decreased lung function. (Figure 2) We consulted 

otorhinolaryngology and started corking training after confirming that there was no finding 

of causing obstruction of the upper airway including vocal cord palsy. After these 

evaluations, the patient did treadmill exercise twice a day for 30 minutes, air stalking 

exercise using ambu bag three times a day, inspiratory muscle exercise and was educated 

about postural drainage, huff cough and breathing method such as pulsed lip breathing to 

facilitate airway secretion. After receiving these pulmonary rehabilitations, continuous 

improvement of peak cough flow (PCF) could be seen in patient. (Figure 3) In addition, the 

corking training continued with the pulmonary rehabilitation exercise, and the corking 

time was extended continuously to 24 hours. Decannulation was successfully performed

on November 13, 2018 after three consecutive days of completing corking training. 



Conclusion 

In general, Having tracheostomy tube can help patients with lung resection surgery with 

chronic respiratory failure in terms of post-operative lung care. However, the 

tracheostomy tube itself is main factor that degrades patient's quality of life (QOL), such 

as increasing sputum, pain and infection risk. Therefore, It is important to facilitate airway 

secretions through active pulmonary rehabilitation and if the PCF is improved through 

active pulmonary rehabilitation even for patients who performed lung resection, 

Decannulation will improve the patient's QOL. 

Figure 1. Initial chest x-ray at the time of hospitalization on 18, October, 2018. 



Figure 2. Pulmonary function test result at the time of hospitalization

Figure 3. Continuous improvement of peak cough flow during hospitalization period
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Case report : Delayed Recurrent Syncope After pneumonectomy

Jun Young Park1*, Ho Joong Jeong1†, Ghi Chan Kim1, Young Joo Sim1, Jae Hyun Lee1

Kosin University College of Medicine, Department of physical medicine and rehabilitation1

Introduction 

Post-pneumonectomy syndrome is a rare complication that occurs in 0.2% of 

pneumonectomy cases. Progressive dyspnea, recurrent pneumonia, laryngeal nerve palsy 

and dysphagia are the main symptoms of Post-pneumonectomy syndrome. Among them, 

vasovagal syncope occurs very rarely and the precise mechanism for this is unknown. So in 

this case report, we present a case of frequent syncope after 4 years of Pneumonectomy. 

Case report 

A 50-year-old woman presented with hoarseness and foreign body feeling on neck, after 4 

years of pneumonectomy. The patient was diagnosed with lung cancer four-year-ago(2014) 

and underwent Lt. lobectomy. Laryngoscopy was performed in the outpatient department 

of the otolaryngology(2018.04.) and vocal cord palsy was observed. So we performed 

laryngoplasty injection. Since then, progressive dysphagia persisted and sputum has 

continued to come out. She was suspected of Esophageal motility disorder and was 

admitted to department of gastroenterology(2018.8.). Chest CT showed severe leftward 

shift of mediastinum, trachea, and esophagus. No specific findings were observed in EGD 

and there was no definite abnormality in pharynx at esophagogram, but multifocal 

extrinsic compression was observed. In Esophageal transit study, the shape of Esophagus 

was deformed to S-shape, and this was judged as a result of mediastinal deviation due to

Pneumonectomy. Thereafter, we performed VFSS test. Aspiration was observed in 5cc of 

Thin liquid and pudding. During the swallowing treatment, symptoms such as dizziness at 

sudden positional change and loss of consciousness for few seconds has repeated daily. So 

she transferred to cardiology departement, and echocardiography, 48hr holter monitoring, 

and 3D angio-heart CT were done. But none of the other causes of syncope, other than 

vasovagal syncope, were observed. So, symptoms of syncope were controlled by 

mododrine. After discharge, there was no symptoms as dizziness, headache, syncope and 

she stopped medication for herself. And she continued dysphagia treatment through 

outpatient department of rehabilitation. 3 weeks after the medication self-stop, during the 

treatment for swallowing, syncope reoccurred and the patient hospitalized to the 

cardiology department. She restarted medication and discharged after treatment for the 

symptoms. Currently She continues to treat syncope and dysphagia. 



Discussion 

In another study, cause of syncope after pneumonectomy has been described as 

obstruction of blood flow to the peripheral vascular compression of the rotating structures. 

However, in this case, syncope recurred without vascular compression. Therefore, 

additional studies on syncope after pneumonectomy are needed. And we need close 

observation of syncope in pneumonectomy patients. 

Figure 1. Chest CT: Prominent leftward shift of esophagus, trachea, mediastinu



Figure 2. Esophagogram : Contrast delay was not seen & definite abnormality of pharynx was not observed.
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Diagnosis of Bone Metastases in False Negative of Bone Scan : A case report.

Shengshu Kim1*, Bum sun Kwon1, Jin-Woo Park1, Ho jun Lee1, Kiyeun Nam1†

Dongguk University Ilsan Hospital, Department of Rehabilitation Medicine1

BACKGROUND

Bone is common site of distant metastases from cancer. Bone metastasis can cause pain, 

fractures and weakness in the legs or arms. There are several imaging techniques to 

diagnose bone metastasis. Bone scan is useful in identifying osteoblastic activity. But 

osteolytic bone tumor can be missed. So, physician must be careful of false negative of 

bone scan. We report a case diagnosed for hepatocellular carcinoma (HCC) with multiple 

bone metastases and discuss precaution in cancer rehabilitation. 

CASE 

Patient was 71-year-old man who first diagnosed for HCC in April 2015. He was treated by 

transcatheter arterial chemoembolization and chemotherapy. During treatment, lung 

metastasis was found in chest CT conducted in October 2015 and chemotherapy was 

continued. Patient also treated by cancer rehabilitation therapy which included muscle 

strengthening and aerobic walking exercise. Patient’s functional activities status was 

nearly independent and The Karnofsky Performace Score is 70. In October 2016 he 

complained about right leg radiating pain and tenderness on right sacral area. Numerical 

rating scale of pain was 6. Because MMT, sensory examination, deep tendon reflex and 

straight leg raise test were normal, possibilities of disc disease was little. To rule out bone 

metastasis, X-ray and bone scan were conducted and there is no definite evidence of bony 

abnormalities. Patient treated by conservative management including pain medication and 

hot pack therapy. In May 2017 He complained about aggravated right leg radiating pain 

and right buttok pain. In manual muscle test, grade on right ankle dorsiflexor was 4 and 

numerical rating scale of pain was 10. Electromyelography was conducted and there is no 

evidence of radiculopathy. As cause of right leg pain was ambiguous, X-ray and bone scan 

were conducted again. Because there was no abnormal result, we planned to conduct PET-

CT. In whole body PET-CT, large bone metastasis in right sacrum was found. Patient treated 

by narcotic analgesics, radiation therapy. The Spine Instability Neoplastic Score was 3. As 

we made a judgement that possibility of fracture was low, activities of daily living training 

and cane gait training was conducted. Patient’s pain was decreased and functional activity 

status was improved. He expired for multiple tumor metastasis when February 2018. 

CONCLUSION 



Conducting both image studies which are morphological and functional imaging is 

important for diagnosis of tumor metastasis to bone. Bone scan is useful because imaging 

of whole skeletal muscle can be conducted. But physician must to know that bone scan has 

potential of false negative diagnosis in osteolytic lesion. Although bone scan findings are 

normal, PET-CT must be conducted for patients with suspicion of bone metastasis. Based 

on this precaution, it is thought that the incidence of pathological fracture caused by 

exercise during rehabilitation of cancer can be lowered. 
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NSCLC patient with undefined causes of dysphagia deterioration related to 

anti-Hu Ab, a case report

Inah Kim1*, Jean A Kim2, Guen Young Park1, Donggyun Sohn1, Yeonjae Han1, Sun Im1†

The Catholic University of Korea Bucheon St. Mary`s Hospital , Department of 

Rehabilitation Medicine1, The Catholic University of Korea Bucheon St. Mary`s Hospital , 

Department of Pathology2

Paraneoplastic syndrome related to the anti-Hu antibody is often positive in small cell lung 

cancer and is typically associated with sensory neuronopathy or cerebellar degeneration. 

The presence of an anti-Hu antibody in non-small cell lung cancer is often rarer, and the 

clinical manifestations when anti-Hu antibody in these patients is detected, have not been 

reported before. Also, the relationship between the anti-Hu antibody and dysphagia has 

rarely been reported. Herein, we report a rare case of atypical dysphagia in a patient with 

non-small cell lung cancer who showed positive for the anti-Hu antibody. 

A 73-year-old Korean male who went through operations for both recurrent tongue cancer 

and non-small cell lung cancer. He had previously undergone right partial glossectomy with 

right selective neck dissection(I-III) and post-op ERT on tumor 3 years prior. For the 

recurrent tongue cancer and non-small cell lung cancer, he went through total glossectomy 

with modified radical neck dissection, tracheotomy. Immediately after the operation, the 

patient complained of minimal dysphagia, but progressively, he showed a deterioration of 

swallowing. At the same time, he received postoperative radiotherapy in minimal amount 

and range (5040 cGy/28 fx on Rt. tongue flap and Lt. neck lymphatics level IV-Vb). 

Videofluoroscopy swallowing study (VFSS) showed severe dysphagia with severe 

involvement in the pharyngeal stages with severe pharyngeal trigger delay and inadequate 

cricopharyngeal muscle relaxation with severe aspiration. These findings showed 

discrepancies to those from post-radiotherapy changes expected at the oral stages. To 

exclude other causes of dysphagia, evaluations including a Neck CT angiography and brain 

MRI (enhance) was performed, which all showed negative findings. EMG and NCS showed 

non-specific findings. Paraneoplastic antibody serum study was performed, which showed 

positive for the anti-Hu antibody. A follow-up of VFSS showed the deterioration of 

swallowing despite dysphagia rehabilitation. The patient showed a rapid functional decline 

with spreading of a new tumorous lesion at the left upper lung. 

Our case presents a rare case of anti-Hu antibody related to non-small cell lung cancer that 

presented with aggravation of swallowing performance. The rapid clinical decline 

manifested in our case shows that the presence of anti-Hu antibody can indicate poor 

prognosis and clinicians should be cautious when dysphagia is present in such cases. 



Keywords: Dysphagia, Anti-Hu, Non small cell lung cancer, Paraneoplastic syndrome 

Fig. 1 Radiotherapy target site-sagittal view

Fig. 2 Radiotherapy target site-coronal view



Fig. 3 Biopsy of left upper lobe mass showing poorly differentiated squamous cell carcinoma(star) and right 

lower lobe mass showing adenosquamous cell carcinoma. (asterisk).magnification x20 
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A Case of Glioblastoma Combined with Another Benign Bone Tumor of the 

Femur

So-youn Chang M.D.1*, Sookjung Lee M.D., Ph.D.1†, Sangjee Lee M.D., Ph.D.1, Eunseok Choi 

M.D., Ph.D.1

Daejeon St. Mary’s Hospital, The Catholic University of Korea, Department of 

Rehabilitation Medicine1, Daejeon St. Mary’s Hospital, The Catholic University of Korea, 

Department of Rehabilitation Medicine2, Daejeon St. Mary’s Hospital, The Catholic 

University of Korea, Department of Rehabilitation Medicine3, Daejeon St. Mary’s Hospital, 

The Catholic University of Korea, Department of Rehabilitation Medicine4

Glioblastoma is one of the most common malignant brain tumor, accounting for 12-15% 

of all intracranial neoplasms. The median overall survival in population-based studies is 

approximately 10 to 12 months. It may frequently arise in the frontal and temporal lobes, 

but any parts of the brain may are affected. However, extracranial metastasis can be 

identified in 0.4~0.5% for patients, very rarely. We present the patient of glioblastoma 

combined with another benign bone tumor of the femur. A 68-year old man was diagnosed 

to glioblastoma at other university hospitals. Initial brain magnetic resonance imaging 

revealed multiple tumors in the left frontal lobe and right occipital lobe (Fig 1.). He 

underwent glioblastoma resection operation and received the secondary chemotherapy. 

After that, he was admitted into the department of neurosurgery in our hospital and 

continued to fourth chemotherapy. He was transfered to the department of rehabilitation 

medicine for accompanying rehabilitation therapy. At that moment, Neurologically, his 

condition is as follows. His muscle power is generally good grade with mild limitation of 

motion on both shoulder, hip, knee and ankle. But he could gait and needed one person to 

assist. He had cognitive impairment with 5 scores on K-MMSE. But he could do 2 step 

follow up commands. Besides, He had language disorder due to cognitive impairment and 

dysphagia. He could eat regular diet and drink a liquid with thickener. His overall functional 

status could be represented by 13 points on K-MBI and 40 points on Karnofsky 

Performance Status scale. After one month, he complained pain on left anterior thigh even 

when he rested. And limitation of motion on left hip flexion, abduction, and extension was 

worse than before. He couldn’t stand and gait. His cognitive function was slightly 

decreased. Overally, his condition got worse that before. Hip x-ray and L-spine x-ray were 

evaluated to rule out upper lumbar radiculopathy. Hip x-ray and Hip magnetic resonance 

imaging with enhancement showed about 6.8x3.2x2.3cm sized partially sclerotic rim and 

some irregular marginated mass in the left femoral neck intertrochanteric and proximal 

shaft area (Fig 2., Fig 3.). Biopsy should be required to rule out extracranial metastasis of 



glioblastoma and another benign bone tumor. But the patient was too lethargic and 

refused biopsy. The department of orthopedic surgery and Radiology concluded that it 

would be more likely to benign bone tumor, not metastasis of glioblastoma. He didn’t want 

to maintain chemotherapy any more. So the sixth chemotherapy was holded and we gave 

conservative care with controlling pain. He discharged to home. We have followed up him 

through outpatient department. Although the mass is very likely benign bone tumor, not 

metastasis of glioblastoma, it is a rare case that new tumor arises in patient with primary 

brain tumor. We should pay attention to complaints of the patient and take appropriate 

action. 

Fig 1. Initial brain magnetic resonance imaging

Fig 2. Hip x-ray



Fig 3. Hip MRI
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May Mannitol be a new treatment for refractory lymphedema? : A case 

report

Hyeonseong Kim1*, Si-Bog Park1†, Kyu Hoon Lee1, Mi Jung Kim1, Jaeyoung Lee1

Hanyang University Medical Center, Department of Rehabilitation Medicine1

Introduction 

Lymphedema is caused by kind of fluid collection state in localized body part. Lymphatic 

system obstruction which cause by inherited abnormality, trauma, surgery, radiation, 

parasitic infection, or iatrogenic obstruction brings about edema and dermal thickening. 

Treatment varies from manual manipulation to surgical treatment, according to its cause. 

Despite the various treatments, lymphedema tends to progress slowly and refractory. <br> 

We report a case of an incidentally observed improvement in refractory lymphedema in 

patients treated with mannitol. 

Case presentation 

A 90-year-old woman with refractory lymphedema of left leg suddenly present mental 

changes and visited an emergency room. Computed tomography of brain revealed 

intracranial hemorrhage in the left hemisphere. After admission, she had intensive care 

unit care for intracranial pressure control. Mannitol (20%, 50 ml per 6 hours) and Lasix (5 

mg per 6 hours) were immediately given from 1 to 27 hospital days. Surgical procedure 

was not performed due to her family’s refusal and conservative treatment was continued. 

When the vital sign stabilized, she was transferred to the general ward. Her family was 

surprised to see her lymphedema improve. After the administration of mannitol was 

stopped, lymphedema gradually worsened. We had been continuing physical therapy with 

neurodevelopmental therapy and occupational therapy for right hemiplegia combined 

with lymphedema therapy, such as complex decongestive physical therapy, intermittent 

pneumatic compression, and short-stretch bandaging. In 2016 when she admitted to 

hospital, the circumstances 10 cm and 15 cm below knee were 43 cm, 41cm each. 

According to her family, her lymphedema aggravated while living at home. However, after 

mannitol had been given for 27 days, the circumstances 10 cm and 15 cm below knee were 

34 cm, 31.5 cm each. On 47 hospital day, her lymphedema become worse despite the 

various treatments. The circumstances 10 cm and 15 cm below knee increased to 42 cm, 

40.5 cm each. To identify the effect of mannitol for lymphedema, mannitol (20%, 50 ml per 

6 hours) and Lasix (5 mg per 6 hours) were restarted from 52 to 58 hospital day. As a result, 

her lymphedema has been improved, and the circumstances 10 cm and 15 cm below knee 



decreased to 37 cm, 36 cm each on 53 hospital day. And this improvement has been 

maintained after mannitol and Lasix were tapered off. 

Conclusion 

This is the first reported case, to our knowledge, of refractory lymphedema treated with 

mannitol and lasix. After mannitol and lasix were administered, lower extremity 

lymphedema has been improved dramatically. In order to clarify the effect of mannitol on 

lymphedema, further studies on large-scale patients are needed. 

Acknowledgment :Reference 1. Carolina Gutierrez, MD, Head and Neck Lymphedema: 

Treatment Response to Single and Multiple Sessions of Advanced Pneumatic Compression 

Therapy, Otolaryngology–Head and Neck Surgery, 2019, Vol. 160(4) 622–626 2. Seo, Kwan 

Sik, MD, PhD; The New Possibility of Lymphoscintigraphy to Guide a Clinical Treatment for 

Lymphedema in Patient With Breast Cancer, Clinical Nuclear Medicine: March 2019 -

Volume 44 - Issue 3 - p 179–185 3. P Visweswaran, E K Massin and T D Dubose, Mannitol-

induced acute renal failure, Journal of the American Society of Nephrology, June 1997, 8 

(6) 1028-1033 
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Persistent airway bleeding in stroke patient caused by tracheal opening 

retainer: a case report

Yeong Il Na1*, Jyul Lee Choi1†

Presbyterian Medical Center(Jesus hospital), Department of Rehabilitation Medicine1

Introduction 

A tracheal retainer is an airway management tool use on tracheostomies. The retainer is 

fixed with an anterior tracheal flange, there is little intraluminal component. The benefits 

of a tracheal retainer include less frequent exchanges and the absence of a cord for fixation. 

The application of a tracheal retainer allows a safe decannulation of patients with 

persisting respiratory failure. We incidentally found a case of persistent airway bleeding 

caused by tracheal retainer, which was confirmed by consultation with 

otorhinolaryngology department and checked by x-ray. Bloody discharge was subsided 

after reinstalling tracheostomy tube instead of tracheal retainer. 

Case reports 

We describe the case of 82-year-old woman with quadriplegia caused by traumatic 

intracranial hemorrhage and subarachnoid hemorrhage. She was in tracheostomy state, 

and she had installed tracheostomy tube. After a series of breathing rehabilitation after 

few weeks, her pulmonary function test results were improved enough to change her 

tracheostomy tube to retainer. We proceeded to change her tracheostomy tube to 

retainer, and monitored any side effects such as oxygen desaturation, increased discharge 

or sputum, dyspnea, etc. Her oxygen saturation was secure, but persistent bloody 

discharge was seen through her tracheostomy retainer. Epinephrine nebulizer was used to 

control the bleeding after the consultation to otorhinolaryngology department, but 

symptom didn’t disappear. After 5 days, Neck and chest computed tomography was taken 

to find the bleeding focus. We found that she had a tracheal deformity (abrupt angulation) 

and there was tracheal stenosis just above her tracheostomy stoma site. We concluded 

that inner flange of tracheal retainer can irritate her posterior tracheal wall. We 

immediately reinstalled tracheostomy tube to her tracheostomy site, and bloody discharge

was subsided after 2 days. 

Discussion 

Bloody discharge can be seen in many other conditions, and she had an underlying 

recurrent pneumonia. We performed airway evaluation and chest X-ray follow up while 

weaning of tracheostomy tube, but pneumonia, too, can aggravate the symptom or make 



airway fragile to bleed. Bleeding focus can not be found by X-ray and laryngoscopy, and 

persistent bleeding can make patient’s condition worse. 

Conclusion 

We report a case of persistent bloody discharge caused by inserted tracheal opening 

retainer. We should check neck X-ray before inserting a tracheal retainer, and inner 

flange’s length should be 2-3mm longer than distance from skin to anterior wall of airway. 

Neck X-ray can’t diagnose tracheal deformity or stenosis, and laryngoscopy can only 

evaluate inner airway near tracheostomy tube site. Checking neck CT might be helpful for 

patients who has a past history of intubation, or is planned to have tracheal retainer for a 

long time. 
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The Functional Effect of 3D Printing Orthosis for the Patients with Peripheral 

Nerve injury

Da-Ham Kim1*, Dong-Sik Chae2, Kyung-Il Kang2, Doo-Young Kim 1, Si-Woon Park1, Jae-Hyung 

Kim1†

Catholic Kwandong University International St. Mary’s Hospital, Incheon & Catholic 

Kwandong University School of Medicine, Gangneung, Republic of Korea, Department of 

Physical Medicine & Rehabilitation1, Catholic Kwandong University International St. Mary’s 

Hospital, Incheon & Catholic Kwandong University School of Medicine, Gangneung, 

Republic of Korea, Department of Orthopedic Surgery2

Aim

this study is to investigate the functional effect of a patient-specific manufactured orthosis

for a patient with peripheral nerve injury using 3D printing technique.

Methods

the thin slice CT images (1mm) were used to create external contour of each part of body 

applied orthotics. After acquisition of the scan, a 3D reconstruction software that produces 

3D data from the CT scan. After acquiring 3D surface images from the scanning technique, 

the 3D-printed orthosis was designed. Based on the prepared design, the orthosis was 

printed using 3D printer (Fig. 1). In the case 1 and case 2, the Jebsen–Taylor Hand Function 

Test (JHFT) and Visual Analogue Scale (VAS) were assesed. In the case 3, 6 minute walking 

test and modified Emory Functional Ambulation Profile (mEFAP) were performed. Stability 

score was measured during standing posture using the Gaitview® AFA-50 system for 

balance function. 

Subjects

Case 1, Wrist orthosis for carpal tunnel syndrome (CTS): a 55-year-old male patient 

complained of 1st-3rd fingers tingling sensation of the left hand. Electrodiagnostic findings 

showed left median neuropathy at wrist level. After 2 weeks of the use of wrist carpal 

tunnel orthotics, the VAS score was decreased from 7 to 3. The mean score of JHFT was 

improved from 12.85±1.77 to 14.12±0.89 (Table 1). Case 2, Ulnar wrist orthosis: patient is 

a right-handed 59-year-old male having suffered from left wrist pain and 4th-5th finger 

abnormal sensation. He underwent the ulnar nerve neurolysis and abscess removal at left 

wrist lateral aspect. After surgery, he was diagnosed as ulnar neuropathy. After 8 weeks of 

the use of ulnar wrist orthotics, the VAS score was improved from 6 to 4. The mean score 

of JHFT was decreased from 9.85±2.91 to 9.00±4.24 (Table 1). Case 3, Ankle foot orthosis 



(AFO): a 72-year-old female patient complained of right foot drop. Her right ankle 

dorsiflexor muscle strength had grade 2 on the MRC scale. Electrodiagnostic findings 

revealed right lower lumbar radiculopathy. She could walk and received gait training with 

3D printing manufactured AFO for 4 weeks. The distance of 6 min walking test was 

increased from 62.5m to 100m. Total mEFAP score was improved (Table 2). The stability 

score with eye closed was improved from 43 to 63. 

Results

the hand function and pain severity were improved after application 3D manufactured CTS 

orthosis. However, only the severity of pain decreased after ulnar wrist orthosis application. 

The ambulatory and balance function improved after AFO application. 

Conclusion

we designed and manufactured a patient-specific assistive device optimized for patient 

function after estimating the disability status of a patient with peripheral nerve injury 

through 3D printing techniques. We hope to provide effective personalized orthosis to 

disabled patients using 3D printing techniques. In the future, the comparative study with 

conventional made orthosis and larger sample study would be necessary. 

Figure 1. Wrist orthosis for carpal tunnel syndrome, palmar view (A), dorsal view (B); Ulnar wrist orthosis, 

palmar view (C), dorsal view (D); Ankle-foot orthosis, anterior view (E), lateral oblique view (F). 



Table 1. Jabsen-Taylor hand function test (Case 1, 2)

Table 2. Modified Emory Functional Ambulation Profile (Case 3)
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Effectiveness of Robotic Exoskeleton Gait Training in Guillain-Barré 

Syndrome: A Case Report

Yun-Chol Jang1*, Jae-Young Han1†, In Sung Choi1, Hyeng-Kyu Park1, Min-Keun Song1, Dong-

Joo Kim1, Chae Hyeon Go1

Chonnam National University Medical School & Hospital, Department of Physical & 

Rehabilitation Medicine1

Objective

Guillain-Barré syndrome (GBS) is a peripheral neuropathy (PN) characterized by rapid 

progressive bilateral motor weakness. Some GBS patients have permanent disability. 

Motor weakness makes it difficult to live an independent daily life and worsens the quality 

of life. Thus, it is important to serve continuous rehabilitation for the patients with motor 

weakness. These days robot-assisted gait training is gaininig popularity because of easy 

accessibility. However, most studies on the robotic rehabilitation have been carried out in 

patients with central nervous system injuries such as stroke and spinal cord injury. Few 

studies have been conducted in PN patients. Especially, researches on robotic 

rehabilitation using powered robotic exoskeleton are very few in GBS patients. We report 

therapeutic outcome of robotic exoskeleton-assisted gait training (REGT) in a GBS patient. 

Case description

An 80-year-old man who was diagnosed with GBS 6 years ago visited our clinic. He 

complained of gait disturbance with motor weakness and postural instability. Muscle 

strength of both lower limbs was good (MRC grade 4). He walked without any assistance 

under supervision, but walking a long distance was difficult. Contracture was not displayed 

in both lower limbs. He reported mild both knee pain due to early osteoarthritis. He was 

well informed of this clinical study and voluntarily participated in this REGT program. The 

training program was carried out 30 minutes a session, 3 sessions a week, total 24 sessions 

for 8 weeks on an outpatient basis. REGT program consisted of sit to stand (5 minutes), 

stand to sit (5 minutes), and over-ground walking on a flat hallway (20 minutes), while 

wearing Angelegs (SG-Robotics, Seoul, Korea), i.e., a kind of robotic exoskeleton. Gait 

speed was fit to the patient's pace. A physical therapist evaluated the functional outcomes 

of the patient before training, after training, and at 4 weeks after the end of REGT program. 

He did not tell any adverse events during the program. The standard forward-backward 

and medial-lateral deviations measured by 3D dynamic posturography system (TecnoBody, 

PRO-KIN system, TecnoBody Srl, Dalmine BG, Italy) decreased after training (Table 1). 

According to the kinematic data of gait analysis, angles of hip and knee extension were 



increased during stance phase in both sides. Angle of ankle dorsiflexion was also increased 

during total gait cycle in both sides (Figure 1). The training effects lasted until 4 weeks after 

the end of the program. Mean VO2 calculated by portable gas analyzer (K4b2, COSMED Srl, 

Rome, Italy) and energy cost decreased after training. 

Conclusion

After REGT program, the kinematic data of our patient approximated to normal gait 

pattern. Balance function and energy efficiency of gait were also improved. Training effect 

was maintained until 4 weeks after the end of training, however, long-term follow-up will 

be needed. 

Acknowledgment :This research was supported by a grant from the Korea Health 

Technology R&D Project through the Korea Health Industry Development institute (KHIDI) 

funded by the Ministry of Health & Welfare, Republic of Korea (grant number HI18C0546). 



Figure 1. This figure shows the kinematic data of gait analysis. After 8 weeks of robotic exoskeleton-assisted 

gait training, angles of hip (white arrow) and knee (gray arrow) extension were increased during stance phase 

in both sides. Angle of ankle (black arrow) dorsiflexion was also increased during total gait cycle in both sides.
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Development of Functional and Fashionable Clothing for Wheelchair Users: 

A Case Report

Jong Dae Eun1*, Hye Jin Yoon1, Won Ho Shin1, Won Hyuk Chang1, Ji Hye Hwang1†

Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of 

Korea, Department of Physical and Rehabilitation Medicine1

Background and aims

Wheelchair users with disabilities show different physical characteristics from those of 

non-disabled persons. The majority of wheelchair users are complaining about the lack of 

physical fitness and mobility of functioning by purchasing general ready-to-wear. 

Therefore, special functional clothing products have been developed for wheelchair users. 

However, they want to build a positive interpersonal relationship by wearing clothing that 

is not distinguishable from non-disabled persons. The purpose of this study is to develop 

functional and fashionable clothes for the wheelchair users. 

Methods

The new clothes with universal design were developed considering the physical functional 

characteristics for wheelchair users. We considered increased circumference of neck, arm, 

chest according to wheelchair propulsion and kyphotic posture. And we elongated total 

length and back waist length of pants considering the patient’s sitting position and also we 

increased waist size considering larger circumference of waist due to long term wheelchair 

bound lifestyle. In terms of fashionable design, the newly developed clothes were not 

distinguishable from ordinary clothes and reflected today’s fashion trends for the patient’s 

satisfaction of the design. The developed clothes were worn by two wheelchair users with 

spinal cord injuries. One disabled person was a 28-year-old man, paralyzed at the T11 level 

(ASIA-C), and the other person was a 40-year-old female, paralyzed at the C7/C8 level 

(ASIA-B). The caregive by male disabled person who needed help to wear clothes was asked 

about the degree of help for dressing. To assess functional changes, Spinal Cord 

Independence Measure (SCIM) version III was used. In addition, the satisfaction survey for

clothing design was done. 

Results

Male disabled person showed functional improvements in each dressing upper body and 

lower body of SCIM III. His caregiver showed a less help for dressing. The newly developed 

trouser could be changed more easily than usual one in female disabled person who could 



dress independently. In addition, both disabled persons showed high aesthetic satisfaction 

of the newly developed clothing. 

Conclusions

This study showed that properly developed clothing can improve not only functional 

aspects but also satisfaction fashion. In the future, it would be necessary to develop 

improved apparel through further study with more participants. 

Fig. 1 Characteristics of shirts and jackets

Fig. 2 Characteristics of pants
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A Case Report on Caring Works of a Care-receiver and a Caregiver on the 

Basis of ICF core sets

Su-Hyang Park1*, Won-Kyung Song1†, Jae Ho Kim1, Dong-Il Choi1, Myung-Joon Lim1, Young-

Hyeon Bae1, Kye-Yeob Cho2, Sun Houng Kim2, Eun Ju Kim3

National Rehabilitation Center, Department of Rehabilitation and Assistive Technology1, 

National Rehabilitation Center, Department of Nursing2, National Rehabilitation Center, 

Department of Community Rehabilitation3

OBJECTIVES 

This case study was confirmed to difficulties on caring works of a caregiver for a care-

receiver with significant disability at home. 

SUBJECTS AND METHODS 

The subjects were a care-receiver of 45 years old male with significant disability and a 

caregiver of 59 years old male. We evaluated the problems of caring works using a ICF core 

sets based in-depth interview for all subjects. We also figured out difficulties of caring work 

using the Observer XT version 12.5 (Noldus, Netherlands) for duration and frequency of 

care activity for two hours from 8am to 10am. We evaluated the physical burden of 

caregiver’s risk posture factors using the REBA (Rapid Entire body Assessment) tool. We 

analyzed the relationship between the physical burden, the duration of care activities, the 

frequency of care activities and the problems of caring works. 

RESULTS 

As a result, care-receiver’s activity performance level in ICF core sets was severe or total 

assistance. All subjects had most difficulties in transfer activities. Even though the duration 

(14.7 seconds (0.71%)) and frequency (1 time) of transfer assistance activity were low [Fig. 

1]. And there was a relationship between a risk posture and the burden of transfer 

assistance [Fig. 2]. 

CONCLUSION 

We identified the difficulties of the burden of transfer assistance in caring works with 

subjects. In the future, it is necessary to study by using biomechanical measuring devices 

and psychological assessment tools for improving of caring works. 

Acknowledgment :The research was supported by the Translational Research Program for 



Care Robots (HK19C0002), National Rehabilitation Center, Ministry of Health and Welfare, 

Korea. 

Fig. 1 Results of Observer XT



Fig. 2 Result of REBA
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Diagnostic Ambiguity of Neuromyelitis Optica Spectrum Disorder and 

Transverse Myelitis:A Case Report

Jung Ho Yang1*, Seung Hoon Han1†

Hanyang University College of Medicine, Seoul, Korea, Department of Rehabilitation

Medicine1

Introduction 

Transverse myelitis is an acute inflammatory disease of the spinal cord. In some cases, it 

may be associated with optic neuritis with positive anti-aquaporin 4 Ig G antibody (AQP4-

Ab) and can be diagnosed with neuromyelitis optica spectrum disorder (NMOSD). We 

experienced and report a case with ambiguity to diagnose accurately due to the change of 

laboratory test result. 

Case Presentation 

Thirteen-year-old girl presented with tingling sensation and motor weakness on both lower 

extremities. She fell down in her attempt to stand up and was unable to either move or 

walk in a short distance. In physical examination, motor weakness of both lower 

extremities was prominent with MRC grade 3 and increased deep tendon reflexes were 

seen on both knee. She had no visual symptoms, nor specific past and personal history on 

it except her father’s history of diplopia few years ago without definite diagnosis. The 

patient underwent simple X-rays, brain magnetic resonance image (MRI), and laboratory 

tests. There were no signs of abnormality suggesting brain injury, optic neuritis, fracture, 

and/or infections. On electrodiagnostic study, there was no abnormality suggestive of 

peripheral neuropathy and visual evoked potential study was normal. Then, she

underwent contrast enhanced MRI of the spine and it showed hyperintensity and 

enhancement from T1 to T5 level spinal cord on T2 weighted image, especially bilateral 

dorsal column area. In cerebrospinal fluid (CSF) study, there was no protein elevation, 

however, AQP4-Ab titer was shown to be 1:10 as weak positive. In follow-up study after 1 

to 2 weeks, AQP4-Ab was converted to negative. Initially, she was treated with steroid 

pulse therapy following intravenous IG and physical therapy including gait training and 

strengthening exercise of lower extremities. According to diagnostic criteria for NMOSD, 

she was initially diagnosed with NMOSD, however, her diagnosis was changed into 

transverse myelitis after negative conversion of AQP4-Ab. After 4 weeks, she was 

discharged with remarkable improvement of motor and sensory symptoms on both legs. 



At 1 month follow-up after discharge, her symptoms were improved almost completely 

enough to walk and climb up the stairs. 

Conclusion 

According to diagnostic criteria for NMOSD and the result of initial study, she was 

diagnosed with NMOSD although there was no optic involvement. However, considering 

her clinical appearance and follow-up laboratory test result, her diagnosis was changed 

into transverse myelitis. This case implies that current diagnostic criteria for NMOSD and 

transverse myelitis is ambiguous and it needs to be complemented in the future. In 

addition, clinicians have to be able to diagnose with NMOSD or transverse myelitis 

differentially because clinical characteristics and prognosis of both two diseases may be 

different. 
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Recurrent Thoracic Spondylitis with Epidural Abscess After Acupuncture: A 

Case Report
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Eulji University Hospital, Department of Rehabilitation Medicine1

Introduction 

Acupuncture is commonly used for musculoskeletal pain. Acupuncture seems as low-risk 

alternative modality, but there are some complications. Spondylitis with spinal epidural 

abscess after acupuncture is a rare major complication, and recurrence rate of spondylitis 

is as low as 10%. In this report, we present a case of recurrent thoracic spondylitis with 

epidural abscess after acupuncture. 

Case Report 

An 82-year-old man visited the outpatient department of neurosurgery because of thoracic 

back pain. About 3 months ago, he fell down on the thoracic back and received 

acupuncture for thoracic back pain. Exact acupuncture date and procedure were unknown. 

He had tenderness on the thoracic paraspinal region without neurological abnormalities. 

A blood test showed elevated C-reactive protein (CRP) as 17.43 mg/dL. Thoracic spine 

magnetic resonance imaging (MRI) revealed T6/7 and T8/9 spondylitis. Methicillin-

sensitive Staphylococcus aureus (MSSA) was cultured on the blood and surgical biopsy. 

Intravenous (IV) ceftriaxone was administered for 4 weeks, but MSSA was re-cultured with 

breakthrough fever. T6 laminectomy was performed. After 4 weeks of IV nafcillin 

treatment, the patient could walk with holding a cane and was discharged. Two weeks later, 

the patient re-visited the hospital because of paraplegia. On neurologic examination, both 

lower extremity weakness was Medical Research Council (MRC) grade 2, and was 

accompanied by the impairment of pinprick and light touch sensation below T5 

dermatome. On a blood test, CRP was 24.17 mg/dL, and MSSA was re-cultured. Thoracic 

spine MRI showed the aggravation of T6/7 and T8/9 spondylitis with epidural abscess. 

Removal of epidural abscess and T7 subtotal laminectomy were done. IV vancomycin was 

administered for 4 weeks, and then oral cefixime continued. The patient was transferred 

to the department of rehabilitation medicine. After 1 week, CRP was elevated to 3.34 

mg/dL. IV vancomycin with oral rifampin was administered for 6 weeks due to continued 

CRP elevation. He was undergone lower extremity strengthening, proprioceptive 

stimulation, gait training, and physical modalities for thoracic back and lower extremity 

pain. After 2 months of rehabilitation, both lower extremity weakness was improved as 



MRC grade 4, but sensory impairment of pinprick and light touch below T5 dermatome 

was unchanged. The patient was able to walk for 50 meters with holding a high walker 

without assistance. 

Conclusion 

Acupuncture is a common therapeutic intervention for back pain. Major complications of 

acupuncture on the back are spondylitis, pneumothorax, and neurovascular injury, and so 

on. Although there were some cases of spinal epidural abscess after acupuncture, these 

cases were treated successfully by an extended course of antibiotics with laminectomy. 

This case is the first reported case of recurrence of thoracic spondylitis with spinal abscess 

after acupuncture despite antibiotic and surgical treatment. 

Fig 1. Thoracic spine T1-weighted magnetic resonance imaging with enhancement revealed spondylitis on 

the T6/7 and T8/9 vertebrae (white arrow).



Fig 2. Thoracic spine T1-weighted magnetic resonance imaging with enhancement showed recurrent 

aggravated spondylitis with epidural abscess (white arrow) on the T6/7 and T8/9 vertebrae.
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The neglected odontoid fracture during growing

Seong Hoon Lim1*†, Joon Sung Kim1, Bo Young Hong1, Hyehoon Choi1

The Catholic University of Korea, College of Medicine, St Vincent`s Hospital, Department 

of Rehabilitation Medicine1

An 18-year-old female visited rehabilitation clinic for weakness of both hands and gait 

disturbance, for over the eight years. She showed poor balance and weakness of the whole 

limb, right side more severe involved. In medical interview, she did not remember exactly 

the starting point of weakness or any history of trauma. She recalled recognizing the 

different sizes of bilateral hands at 11 years old. After then, her weakness of right hand 

and gait difficulty had been progressed. There is no abnormal finding of laboratory 

examination for systemic disease; routine complete blood count, blood chemistry with 

electrolytes and muscle enzymes, and autoantibodies. Other tests, such as brain MRI, did 

not be uncovered of other hidden disease or congenital anomalies. The autonomic 

dysfunction had developed, and paresthesia of both hands had made her difficult. Brain 

CT did not reveal any abnormality. The plain x-ray of cervical spine showed the old fracture 

of odontoid process (Figure 1A). The MRI of cervical spine showed the old fracture of 

odontoid process and myelopathy at C1/2 levels (Figure 1B). She was taken spine surgery 

with ‘open reduction, C1-2 with temporary lateral mass screw fixation, C1, Rt.’. After then, 

her neurologic progression ceased. Three years after the operation, her neurologic 

deterioration has not occurred or progressed, except remaining balance problem, 

autonomic dysfunction, and paresthesia. 



Fig. 1. The radiologic findings of the initial and postoperative state. A: Lateral view of cervical spine x-ray. The 

fracture of odontoid process was demonstrated. B: The initial MRI of cervical spine. MRI showed narrowing 

cervical canal, fracture of odontoid process, and cervical myelopathy at C1/C2. C, D: Axial view of initial CT 

of cervical spine. CT demonstrated old odontoid process fracture, anterior displacement of fractured 

odontoid process and C1. E: Lateral view of cervical spine x-ray at postoperative state. Laminectomy and 

posterior metallic fixation at C1-3 were shown. F: The follow-up MRI of cervical spine at postoperative state. 

MRI showed marked thinning with increased signal intensity in spinal cord at C2 level, myelomalacia with 

atrophic change of spinal cord.
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A Case of Spinal Cord Infarction Following Nontraumatic Vertebral Artery 

Dissection

Young Mo Kim1*, Eun-Ho Yu2, Sungchul Huh2, Hyun-Yoon Ko2,3†

Pusan National University Hospital, Department of Rehabilitation Medicine1, Pusan 

National University Yangsan Hospital, Department of Rehabilitation Medicine2, Pusan 

National University School of Medicine, Department of Rehabilitation Medicine3

Case Report 

A 47-years-old man noticed progressive weakness of the neck and right upper extremity in 

the morning and referred to a clinic. MRI of the brain and cervical spine showed cervical 

myelopathy along C2 to C3 and herniated nucleus pulposus at C5-C6. He received 

conservative treatment including rehabilitation, but the symptoms did not improve at all. 

After 2 weeks, weakness of the right extremities suddenly progressed. On physical 

examination, the Medical Research Council (MRC) scores of the right elbow flexor and knee 

extensor showed 3. Hypoesthesia on both the upper and lower extremities was also noted. 

The neurologic level of injury was C3 AIS C. The lesion of the Spinal cord extended to C2-

C6 level in the follow-up cervical spine MRI. CT with angiography was performed and the 

right vertebral artery dissection (VAD) at V2 to V4 level was found. Despite treatment 

including steroid pulse and dual antiplatelet therapy, the disease gradually worsened over 

time. The muscle strength of the right elbow flexor and the right knee extensor decreased 

to 1 and 0. After 6 weeks of rehabilitation, the right elbow flexor recovered to 2, but the 

right knee extensor was not recovered at all. There was no apparent neurogenic lower 

urinary tract dysfunction. 

Conclusion 

The spinal cord is mainly supplied by a single anterior spinal artery that supplies the 

anterior two-thirds of the spinal cord and paired posterior spinal arteries. The entire blood 

supply to the spinal cord is also reinforced by numerous radicular arteries. Injury to these 

vessels can cause a spinal cord infarction. The vertebral artery branch out various branches, 

radicular arteries, and anterior spinal arteries. For this reason, damage to the unilateral 

vertebral artery may show the clinical manifestation of dominant ipsilateral motor 

weakness which is mixed Brown-Séquard and anterior cord syndrome. In this case, the 

patient received intensive rehabilitation treatment after a period of immobilization due to 

neurological deterioration. Thus, neck rotational motion during rehabilitation intervention 

should be strictly limited in the early stage of spinal cord infarction. 



Figure 1 Initial and follow up cervical spine magnetic resonance imaging (MRI) in sagittal plane

Figure 2 Computed tomography (CT) angiography 3D vertebral artery
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Effects of a walking rehabilitation robot on the sense of balance in patients 

with SCI

Jung-Eun Lim1*, Duk Youn Cho1, Sujeong Lee2, Haeyoung Kim2, Seung Hyun Kwon2, Tayeun 

Kim2, Hyejin Lee2†

National rehabilitation center, Department of rehabilitation and assistive technology1, 
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Purpose

Walking training improves posture control, balance, standing, and walking ability of spinal 

cord injured patients. In some studies, the ability to maintain the balance of the trunk was 

improved when the gait rehabilitation robot was applied to patients with chronic 

incomplete spinal cord injury. The purpose of this study was to evaluate the effect of 

robotic-assisted gait training (RAGT) on the sense of balance in patients with spinal cord 

injuries. 

Method 

The study subjects criteria were as follows. 1) Adults aged 19 years or older 2) Less than 2 

years of illness 3) Patients with spinal cord injury who are injured C2-T6 4) American Spinal 

injury Association Impairment Scale(AIS) A-D. The patient underwent RAGT using a 

Walkbot for 30 minutes, three times a week for 4 weeks, total 12 sessions. The evaluation 

was conducted before training and after training, and the evaluation lists were static 

center of pressure(COP) and dynamic COP, modified Sitting Balance Scale(SBS), Korean 

version of spinal cord independence measure-3 (KSCIM-3). 

Result 

A total of seven patients were recruited. The static COP measured by opening the eyes 

showed a decrease in the forward and backward movement, same as COP measured by 

closing the eyes. In the dynamic COP measurement, the area that can move by itself in all 

areas is increased, except for the left movement. The SBS evaluation result was improved 

from 3.57 ± 0.53 to 3.71 ± 0.48 after training, but no significant improvement was observed. 

The results of KSCIM-3 showed that the 'self-care' item decreased from 12.00 ± 7.57 to 

11.85 ± 788, and the 'mobility in the room and toilet' was improved from 7.57 ± 3.99 to 

7.71 ± 3.68. The 'mobility indoors and outdoors' was 10.85 ± 10.04 to 9.85 ± 11.06 and the 

total score decreased from 30.42 ± 19.14 to 29.42 ± 20.64. However, there was no 

statistically significant difference in all items. 



Conclusion 

In this study, it was confirmed that the RAGT improves the sense of sitting posture balance 

in spinal cord injured patients as a whole. Particularly, static COP, which keeps the posture 

without shaking, showed a decrease in back and forth shaking movements, and dynamic 

COP which can move maximal by itself improved the ability to move in most directions. 

However, there was no significant difference between before and after training, and no 

significant change was found in other clinical evaluations. More patients and RCT studies 

will be needed to confirm the objective results of RAGT on upper body balance sensation. 

Acknowledgment :This research was supported by a grant(NRCTR-IN16001) of the 

Translational Research Center for Rehabilitation Robots, Korea National Rehabilitation 

Center, Ministry of Health & Welfare, Korea. 
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Case Report : Closed spinal dysraphism diagnosed in adult

Yun Dam Ko1*, Seong Hoon Lim1, Bo Young Hong1, Joon Sung Kim1†

The Catholic University of Korea St. Vincent`s Hospital, Department of Rehabilitation 

Medicine1

Introduction 

Closed spinal dysraphisms have unexposed neural tissue and neurological symptoms may 

develop during growth, which may delay diagnosis. 

Case report 

A 48-year-old man presented to the rehabilitation medicine clinic with a sudden weakness 

and pain like an electric shock in both legs that occurred when physical impacts were 

applied to his back. He also made a peculiar complaint: “I have another umbilicus on the 

lower back". The physical examination revealed a dimpled skin lesion in the midline of the 

lower back and there was a round mass covered with skin in the middle of the lesion (Figure 

1). The neurological examination showed a reduced motor power and increased deep 

tendon reflexes in the right leg. Magnetic resonance imaging had shown low-lying tethered 

cord (Figure 2, arrow) and bifid lamina (Figure 2, asterix) with unexposed neural tissue 

(Figure 2, arrow head) at L4 level. Unlike open spinal dysraphism, closed spinal dysraphism 

is often not diagnosed at birth and is sometimes diagnosed in adulthood with skin 

abnormality in the midline of post trunk and spinal cord tethering symptoms. Untethering 

surgery is performed if there are significant and progressive cord tethering symptoms. In 

this case, we decided to observe the progress and to consider surgery when symptoms 

progress. 

Conclusion 

Most common symptoms of closed spinal dysraphisms are tethered cord syndrome and 

skin abnormality along the spine such as hairy patch, dimple and hyperpigmentation. If a 

clinician recognize coexistence of neurologic symptoms and skin lesions, the clinician can 

suspect spinal dysraphisms, then may not miss the timing of early treatment. 



Fig. 1 The midline at the level of the L4 was dimpled and there was a round mass (measuring 1 cm in width, 

1 cm in length) covered with skin in the middle of the lesion.

Fig. 2 Sagittal T2-weighted magnetic resonance image of the lumbar spine showing low-lying tethered cord 

(arrow) and bifid lamina (asterix) with unexposed neural tissue (arrow head) at L4 level, suggestive of a closed 

spinal dysraphism.
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Analysis of treatment effects for selection of SCI suitable for upper limb 

rehabilitation robot
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Purpose

The effects of upper extremity rehabilitation training of spinal cord injured patients(SCI) 

using upper limb rehabilitation robots(ULRR) have been studied and reported on the 

therapeutic effect. However, reporting of treatment effects was not consistent. In this 

study, patients who showed improvement in upper limb muscle strength and function 

after training of ULRR were analyzed to identify a group of patients suitable for treatment 

of ULRR. 

Method

This study use the results of a study using Armeo power from 2015 to 2018. The ULRR 

training was conducted 15 times for 5 weeks 3 times a week. We used manual muscle 

test(MMT), and Korean version of spinal cord independence measure-3(KSCIM-3) for 

evaluation and analyzed the characteristics of the patients who showed changes in MMT. 

Result

From 2015 to 2018, a total of 44 patients were treated with ULRR training. Of these, 

patients with improvement in muscle strength were classified as 'effective group' and 

patients without change in muscle strength were classified as 'ineffective group', 28 and 

16, respectively. The mean age of the effective group was 53.89±15.71 years, and the onset 

period was 6.00±6.00 months. Seven patients with motor complete disease(25%) and 21 

patients with incomplete disease(75%). The level of injury was 19(67.9%) in C2-5 and 

9(32.1%) in C6-T1. The mean age of the ineffective group was 53.31±10.36 years and onset 

period was 6.87±5.701 months. Three motor complete disease(18.8%) and 13 patients 

with motor incomplete disease(81.2%). The level of injury was 12 in C2-5(75.1%) and 4 in 

C6-T1(24.9%). There was no significant difference between the general characteristics of 

the effective group and ineffective group and the pre-evaluation results, and there was a 

significant difference only in the post-evaluation of MMT C6 area(p<0.05). In the frequency 

of muscle strength change, the C6 area was the most frequency with 14, and C7 and T1 

were 13, respectively. 



Conclusion

Though this study, it was confirmed that rehabilitation training using ULRR is effective in 

improving muscle strength of SCI. However, there was no difference between the general 

characteristics and the initial muscle strength of the effective group and ineffective group. 

Therefore, it can be said that the severity of the patient's damage and the level of the 

damage do not affect the effectiveness of the ULRR. The comparison between the two 

groups showed a significant difference in MMT C6 post-evaluation and the most frequent 

improvement in muscle strength. Thus, it is expected that the training through ULRR will 

be effective when training wrist extension and elbow extension. Therefore, ULRR training 

for SCI may be effective for patients who need intensive training for wrist and elbow. 

However, the results of this study may be limited as a result of simple comparison of 

patients showing changes in muscle strength. Therefore, in is necessary to confirm 

objective results through systematic analysis. 

Acknowledgment :This study was supported by a grand(NRCTR-IN15001, NRCTR-IN17001, 

NRCTR-18002)of the Translational Research Center for Rehabilitation Robots, Korea 

National Rehabilitation Center, Ministry of Health & Welfare, Korea. 
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A Case of Hemiplegia following Cervical Spondylotic Myelopathy 

accompanied by Cerebral Infarct 

Chang-Beom Kim1*, Myeong-Ok Kim1†, Hyeong Ryu1, Chan-Hyuk Park1, Kyung-Lim Joa1, 

Chang-Hwan Kim1, Han-Young Jung1

Inha University School of Medicine, Department of Physical and Rehabilitation Medicine1

Introduction

Cervical spondylotic myelopathy is one of the most frequent causes of neurological 

impairment in the elderly population. Cerebral infarction is another common disease 

inducing neurological impairment in elderly populations. The concomitant occurrence of 

cervical myelopathy and cerebral infarction is very rare. Therefore, it is difficult to 

differentiate the cause of motor weakness with cerebrovascular disease in myelopathy 

patients. We report a rare case of cervical spondylotic myelopathy accompanied by 

cerebral infarct. 

Case

A 62-year-old man with DM and spinal stenosis visited the neurosurgery outpatient clinic 

as a chief symptom of tingling sensation and motor weakness in left upper and lower 

extremities for 10 months. C-spine MRI revealed central disc extrusion in C6,7 level, 

causing left cord compression (Fig. 1). He was admitted to department of neurosurgery for 

operation. The neurosurgeon requested to perform Electromyography (EMG) and 

somatosensory evoked potentials (SEP). At the time of test, there was spasticity on his left 

upper extremity, which was that the left elbow flexed and the forearm pronated. Gait was 

similar to hemiplegic pattern due to his foot drop during swing phase. The deep tendon 

reflex of left biceps was hyperreflexic. EMG findings were compatible with left C6,7 

radiculopathy. SEP study showed decreased amplitude in left median and posterior tibial 

nerve (Table 1). Therefore brain workup was recommended but not performed at that time. 

He underwent C6 to C7 spinal fusion. Surgical findings showed massive ruptured disc at 

C6,7 was compressing the spinal cord. At that time, MRC grades were 2/5 in the left side 

and 4/5 in the right side. On sensory examination, there was diminished sensation to light 

touch and pinpricks below C4 on the left and below L4 on the right. His ASIA impairment 

scale was D and neurologic level was C4. After surgery, he was transferred to the 

department of physical and rehabilitation medicine for intensive rehabilitative therapy. 

There was no change in the spasticity and motor weakness of the left side. He had slurred 

speech. So brain MRI was performed, it revealed acute infarction in right basal ganglia and 

old infarction with old hemorrhage in right fronto-parietal lobe (Fig. 2). The TFCA 



performed by the neurologist showed right ICA occlusion. Therefore he was started on 

Aspirin® and Plavix®. 

Conclusion

In this case, the patient had a history of spinal stenosis on cervical spine, and MRI revealed 

presence of a cervical myelopathy. The neurosurgeon initially suspected the motor 

weakness of left upper and lower extremities for spinal lesion only. However, physical 

examination showed that motor weakness and spasticity of the left side was apparent, we 

took the brain MRI and confirmed cerebral infarction. So, we report this case to emphasize 

the importance of careful examination to differential diagnosis when there is concomitant 

lesion of cervical myelopathy and cerebral infarct. 

Fig. 1. Cervical spine MRI revealed left anterior spinal cord compression at C6-7 levels. (a) T2 high-resolution 

axial weighted image at C7 level (b) T2 high-resolution sagittal weighted image at C7 level

Fig. 2. Brain MRI revealed tiny acute infarction in right basal ganglia (a,b). Brain MRI revealed old infarction 

with old hemorrhage in right fronto-parietal lobe (c). (a) Diffusion weighted images of the brain (b) Apparent 

diffusion coefficient images of the brain (c) T2 FLAIR image of the brain * FLAIR: fluid attenuated inversion 

recovery



Table 1. Somatosensory Evoked Potentials (SSEP) Study
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Are Safe Guards at Trampoline Parks Safe Enough?: a Case Report 

Jae Eun Lee1*, Hyun-Min Oh1, Dae-Won Gwak3, Hyun-Woo Jung3, Yu-Sun Min2,3, Chul-Hyun 

Kim1,2, Donghwi Park4†, Jong-moon Hwang1,2†

Kyungpook National University Hospital, Department of Rehabilitation Medicine1, School 

of Medicine, Kyungpook National University, Department of Rehabilitation Medicine2, 

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine3, 

Daegu Fatima Hospital, Department of Rehabilitation Medicine4

Are Safe Guards at Trampoline Parks Safe Enough?: a Case Report on a Complete Spinal 

Cord Injury after Diving into a Trampoline Park Foam Pit 

Introduction 

Recently, both the number of commercial indoor trampoline parks and the park users are 

increasing. In this report, we present a complete spinal cord injury sustained at an indoor 

trampoline park. We hope to alert the risks associated with improper use of trampolines, 

promote safer utilization, and aid in developing future policies. 

Case Report 

A 26-year old male without past medical history visited an indoor trampoline park. The 

venue had foam pits which are areas dedicated for performing stunts and jumping. The 

patient dived into one of the foam pits head first (Figure 1). Judging from the video clip of 

the injury, the assumed injury mechanism was hyperflexion of the patient’s neck after his 

head got embedded in the cushioned foams (Figure 2). The rubbery material that the 

foams were made of is thought to have had significant friction coefficient which could have 

caused more flexion of the neck. The nature of the foam cubes is thought to have resulted 

in a more jarring stop. 

Clinical Examination 

He showed normal motor in shoulder flexion, elbow flexion, and wrist extension. MMT in 

his elbow extensors marked F/F, finger flexors P/P, finger abductors P/P, and motor in his 

lower extremities were all zero. He had hypoesthesia in pain, temperature, and light touch 

in dermatomes C7 and below. Position, vibration sensation was absent in his lower 

extremities. Absent perianal sense, deep anal pressure, and showed zero anal contraction 

led us to diagnose him with complete spinal cord injury. His initial BBS, MBI, JTHFT, and 

MMSE were 0, 5, 6/2, 30 respectively. His initial Beck’s depression index (BDI) was 3, and 

the caregiver’s BDI marked 15. 



Studies and Imaging 

Initial C-spine CT revealed bilateral interfacetal dislocation on C6-7 (Figure 3A), and C-spine 

MRI showed anterior translational injury at C6-7 with severe cord encroachment and 

complete discoligamentous complex disruption (Figure 3B). He underwent posterior open 

reduction and pedicle screw fixation on C5-7 and anterior cervical discectomy and fusion 

on C6-7. 

Clinical Course 

Interventions included tilt table, passive range of motion exercises, functional electrical 

stimulation, sitting balance training, upper extremity strengthening exercise, and hand 

manipulation exercises, and he went through 25 days of intensive rehabilitation therapy. 

Follow up BBS, MBI, JTHFT, and MMSE at discharge were 1, 7, 6/3, 30 respectively. 

Discussion 

Ground level trampolines, padded edges and frames, cushioned walls and ground, 

supervision of park workers make trampoline parks seem a safe environment. 

Nevertheless, severe injuries including this case persist and raise the question, “Are the 

safe guards currently used at trampoline parks enough?” We wish to raise attention 

regarding the risks of trampoline parks which are seemingly safe. 

Fig. 1 Patient diving into a pit foam head first at a 40’ angle approximately. The dive resulted in a complete 

spinal cord injury at the C4 level.



Fig. 2 Foam cube (sized 14.5cm on each side) which filled a 65cm deep pit foam, an area designated for 

jumping and diving

Fig. 3 (A) Initial C-spine CT, (B) Initial C-spine MRI 
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An Idiopathic Syringomyelia patient presenting with bilateral upper limb 

sensory and motor deficits

Jun Hyun Choi1*, Jong Hoo Lee1†

Presbyterian medical center, Department of Rehabilitation Medicine1

Introduction 

Syringomyelia is a neurogenic disease which can damage the spinal cord due to formation 

of a fluid-filled space in the form of a cyst (syrinx), usually found in the high cervical level 

of the spinal cord. Arnold-Chiari malformation, spinal cord tumor, adhesive arachnoiditis 

and trauma are some of the more commonly known causes of syringomyelia. However, IS 

is not associated with any of the aforementioned conditions.We report herein, a case, of a 

patient without evidence of other underlying pathologic conditions who was subsequently 

diagnosed with IS and later was found to have improvement of the associated neurologic 

symptoms with supportive care. 

Case Report

A 35-year-old woman with unremarkable past medical history, experiencing bilateral arm 

weakness along with tingling sensation, presented to our clinic. These symptoms were 

subjectively noted 3 weeks prior to presentation. Both biceps and knee jerks were mildly 

accentuated and Hoffmann sign was objectively noted. Babinski sign was absent. Bilateral 

arm strength was grade 4 by manual muscle testing. Central nervous system(CNS) lesions 

were suspected which prompted diagnostic evaluation by cervical spine x-ray(C spine X-

ray), electromyogrphy(EMG), somatosensory evoked potential(SEP) test and cervical spine 

magnetic resonance image(C-MRI) studies. Results of these studies were all normal with 

the exception of C-MRI, which revealed a localized syringomyelia at the C6-C7 spine level. 

The patient was treated conservatively and resulted in resolution of both arm pain and 

motor weakness following a course of pharmacotherapy. 

Conclusion

The precise etiology and management for idiopathic syringomyelia is still unclear. We 

diagnosed IS in a patient who presented with neurologic deficits. The suspected diagnosis 

of IS was confirmed by imaging study with C-MRI. Subjective symptomatology was shown 

to have improved with supportive care. We recommend considering an MRI study when 

CNS pathology is suspected in patients presenting with neurologic symptoms including 

sensory and motor deficits. 



Fig. 1 환자분 C-spine MRI 영상입니다.
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Spinal cord infarction in a patient with type A aortic dissection : A Case Study

Jae Young Lee1*, Hyuk Kim2, Kyu Hoon Lee1†

Hanyang University Medical Center, Department of Rehabilitation Medicine1, Hanyang 

University Medical Center, Department of Thoracic Surgery2

Introduction

Spinal cord infarction is an uncommon disease, and aortic dissection as etiologic factor for 

spinal cord infarction is extremely rare. Especially, spinal cord infarction after surgical or 

endovascular repair of an aortic aneurysm or dissection is reported as 0.74 % in patients 

with ruptured aneurysm or dissection compared to 0.16% with unruptured aneurysm. Also, 

there are two case reports of spinal cord infarction with type B aortic dissection. We now 

describe a case of spinal cord infarction due to type A aortic dissection without surgical 

repair. 

Case report

A 60-year-old man, previously hypertension and arrhythmia diagnosed, visited emergency 

department for the paraplegia. He did not complain of back pain which is the most 

common symptom of aortic dissection. On physical examination, his motor grade was zero 

on bilateral hip flexors, knee extensors, ankle dorsiflexors, long toe extensors, and ankle 

plantar flexors. He represented anesthesia below the dermatome T9 including the perianal 

areas. No voluntary anal contraction and deep anal pressure was observed. Computed 

tomography revealed acute type A aortic dissection with a thrombosed false 

lumen(Intramural hematoma) from aortic root to abdominal aorta, just proximal to origin 

of left renal artery. Cervical and lumbar spine magnetic resonance imaging did not reveal 

the signal change of spinal cord. Thoracic spine magnetic resonance with diffusion revealed 

subtle cord signal change in lower T-spine. 

Conclusion 

Spinal cord infarction after aortic dissection is rare and most of the cases was arised after 

surgical or endovascular repair. Also, only spinal cord infarction with type B aortic 

dissection is reported. Type A aortic dissection can cause spinal cord infarction and like this 

patients, complete spinal cord injury can be occurred. So, when patient with paraplegia 

visits, if there is no lesion of cord compression, the evaluation of aortic dissection with 

computed tomography angiogram might be included for paraplegia although he or she 

does not complain of back pain. 
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Infective Spondylitis with Paraplegia Caused by Salmonella Typhi : A Case 

Report

Won Chul Lee1*, Jae Min Song1, Mi Jin Hong1, Jong Bum Park1, Yung Jin Lee1, Hyun Woo 

Kim2, Sung Hee Kang3, Ja -Young Moon1†

Konyang University College of Medicine, Department of Rehabilitation Medicine1, Konyang 

University College of Medicine, Department of Neurosurgery2, Konyang University College 

of Medicine, Division of Infectious Diseases, Department of Internal Medicine3

Spondylitis caused by typhoid fever is known to be an extremely rare in persons with 

normal immune systems. We report on a case of infective spondylitis caused by salmonella 

typhi infection contracted after traveling to Southeast Asia in a healthy adult. A 66-year-

old woman visited our neurosurgery department for sustained back pain during 2 months. 

Otherwise from some degenerative changes, the initial simple films were negative. But on 

further follow up, simple films revealed suspicious findings of endplate erosions on T10-11 

level (after 2 months from the first visit). Further inquiry revealed that the patient had 

travelled to Laos 4 months previously, and had gastroenteritis manifested by diarrhea and 

abdominal pain 7 days after returning to home. Magnetic Resonance Imaging and blood 

culture confirmed infective spondylitis caused by Salmonella Typhi. Even after 2 weeks of 

appropriate antibiotic treatment, motor weakness on both legs(Medical Research council 

scales; G1/G0) developed compelling a decompressive laminectomy on the T9-11 level. 

After surgical treatment, she was referred to the department of rehabilitation medicine 

for bedside physical and occupational therapy and transferred to the department of 

rehabilitation medicinefor comprehensive rehabilitation. When the patient was 

transferred to our department (after 3 months from operation), Medical Research council 

scalesof bilateral hip flexors were grade 2, those of bilateral knee extensors, ankle 

dorsiflexors, long toe extensors and ankle plantar flexors were grade 3. Nerve conduction 

study and electromyography was performed 5 months after the onset of paraplegia. In 

sensory nerve conduction study, bilateral sural nerves showed normal findings. In motor 

nerve conduction study, bilateral peroneal and tibial nerves showed decreased amplitudes. 

In Somatosensory evoked potential, bilateral median nerves showed normal findings, but 

bilateral tibial and pudendal nerves showed no response. Bulbocavenous reflex latency 

was within normal range. In electromyography, bilateral L4, L5, S1 paralumbar muscles 

showed abnormal spontaneous activities. And bilateral Gastronecmius,Tibialis Anterior, 

Gluteus Maximus, Peroneus longus, Rectus femoris, Tensor fascia lata, Vastus lateralis 

muslces showed abnormal spontaneous activities and decreased recruitment patterns. 

The result indicated thoracic myelopathy and bilateral lower lumbar & lumbosacral 



radiculopathies (both L4-S1 main). After taking 6 months rehabilitation program for lower 

extremity weakness, she could walk a few meters with a low walker. 
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Gluteus and Iliacus Muscle Abscess Secondary to MSSA Bacteremia in 

Patient with Polymyositis ; a ca

Jiyong Kim1†, Kil-Byung Lim1, Jeehyun Yoo1, Sungsik Son1*

Inje University Ilsan Paik Hospital, Department of Rehabilitation Medicine1

Background

Polymyositis (PM) is a systemic inflammatory disorder that affects the skeletal muscles and 

other internal organs. The 5-year survival rates for these patients range from 52 to 95%, 

and primary causes of death are related to several cause including infectious 

manifestations. Several predisposing factors in patients with PM increase their risk of 

developing infections. The literature indicates that, not only do patients with PM have a 

high rate of infectious complication (up to 33%), infection is also implicated in 46% of 

deaths in this patient group, which makes it a significant prognostic factor. Observed major 

causes of infection include soft-tissue infection such as abscesses. We experienced 

intramuscular abscess in gluteus and iliacus muscles secondary to methicilin-sensitive 

staphylococcus aureus sepsis and it was hard to detect because the patient already 

reported weakness and pain in hip and thigh muscles due to PM. Since abscess in those 

muscle groups can be combined and mimic proximal motor weakness and pain like PM, 

clinicians should pay attention to that if a patient has risk factors. 

Case report

A 61-year-old man visited our emergency department (ED) for general weakness. In the ED, 

vital signs showed blood pressure of 135/80mmHg, heart rate of 114/min, and body 

temperature of 37.9’C. And also, reported lab showed WBC of 13380/uL, CRP of 59.4mg/dL, 

and procalcitonin of 38.77ng/mL, and patient was diagnosed with sepsis. After that we 

started empirical antibiotics and five days later, Staphylococcus aureus was grown in blood 

culture and it was sensitive in penicillin, so we changed antibiotics to nafcillin. At the same 

time, we did abdominopelvic CT (APCT) scan to find any focus of sepsis, and it showed no 

evidence of intraabdominal pathology. However, his general weakness did not improve 

with antibiotics and still reported muscle weakness especially in proximal area. So we 

started empirical IV steroid IV immunoglobulin under suspicion of myositis and 10 days 

later, muscle biopsy in vastus lateralis muscle showed inflammatory myopathy. However,

mild fever continued and patient’s CRP was still high of 7.9mg/dL even with use of 

antibiotics, so we performed follow up APCT and it showed intramuscular abscess 

formation in right iliacus and gluteus maximus muscles. So we increased the dose of 

nafcillin, changed IV steroid into po steroid, and percutaneous drainage was done to 



remove the abscess. Finally, patient’s lab went down to normal range and showed CRP of 

3.4mg/dL. 

Conclusion

Patients with PM have multiple risk factors for infections that it can induce intramuscular 

abscess. If the abscess involves muscles controlling proximal strength, it can mimic 

symptoms of PM that clinicians could possibly ignore it. So, clinicians should pay attention 

to uncontrolled fever or consistent high level of inflammatory markers in patients with PM 

with IV immunoglobulin or high dose steroid to detect intramuscular abscess early. 

Fig 1. Abscess of gluteus maximus in APCT (Left: Before IvIg and steroid, Right: After IvIg and steroid)



Fig 2. Abscess of iliacus in APCT (Left: Before IvIg and steroid, Right: After IvIg and steroid)

Fig 3. Percutaneous drainage in right iliacus muscle
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Comprehensive Cognitive Rehabilitation for Early-stage Alzheimer’s disease : 

A Report of Two Cases

Mi Ran Yoo1*, Dae Yul Kim1†

Asan Medical Center, Department of Rehabilitation Medicine1

INTRODUCTION 

Early dementia is a condition that allows engaging in almost-independent living, 

maintaining proper personal care, and retaining relatively sound judgment, despite the 

loss of social life or capacity for work. The purpose of this study was to investigate the 

effect of comprehensive cognitive rehabilitation based on patient and carer 

communication including tasks of cognitive training on performance of everyday activities 

in elderly people with early-stage Alzheimer’s disease. 

METHODS 

The comprehensive cognitive rehabilitation comprised of five phases: (1) baseline 

assessments, (2) goal identification and goal setting through ‘Family meeting’, (3) cognitive 

rehabilitation intervention sessions, (4) post-test assessments (6-months follow-up) and (5) 

assessment of goal achievement and goal adjustment through ‘Family meeting’. We 

conducted ‘Family meeting’ in which patient, carer, physician and therapiests were 

involved together to set the specific patient’s goal, assess of initial goal achievement and 

adjust goal. 

CASE PRESENTATION

In this report, we present two cases of patients with early-stage Alzheimer's disease 

involved in cognitive rehabilitation program for 6 months in our center. One of the patients 

set three specific goals and the other patient set two goals through 'Family meeting'. After 

6-months intervention, they showed improvement in both cognition and performance of 

everyday activities including the goals they had already set. 

CONCLUSION 

In conclusion, comprehensive cognitive rehabilitation based on goal setting through 

patient and carer communication might be effective in elderly people with early-stage 

Alzheimer’s disaease. 
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Rehabilitative Therapy on Concomitance of Diabetic Neuropathic Cachexia 

and Amyotrophy: Case Report

Hyo Sik Park1*, Jong Keun Kim1, Jin Seok Bae1, Yong Sung Jeong1, Jong Youb Lim1, DaWa 

Jung1, Kang Jae Jung1†

Eulji University Hospital, Department of Rehabilitation Medicine1

Introduction 

Diabetic neuropathic cachexia (DNC) and amyotrophy (DNA) is a very rare peripheral 

neuropathy associated with diabetes mellitus (DM). DNC is distinguished by the extreme 

loss of body weight and severe neuralgia. DNA is characterized by severe pain and followed 

by weakness of proximal lower extremities. We report a rehabilitative therapeutic 

intervention and management on the patient with concomitant DNC and DNA. 

Case report 

A 56-year-old-man admitted to the department of rehabilitation medicine to manage 

quadriparesis. The patient was diagnosed with type 2 DM about 10 years ago. Although he 

had been prescribed medications for DM, glucose level was not well controlled. He 

suffered severe neuropathic pain in both legs and lost his weight about 20 kg. From the 

summer of 2018, he felt muscle weakness and had difficulty in walking, climbing and 

descending stairs. Gradual progression over the next several months resulted in 

asymmetric and severe quadriparesis. On physical examination, apparent muscle atrophy 

was detected on proximal muscles. Based on the evaluation of medical research council 

scale, muscle strength of both upper extremities was 2/5 in the proximal, and 3/5 in the 

distal muscle groups, and that of both lower extremities was 4/5 in the proximal, and 3/5 

in the distal muscle groups. Glove-stocking type hypoesthesia was present, and impaired 

proprioception and agraphia were present. Bilateral biceps brachii, brachioradialis, triceps, 

patella, and Achilles reflexes could not be elicited. Any pathologic reflexes were not 

detected. On electrophysiologic studies, sensory nerve action potential (SNAP) of the 

bilateral superficial peroneal and sural, and right median and ulnar nerves could not be 

elicited. The SNAP of the left median and ulnar nerves showed prolonged distal latency 

and decreased amplitude. Compound muscle action potential (CMAP) of the bilateral 

common peroneal and left tibial nerves could not be elicited. Distal latency of CMAP of the 

bilateral median and ulnar and right tibial nerves was prolonged. We offered an 18-week 

rehabilitation program which consisted of the application of infrared therapy, 

transcutaneous electrical nerve stimulation, electrical stimulation therapy, stretching, 

range of motion exercise, and strengthening isometric exercise. He had been taking 



pregabalin 300 mg three times a day, duloxetine 60 mg once a day, thioctic acid 600 mg 

once a day, and tramadol 100 mg two times a day. Gradually, his pain regressed. However, 

reflexes of the bilateral upper and lower extremities could not be triggered, and muscle 

strength did not improve significantly. He gains 3 kg weight, and BMI was 18.6 kg/cm2. 

Conclusion 

DNC and DNA are very rare entities among DM patients, and the simultaneous occurrence 

of these two was reported rarely. In this case, diabetic amyotrophy progressed. Physicians 

should consider these rare complications of DM showing characteristics different from 

other types of neuropathies. 
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The Effect of Low-frequency rTMS on Hemichorea after Stroke

Se Hwi O1*, Jin Gee Park1†, Young Sook Park1, Hyun Jung Chang1, Eun Sol Cho1, Jae Sam 

Seo1, Kyo Hun Ku1, Chang Woo Kim1

Samsung Chngwon Hospital, Department of Rehabilitation Medicine1

Introduction

We report a case of patient with profound right-sided hemichorea from a subacute left 

thalamic intracranial hemorrhage (ICH) resulting in substantial functional decline. To 

diminish the degree of hemichorea, low-frequency repetitive transcranial magnetic 

stimulations (rTMS) were applied. 

Case report 

A 74-year-old man admitted hospital for intensive rehabilitation. The patient had history 

of left thalamic ICH by computed tomography of brain about 3 and a half months ago (Fig. 

1). On physical examinations, he had right hemiplegia with upper proximal motor power 3, 

distal 3 and lower proximal motor power 3 and distal 2. Sensory was decreased to 60% 

compared to the non-hemiplegic side. Deep tendon reflex of right knee was increased. 

Right Babinski reflex was positive. There was no increase in spasticity. He could walk with 

moderate assist of the therapist. Besides usual hemiplegic manifestations, he had 

involuntary movements in right upper and lower limbs. When the patient was told to move, 

his right upper limb showed sudden involuntary, non-rhythmic movement with severe 

dysmetria. Even the limb could hit his own face. The lower limb showed the same 

characteristic movements (Video 1). The patient’s abnormal movements could be 

categorized into hemichorea or hemiballismus. To find out the cause of the hemichorea, 

laboratory test and family history were done. His glucose level was normal and had no 

family history of Huntington’s disease. For further evaluation, the patient was referred to 

neurology and the reason for hemichorea was left thalamic ICH. His BUN, creatinine level 

were elevated due to acute kidney injury, so the use of medications were cautious. Instead 

of medication, low-frequency rTMS were applied. He received 1 Hz rTMS for 20 minutes a 

day, 10 times. Each session included 900 stimulation over the supplementary motor area 

of the ipsilesional hemisphere at intensity 90% of abductor pollicis brevis resting motor 

threshold. Before the rTMS, berg balance scale (BBS) was 4 and modified Barthel index was 

38. Conventional rehabilitation was done 2 times a day. After the low-frequency rTMS, 

degree of hemichorea on the upper limb could be diminished, but the lower limb had less 

effect. (Video 2). BBS and MBI improved to 11 and 45 respectively. It seems that low-

frequency rTMS had effect on suppressing hyper-activated thalamocortical circuits due to 



the left thalamic lesion. In those stroke patients with hemichorea who could not use 

medications, low-frequency rTMS could be a helpful treatment option.

Fig. 1. The patient had intracranial hemorrhage at left thalamus.
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Improvement of Gait Disturbance in Piriformis Muscle Syndrome through 

Botulinum Toxin Injection

Myeonghwan Bang1*, Wanghyeon Yun2, Jung hyun Park 2†

National Health Insurance Service Ilsan Hospital, Department of Physical Medicine and 

Rehabilitation1, Gangnam Severance Hospital, Rehabilitation Institute of Neuromuscular 

Disease, Yonsei University College of Medicine, Seoul, Republic of Korea , Department of 

Rehabilitation Medicine2

Introduction

Piriformis muscle syndrome is a disease in which sciatic nerve is irritated around the 

piriformis muscle, causing direct muscle pain or sciatica. The main treatment is 

conservative therapy such as medication and exercise, botulinum toxin may also be 

injected for diagnostic and therapeutic purposes. In this case, sciatica and gait disturbance 

were caused by piriformis muscle hypertrophy, gait disturbance was improved through 

botulinum toxin injection into the piriformis muscle. 

Description 

The patient complained of radiating pain from right buttock to calf from September 2018 

and showed gait disturbance at toe walking. In October 2018, the L4/5 level of lumbar 

stenosis was diagnosed at another hospital and subtotal laminectomy L4/5 level was 

performed. However, the symptoms persisted, so he was admitted to the department of 

rehabilitation medicine in April 2019. At the time of admission, weakness of the ankle 

plantar flexion was prominent during toe walking but there was no weakness at supine 

position (Video 1.). The FAIR test showed negative findings, and the area of right gluteus 

muscle and piriformis muscle showed tenderness. In the pelvis MRI, there were no 

structures that could compress the sciatic nerve like mass, but it showed asymmetry of 

piriformis muscle volume (larger on Rt.) (Fig. 1). On electromyography, the latency of H-

reflex was more prolonged on the right side during the FAIR test (Table. 1). So, we could 

diagnose as the piriformis muscle syndrome, and performed trigger point injection into 

right piriformis muscle. Gait disturbance slightly improved, but the symptoms worsened 

again. The patient was discharged for personal reasons. On May 7th, 2019, the patient 

visited the department of rehabilitation medicine and was performed botulinum toxin 

injection into the right piriformis muscle. A total of 100 units of botulinum toxin were 

mixed in a 4cc normal saline and the injection was performed under ultrasound guided (Fig. 

2). And, there was no specific complication after injection. The patient began to recognize 

the gait improvement after one month of the injection. On June 19th, 2019, during toe 



walking, there was no difference in left and right, and weakness of ankle plantar flexion 

was not observed clearly (Video 2.). 

Discussion

Recently, several reports have recommended that botulinum toxin injection was effective 

for the treatment of piriformis muscle syndrome. In this case, the sciatic nerve was 

compressed due to piriformis muscle hypertrophy and the gait disturbance appeared at 

toe walking. After botulinum toxin injection, gait disturbance was not seen at toe walking. 

In piriformis muscle syndrome, it has been reported that muscle and myofascial pain was 

improved through botulinum toxin injection, but there was no report of improvement in 

gait disturbance. In conclusion, we could suggest that botulinum toxin injection may be 

effective when gait disturbance is the main symptom in piriformis syndrome. 

Fig 1. Axial T2-weight magnetic resonance imaging showed the asymmetry of piriformis muscle volume 

(larger on the right). 

Table 1. The results of electromyography including H-reflex and H-reflex during FAIR test



Fig 2. Ultrasound-guided botulinum toxin injection into the right piriformis muscle. 
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Intratendinous Ganglion of the Extensor Indicis Proprius Tendon: A Case 

Report

Hyeoncheol Hwang1*, Sun Gun Chung2†

Hallym University Dongtan Sacred Heart Hospital, Department of Rehabilitation Medicine1, 

Seoul National University Hospital, Department of Rehabilitation Medicine2

INTRODUCTION 

Ganglion cysts are common benign tumors of the hand and wrist. However, intratendinous 

ganglions are rarely reported. We present a case of an intratendinous ganglion cyst that 

arised in the extensor indicis proprius tendon. 

CASE REPORT 

A 43-year-old male presented a mass on the right dorsolateral aspect of the wrist. A 

ganglion cyst in the extensor indicis proprius tendon was suggested, and ultrasound 

confirmed that it moves with the tendon. The lesion was aspirated under ultrasound 

guidance but recurred with pain in three months. With the second removal, no more recur 

was reported. 

DISCUSSION 

Ganglion in the tendon is very rare and pathology confirmation is needed for final diagnosis. 

Surgery generally has a low recurrence rate, but the incidence of complications is high. 

Through ultrasound-guided aspiration, It is thought that it can be helpful to diagnose and 

treat the ganglion cyst in the tendon. 



Fig 1. A mass(void arrow) of the dorsum of the hand moved with each bending and spreading of the index 

finger.

Fig 2. The ultrasound imaging of ganglion cyst (asterisk) in the extensor indicis proprius tendon. (A: 

longitudinal view. B: transverse view)



Fig 3. The aspirated ganglion cyst therapy.


