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The Clinical Efficacy of Lordotic Curve-Controlled Lumbar Traction Device 

Sungchul Huh1*, Ju Hyun Son1, Woo Hyuk Choi1, Chang-Hyung Lee1† 

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1 

 
Introduction  
Lumbar traction treatment was widely used as a non-operative treatment for herniation 
of lumber intervertebral disc (HIVD). The conventional traction Methods were used to 
linear-type traction devices and the is at argument. There was no study that the effect of 
traction method with sustaining the lumbar lordotic curve during traction. Thus, the 
purpose of this study was to examine the effect of lumbar traction with sustaining the 
lumbar lordotic curve during traction on functional status and pain in patients with HIVD.  
 
Methods  
This study was designed as randomized controlled trial comparing between lordotic curve 
controlled traction (LCCT) and standard traction (ST). Patients were randomly assigned 
into two groups (LCCT or ST) by a research physician with the help of a computer 
generated table of random numbers. All the subjects did not know what group they 
belonged to. The evaluations were carried out by a physician who was blinded to the 
treatment. The maximum traction power of the device does not exceed 100 pounds or 50% 
of patients weight in order to prevent damage to patients muscle or tendon. All 
participants completed the Oswestry Disability Index (ODI) and Roland–Morris 
questionnaire (RM) to assess their functional status. Pain in the trunk and lower 
extremities that was exacerbated during activities of daily living using a 10 mm visual 
analog scale (VAS). Changes in dependent variables before and after interventions were 
analyzed using paired-t test.  
 
Results  
VAS scores were significant in LCCT (p<0.01) and ST groups (p<0.01). ODI scores were 
significantly higher in the LCCT group (p<0.01) than in the ST (p>0.05). RM scores were 
significantly higher in the LCCT group (p<0.01) than in the ST (p>0.05). MRI central canal 
were significantly higher in the LCCT group (p<0.01) than in the ST (p>0.05). The Results 
showed a significant decrease pain scare in both groups. When assessing the functional 
movements, the LCCT group was effective, but the ST group was ineffective.  
 
Conclusion  
This study showed that newly invented traction device with sustaining lumbar lordotic 



curve was more effective compared to standard type of traction device in improving 
functional status, pain and geometrical change in patients with herniated intervertebral 
disc disease.  
Table 1. Lordotic curve controlled traction group  

 
 
Table 2. Standard traction group  

 
 
Table 3. Comparison of MRI scan before and after treatment  
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A 1-year Experience of Pregnancy Related Low Back Pain Clinic 
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Introduction  
The changes occurring during pregnancy significantly trigger musculoskeletal 
dysfunctions. Most commonly reported issues are low back pain and pelvic girdle 
problem. But there are not helpful guidelines about treatments, also many physicians and 
patients often consider it will spontaneously resolve in the postpartum period. Missed 
opportunities for appropriate diagnostic work up and management during pregnancy can 
increase risk for undesirable results. We aimed to describe a 1 year experience, 
characteristics of the patents, type of dysfunctions and the status of management of 
musculoskeletal issues before visiting our clinics.  
 
Participants and Methods  
We retrospectively analyzed demographic and clinical data of 169 pregnant patients 
visited pregnancy related back pain clinic from August 2016 to July 2017, and who had 
musculoskeletal pains after pregnancy.  
 
Results  
About 80% of patients were thirties and in the 2nd trimester. Most of patients (90%) 
relied on non-medical treatments such as resting, massage and Exercise. More than half 
of patients (56%) got the information from the internet. 80% reported mild and moderate 
degree of interference in general activities. There was a discrepancy of self-reported and 
clinical diagnostic pain area. Highly reported problem of musculoskeletal were low back 
pain(LBP) (73%), pelvic girdle pain(PGP) (36%) and lower extremity pain (26%). But after 
clinical examination, the most frequently found diagnosis were PGP (68%), LBP(25%) and 
neck pain(18%). For the PGP, highly checked diagnosis was sacroiliac joint (SI) pain (54%) 
and gluteus spasm (14%). For the lower extremity pain, most of the real pain cause was 
radiating pain from lumbar and pelvis. 
 
Conclusion  
PGP is very commonly experienced by pregnant woman, main cause of visiting clinic. But 
many pregnant women could not distinguish PGP and LBP. Also there are other causes of 
PGP besides SI joint dysfunction. Understanding the common musculoskeletal 
discomforts during pregnancy will help to develop a guideline for treatment.  
 
 
 



Table 1. Demographics of pregnant women (n=169)     Table 2. Pain management and related issues (n=169) 

 
 
 
Table 3 . Data of pregnancy related musculoskeletal dysfunctions (n=169) 
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Does Improvement of Sagittal Segmental Mobility Reflect Clinical Recovery 
in Lumbar Disc Herniation? 
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Objective 
Though segmental motion of lumbar spine has long been used to quantify spinal 
instability, its investigation in the setting of acute lumbar disc herniation (LDH) has been 
limited. Previous studies have linked sagittal range of motion (sROM) of spinal segments, 
in the form of functional radiography, to recurrence rate and postoperative outcomes. 
However, to our knowledge, there has been no study on its association with pain 
intensity during its natural healing process. Therefore, the purpose of this study was to 
investigate if the extent of lumbar segmental motion correlates to natural healing process 
in patients with acute single level LDH. 
 
Methods 
A retrospective review of medical records was performed on patients presented with low 
back pain to the department of rehabilitation medicine from January 1, 2013 to June 30, 
2017. With prerequisites of undergoing both lumbar spine MRI and functional 
radiography (flexion and extension lumbar X-ray) in the sagittal plane, patients were 
further sorted with exclusion criteria of multiple level disc herniation, spinal stenosis, 
spondylolisthesis, fracture and other non-LDH related etiologies. In all, fourteen patients 
were selected; nine patients with disc herniation at the L4-5 level, five patients with disc 
herniation at the L5-S1 level. Analysis with Pearson’s correlation of pain intensity, in 
terms of VAS (visual analogue scale), against sROM of each lumbar segment was 
performed at the initial evaluation point and follow-ups. At the same time, VAS was 
monitored in conjunction with percentage of sROM, reflecting contribution of the 
particular segment towards lumbar mobility as a whole. 
 
Results 
Follow-up documentation of pain intensity and functional radiography exhibited an 
inverse correlation between changes in VAS and sROM in single level lumbar disc 
herniation at the L4-5 level. (r=–0.69, p<0.05) In addition, percentage of sROM showed a 
negative correlation with pain intensity at the aforementioned segement. (r=–0.74, 
p<0.05) Initial pain intensity was also inversely correlated to sROM of the affected 
segment, (r=–0.83, p<0.01 in L4-5; r=–0.82, p<0.05 in L5-S1) while disc herniation at the 
L4-5 level had adjacent segments showing analogous relationships in terms of pain 
intensity and sagittal motion. (r=–0.74, p<0.05 in L3-4; r=–0.69, p<0.05 in L5-S1)  
 



Conclusion 
Improvement in sagittal segmental mobility of the affected segment in LDH adequately 
reflected mitigation of low back pain during the clinical recovery process. This 
conjunction could illustrate overcoming of natural immobilization of the involved 
segment, evidently documented as an inverse relationship between initial pain intensity 
and limitation of sagittal range of motion.  
 
Key words 
Low Back Pain, Herniated Disc, Range of Motion  
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Correlation of Voxel Volume of Capsulo-synovial Enhancement with Joint 
Volume in Adhesive Capsulitis 
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sang Lee1*, Yong-Taek Lee1† 
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Introduction and Purposes  
Previous studies suggest capsule-synovial thickness by contrast-enhanced MRI (CE-MRI) 
measured at the enhancing portion of the axillary recess or rotator cuff interval can be 
helpful for the diagnose AC. Theoretically, thickness of capsulo-synovial enhancement 
measured at the specific anatomical region could have limitation in representing entire 
capsular pathology. We supposed 3-dimensional quantification of enhancing portion of 
entire joint capsule would represent capsular pathology better. The purpose is to 
calculate voxel volume of capsulo-synovial enhancement of entire shoulder joint using 
image processing software and investigate the relationship with joint volume and passive 
range of motion(ROM), which are standard reference of diagnosis and clinical hallmarks.  
 
Subjects and Methods  
CE-MRIs of 60 patients who underwent sono-guided intraarticular injection with clinical 
diagnosis as AC were included (Fig.1). For measurement of voxel volume, a free open 
source imaging software (Fiji, http://fiji.sc) was used to import DICOM images of oblique 
coronal and sagittal view on CE-MRI. Subsequently, voxel volume of capsulo-synovial 
enhancement in entire shoulder joint were semi-automatically calculated and illustrated. 
Thickness of capsulo-synovial enhancement was measured at the axillary recess and 
rotator interval on CE-MRI (Fig.2). Joint volume was measured during sono-guided 
intraarticular injection. Relationship among voxel volume of capsulo-synovial 
enhancement, thickness of capsulo-synovial enhancement, joint volume and ROM of 
shoulder were analyzed.  
 
Results  
Thickness of capsulo-synovial enhancement measured at axillary recess inversely 
correlated with joint volume (ρ = -0.608, P < .001) and passive ROMs (ρ = -0.350, P = .006 
in forward elevation; ρ = -0.264, P = .042 in abduction; ρ = -0.387, P = .002 in external 
rotation, respectively), but at rotator interval, these findings were not found. The voxel 
volume of capsulo-synovial enhancement calculated in oblique coronal and sagittal views 
were inversely correlated with GHJ volume (ρ = -0.348, P = .006; ρ = -0.317, P = .014, 
respectively). In respect of passive ROM of shoulder, in oblique coronal views, the voxel 
volume of capsulo-synovial enhancement negatively correlated with forward elevation 



and abduction (ρ = -0.263, P = .042; ρ = -0.272, P = .036, respectively) but in oblique 
sagittal view only with forward elevation (rho = -0.309, P = .016) (Table 1).  
 
Conclusions  
The voxel volume of capsulo-synovial enhancement calculated at CE-MRI demonstrated 
poorer correlation with joint volume and passive ROM than capsulo-synovial thickness of 
enhancement measured at axillary recess, but it showed better correlation than capsulo-
synovial thickness of enhancement measured at rotator interval. Thus, the voxel volume 
of capsulo-synovial enhancement calculated at CE-MRI appears to have feasibility of 
promising method for representing entire capsular pathology in AC.  
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Is Primary Frozen Shoulder Completely Resolved at 2 Years after the Onset 
of Disease? 

Du Hwan Kim1*† 
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Background 
Although numerous studies have suggested that primary frozen shoulder (FS) is a self-
limiting disease with most patients recovering within 2 years, its long-term outcome is 
still controversial. The aims of this study were to evaluate the long-term outcome of 
primary FS and to determine the predictors of its clinical outcome.  
 
Methods 
This study included 234 shoulders of 216 patients who received conservative treatment 
for primary FS. The mean follow-up period was 41.8 months (range, 27 to 117 months). 
Initial evaluation included demographics, detailed medical history, and clinical 
assessments of shoulder status. Questionnaires, which included the Visual Analogue Scale 
(VAS) pain score, American Shoulder and Elbow Surgeons (ASES) score, Subjective 
Shoulder Value (SSV), range of motion (ROM) and satisfaction grading for the current 
shoulder status were assessed at the final follow-up.  
 
Results 
The mean VAS pain score, ASES score, and SSV significantly improved from 6.7 ± 1.8, 37.0 
± 13.3, and 40.1 ± 14.7% at the time of initial evaluation to 1.5 ± 2.1, 87.6 ± 18.0, and 
85.0±19.0% at the final follow-up evaluation (all p < 0.001). According to satisfaction 
grading, the shoulder status at the final follow-up was very satisfied in 101 shoulders 
(43.2%), satisfied in 68 (29.1%), fair in 37 (15.8%), unsatisfied in 20 (8.5%), and very 
unsatisfied in 8 (3.4%). Univariate analysis revealed that gender, diabetes, simultaneous 
bilateral involvement, overall bilateral involvement and duration of symptoms were 
associated with clinical outcomes at the final follow-up. Multivariate analysis 
demonstrated that duration of symptoms (p = 0.002) was an independent risk factor for 
unsuccessful outcome. According to VAS scores (cut-off 3), VAS score, ASES score, and 
SSV at first visit and duration of symptoms were associated with clinical outcomes. 
Duration of symptoms (p = 0.003) was an independent risk factor for unsuccessful 
outcome.  
 
Conclusions 



At the mean follow-up period of 41.8 months, 72.3% of patients revealed subjective 
satisfaction for the current shoulder status. Duration of symptoms was suggestive of poor 
prognostic factors.  
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Does Shock Wave Therapy Limit the Nerve Injury Caused by 10% Dextrose 
in the Rabbit Median Nerve? 

Dong Rak Kwon1†, Gi Young Park1, Dae Gil Kwon1, Won Bin Jung1* 

Catholic University of Daegu, School of Medicine, Department of Rehabilitation Medicine1 

 
Objective 
To evaluate the effect of extracorporeal shock wave therapy (ESWT) in rabbit model of 
dextrose-induced carpal tunnel syndrome (CTS).  
 
Material and Methods 
Thirty six New Zealand white rabbits weighing 2.0-2.5kg were used. To induce CTS, 0.1ml 
10% dextrose solution was injected to left forepaw subsynovial connective tissue (SSCT) 
within the carpal tunnel under ultrasound guidance (Figure 1A). The rabbits were 
randomly divided into 4 groups. Electrophysiological testing (distal motor latency (DML)) 
was measured on the median nerve before dextrose solution injection, at 4, 8, 12, 16 and 
20 weeks after injection (Figure 1B). ESWT(0.05mJ/mm2, 2Hz, 500shocks, 2 sessions, 1 
week apart) was not performed in group 1, performed at 4 weeks (group 2), 8 weeks 
(group 3), and 16 weeks (group 4) after dextrose solution injection (Figure 1C). At 20 
weeks after dextrose solution injection, all rabbits were sacrificed and the cross sectional 
area (CSA) of median nerve and thickness of SSCT were measured with light microscopy. 
The one-way ANOVA with post hoc test and repeated measure ANOVA were used to 
analyze data for the difference between groups (CSA and SSCT thickness) and sequential 
changes in DML.  
  
Results 
There was significant difference in the mean thickness of SSCT and CSA between groups 
(group 1 vs group 2, 3, 4, p<.05; CSA (mm2) were 270.0±82.4, 129.4±44.0, 189.2±108.2 
and 228.8±66.9 respectively, and SSCT thickness (mm) were 11.7±1.3, 3.5±1.5, 4.9±2.0 
and 7.4±1.5 respectively.). In all groups, DML had been significantly increased before 
ESWT (P<.01) (Figure 1D-1G). After ESWT, DML in group 2 and 3 was not increased for 12 
weeks (P>.05) (Figure 1E and 1F). After ESWT, in group 4, DML was not increased for 4 
weeks (p>.05) (Figure 1G). 
 
Conclusions 
ESWT may be effective in controlling median nerve injury as demonstrated by 
improvement in electrophysiological and histological findings. 
 
 
 



 
Figure 1. (A-C) shows procedures. (A) Dextrose injection into subsynovial connective tissue in rabbit under 
ultrasound guidance. (B) median nerve conduction study in rabbit (C) and ESWT on median nerve. (D-G) 
Sequential changes in distal motor latency after dextrose solution injection to rabbit’s carpal tunnel in each 
groups (D) Group 1; no treatment (E) group 2; ESWT was performed at 4 weeks after injection (F) group 3; 
ESWT was performed at 8 weeks after injection (G) group 4; ESWT was performed at 16 weeks after 
injection, *; the change was significant by repeated measure ANOVA (p< .01), ESWT; extracorporeal shock 
wave therapy, DML; distal motor latency, 4w; at 4weeks, N;needle, MN;median nerve, anodal electrode for 
stimulation; cathodal electrode for stimulation. R1 & R2, recording electrode on thenar muscles.  
 

 
Figure 2. Thickness of subsynovial connective tissue (arrows) between flexor digitorum superficialis (FDS) 
and flexor digitorum profundus (FDP) in each groups at the mid-carpal tunnel level (hematoxylin–eosin 
staining; original magnification x100). (A) Group 1; no treatment (B) group 2; ESWT was performed at 4 
weeks after injection (C) group 3; ESWT was performed at 8 weeks after injection (D) group 4; ESWT was 
performed at 16 weeks after injection FDS, flexor digitorum superficialis; FDP, flexor digitorum profundus.  
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Risk assessment of encountering dorsal scapular nerve during ultrasound-
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Introduction  
Cervical radicular pain manifests as pain shooting down the upper extremity caused by 
irritation of the cervical spinal nerves as they exit the neural foramina. The cervical 
steroid injections provide good short term symptom relief. Recently, cervical 
transforaminal injections have been performed under ultrasound guidance.  However, 
descriptions of this technique do not take into consideration the small branch of the 
brachial plexus that are closely associated with the middle scalene muscle, such as the 
dorsal scapular nerve (DSN). The DSN arises from the brachial plexus, usually from the 
plexus root of the cervical nerve C5. Once the nerve leaves C5 it commonly pierces the 
middle scalene muscle, which lies in close approximation to the C6 nerve root, and 
continues deep to levator scapulae and the rhomboids. Our aim was to identify the 
location of the DSN and investigate whether the DSN could be at risk of injury during C6 
nerve root block using ultrasonography. 
 
Methods  
We examined the DSN using ultrasound in 10 normal subjects who have no history of 
radiculopathy or peripheral neuropathy. At the supine position, the neck was examined 
with contralateral full rotation. The C5 and C6 nerve roots were identified in the axial 
plane and were followed until they became the upper trunk of the brachial plexus. Then 
the area posterior to the plexus was analyzed for the presence of the DSN located within 
or around the middle scalene muscle (Figure 1). Once nerve was identified, we measured 
the cross-sectional area (CSA) of C6 nerve root and the DSN. In order to evaluate the risk 
zone of ultrasound guided C6 nerve root block, the vertical and horizontal distances from 
the posterior margin of C6 nerve root to the DSN were measured (Figure 2). Two 
hypothetical lines, a line connecting postero-inferior rim of C6 nerve root with posterior 
tubercle of C6 vertebra and a vertical line from skin to posterior rim of C6 nerve root, 
were drawn. Then, we defined the risk zone as the area between the two lines, and 
assessed if the DSN was in the risk zone (Figure 3).  
 
Results  
Ten normal subjects (6 men and 4 women) were enrolled in the study. The mean body 
mass index was 22.4 kg/m2. All the DSN were visible within or around the middle scalene 
muscle. The mean CSA of C6 nerve root was 11.2mm2 and DSN was 1.2mm2. The DSN 



was located posteriorly at 3.9mm (mean horizontal distance) and superiorly at 4.2mm 
(mean vertical distance) from posterior rim of C6 nerve root. Among the 20 DSN, 85% 
(17/20) were in the risk zone and 15% (3/20) were out of the risk zone.  
 
Conclusion  
This observational study reveals that DSN is located less than 1cm posterior and superior 
to the perceived C6 nerve root. The DSN could be located in the risk area of injury during 
the ultrasound-guided C6 nerve root block. Despite the DSN is clearly visible in ultrasound 
imaging, precise cautions are needed to avoid injury during the procedure due to small 
size.  
 

 
Fig 1. Sonogram showing emergence of a dorsal scapular nerve from C5 nerve root.  
 

 
Fig 2. The vertical and horizontal distances from the posterior margin of C6 nerve root to the dorsal 
scapular nerve.  
 

 
Fig 3. The risk zone as the area between the two lines; a line connecting postero-inferior rim of C6 nerve 
root with posterior tubercle of C6 vertebra and a vertical line from skin to posterior rim of C6 nerve root.  
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Scientific evidence based proposal : A new exercise protocol for idiopathic 
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Background  
Treatment of idiopathic scoliosis (IS) can be addressed in several ways as surgery, orthotic 
brace and exercise. But there is a debate over the effect of exercise therapy. Some of 
literature review revealed poor quality evidence supporting the use of exercise therapy in 
the treatment of IS. Even the description about effective exercise therapy is not studied 
well.  
  
Object  
To evaluate the efficacy of asymmetric spinal stabilization exercises (ASSE; prone, bird-
dog and side lying exercises) on IS. First, we try to find curvature-specific exercise, which 
is effective to specific curve patterns. Second, we analyzed the activity of abdominal and 
paraspinal muscles during ASSE. Finally, we built up specific exercise protocol depending 
on the type of spinal curvature.  
 
Method  
Ten patients with IS [Cobb angle: 22.0° (7.1°), rotation: grade 1.5 (1.0)] and another 13 
participants without scoliosis were included. Spine x-rays were examined during ASSE at 
the prone position in the scoliosis group. Cobb angle and rotation grade (Cobbs method) 
were measured by spine x-rays, retrospectively. On non-scoliotic group, electrical 
activities of erector spinae (ES) muscle at 7th and 12th thoracic and 3rd lumbar vertebral 
level were measured bilaterally during ASSE using surface electromyography (sEMG).  
  
Result  
There was a consistent tendency that worsens or improves the scoliotic curvature depend 
on the laterality of used muscles during ASSE. In general, asymmetric components of 
ASSE which activates the concave side muscles of scoliotic spine were effective on IS. 
Cobb angle (2.12°±4.36°) and rotation grade (0.40±0.52) were improved during concave 
side activating exercises. In the result of sEMG during ASSE, specific patterns of muscular 
activations were observed. Ipsilateral EST7 activation on hand up motion (p<0.05), 
ipsilateral ESL3 activation on leg up motion (p<0.05) and ipsilateral activation ES T7 to L3 
activation on side-lying exercise were the most significant findings.  
 
Conclusion  
 Through this study, we can conclude that ASSE specific to curve pattern was effective for 



those patients with IS. And we also could confirm the activation patterns of paraspinal 
muscles during ASSE. Finally, we propose newly developed exercise protocol for 
idiopathic scoliosis focused on the curve patterns.  
 

 
Figure 1. This figure shows the subtype of asymmetric spinal stabilization exercises (ASSE).  
 

 
Figure 2. This figure shows the change of (A) Cobb’s angle and (B) Grade of rotation during ASSE. First, 
Prone position reduce the cobb’s angle and grade of rotation significantly. Second, ipsilateral (same side of 
concave side) H/L up exercise had tendency of reducing cobb’s angle and rotation. * p<0.05, ** p<0.01, H/L 
up : hand or leg up, ASSE : asymmetric spine stabilization exercise, IS : idiopathic scoliosis.  
 

 
Figure 3. A new exercise protocol for idiopathic scoliosis.  
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Excessive Walking makes Lower Limb More Susceptible to Diabetic 
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Introduction/Background  
Diabetes mellitus (DM) is well known to develop diabetic neuropathy (DN) especially in 
lower limbs. In DM, walking has been suggested to improve glucose control and to reduce 
risk factors. However, previous studies with DN rat model reported high glucose level 
develops neuropathic pain in the hindpaw and diabetic nerves are more vulnerable to 
mechanical damage. We hypothesized lower limb would be more susceptible to diabetic 
neuropathic pain because walking delivers mechanical loading mainly to the lower limb in 
both human and rat. The purpose of this animal study was to demonstrate whether the 
treadmill exercise with hindpaw suspension could enhance development of neuropathic 
pain in the front paw of DN rat model. 
 
Materials and Methods  
Sprague Dawley rats (n= 36) were divided into sham rats and DN rat models. 
Subsequently, they are classified into 6 groups according to exercise type as follows: 
sham without treadmill exercise (S), sham with treadmill exercise (ST), sham with 
treadmill exercise with hindpaw suspension (SU), DN models without treadmill exercise 
(D), DN models with treadmill exercise (DT), and DN models with treadmill exercise with 
hindpaw suspension (DU). DN rat model was made by a peritoneal injection of 
streptozotocin (STZ). Treadmill exercise groups performed treadmill walking for 12 weeks 
(24 meters/min; zero grade inclination; 3 hours/day; 5 days/week). Hindpaw suspension 
was fixed by gripping and lifting tail of rat on treadmill (Fig. 1). Mechanical allodynia was 
evaluated weekly with von Frey monofilaments. After 12 weeks, footpads of front paw 
were harvested and prepared for Real-time reverse transcription polymerase chain 
reaction (RT-PCR). 
 
Results  
After 6 weeks of treadmill exercise, pain thresholds of the front paw in DT and DU groups 
started to significantly decrease and continued with time up to 12 weeks while this 
finding were not found in other group. At 8 weeks, pain threshold of DU group started to 
decrease more significantly than DT group, and difference between the two became 
more obvious at 12 weeks (Fig. 2). After 12 weeks, mRNA expressions of MIF, MRGPRD, 
CGRP and TRPV1 were higher in DU group than DT and D groups. Expression of 
intraepidermal nerve fiber (IENF) in DU group was lower than DT and D groups (Table 1). 



Intriguingly, mRNA expression of MRGPRD and CGRP in SU group was higher than D 
group while this finding was not found in MIF and TRPV1.  
 
Conclusion  
Treadmill exercise with hindpaw suspension enhanced the development of diabetic 
neuropathic pain in the front paw of DN rat model. Based on this finding, in DM, 
excessive walking appears to make lower limb more susceptible to diabetic neuropathic 
pain. Additionally, it can be assumed that provocation of the diabetic neuropathic pain is 
associated with deletion of IENF and up-regulated MIF rather than MRGPRD or CGRP by 
excessive mechanical loading in the diabetic milieu.  
 

 
Fig. 1 Treadmil exercse with hindpaw suspension  
 

 
Fig. 2 The result of mechanical allodynia evaluated at the front paw  
 
Table 1. The result of real-time RT-PCR at the footpad skin of the front paw after 12 weeks 
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The Effect of Lumbar Stabilization and Gait Exercise for Low Back Pain: 
Randomized controlled trial 
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Introduction  
Low back pain (LBP) is an extremely common disorder with reports of lifetime prevalence 
as high as 80%. For many years, the treatment choice for chronic pain included 
recommendations for rest and inactivity. However, weakness, excessive fatigability and 
poor coordination of paraspinal muscles have been related to chronic LBP. The exercise 
may have specific benefits in reducing the severity of chronic pain, as well as more 
general benefits associated with improved overall physical and mental health, and 
physical functioning. Various Methods of exercise such as lumbar stabilization exercise, 
lumbar flexion exercise, walking exercise and bracing exercise are presented to mitigate 
chronic LBP. But there were few types of research about which exercise is preferred to 
reduce chronic LBP. The aim of this study is to find the better exercise for chronic LBP.  
 
Method  
A randomized controlled trial was conducted on 48 participants with chronic LBP (Table 
1). After screening, the participants were randomized to the flexibility exercise, the gait, 
the stabilization exercise, the stabilization exercise with gait groups. And the participants 
underwent each exercise during 6 weeks. The primary outcome was Visual analog scale 
(VAS) of LBP. Secondary outcomes were endurances of specific posture (Table 2) and 
isokinetic values. SPSS 21.0 software (SPSS Inc, Chicago, IL, USA) was used for all 
statistical analyses. Wilcoxon signed rank test was used to compare the variables 
between before exercise and after exercise for each group. Kruskal-Wallis test was used 
to compare four groups.  
 
Results  
The VAS when the severity of pain had been aggravated was decreased in whole groups. 
The radiating pain was improved in the stabilization exercise with gait group. The 
endurances of supine, side lying, and prone posture were improved in the gait group and 
the stabilization exercise with gait group (Table 2). There was no significant difference 
between four groups when comparing the difference between initial value and later 
value (Table 3).  



 
 
Conclusion  
The Results suggest that the stabilization exercise, gait and flexible exercise program 
causes significant improvement in patients with chronic LBP. In the gait group and the 
stabilization exercise with gait group, there were some favorable effects on the muscle 
strength and physical endurance. Considering the efficacy of the gait exercise and the 
stabilization exercise on reducing pain and improving the physical endurance, it is 
recommended that these interventions should be applied for the treatment of chronic 
LBP.  
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Objectives 
Percutaneous endoscopic lumbar discectomy (PELD) is one of minimal invasive 
techniques to treat the patients with low back and/or radiating pain resulted from 
lumbosacral disc herniation(LDH). The purpose of this study is to evaluate the clinical 
efficacy of PELD to treat the patients with low back and radicular pain due to LDH 
refractory to conservative management and to investigate various clinical and 
radiological variables that can predict clinical outcome of PELD.  
 
Patients & Methods 
Seventy-five patients who had undergone PELD for intractable low back and/or radiating 
leg pain resulted from LDH after conservative managements and could be followed up at 
least 12 months. Clinical outcomes were assessed using a numeric rating scale for back 
and leg pain (NRS back and leg), Oswestry disability index(ODI), and modified MacNab's 
criteria, at 1 month(short term follow up) and at least 12 months(long term follow up) 
after PELD. Age, gender, another LDH, history of previous lumbosacral surgery, positivity 
of straight leg raising(SLR), dominant pain, duration of pain, flexion pain, extension pain, 
NRS back at baseline, NRS leg at baseline, ODI(%) at baseline, and location and severity of 
LDH were compared between successful and unsuccessful long term outcome group to 
evaluate the prognostic factors to predict long term clinical outcomes of PELD.  
  
Results 
Significant improvements in NRS and ODI(%) were found at short term and long term 
follow up after PELD. As to successful long term clinical outcomes, positive SLR was 
significantly related to successful NRS leg and ODI(%) and longer pain duration also 
showed significant relationship with unsuccessful NRS leg. 
 
Conclusion 
PELD was effective treatment method in patients with intractable back and leg pain for at 
least 12 months follow up period. Positive SLR had the predictive ability to successful 
reduction of radiating leg pain and functional improvement. Longer pain duration was 
related to unsuccessful reduction of radiating leg pain  
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Purpose  
The choice of appropriate treatment of discogenic low back pain (DLBP) was frequently 
difficult. This study was to identify the clinical efficacy of percutaneous endoscopic 
lumbar annuloplasty and nucleoplasty (PELAN) to treat the patients with DLBP and to 
investigate prognostic clinical or radiological variables.  
 
Materials & Methods 
Eighty-nine patients who underwent PELAN under diagnosis of DLBP were included. 
Numeric rating scale (NRS) for back pain, Oswestry disability index(%) (ODI%), and 
modified MacNab criteria were measured at short term(3-4 weeks) and long term follow 
up period(at least 12 months) to investigate clinical efficacy of PELAN. The subjects were 
defined as successful group in case of 50% or more reduction of NRS, 40% or more 
reduction of ODI(%), and good or excellent response of MacNab criteria. Clinical and 
radiological variables were compared between successful and unsuccessful outcomes 
group to determine prognostic variables.  
 
Results 
 NRS and ODI(%) were significantly reduced at short and long term follow up after PELAN. 
Sixty-two(69.7%) and 68(76.4%) obtained successful NRS reduction and 59(66.3%) and 
68(76.4%) accomplished successful ODI(%) reduction at short term and long term follow 
up respectively. Successful McNab response was found in 61% at short term and 65.2% at 
long term. Pain during waist flexion among clinical variables was significantly related to 
good clinical outcomes and Modic change among radiological variables was significantly 
related to poor clinical outcomes.  
 
Conclusions 
PELAN provided favorable outcomes in patients with DLBP refractory to conservative 
treatments. Flexion pain was good prognostic and Modic change was poor prognostic 
variable.  
  
 



 
A) Endoscopic view before PELAN that showed a whitish colored annular tissue and blue stained nuclear 
tissue with indigocarmine. (B) Endoscopic view after PELAN showing an empty hole and epidural fat tissue, 
including blood vessels, which indicates the appropriate removal of disc material.  
 

 
 
(A) The degree of improvement in NRS and ODI(%) at short-term and long-term follow-up. (B) The number 
of patients who obtained successful outcomes in terms of NRS and ODI(%) at short-term and long-term 
follow-up.  
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Objective 
Cervical radiculopathy encompasses important symptoms such as pain, paresthesia, 
numbness and muscle weakness in the affected nerve root. To treat patients with chronic 
intractable radicular symptom, transforaminal epidural steroid injections (TFESIs) and 
pulsed radiofrequency (PRF) treatment have been recognized as an alternative method. 
Several studies have shown a decrease of grip strength in patients with cervical 
radiculopathy. The weakness of wrist extensor and finger flexor muscles is the common 
motor deficit pattern associated with C7 root involvement. Grip and key pinch strength 
was found to be lower in the hands of radiculopathy side compared to the normal side. 
Therefore, the purpose of the present study was to assess the short-term efficacy of PRF 
in the treatment of patients with chronic unilateral C7 radiculopathy and to evaluate grip 
strength as an objective parameter.  
 
Method 
12 patients with chronic unilateral C7 radiculopathy were included. Patients underwent 
magnetic resonance imaging, electromyography which detected pathological lesions 
corresponding to the C7 nerve root.All patients have sustained segmental pain of over 5 
on a visual analog scale (VAS) even after repeated TFESIs. Grip strength was tested first 
with a single calibrated Jamar dynamometer followed by lateral, palmar and tip pinch 
measurements by using a manual pinchmeter to investigate the efficacy of cervical PRF 
treatment. Grip strength and Results concerning pain, disability were measured before 
and 1 month after PRFtreatment. Pain intensity was measured VAS and disability was 
measured according to the neck disability index (NDI), the quality of life as evaluated by 
short form-36 (SF-36) collected prospectively were included.  
 
Results 
Based on the inclusion criteria, 7 men and 5 women with mean age of 57.25±11.24 years 
were enrolled in the study. All individuals were right-handed. Statistical analysis revealed 
significance in lateral, palmar and tip pinch (p=0.004, p=0.015, p=0.015) The mean hand 
grip strength of the pre-and post-intervention increased. However, no significant 
statistical differences were founded in hand grip strength when comparing strength 
measurements before and 1 month after PRF treatment (p=0.063) When muscular 



strength was expressed as the ratio of the affected side to the non-affected side, there 
was statistical difference significance in lateral, palmar and tip pinch ratio before and 1 
month after PRF treatment. (p=0.004, p=0.026, p=0.015) The change in scores for NDI, 
VAS and the SF-36 also showed a positive trend towards a better result after 1month, but 
no statistical significance was reached  
 
Conclusion 
The application of cervical PRF produced an improvement in the hand grip function in 
patients with cervical radiculopathy and appears to be short term effect for chronic 
cervical radicular pain  
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Extracorporeal shock wave therapy induce mesenchymal-epithelial 
transition in fibrosis 
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Background 
Extracorporeal Shock Wave Therapy (ESWT) considerably improves the appearance and 
symptoms of post burn hypertropic scars. However, the mechanism responsible for the 
observed beneficial effects are not well understood.  
 
Objective 
The objective of this study is to target the fibroblast derived from scar tissue using ESWT 
and to elucidate the mechanism of the underlying changes in cellular and molecular 
biology.  
 
Materials and Methods 
We cultured primary dermal fibroblast derived from human hypertrophic scar (HTS) and 
measured its mobility. Western blotting and real time PCR were performed to detect the 
mRNA and protein expression of fibroblast 24h and 72h after being treated with 1000 
impulses at 0.03, 0.1 and 0.3 mJ/mm2 of energy density.  
 
Results 
ESWT significantly altered the characteristic behavior of HTS fibroblast. Mesenchymal 
epithelial transition was observed. The migration of fibroblast was decreased. TGFβ1 
expression was reduced and αSMA, vimentin, collagen and fibronectin were reduced 
significantly after ESWT.  
 
Conclusions 
Induction of mesenchymal epithelial transition could be a mechanism in ESWT 
management post burn scars.  
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Objective 
To investigate combined therapeutic effects of ultrasound-guided human umbilical cord 
blood-derived mesenchymal stem cells(UCB-MSCs) with polydeoxyribonucleotide(PDRN) 
injection in a chronic traumatic rotator cuff tear(RCT) in rabbit model.  
 
Material and Methods 
New Zealand white rabbits (n=32) were randomly allocated into 4 groups of 8 rabbits. A 
5-mm diameter lesion sized full-thickness rotator cuff tear on the insertion site of right 
subscapularis tendon was created by punch biopsy excision. After the excision was made, 
the wound was immediately covered by 7-mm round shape silicone tube and closed by 
subcutaneous and skin sutures. At 6-weeks after punch biopsy excision, full thickness 
subscapularis tendon tear(FTSSCT) was confirmed via ultrasound (US) measurement. Four 
different injectants (0.2 ml normal saline, group 1; 0.2 ml PDRN, group 2; 0.2 ml human 
UCB-MSCs, group 3; and 0.2 ml UCB- MSCs with 0.2ml PDRN, group 4) were injected into 
right FTSSCT under US guidance (Fig. 1). The size of SSC tendon tear was measured by US 
at pre-injection and 4 weeks post-injection. We conducted gross morphologic 
examinations on all 32 rabbits after they were euthanized, classifying each tendon tear as 
complete healing, partial- or full thickness(Fig. 2A1-B4). Masson’s trichrome stain (MTS) 
(Fig. 2C1-C4), anti-type 1 collagen antibody (Ab) stain (Fig. 2D1-D4), bromodeoxyuridine 
(BrdU) stain (Fig. 2E1-E4), proliferating cell nuclear antigen (PCNA) stain (Fig. 2F1-F4), 
vascular endothelial growth factor (VEGF) stain (Fig. 2G1-G4) and platelet endothelial cell 
adhesion molecule(PECAM-1) stain (Fig. 2H1-H4) were performed to evaluate histological 
changes. Motion analysis was measured.  
 
Results 
There were significant differences in gross morphologic changes between pre-injection 
and four weeks post-injection in group 3 and 4 (Full thickness tear: 25% (2/8) and 12.5% 
(1/8), partial thickness tear: 37.5% (3/8) and 62.5% (5/8), nearly complete healing: 37.5% 
(3/8) and 25% (2/8)). The gross morphologic mean tendon tear size of each group at 4 
weeks post-injection were 13.08mm2(Group 1), 13.27mm2(Group 2), 3.36mm2(Group 3) 
and 3.35mm2(Group 4) respectively. The size of tear in group 3 and 4 were significantly 
smaller than group 1 and 2 (p < .05). There was no significant differences in gross 



morphologic changes and tendon tear size between group 3 and group 4. In group 4, 
newly regenerated collagen type 1 fibers, proliferating cells activity, angiogenesis, 
walking distance, fast walking time, and mean walking speed were greater than in the 
other three groups on histological examination and motion analysis (Table 1).  
 
Conclusion 
There was no significant difference in gross morphology of regeneration between UCB-
MSCs only and UCB-MSCs with PDRN injection in rabbit model of chronic traumatic FTRCT. 
However, co-injection of UCB-MSCs and PDRN is more effective than UCB-MSCs injection 
alone in histological and motion analysis findings. Further studies are needed.  
 

 
Figure 1. Human umbilical cord blood-derived mesenchymal stem cells (UCB-MSCs), 
Polydeoxyribonucleotide (PDRN) and ultrasound images. (A) Human umbilical cord blood-derived 
mesenchymal stem cells. (B) Polydeoxyribonucleotide. (C) Injection was made in the left shoulder 
subscapularis (SCC) full-thickness tears under ultrasound guidance. (D) Transverse ultrasound image 
showed the needle (arrow) in the left shoulder SCC of rabbit. Abbreviations: T, Tendon; I, Injectant.  
 

 
Figure 2. Gross morphological (A1–B4), immunohistochemical (C1-H4) findings of the subscapularis tendons 
in groups 1, 2, 3 and 4. (A1-A4) Pre-treatment images (B1-B4) Post-treatment images (C1-C4) Newly 
regenerated tendons are shown in the blue-stained fibers (black arrow; Masson's trichrome stain; X200) in 
group 2, 3 and 4. Few regenerative collagen fibers were seen in group 1. (D1-D4) Regenerated tendon fibers 
(black arrow; X200) were stained with anti-type 1 collagen antibody in group 2, 3 and 4. Few regenerated 
tendon fibers were seen in group 1. (E1-F4) Numerous BrdU and PCNA stained cells (black arrow, X400, 
X200) were observed in regenerated tendon fibers in group 2, 3 and 4. Few BrdU and PCNA stained cells 



were observed in group 1. (G1-H4) Numerous VEGF-positive cells and PECAM-1 positive microvascular 
densities (black arrows, X200) were observed in group 2, 3 and 4. Few VEGF-positive cells and PECAM-1 
positive microvascular densities were observed in group 1. Group 1 received 0.2cc of normal saline; Group 
2 received 0.2cc of PDRN; Group 3 received 0.2cc of MSC; Group 4 received 0.2cc of MSC with 0.2cc of 
PDRN; MSC : human umbilical cord blood-derived mesenchymal stem cell; PDRN : Polydeoxyribonucleotide; 
VEGF : Vascular endothelial growth factor; PECAM : Platelet endothelial cell adhesion molecule  
 

 
The immunoreactivity of MTS, and anti-type 1 collagen Ab stain was classified as 0 = negative staining, 1 = 
slight positive staining, 2 = moderately positive staining, and 3 = strongly positive staining. The proportion 
of positive cells of BrdU, PCNA, VEGF, PECAM-1 was scored as 0 = no cells stained positive, 1 = between 1% 
and 10%, 2 = between 11% and 33%, 3 = between 34% and 66%, and 4 = between 67% and 100%. NS, 
normal saline; MSC, human umbilical cord blood-derived mesenchymal stem cell; PDRN, 
Polydeoxyribonucleotide; MTS, Masson’s trichrome stain; BrdU, Bromodeoxyuridine; PCNA, proliferating 
cell nuclear antigen; VEGF, Vascular endothelial growth factor; PECAM-1, Platelet endothelial cell adhesion 
molecule. *) p < .05 one-way ANOVA, Tukey's post hoc test among group 1, 2, 3, and 4.  
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Objectives 
To overcome the limitation of short-term efficacy of virtual reality (VR), an enhanced 
reality (ER) analgesia, (combination of the VR, real-time motion capture, mirror therapy 
[MT]) involving a high degree of patients’ presence or embodiment was explored.  
 
Methods 
A prospective, randomized, controlled trial was conducted on patients who underwent 
unilateral total knee arthroplasty (TKA). Patients received ER analgesia, in which an image 
of the non-operated leg was flipped on the image of the operated leg in real time (Figure 
1, 2). The duration was 5 times a week, for 2 weeks for one group and 5 times a week, for 
1 week in the other. Visual Analogue Scale (VAS) at rest and during movement, active 
knee range of motion (ROM) for flexion and extension, Western Ontario and McMaster 
Universities Osteoarthritis Index, graded ambulation distances, 6 minute walk test, and 
timed-stand tests were measured repeatedly.  
 
Results 
After screening 157 patients, 60 were included. Pre-interventional evaluation was 
performed at 6.7 days and ER was initiated at 12.4 days after surgery. Evaluation was 
performed at 5, 12, 33 days after the initiation of ER. Analgesia in the 2 week therapy 
group was effective until the third evaluation (p=0.000), whereas in the other group, it 
was effective only until the second evaluation (p=0.010). Improvement in ROM in the 2 
week group was also maintained until the third evaluation (p=0.037, p=0.009) (Figure 3). 
No adverse events were noted.  
 
Conclusions 
ER for 2 weeks resulted in continuous improvement in pain and ROM, which were 
sustained for 5 weeks, in patients who underwent TKA. The duration of improvement was 
found to be dose-dependent. It could lay the foundations for the development of safe 
and long-lasting analgesic tools.  
 



 
Figure 1. A schematic view of the enhanced reality setup. It consists of a patient positioning tool, a 
screening tool, an image acquisition unit, an image processing unit, and an image displaying unit. The 
patient positioning tool and screening tool used a conventional table and chair. A conventional WebCam, a 
conventional computer, a lab-made image processing program, and a conventional monitor functioned as 
the image acquisition tool, image processing unit, and image displaying unit.  
 

 
Figure 2. The flipped image by the processing unit of enhanced reality. The processing unit flips half of the 
acquired image, and copies it to the half of the acquired image. The left figure and center figure show a 
tested image before and after flipping. The right figure shows a patient’s flipped leg movement image 
during one’s intervention.  
 

 
Figure 3. Difference in duration of analgesia and ROM A and B: continuous significant improvement of the 
VAS at rest and movement was seen over 5 weeks in the FTI group and improvement in the HTI was limited 
to 2 weeks. C: only the FTI group showed continuous significant improvement of active knee flexion over 5 
weeks. D: continuous significant improvement of active knee extension was seen over 5 weeks in the FTI 
and improvement in the HTI was limited to 2 weeks. FTI: full term intervention group, HTI; half term 
intervention group. * p<0.05, ** p<0.01  
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Purpose  
Many Breast cancer patients experience asymmeteric upper extremity dysfunction after 
operation due to increased muscle tone of the affected side. Acute Stroke patients also 
experience asymmetric limb dysfunction but due to opposite reason, which is the 
decrease in muscle tone of the affected side. However, such changes in muscle tone are 
only assessed clinically through physical examination and lack obejctive assessment tool. 
The purpose of this study is to examine the objective muscle tone of both breast cancer 
and acute stroke patients and secondly to compare the pattern ofchange in muscle 
properties between these two different disease group.  
 
Materials and Methods 
22 breast cancer patients with history of mastectomy and 11 acute hemiplegic stroke 
patients were included in our study. Pectoralis major(PM), Sternoclaviculomastoid(SCM) 
and Upper trapezius(UTz) muscles were selected and their muscle properpites were 
measured using myometry device(MyotonPRO® ). We measured SCM and UTz in sitting 
position and PM in supine position. 3 consecutive measurements were made at each site, 
and the average value was used for further analysis. Compared t-test was used to 
compare affected side and unaffected side in patients with stroke and breast cancer, 
respectively. Because the variables were not controlled between the breast cancer group 
and the stroke group, the values of the affected side were divided by the values of the 
unaffected side instead of directly comparing.  
 
Results 
In the analysis of acute stroke group, there was significant difference of parameters 
measured at SCM and UTz and no significant difference at PM. On the other hand, in the 
analysis of breast cancer group, there was significant difference of parameters measured 
at PM muscle and no significant difference at SCM and UTz. In the analysis between 
breast cancer group and acute stroke group, there was significant difference of 
parameters, either in muscle tension and elasticity, in all of the muscles measured.  
 
Conclusion 
There was significantly increased muscle tone and stiffness at affected PM muscles in 
breast cancer patients with operation history. It is consistent with the anterior chest 
stiffness that many breast cancer patients complain clinically. However, there was no 



significant difference of tension and stiffness at SCM and UTz muscles. In patients with 
acute stroke whose muscles were not yet spastic, there was significantly increased 
muscle tone at affected UTz and unaffected SCM muscles and no significant difference of 
muscle tone between affected and unaffected side. When compared between breast 
cancer and acute stroke patients, there was significant difference in muscle ratio of the 
affected and unaffected side, either in muscle tone or muscle elasticity of all the muscles 
measured. Based on this study, both breast cancer and stroke patients had significant 
change in muscle tone and MyotonPRO® is a useful objective assessment tool.  
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Background  
Recently, microwave system capable of inducing localized hyperthermia had been 
developed. Focused microwave thermotherapy has been investigated as a type of heat 
therapy for treating breast cancer. In many musculoskeletal diseases, focused microwave 
thermotherapy could be useful for pain relief and treatment of pathology. We have 
developed the algorithm of focused microwave heat generation employing a time 
reversal technique and successfully simulated the thermal increase in knee pathology 
model.  
  
Purpose  
In this study, we applied the time reversal (TR) technique to an atomically 
electromagnetic model (AEM) based on magnetic resonance (MR) images. This work is a 
computational study to predict performances of the microwave (MW) focusing system.  
 
Method  
For anatomically realistic simulation, we developed an AEM by using MR-images. The leg 
MR images of patient were extracted to the tissue clusters of AEM. The tissue clusters 
were mapped according to the relative permittivity, electrical conductivity, and thermal 
parameters. The dielectric maps of the AEP were offered to a forward solver to calculated 
TR signals in an initialization stage. Next, signals were propagated between a virtual 
source point (targeted position) and a receiver array. The forward solver for the forward 
step of the TR calculated received signals. After the forward step, a reverse solver for the 
MW focusing on the targeted position was computed. To perform the reverse step of the 
TR in the reverse solver, the receiver array was changed to a transmitter array, the time-
reversed signal excited and refocused into the targeted position. Finally, the thermal 
analysis confirms that tefmperature of the targeted position reached 46°C. We selected 
six different target points in the leg AEM and simulated the MW thermal focusing.  
 
Results  
The leg AEM based on MR image was constructed. The thermal dose were well focused 
on the targeted point. The proposed MW focusing technique was very selective. The 



temperature above 43 °C was achieved in an area surrounding the targeted point not 
larger than 17 mm. The thermal dose could be localized at the targeted position while 
unwanted hotspots were avoided. It revealed that the proposed technique was to 
moderately elevate the temperature (above 46°C) at the targeted tissue while 
maintaining ordinary temperature (below 43°C) in normal tissue.  
 
Conclusion 
The proposed MW focusing was applied for a numerical calf-model based on MR-images, 
and it could be provide realizing the moderately elevated temperature at the selective 
tissue while maintaining ordinary temperature in normal tissue. The moderate 
temperature provided physiological benefits for musculoskeletal disorder treatment.  
 

 
 
Flowchart of the proposed MW focusing 
technique for thermal therapy 
 
 

Segmentation of calf MR-images (axial plane) for 
musculoskeletal disorder therapy: (a) sampled T1 
MR- image (b) sampled T1 MR-image with spectral 
fat- saturation (c) The result image of the 
segmentation (d) The map of tissue clusters 

 

 
The temperature distribution Results for six different targeted positions (x, y). (a) (-35, -20), (b) (-15, 35), (c) 
(15, - 15), (d) (0, 0), (e) (7, 25), (f) (10, -35).   
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Objective  
To investigate the elastic properties of the supraspinatus (SSP) muscle in patients with 
rotator cuff tear (RCT) by using shear wave sonoelastography (SWS) and comparing the 
stiffness of SSP muscle according to severity of RCT  
 
Material and Methods  
Seventy six patients (43 males, 33 females; mean age 64.4±9.2 year) with one hundred 
and fifty two shoulders (95 symptomatic, 57 asymptomatic) were recruited. A physiatrist 
performed B-mode ultrasound (US) and SWS together. Severity of RCT, fatty infiltration 
and echogenicity of SSP muscle, and SSP muscle atrophy were assessed on B-mode US. 
Severity of RCT was classified and grouped as group 1: normal, 2: tendinopathy, 3: partial-
thickness, full-thickness tear (4: small and medium, 5: large, and massive). The fatty 
infiltration of SSP muscle was grade according to visibility of central tendon of SSP muscle 
at suprascapular fossa. The echogenicity of SSP muscle was graded according to 
comparison with upper trapezius (UT) muscle. SSP muscle atrophy was assessed using 
Warner grade, and Goutallier stage was determined according to the intensity of fatty 
infiltration in SSP muscle between coracoid process and scapular spine. Shear wave 
velocity (SWV) was measured twice in proximal and distal UT and SSP muscles at 
suprascapular fossa on longitudinal SWS using acoustic radiation force impulse imaging 
(Fig 1). The intraclass correlation coefficient (ICC) was used to examine intra-rater 
reliability of repeated SWV.  
 
Results  
There were no significant differences in sex, age, and affected side among 5 groups. ICC 
of the repeated SWV measurements in SSP and UT muscles were 0.833 and 0.775, 
respectively. In the 95 symptomatic and 56 asymptomatic shoulders, US revealed 38 
shoulders with normal US finding, 32 shoulders with tendinopathy, 43 shoulders with 
partial-thickness tear, and 39 shoulders with full thickness tear (8 small, 10 medium, 7 
large, 14 massive). SWV of SSP muscle in groups 1, 2, 3, 4, and 5 were 2.88 ± 0.25 m/s, 
2.79 ± 0.27 m/s, 2.64 ± 0.21 m/s, 2.34 ± 0.14 m/s, and 2.12 ± 0.17 m/s, respectively (Table 
1). SWV in SSP muscle was negatively correlated with the severity of RCT (r = -0.809, p 
< .05), fatty infiltration grade of SSP muscle (r = -0.677, p < .05), echogenicity grade of SSP 



muscle (r = -0.637, p < .05), Warner grade (r = -0.671, p < .05), and Goutallier stage (r = -
0.672, p < .05) (Table 2). SWV of UT muscle was not significantly different among 5 
groups and not correlated with severity of RCT. 
 
Conclusion  
The SWS demonstrated a difference of elastic properties of SSP muscle according to the 
severity of RCT. In addition, the SWS of SSP was correlated with fatty infiltration, 
echogenicity, and atrophy of SSP muscle, and the severity of RCT. SWS can be used as an 
imaging method to provide insight into the biomechanics and pathophysiology of 
supraspinatus muscles in patients with RCT.  
 
 Table 1. Shear-wave velocity of supraspinatus muscle according to severity of supraspinatus tendon tear  

 
 
Table 2. Shear-wave velocity of supraspinatus muscle according to supraspinatus muscle fatty infiltration 
and atrophy. 

 
 



 
Fig 1. Shear-wave velocity of supraspinatus muscle in patient with massive full-thickness supraspinatus 
tendon tear. (A) B-mode longitudinal ultrasound image of upper trapezius and supraspinatus muscles. (B) 
Optimal quality map image of supraspinatus muscle. (C) Shear-wave velocity of proximal and distal upper 
trapezius muscle were 3.45m/s, 3.12m/s repectively and proximal and distal supraspinatus muscle were 
2.13m/s, and 2.17m/s respectively 
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Introduction  
The deep heat therapy among physical agent modalities is widely used for the treatment 
of musculoskeletal pain. Newly-developed HIPER-500® is able to generate deep heat in a 
focal tissue by using high frequency. It can be applied to treatment of musculoskeletal 
disorders. The aim of this study is to evaluate the effectiveness of HIPER-500® for pain 
modulation and shoulder function in patients with shoulder pain.  
 
Methods 
This prospective randomized controlled trial in non-inferiority manner is designed to 
compare the treatment effect of HIPER-500® with another deep heat generator 
ultrasound (SONOSTIM®) in patients with shoulder pain and disability. Both HIPER-500® 
and SONOSTIM® group were undergone a session of 10 minute-therapy, 5 days a week 
for 2 weeks (total 10 sessions). We evaluated shoulder pain and disability with Visual 
Analogue Scale (VAS), University of California Los Angeles score (UCLA score), Shoulder 
Pain and Disability Index (SPADI) and Constant score in both HIPER-500® and SONOSTIM® 
group before and after the treatment. Statistics were executed for comparing the effects 
of treatment within and between the groups.  
 
Results 
The 18 patients in HIPER-500® group and 16 patients in SONOSTIM® group were enrolled 
and completed a series of evaluations in a timely manner. In both groups, we found the 
significant improvements for shoulder pain and functions within the group when 
comparing pre-treatment values with post-treatment Results (right after sessions of 
treatment, a week and a month later). However, Results showed that changes in values 
before and after the treatment were not different with statistical significance when 
drawing a comparison between the two groups. 
 
Conclusion 
Newly-developed HIPER-500® for high frequency deep heat therapy showed similar 
effects to that of ultrasound (SONOSTIM®) for relieving pain and improving physical 
performance in the participants of this study. The HIPER-500® can be a useful modality 
for treating shoulder pain and improving physical activity in patients with shoulder 
disease.  



  
Keywords 
High frequency, deep heat, shoulder pain.  
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Purpose  
To evaluate clinical, radiographic, and ultrasound (US) findings in patients with Baker’s 
cyst (BC) and compare these findings between simple and complicated BC  
 
Material and Methods  
The study was retrospectively conducted for the 45 patients (47 knees; 8 male, 37 female; 
25 left, 22 right; mean age 68.2 years, range, 40-85 years) who visited the outpatient 
clinic due to knee pain and were diagnosed as BC on US between January 2009 and June 
2017. Demographic and clinical data including height, weight, symptom duration, and 
pain (visual analogue scale (VAS), graded from 0 to 10) were reviewed. Kellgren and 
Lawrence (KL) grade was measured on simple knee radiograph. All US examinations were 
performed by a physiatrist with 14-22 year experience in musculoskeletal US. Severity of 
osteophytosis and degree of knee joint effusion were assessed on US. The presence and 
degree of osteophytosis of knee was graded semiquantitatively from 0 to 3 (normal, 
minor, moderate, and severe). Joint effusion in suprapatellar recess was scored from 0 to 
3 (0/absent :<2mm thickness, 2-5mm, 5-10mm, >10mm). The presence of meniscal tear 
and synovial proliferation in suprapatellar recess were also assessed. The size of BC was 
measured in maximal longitudinal diameter (D1, on longitudinal scan), thickness (D2, on 
transversal scan), and transverse diameter (D3, on transversal scan). The volume (V) of BC 
was calculated with the (V=D1xD2xD3x0.52) formula, based on the assumption that the 
structures were ellipsoids. BC was categorized as simple or complicated cyst on US. 
Simple BC was characterized as anechoic lesion with smooth well-defined borders and a 
thin synovial wall (Fig 1A) and complicated BC as internal non-homogeneity, intensive 
internal echoes, septation, and synovial thickening (Fig 1B). Morphology of BC was 
classified as crescent, beak, and x-shaped appearance (Fig 1C-E).  
 
Result  
Simple BC was observed in 22 knees and complicated BC in 25 knees on US. There was no 
significant difference of demographic and clinical parameters between simple and 
complicated BC (Table 1). There was no significant difference of radiographic and US 
parameters between simple and complicated BC (Table 2). However, suprapatellar 
effusion thickness in complicated BC(5.7±3.0) was significantly greater than that in simple 
BC(3.8±3.2), and synovial proliferation in suprapatellar recess was found significantly 
more than simple BC (12 knees, 54.5%) in complicated BC (22 knees, 88.0%) (Table 2).  



  
Conclusion  
Synovial proliferation in suprapatellar recess may contribute to a development of 
complicated BC in the patients with BC.  
 
 Table 1. Demographic and clinical characteristics in Baker’s cyst  

 
 
Table 2. Ultrasound and radiographic parameters between simple and complicated Baker’s cyst  

 

 
Fig 1. Ultrasound findings of Baker’s cyst. (A) Simple cyst shows anechoic lesion with smooth well- defined 
borders and a thin synovial wall in longitudinal ultrasound scan (B) Complicated cyst shows internal non-
homogeneity, septation and synovial thickening on longitudinal ultrasound scan (C, D, E) Sonomorphology 
of Baker's cyst is classified as beak / crescent / X shaped in transverse ultrasound scan. g, medial head of 
gastrocnemius; mc, medial femoral condyle  
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Objective  
Knee osteoarthritis (OA) is a painful and common disorder in old age, which has 
significant effect on quality of life. Recent studies suggest that metabolic disorders that 
provoke systemic inflammatory process are associated with development of knee OA. 
However most of these studies associate single metabolic disease with knee OA, 
respectively. The aim of this study is to investigate the effect of metabolic syndrome (MS) 
on development of knee OA.  
 
Methods  
Data were obtained from the 2010 to 2012 Korea National Health and Nutrition 
Examination Survey (KNHANES). Subjects with knee OA (≥ Kellgren-Lawrence grade 2) and 
severe knee OA (≥ Kellgren-Lawrence grade 3) were evaluated based on radiologic 
findings. Medical information, in accordance with MS, and demographic data were 
obtained from their survey records. Multivariate logistic regression analysis was 
performed to investigate relationship between knee OA prevalence and MS, along with 
various demographic factors. Each analysis was adjusted by age group (model 1), or 
adjusted by age group, education, smoking, alcohol consumption, and physical activities 
(model 2).  
 
Results  
Presence of MS was associated with development of knee OA. The MS increased risk of 
developing knee OA in women (OR=1.644, p-value<0.001 and OR=1.608, p-value<0.001, 
respectively for model 1 and 2). In addition, it increased risk of developing severe knee 
OA in women (OR=1.593, p-value<0.001 and OR=1.559, p-value<0.001, respectively for 
model 1 and 2). However, in men, the development of knee OA and severe knee OA was 
not associated with MS.As the number of MS component increased, the development of 
knee OA and severe knee OA generally increased in women, not in men. In men, cases 
with five components of MS were solely associated with development of knee OA 
(OR=1.802, p-value=0.031 and OR=1.824, p-value=0.033, respectively for model 1 and 2).  
 
Conclusion  
The Results suggest that development of knee OA or severe knee OA is affected by 
presence of MS, in women. However, the association is not definite in men.  
 



Table 1. Demographics of Participants 

 
 
Table 2. Odds Ratio for Development of Knee OA and Severe Knee OA in Metabolic Syndrome Patients 

 
 
Table 3. Odds Ratio for Development of Knee OA and Severe Knee OA in Accordance with Number of 
Metabolic Syndrome Component  
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Background 
Rehabilitation after total knee arthroplasty (TKA) has many advantages. Early 
mobilization and rehabilitation reduces pain after surgery, and risk of thromboembolic 
disease, which is common complication after surgery. However, there are few studies 
about which would be the most effective Methods of rehabilitation among range of 
motion (ROM) exercise, strengthening exercise, balance training or ambulation. 
Therefore, the purpose of this study is to compare the effects of partial body weight 
supporting treadmill training (PBWSTT) and conventional rehabilitation for post-TKA 
patients.  
  
Method 
Patients who had received unilateral primary TKA in orthopedic department were 
included. Patients with musculoskeletal deformity, uncontrolled chronic or systemic 
disease were excluded. They were randomly divided into Intervention group and control 
group.  All patients underwent modality and continuous passive motion from 4 days after 
TKA to for 7days. After modality therapy, intervention group received PBWSTT, 20 
minutes per day, while control group received passive ROM exercise, passive stretching 
and joint mobilization, 20 minutes per day. Berg Balance Scale (BBS) and overall, anterior-
posterior, and medial-lateral stability indexes measured by Biodex Balance System SD® 
(Biodex, Shirley, NY, USA) were used to evaluate functional balance. Angular velocity of 
knee flexor and extensor at 60°/s measured by Biodex System 4 Pro® (Biodex, Shirley, NY, 
USA) were used to evaluate isokinetic strength. Numeric Rating Scale (NRS) and the 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scales were 
used to evaluate pain. All patients were evaluated before TKA, 2 weeks after TKA, and 6 
weeks after TKA.  
 
Result 
There were 10 patients in the Intervention group and 7 patients in the control group. 
There were no significant differences between two groups in demographics (Table 1). 
There were no significant differences between two groups at 2 weeks after TKA and 6 
weeks after TKA (Table 2). Changes of measurements at 2 weeks after TKA, Intervention 
group showed significant improvement in BBS compared to control group. At 6 weeks 
after TKA, Intervention group showed significant improvement in peek torque of knee 



extension and flexion and WOMAC scales compared to control group (Table 3). There 
were no complications such as severe pain or fall down during PBWSTT.  
 
Conclusion 
This study suggests that PBWSTT may have advantages on improving patients’ strength, 
balance, and pain compared to conventional rehabilitation after TKA. Therefore, PBWSTT 
after TKA seems to be one of the effective therapeutic options. This study was conducted 
only for a short period of time and few patients. Further long-term and large-scale studies 
are necessary to find out additional long term effects.  
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Objective 
Fibromyalgia patients complain of several symptoms such as severe pain, balance 
impairment, neurological problem, weakness, cognitive impairment and other 
impairments. Generally, these symptoms are managed with pharmacological treatment. 
However, pharmacological interventions are not good enough for managing their 
symptoms in fibromyalgia. Researchers have studied other interventions for fibromyalgia 
to improve their symptoms. Recently, many studies reported that exercise is effective for 
fibromyalgia and various types of exercise are recommended. Still most of the exercise 
lacks evidence and further study is required. We aimed to examine the effect of core 
muscle exercise comparing with flexibility and muscle strengthening exercises in 
fibromyalgia patients.  
 
Methods 
Fibromyalgia patients, who were diagnosed by American College of Rheumatology 
preliminary diagnostic criteria 2010, were enrolled from 1st March, 2016 to 1st May, 
2017. Inclusion criteria were as follows; they can walk independently, aged from 35 to 65 
years, no changes of medication for 3 months, no events that can influence walking 
ability and no surgical history for previous 6 months. Forty fibromyalgia patients (2 males, 
38 females, age; 52.1±7.6 years) were recruited and they were randomly allocated into 
two groups. They did exercise program twice a week for 4 weeks: core muscle exercise 
group (group 1, n=20) and flexibility and muscle strengthening exercise (group 2, n=20). 
During each session, stretching exercise was done before and after main exercise (20 
minutes) for 5 minutes in both groups. Visual analogue scale (VAS), Borg scale, 
fibromyalgia impact questionnaire (FIQ), widespread pain index (WPI), symptom severity 
(SS) scale and balance scale were measured before and after exercise program. Balance 
function was assessed by checking the distance of sway on hard pad with eye open (IO), 
on hard pad with eye closed (IC), on soft pad with eye open (OO) and on soft pad with 
eye closed (OC) by I Balance S (Cybermedic Co., Iksan, Korea).  
 
Results 
30 patients (15 patients in group 1 and 15 patients in group 2) completed a 4-week 
exercise program. General characteristics were shown at Table 1.  
1) VAS, Borg scale, FIQ, WPI, SS, IC and OO presented significant differences after exercise 
program in group 1 (p<0.05).  



2) VAS, Borg scale, WPI, IO, IC, OO and OC showed significant differences after exercise 
program in group 2 (p<0.05).  
3) Between both groups, there were significant differences in before and after exercise 
WPI (p=0.025, 0.011), after exercise VAS (p=0.045), before exercise OC (p=0.006) and 
after exercise OO (p=0.01)(Table 2).  
 
Conclusion 
In fibromyalgia patients, core muscle exercise showed more improvement of VAS, WPI 
and some balance scales. Core muscle exercise program was beneficial in improving 
balance function by reducing pain in fibromyalgia patients.  
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Objective  
The purpose of this study was to investigate clinical importance of the mylohyoid motor-
evoked potentials (MH-MEP) to predict dysphagia at three months after stroke.  
  
Methods  
This study was designed as a prospective case-control study. A total of 68 patients (34 
men, 34 women; mean age 67.9±12.6 years) with first-ever stroke within a month were 
recruited prospectively. All patients had undergone videofluoroscopic swallowing studies 
(VFSS) at 18.6±7.7 days on average after stroke and were followed up over 3 months. 
Swallowing function was evaluated by videofluoroscopic dysphagia scale (VDS) using VFSS. 
MH-MEP was performed by recording in both mylohyoid muscles with stimulation on 
each of the contralateral pharyngeal motor cortex at the same time. Resting motor 
threshold (rMT), latency, amplitude stimulating at 120% (amp120) and at 200% (amp200) 
of the rMT, and the ratios of each parameter in both hemispheres were assessed. We 
defined the ratio of each parameter by calculating the difference between both sides 
(value of the affected side/value of the unaffected side). Prognostic factors were 
determined by logistic regression analysis between the parameters of MH-MEP and 
aspiration over 3 months. The validity of the scale was evaluated by using a receiver 
operating characteristic curve.  
 
Results  
Of the 68 patients, 24 showed subglottic aspiration at the three-month VFSS. Seven 
patients had aspiration pneumonia during the study. The baseline demographic factors 
between aspiration and non-aspiration group at three months were significantly different 
in age, location of lesion and NIHSS score (p<0.05). Mean scores of initial VDS were 
62.6±17.5 in the aspiration group and 28.7±19.4 in the non-aspiration group (p<0.05). 
The rMT, rMT ratio, amp120 and amp120 ratio were significantly related with initial VDS 
score after correlation analysis (p<0.05). Multivariate logistic regression analysis revealed 
that rMT ratio and amp120 ratio were independent prognostic factors for aspiration at 
three months (p<0.05). Optimal cutoff values of the rMT ratio and amp120 ratio were 
126.1% (AUC 0.94, sensitivity 0.92, specificity 0.89) and 66.5% (AUC 0.89, sensitivity 0.88, 



specificity 0.86) respectively, whereas that of the initial VDS was 47 points (AUC 0.89 
sensitivity 0.79, specificity 0.80).  
 
Conclusion  
The quantitative parameters of MH-MEP, especially rMT ratio and amp120 ratio in the 
early subacute phase, could be used as parameters to predict aspiration 3 months post-
stroke.  
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Purpose  
Percutaneous endoscopic gastrostomy (PEG) is used for long-term nutrition support for 
those who have swallowing difficulties. Causes of swallowing disorders include stroke, 
traumatic brain injury, head and neck cancer, motor neuron disease and aging, etc. 
Various complications occur after insertion of the PEG tube, and most of all, peristomal 
wound infection is a common complication. And peristomal infection sometimes causes 
excessive leakage and increases length of hospitalization. It is possible that PEG site 
infections are caused by oropharyngeal bacteria during PEG tube placement. We aimed 
to analyze correlation between the result of peristomal wound and oropharyngeal flora 
swab culture.  
 
Demographics  
Total 52 people who admitted to rehabilitation department of university hospital from 
Jun 2015 to Jun 2017 were registered in this study. Patients who have active systemic 
infection with clinical symptoms were excluded. 30 (57.7%) was male, 19 (36.5%) was 
traumatic brain injury and 48 (92.3%) was the patient with a tracheostomy.  
 
Methods  
The day before PEG tube placement, swab cultures in tongue base, palatopharyngeal arch 
were done and the strict decolonization for oral flora was not performed before the 
procedure. Shortly after PEG tube placement, cut offed the tip of PEG tube that was 
inserted through the abdomen was cultured. In 1 and 3 to 7 days after PEG placement, 
we obtained additional wound cultures by swab using Levine technique.  
 
Results  
Among 52 patients, 37 patients (79.2%) showed the positive result of swab culture in 
peristoma and 15 patients had no growth. Among 37 patients, 27 patients had same 
result of bacterial cultures between the oropharyngeal culture at the day before PEG 
placement and the peristomal culture at 3 to 7 days later (Fig. 1). The number of patients 
with single bacterial identification was 21 and the number of patients with multiple 
bacterial identification was 6. Most common bacteria in tongue base, palatopharyngeal 
arch and PEG puncture site were Pseudomonas aeruginosa (P.aeruginosa), Acinetobacter 
baumannii (A.baumannii), Klebsiella pneumoniae (K.pneumoniae) in Gram-negative 
bacteria and Staphylococcus aureus (S. aureus) in Gram-positive bacteria (Fig. 2).  



 
Conclusions  
Oropharyngeal flora is not matter in common conditions. But, many patients who should 
be PEG tube placement are in malnutrition and immunocompromised state due to severe 
underlying disease such as neuromuscular disorders. The bacteria mentioned above may 
acts as a scary pathogen in this situation. Through this research, we learned that even 
though we use empirical antibiotics, some bacteria continue to grow in peristoma. And 
bacterial identification of peristomal wound after PEG is likely to be caused by 
oropharyngeal flora. Therefore, additional decolonization processes, for example, the use 
of chlorohexidine gargle solution and thorough cleaning mouth before PEG tube 
placement as well as empirical antibiotics are needed. 
 

 
Fig. 1 The number of bacterial identificated and non-identificated patient of peristomal wound after PEG  
 

 
Fig. 2 Types of bacteria in peristomal swab at 3 to 7 days of PEG  
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Objective 
Previously known risk factors for dysphagia include age, diabetes melitus and location of 
infarction. But there was no evaluation as a risk factor for peak cough flow and 
pulmonary function tests. We investigated the relationship among peak cough flow, 
pulmonary function tests (PFT) and severity of dysphagia in patients with ischemic stroke 
who complained of a difficult swallowing.  
 
Subjects and Methods 
This study included patients with ischemic stroke who underwent VFSS, Peak cough flow 
and PFT from March 2016 to February 2017. Patients who did not undergo Peak cough 
flow, PFT because of decreased cognitive function and who had hemorrhagic lesions were 
excluded. The dysphagia severity of these patients was assessed using functional 
dysphagia scale (FDS). The correlation analysis among FDS, PFT and peak cough flow was 
performed. After the VFSS, patients were divided into the L-tube feeding group, the 
dysphagia diatery group and the normal dietary group based on the recommended diets. 
Peak cough flow, PFT and FDS between these groups were analyzed by one-way analysis 
of variance(ANOVA).  
 
Results  
The mean value of peak cough flow was 133.86 and the standard deviation was 84.637. 
The mean value of FDS was 33.0 and the standard deviation was 26.458(Table 1.). The 
correlation coefficients among peak cough flow, forced vital capacity(FVC), forced 
expiratory volume 1(FEV 1) and FDS were 0.836, 0.508, and 0.430 respectively and these 
were statistically significant at p<0.01 level(Figure 1.).  By linear regression analysis of FDS, 
peak cough flow is a statistically significant risk factor but FVC, FEV 1.0 and age is not.  
 The one-way ANOVA analysis of the FDS values among the recommended dietary groups 
showed statistically significant difference between all groups. The mean values of peak 
cough flow were significantly different between the L-tube group and the dysphagia 
dietary group, L-tube and normal dietary group(Figure 2.).  
 
Conclusion  
There is a usefulness of peak cough flow on deciding diet in patient with dysphagia and 
strong correlation among peak cough flow, PFT and FDS. Peak cough flow had the 



strongest correlation with FDS and was the only significant factor in linear regression 
analysis. It could be used adjunct tool for evaluating dysphagia in patient with ischenmic 
stroke.  
 

 
Figure 1. Correlation among FEV1, FVC, peak cough flow and FDS  
 

 
Figure 2. Comparison of Functional dysphagia scale and Peak cough flow among recommended diet group.  
 
Table 1. Characteristics among groups by recommended diat. 
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Objective  
Fiberoptic endoscopic evaluation of swallowing (FEES), which uses with a flexible 
transnasal endoscope, has been widely used to assess anatomy, movement or sensation 
of structures, swallow function, and response to therapeutic interventions. FEES has 
several advantages compared to videofluoroscopic swallowing study (VFSS). Among them, 
FEES allows visualization of the pharyngeal and laryngeal anatomy and swallowing 
abnormalities in pharyngeal space in each sides independently. This characteristic is 
especially advantageous in subjects with infratentorial stroke and lower motor neuron 
(LMN) disorders. The aim of this study is to investigate the diagnostic usefulness of FEES 
in infratentorial stroke and lower motor neuron disorders.  
 
Methods  
This study was a retrospective study. Inclusion criteria was subjects who 1) had dysphagia, 
2) had an infratentorial stroke confirmed by brain MRI or CT or a LMN disorder affecting 
pharyngolaryngeal structure, 3) and underwent FEES. One hundred and thirty patients 
with an infratentorial and 57 patients with a LMN disorder were included in the study. 
FEES data was analyzed regarding whether there is any asymmetry of vocal fold (VF) 
movement or of asymmetry of pharyngeal residues (PR). Statistical anaylsis was done 
using SPSS version 20.  
 
Results  
Among subjects with infratentorial stroke, 14 had midbrain lesions, 71 had pontine 
lesions, 29 had medullary lesions, and 16 had lesions in cerebellum. Among subjects with 
LMN disorder, 20 had motor neuron disease (MND) or neuropathy, and 20 had focal 
injury or trauma, and 17 had head and neck cancer. FEES demonstrated asymmetry of VF 
movement and PR in 38.8% and 60.8% of subjects with infratentorial stroke and in 64.9% 
and 55.4% of subjects with a LMN disorder, respectively. Among subjects with 
infratentorial stroke, asymmetry of VF movement was more frequent in medullary lesion 
than in midbrain or pontine lesion and asymmetry of PR was less frequent in midbrain 
lesion than in pontomedullary lesion. Among subjects with LMN disorder, asymmetry of 
VF movement and PR was less frequent in head and neck cancer than in MND, 
neuropathy, focal injury, or trauma.  
 
Conclusion  



FEES is a useful tool to evaluate the asymmetry of laryngeal movement and pharyngeal 
residue which is not easy in VFSS. The diagnostic usefulness is specifically applicable in 
dysphagia caused by infratentorial stroke or focal LMN disorder or injury of aerodigestive 
structures.  
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Introduction  
Multiple system atrophy (MSA) is a progressive neurodegenerative disorder. There are 
two phenotypes distinguished by the predominant motor symptom; the parkinsonian 
variant (MSA-P) and the cerebellar variant (MSA-C). Two-thirds of MSA patients suffered 
severe dysphagia. Therefore we investigated the progression of oropharyngeal dysphagia 
in patients with MSA, especially focused on the difference between subtypes.  
 
Methods  
Patients were initially diagnosed with MSA and followed up at the outpatient clinic of the 
department of neurology from Aug. 1999 to Mar. 2017. Fifty-nine patients (31 MSA-P, 21 
MSA-C, and 7 MSA-PC) who underwent at least one videofluoroscopic swallowing study 
(VFSS) due to swallowing difficulty were included. Among them, 18 patients who 
underwent VFSS follow-up for more than 1 year were further analyzed to determine 
which functional components of swallowing worsened in MSA patients. Retrospectively, 
clinical data and VFSS findings were collected by reviewing the electronic medical record 
for each enrolled patient. The videofluoroscopic dysphagia scale (VDS), which consisted 
of 14 items, were used to evaluate the functional components of swallowing. The time to 
beginning tube feeding and modified diet from initial diagnosis of MSA and onset of 
dysphagia symptom were compared between subtypes using the Kaplan-Meier survival 
analysis. The changes of total, oral and pharyngeal scores, as well as each item, of VDS 
between initial and final VFSS were analyzed by the Wilcoxon rank sum test was used. A p 
value less than 0.05 was considered significant.  
 
Results  
The median time to beginning tube feeding from initial diagnosis was 6.675 (95% CI, 
5.409-7.940) years in MSA-P and 7.440 (95% CI, 6.437-8.444) years in MSA-C (p=0.176), 
and the time from dysphagia onset was 3.661 (95% CI, 2.752-4.569) years in MSA-P and 
4.556 (95% CI, 3.178-5.934) years in MSA-C (p=0.213) (Fig. 1). The median time to 
beginning modified diet (including tube feeding) from initial diagnosis was 6.010 (95% CI, 
4.598-7.421) years in MSA-P and 7.172 (95% CI, 6.127-8.216) years in MSA-C (p=0.033), 
and the time from dysphagia onset was 2.665 (95% CI, 1.793-3.538) years and 4.277 (95% 
CI, 2.894-5.659) years (p=0.039) (Fig. 2.). In further subgroup analysis, although VDS total, 



oral, and pharyngeal scores were significantly worsened during 2.54 ± 1.55 years, the 
deterioration was more pronounced in the items of oral phase than those of pharyngeal 
phase (Table 1).  
 
Conclusion  
This study demonstrated the progression of oropharyngeal dysphagia in patients with 
MSA and its difference between subtypes. Patients with MSA-P began diet modification 
earlier than those with MSA-C although no significant difference in the beginning of tube 
feeding. The deterioration of swallowing function may be more pronounced in oral 
function in patients with MSA. The Results of this study will help in the evaluation and 
treatment planning of dysphagia in patients with MSA.  
 

 
 

Figure 1. Trend of tube feeding in patients  
with MSA 

Figure 2. Trend of diet modification in  
patients with MSA  

 

 
Subgroup analysis for the changes of videofluoroscopic dysphagia scale (VDS) between initial and follow-up 
VFSS in MSA patients 
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Objective  
To investigate the neuroanatomical factors associated with the severity of aphasia after 
stroke and to find out prognostic factors of recovery from aphasia at subacute stage 
following stroke using brain diffusion tensor imaging (DTI) analysis and brain lesion 
volume measurement.  
 
Methods  
 A total of 52 stroke patients, who performed aphasia evaluation and underwent diffusion 
tensor tractography, were included in the study. Results of aphasia evaluation, 
demographic and neurological data were collected. In neurological data, the fiber 
number of the arcuate fasciculus, fractional anisotropy (FA), axial diffusivity, radial 
diffusivity and mean diffusivity were measured from DTI analysis. The laterality index of 
FA (FA-LI) was also calculated and divided into four groups: group 0, AF was not 
reconstructed; group 1, FA-LI < -0.030; group 2, -0.030 ≤ FA-LI < 0; group 3, FA-LI ≥ 0. AF 
types according to left AF injury were classified and lesion volume was also measured. A 
multiple regression was calculated to predict AQ based on demographic and 
neuroanatomical factors.  
 
Results  
Patients with ‘FA-LI 0’ and ‘FA-LI 1’ scored significantly less AQ than FA-LI 3 at acute stage. 
Additionally, patients with cortical involvement of stroke lesion revealed significantly less 
comprehension score than those without cortical involvement. In analysis of patients at 
subacute stage, acute stage AQ was the only predictor of subacute stage AQ. Predicted 
subacute stage AQ was equal to 39.5 + 0.727 × (initial AQ score).  
 
Conclusion  
This study demonstrates that neuroanatomical factors including integrity of arcuate 
fasciculus, and cortical involvement help predict the aphasia severity.  
 
Keywords 
Aphasia, Prognosis, Neuroanatomy, Stroke, Neuroimaging  
 
 
 
 
 



Table 1. Multivariate linear regression analysis of subjects at acute stage following stroke 

 
 
Table 2. Multivariate linear regression analysis of subjects at subacute stage following stroke 
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Objective 
The purpose of this study is to investigate the longitudinal relationship between disparate 
recovery after stroke and task-related brain activation during a motor task as measured 
using functional near-infrared spectroscopy (fNIRS).  
 
Methods 
27 first-ever acute to sub-acute stroke patients presenting with hemiplegia resulting from 
cerebral infarction and 26 age-matched control subjects were recruited. Patients were 
evaluated with fNIRS at around day 1 (T0) and day 15 (T2) of in-patient rehabilitation 
program, and 3 months after onset of stroke (T3). Recovery of patients was assessed 
using a battery of outcome measures at each time point. The MRI obtained at baseline 
used to outline the infarct, and tract-specific injury was measured to calculate the volume 
of lesion involving cortico-spinal tract. Task-related connectivity and the activation 
pattern of the cortex were analyzed regarding 6 regions of interest (ROI) which were 
dorsolateral prefrontal cortex (DPC), supplementary motor cortex (SMC), premotor area 
(PMA), primary motor cortex (PMC), primary sensory cortex (PSC) and parietal 
association area (PAA). Patients were divided into proportional recovery group (Favorable 
Recovery group, FR) and non-proportional recovery group (Poor Recovery group, PR) 
according to the changes in the achieved and expected Fugl-Meyer Assessment Upper 
Extremity score (FMA-UE). The sequential changes in neural network were analyzed, and 
statistical analyses were done to verify significant determents of clinical outcomes 
including subgroup analysis on sub-cortical stroke patients.  
 
Results 
Among 27 stroke patients, 19 had sub-cortical stroke. 7 participants, including four sub-
cortical stroke patients, were included in the PR. (Figure 1). The task-related connectivity 
analysis showed that PMA could to be an important hub for distinguishing PR from FR. 
Only in PR, the connectivity between contra-lesional (C-) PMA and other ROI significantly 
increased, while the interhemispheric connectivity of PMA decreased in both FR and PR 



(Figure 2). However, the role of PMA in sub-cortical stroke patients was different. The 
brain network analysis using clustering coefficients and path lengths showed dynamic 
changes of neural network in FR and PR, and the C-PMC revealed different role in cortical 
and sub-cortical stroke. The binomial logistic regression analysis showed that the volume 
of the involved cortico-spinal tract (p=0.23) and the changes in FMA-UE (p=0.34) were 
independent predictors for recovery. Among parameters reflecting brain connectivity, the 
connectivity of C-PMA and C-PMC at T0 could be a candidate (p=0.059).  
 
Conclusion 
By analyzing task-realted brain connectivity and activation pattern using serial fNIRS 
evaluation, the important implications for understanding disparate motor recovery can 
be identified. Such an analysis of a larger number of patients in the future will provide 
insights into what has never been known before in stroke recovery.  
 

 
Proportional motor improvement in the upper extremity in 27 sub-acute stroke patients.  
 



 
Changes of brain connectivity between contra-lesional premotor area and other regions of interests.  
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Introduction  
Toxoplasma gondii (T. gondii) is an intracellular protozoan parasite spread all over the 
world, it has various forms such as bradyzoite, tachyzoite, and oocyst-sporozoite in the 
process of life cycle. Toxoplasma can invade various organs of the host body and forms 
tissue cysts in the central nervous system. It is known that the toxoplasma tissue cyst, 
which is latent in the brain, interacts with brain cells in various ways and has a 
neuroprotective effect on neurodegenerative diseases such as Alzheimer's disease 
through immunomodulation. The purpose of this study is to investigate the 
neuroprotective effects of chronic T. gondii infections in cerebral ischemia and to explore 
its mechanism.  
 
Methods  
Eighteen ICR mice were used in the experimental group and the control group, 
respectively. Middle cerebral artery occlusion (MCAO) was used to induce cerebral 
ischemia and reperfusion was performed 90 minutes after occlusion. In the experimental 
group, T. gondii (ME49 strain) was injected through intraperitoneal route 4 weeks before 
the surgery and the control group was injected with the same dose of normal saline. The 
migration of the T. gondii into the mouse brain was confirmed by cyst observation in the 
brain tissue after autopsy. The neurobehavioral effects of cerebral ischemia were 
assessed by measurement of Garcia score and Rotaroad test on the 1st and 3rd day after 
surgery. After behavioral tests on 3rd day, mice were sacrificed and brains were 
harvested. The volume of brain ischemia was measured by Triphenyl tetrazolium chloride 
(TTC) staining. In addition, isolated brain tissues were analyzed the changing of genes 
expression to investigate the protective effects of toxoplasma chronic infection.  
 
Results  
On the third day after cerebral ischemia, the survival rate of the mice was much higher in 
the infected group. (33% in control group, 61% in infected group) Corrected infarction 
volume was significantly reduced in infected group (control, n = 6, 168.8 ± 40.4; infected, 
n = 11, 112.5 ± 39.2, P < 0.05), and the neurobehavioral function of the infected group 
was significantly better than control group. We found that T. gondii chronic infection 



induces the HIF-1 gene expression in the brain before MCAO and the preconditioning by 
T. gondii infection may reduce the neural deficits associated with ischemia. Furthermore, 
T. gondii infection also increased the expression of VEGF after cerebral ischemia and may 
provide the brain ischemic tolerance.  
 
Conclusion  
Chronic intracerebral infection of T. gondii causes neuroprotective effects in mouse 
cerebral ischemia and reduces the volume of cerebral infarction with better 
neurobehavioral function. The Results have demonstrated that T. gondii chronic infection 
may be a promising preconditioning to induce brain ischemic tolerance through the 

promotion of angiogenesis via the regulation of HIF-1, VEGF expression.  
 

 
Corrected infarction volume is significantly reduced in intracerebral chronic Toxoplasma gondii infection 
group  
 

 
Neurobehavioral tests show better function in intracerebral chronic Toxoplasma gondii infection group on 
1st and 3rd days after cerebral ischemia  
 

 
The expression of HIF-1 in experimental mice with infected T. gondii or not after cerebral ischemia 
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Objectives 
The National Institutes of Health Stroke Scale (NIHSS) at acute phase is probably the most 
frequently used measure to predict outcome of ischemic stroke patients. However, the 
NIHSS has low value to predict functional independence and quality of life (QOL) at 1 year 
after stroke onset. The aim of this study was to investigate the predictive value of multi-
facet assessment at 7 day after stroke for functional level, residual impairments and QOL 
at 1 year after onset in patients with the first-ever ischemic 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 the first-ever 
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 June 2016) were 
recruited. We analyzed data of total 4,079 ischemic stroke patients who completed face-



to face assessment at 1 year after stroke onset by using the Korean modified Barthel 
Index (K-MBI) and Euro Quality of Life (EQ)-5D. NIHSS at day 7 was used as stroke severity 
at acute phase. Multi-facet assessments at day 7 after onset included Korean Mini-
Mental State Examination, Fugl-Meyer Assessment, Functional Ambulatory Category, the 
American Speech-Language-Hearing Association National Outcome Measurement System 
Swallowing Scale, Short Korean Version of Frenchay Aphasia Screening Test. We 
performed the multiple linear regression analysis and measure the R2 value to identify 
the explanatory ability of NIHSS and multi-facet assessment at day 7 for prediction of 
functional level, residual impairments, and QOL at 1 year after ischemic stroke patients  
 
Results 
Table 1 presents the demographic and clinical characteristics of participants. Table 2 
shows Results of multiple regression analysis of potential predictors on functional level, 
residual impairments, and quality of life at 1 year. Multi-facet assessment at day 7 
showed significant predictors for functional level and QOL at 1 year. The R2 values to 
predict functional level (K-MBI score) and QOL (EQ5D score) at 1 year after ischemic 
stroke were increased while considering these predictors (Table 3).  
 
Conclusions 
The Results of this study suggested that multi-facet assessment on 7 day improves 
predictive value for the independence, residual impairments, and QOL at 1 year after 
onset in patients with a first-ever ischemic stroke.  
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Objective 
High-frequency repetitive transcranial magnetic stimulation (rTMS) over the lower leg 
primary motor cortical area can alleviate freezing of gait (FOG) in patients with 
Parkinson’s disease (PD). However, the response to high-frequency rTMS is highly 
variable between patients, and the mechanisms of action are also uncertain. The aim of 
this study was to identify the functional brain connectivity associated with improvement 
of FOG in response to high-frequency rTMS in patients with PD.  
 
Materials and Method 
Sixteen patients with PD (mean age 63.6 yrs) participated. All patients received high 
frequency rTMS (90% of resting motor threshold, 10 Hz, 1,000 pulses) over the lower leg 
primary motor cortical area (M1-LL) of the dominant hemisphere for 5 consecutive days. 
The FOG Questionnaire (FOG-Q) was performed before and immediately after rTMS. 
FOG-Q changes greater than or equal to 5 points were considered to the good responder 
group. Resting-state functional MRI (rs-fMRI) was acquired in all patients before and after 
5-days of rTMS. Seed to voxel analysis with rs-fMRI was performed to assess connectivity 
of parietal opercular cortex (POC) and central opercular cortex (COC) in each patient. The 
laterality index was calculated to measure asymmetry in functional connectivity between 
both hemispheres. Various demographic and clinical characteristics and the laterality 
index in rs-fMRI were compared between good and poor responder groups of rTMS.  
 
Results 
Eight (50.0%) and 8 (50.0%) patients were classified as good and poor responders, 
respectively. There was no significant difference in age, sex, duration of PD, and Hoehn-
Yahr stage between good and poor responder groups. In addition, severity of motor 
impairment and FOG-Q showed no significant difference between two groups. Figure 1 
showed the functional connectivity with COC of the dominant hemisphere before rTMS in 
each the good and poor responder group. In the analysis of rs-fMRI, the laterality index of 
the COC before rTMS showed significantly higher asymmetry in the good responder 



group than the poor responder group (p<0.05). In contrast, there was no significant 
difference in the laterality index of the COC between both groups after rTMS (Fig. 2).  
 
Conclusion 
These Results suggest that the lateralization of connectivity measured by rs-fMRI can be 
used for designing individually-tailored rTMS to reduce FOG in patients with PD.  
 

 
Fig. 1. Functional connectivity with the central opercular cortex of the dominant hemisphere  
 

 
Fig. 2. Laterality index of central opercular cortex before and after cumulative repetitive transcranial 
magnetic stimulation  
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Introduction  
Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive and painless tool 
that can be used to various neuropychiatric and neurorehabilitation disorders. Although 
rTMS is widely used in clinical field, precise biological mechanism and effectiveness is not 
well known. Therefore, the current study examined the temporal changes in global gene 
expression pattern depending on differential effects of repetitive magnetic stimulation 
(rMS) in neuronal cell to generate a comprehensive view of the mechanisms.  
 
Methods  
Neuro 2a (mouse neuroblastoma cell line) cells were used as the cell model in this study. 
Dishes of cultured cells were randomly divided into three groups : sham, low-frequency 
(0.5 Hz) and high-frequency (10 Hz) and were stimulated for 3 days. Three groups were 
systematically characterized the transcriptome analysis. Differentially expressed genes 
(DEG), the result of transcriptome analysis, were then analyzed by a program Database of 
Annotation Visualization and Integrated Discovery (DAVID), which yielded Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway. DEG was validated by qRT-PCR & 
western blot.  
 
Results  
Comparing between low-frequency and high-frequency of rMS, long-term potentiation, 
neurotrophin signaling pathway, cholinergic synapse, dopaminergic synapse were shown 
as the enriched significant pathways. Grin1, Camk2d and Camk2a were increased, and 
Camk2g was decreased. These genes can activate the Ca2+-CaMKII-CREB pathway. 
Furthermore, high frequency of rMS increased phosphorylation of cAMP-response 
element binding protein (p-CREB), BDNF transcription and synaptic marker protein 
expression via activation of CaMKII-CREB pathway in neuro 2a cells.  
 
Conclusion  
Comparing between 0.5 Hz and 10 Hz, long-term potentiation was shown as the enriched 
significant pathway. 10 Hz of rMS can activate the Ca2+-CaMKII-CREB pathway. 
Furthermore, p-CREB, BDNF and synaptic marker protein expression were increased via 
activation of Ca2+-CaMKII-CREB pathway. Taken together, Ca2+-CaMKII-CREB signaling 



pathway was modulated by rMS in neuro 2a cells depending on different frequencies.. 
These findings might help clarify further therapeutic mechanisms of rTMS  
 

 
blot  
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Objective 
The purpose of this study was to investigate the neuroprotective effects of exercise on 
brain damage and the expression levels of the macrophage migration inhibitory factor 
(MIF) and brain-derived neurotrophic factor (BDNF) in treadmill-exercise-induced 
neuronal regeneration in the ischemic penumbra of rat brains, and whether MIF changes 
correlated with reduced brain injury induced by treadmill exercise, in rats after cerebral 
ischemia.  
 
Method 
Rats were assigned to one of four groups: ischemia and exercise group (Ex , n=10) , 
ischemia and sedentary group (St , n=10) , sham-surgery and exercise group (Con-Ex, 
n=10), sham-surgery and sedentary group (Con-St, n=10). Rats in the ischemia groups 
underwent middle cerebral artery occlusion (MCAO) for 60 minutes (n=40). Rats ran on a 
treadmill for 30 min once a day at a speed of 20m/min for 5days a week. Magnetic 
resonance imaging (MRI) and diffusion weighted image (DTI) were then acquired 24h, 
7days after reperfusion (n=20). The total infarction volume was measured in T2WI at 24h, 
7days after reperfusion. Behavioral test was evaluated in a 24h, 7days post-infarction. 
Rats were killed at 7 days after the operation. Then histological study was performed to 
observe the change of expression level of MIF and BDNF by immunohistochemistry. 
  
Result 
To compare a behavioral ability between exercised and sedentary rat group, MCAO 
models with 7day after surgery showed a statistical significant difference (p < 0.05) 
between the treadmill exercise and sedentary state. BDNF and MIF expression level 
between exercised and sedentary groups in penumbra region, in the MCAO models 
showed a statistical significant difference (p<0.05) between the treadmill exercise and 
sedentary state. For a changes of relative fractional anisotropy in peri-infarct region, 
MACO models with 7day after surgery showed a statistical difference (p<0.05) between 
the treadmill exercise and sedentary state. Correlation between immunohistochemistry 
(IHC) and relative fractional anisotropy (rFA), were showed a statistical significant 
correlation (p<0.05) which is a positive correlation.  
 
 



Conclusion 
Treadmill exercise helps a regeneration of the corticospinal tract and reduced 
ameliorated motor function. Moreover, treadmill exercise induced increasing expression 
levels of MIF and BDNF after ischemic stroke. These imply that MIF is an important role 
for the neuronal regeneration.  
 

 
Example of MIF expression level in peri-infarct region was showed at top row. A) MACO model with 
exercised case. B) Sham model with exercised case. C) MCAO model with sedentary case. D) Sham model 
with sedentary case. In peri-infarct region, MCAO model showed a statistical significant difference (*, 
p<0.05) between the treadmill exercise and sedentary state.  
 

 
Changes of relative fractional isotropy by the 
exercise effects. A) Changes of relative fractional 
anisotropy in peri-infarct region. B) Changes of 
Relative fractional isotropy in ischemic core region. 
The rFA of MACO model in peri-infarct region was 
showed statistical significant difference (*, p<0.05) 
between the treadmill exercise and sedentary 
state.  

Correlation plotting between immunochemistry 
and rFA. Top and bottom rows showed peri-infarct 
and ischemic core region, respectively. Left and 
right column showed BDNF and MIF expression 
level. X- and Y-axis are rFA and each expression 
level.  
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Introduction  
Post-stroke apathy is a common complication which can affect functional recovery with 
an incidence of about 25%. The aim of this study was to determine the effect that apathy 
has on functional recovery after stroke by 1) examining the association of apathy severity 
and the participation rate in rehabilitation and 2) evaluating functional outcome 
according to participation in rehabilitation.  
 
Methods  
Patients who received in-patient rehabilitation therapy for at least 10 days after a first-
ever stroke from March 2015 to December 2016 were included in this study. The 
exclusion criteria were subjects with 1) Mini-Mental State Examination score < 21; 2) 
active diseases significantly affecting function; 3) history of any psychologic disorder; 4) 
aphasia; 5) apraxia; and 6) hemineglect. Apathy was measured using Apathy Evaluation 
Scale (AES). A score of 37 or greater was defined as having apathy. The participation in 
rehabilitation therapy was measured using Pittsburgh Rehabilitation Participation Scale 
(PRPS). If PRPS score was 4 or greater, the patient was considered as active in 
rehabilitation. Functional outcome was evaluated with modified Barthel Index (MBI), 
Functional Ambulation Category (FAC), modified Rankin Scale (mRS), Fugl-Meyer 
Assessment (FMA) of the affected side, Jebsen Hand Function Test (JHFT) of the affected 
side, and Berg Balance Scale (BBS). Each outcome was evaluated at transfer to the 
Department of Rehabilitation Medicine, at discharge, and at post-stroke 3 months.  
  
Results  
A total of 42 patients were included in this study and 19 patients (45.2%) had apathy. AES 
and PRPS were negatively correlated (r = -0.681, p<0.001) and subjects with apathy had 
significantly lower PRPS score compared to non-apathetic subjects (4.00 ± 0.9 vs. 5.32 ± 
0.63; p=0.002). Change of MBI at post-stroke 3 months was significantly larger in groups 
with higher PRPS than lower PRPS (p=0.041). Ambulatory and balance function measured 
by FAC and BBS were significantly lower in the apathy group than the non-apathy group 
(p=0.028; p=0.009). However, there was no significant difference in changes in MBI, FAC, 
mRS, FMA, JHFT, and BBS between apathy and non-apathy group.  
 
Conclusion  
Patients with post-stroke apathy showed inappropriate participation in rehabilitation 



therapy. Post-stroke apathy needs to be actively managed to facilitate the participation in 
rehabilitation and improve functional outcome.  
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Objective 
The purpose of this study is to investigate the usefulness of sitting posturography by 
examining the correlation of posturograpy parameters with the clinical assessment of 
balance. Moreover, this study attempts to examine whether walking status at discharge 
could be predicted in patients with hemiplegic stroke with sitting posturography 
parameters.  
 
Method 
A retrospective review of medical records was performed for subacute hemiplegic stroke 
patients admitted to the university hospital from December 1, 2016 to May 31, 2017. At 
the time of transfer to the department of Rehabilitation medicine, 29 patients were 
evaluated for balance ability using sitting posturography and clinical assessment of 
balance, such as Scale for the Assessment and Rating of Ataxia (SARA, Using balance 
categories) and Berg Balance Scale (BBS). Posturography parameters are consisted of 
percentages of weight bearing distribution (WBD), static stability and dynamic stability. 
Static stability index was obtained by measuring sway of surface area and length from the 
center of pressure. The limit of stability (LOS), representing the dynamic stability, was 
measured and expressed as surface area per each direction and it means the ability to 
move away from the neutral sitting posture. To analyze posturography data in hemipegic 
patients, percentages of WBD and surface area of LOS were quantified the ratio of the 
hemiparetic and intact sides. As a result, calculated ratios for most hemiplegic stroke 
patients were below 1.00, while 1.00 indicates normal balance. In addition, gait status 
were also assessed by Functional Ambulatory Categories (FAC) after 4 weeks of 
conventional treatment. Collected data were statistically processed using Pearson 
correlation coefficients to investigate the relationships between posturography 
parameters and the clinical assessment of balance. (BBS, SARA) Multiple regression 
analysis was used to find independent variables related to FAC at discharge.  
 
Results 
The average ratio of percentages of WBD and ratio of surface area of LOS were 
0.852±0.09, 0.766±0.23, respectively. A strong relationships were found in posturography 
parameters (ratio of percentages of WBD, ratio of surface area of LOS) in regards to BBS 
(r=0.761, r=0.781, p<0.01) and SARA (r=−0.852, r=-0.804, p<0.01) scores. A multiple 



regression was run to predict the FAC from age, posturography evaluation days from the 
onset, location of brain lesion and posturography parameters. Among them, the ratio of 
surface area of LOS statistically significantly predicted FAC at discharge, which we 
considered as a gait status. (b = 4.89, SE = 0.71, 95% CI =3.42, 6.35, p <0.01)  
 
Conclusion 
In patients with subacute hemiplegic stroke, sitting balance parameters of posturography 
correspond well with SARA and BBS. Futhermore, our data suggest that the ratio of 
surface area of LOS, which evaluated in sitting position, can significantly predict FAC after 
4 weeks of rehabilitation.  
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Introduction  
Virtual Reality (VR) has emerged as a new treatment approach in rehabilitation with 
evidences showing benefits in various functional improvements. However, its usability 
depends on the applied software. For attention and upper extremity function we 
developed a new VR software, Blue Ocean (Side9 Inc., Korea), using head mount display 
device, Oculus Rift Dk2. The objective of this study was to demonstrate the safety and 
adherence-influencing factors of the software.  
 
Methods  
From Dec., 2015 to Feb., 2017, the software was applied to patients receiving 
occupational therapy in our center. For this retrospective review clinical data was 
collected for the patients with 1) brain lesion confirmed by MRI, 2) Mini Mental State 
Examination≥10, and 3) intelligence to follow instructions. However, patients with 1) 
unstable medical condition, 2) pain hindering movement, and 3) psychiatric problems 
were excluded. The activity provided in VR was catching fish with hands (Figure 1). Three 
levels of difficulty are available altering the size and number of fish on the screen and 
degree of sensitivity for valid touching. A trained occupational therapist determined the 
level of difficulty, and provided up to 8 sessions under supervision. Adverse events (AEs) 
were recorded in every session. Additional telephone survey was conducted to evaluate 4 
domains of satisfaction; 1) effectiveness, 2) comprehensiveness, 3) attraction and 4) 
safety. Depending on their adherence patients were divided into two groups; those who 
participate 3 times or more, and less than 3 times, and compared by Linear-by-linear 
association.  
 
Results  
Total 85 patients received VR therapy, and 78 satisfied study criteria. There were no 
severe AEs during VR therapy, but several patients reported dizziness (n=7) or fear of fall 
(n=1). Dizziness was vanished soon in 6 patients, but persisted in a patient who requested 
to quit thereafter. A patient with fear of fall continued session after changing the position. 
Fifty-one of 79 subjects responded to the survey (Table). Patients with higher adherence 
felt that VR therapy was beneficial for functional improvement (Q1-1, p=0.023; Q1-2, 
p=0.009) (Figure 2). However, patients who stop VR therapy earlier felt the game was 
difficult to perform (Q2-1, p=0.001; Q2-2, p=0.001). Most patients agreed that the 



therapy itself was interesting without inter-group difference (Q3-1, Q3-2). Also, patients’ 
concern about safety was not a significant factor to influence long term adherence (Q4-1, 
Q4-2).  
 
Conclusion  
This study, on the one hand, revealed that our software was safe to be applied for VR 
therapy without any severe AEs, and the safety issue was not a crucial factor for patients 
to cease the treatment. On the other, relatively high level of difficulty was a negative 
factor for maintaining patients’ adherence. It would be beneficial to enhance long-term 
usability of VR if more wide range of difficulty levels is available in the software.  
 
 
 
 

 
 
Figure 1. A display screen 
capture of virtual reality 
game, ‘Blue Ocean’ 
 

         
  Figure 2. Comparison of survey Results between patients with 

higher and lower adherence (N=5
 
Table. Baseline characteristics of the patients (N=51) 
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Introduction  
Fragility hip fracture is a major cause of physical impairment and disability in elderly and 
the healthcare and socioeconomic burdens are increasing. Comprehensive rehabilitation 
management for those problems can minimize complications and increase the success 
rate of the medical and surgical treatments, thereby lowering the degree of impairment. 
Fragility fracture integrated rehabilitation management (FIRM) is the newly developed 
standardized guideline and the multidisciplinary fragility fracture care based on the 
critical rehabilitation pathway for fragility fracture. Before a large scale study, we 
evaluated the feasibility of FIRM and functional outcome in elderly with fragility hip 
fracture following surgery.  
 
Methods  
Patients over 65 years who underwent hip surgery for fragility hip fracture at two 
university hospitals in Korea from July 2016 to Jan 2017 were entered in the prospective 
clinical trial. Patients who underwent hip surgery by reason of other than fracture and 
had multiple fracture or cognitive impairment impossible to obey command 2 steps were 
excluded. FIRM consisting of standardized comprehensive evaluations and integrated 
management with advanced physical, occupational therapies and educations were 
provided for 2 weeks during inpatient care. The demographic and functional 
characteristics were analyzed at before FIRM, at discharge, at 3months and 6months 
after discharge respectively to evaluate the feasibility and functional outcome.  
 
Results  
80 patients were recruited among total screened 205 patients with fragility hip fracture 
after hip surgery. The final study population was composed of 67 patients (83.8%) who 
completed FIRM with a mean age 81.6 ± 6.2 years and 46 patients and 38 patients were 
followed at 3 months and 6 months after discharge respectively. All functional outcomes 
including KOVAL, Functional Ambulatory Category (FAC), Berg Balance Scale (BBS), 



Modified Rivermead Mobility Index (MRMI), Modified Barthel Index (MBI), Korean 
Instrumental Activities of Daily Living (K-IADL), Mini Mental State Examination (MMSE) 
and EQ-5D were significantly improved progressively after FIRM. There were no 
significant differences of functional outcome according to sex, age, previous fracture and 
comorbidities. And for ambulation, 21 of the 40 subjects (52.5%) who were followed at 3 
months after surgery had recovered their premorbid function, and 15 of the 22 subjects 
(68.1%) who were followed at 6 months after discharge had recovered their premorbid 
function.  
  
Conclusion  
The Results of this study show that FIRM is a feasible and effective intervention for 
improving functional outcome in elderly after fragility hip fracture. This study will be used 
as a baseline data when conducting a larger randomized controlled trial for investigating 
relative effectiveness compared with conventional rehabilitation.  
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Objective  
This study was undertaken to identify preoperative physical function factors predictive of 
gait speed and endurance for people 1 month following total knee arthroplasty.  
  
Methods  
In this prospective cohort study, we assessed a total of 84patients (8 males and 
76females; average age 72.0± 6.0 years) who underwent a primary total knee 
arthroplasty (TKA). All patients completed the following assessments before surgery and 
1 month after surgery.Physical function tests included instrumental gait analysis for 
spatiotemporal variables, isometric knee extensor and flexor strength tests of the surgical 
and non-surgical knees, range of motion (ROM) of surgical knee, a 6 minute walk test 
(6MWT), a timed up-and-go (TUG) test, and a timed stair climbing test (SCT). Self-
reported physical function was evaluated using the Western Ontario McMaster 
Universities Osteoarthritis Index (WOMAC), and self-reported quality of life was 
evaluated using the EuroQOL five dimension (EQ-5D) questionnaire. A visual analog scale 
(VAS) of knee pain was also recorded.  
 
Results  
In the bivariate analyses, the postoperative gait speed had a significant positive 
correlation with the preoperative gait speed (r=0.36, p=0.001), ROM of knee flexion 
(r=0.27, p=0.01), 6MWT (r=0.31, p=0.01) and a significant negative correlation with age 
(r=-0.33, p<0.01) and the preoperative gait cadence (r=-0.27, p=0.01), TUG (r=-0.40, 
p<0.001), SCT-descent (r=-0.38, p<0.001), WOMAC function score (r=-0.35, p=0.01), VAS 
score (r=-0.29, p=0.01).The postoperative 6MWT had a significant positive correlation 
with the preoperative BMI (r=-0.23, p=0.03), 6MWT (r=0.51, p<0.001) and a significant 
negative correlation with the preoperative gait cadence (r=-0.25, p=0.02), TUG (r=-0.38, 
P<0.001), SCT-ascent (r=-0.38, p<0.001), WOMAC function score (r=-0.30, p=0.01). In the 
linear regression analyses, age (β=-0.24, p=0.01), the preoperative ROM of knee flexion 
(β=0.23, p=0.02), TUG (β=-0.24, p=0.02) were factors predictive of the postoperative gait 
speed. And,BMI (β=-0.22, p=0.02) and the preoperative 6MWT(β=0.41, p<0.001) were 
factors predictive of the postoperative gait endurance (6MWT).  
 
 



Conclusions  
This study demonstrated thatage, the preoperativeROM of knee flexion, gait speed and 
balance ability significantly influenced on postoperative gait speed. Also,the preoperative 
BMI and 6MWT influences on postoperative gait endurance.Using variables easily 
measured before surgery, it may be possible to predict with good accuracy for 
postoperative gait function.  
 
Table 1.Demographic and Disease-Related Characteristics of the Subjects(N=84)  
 

 
 
 
 
 
 
 
 



Table 2.The Preoperative and Postoperative Evaluation of Physical Performance, Physical Function, and 
Quality of Life. 
 

 
 
 



Table 3.Correlationbetween the PreoperativePhysical Function and Postoperative Gait Function. 
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Objectives  
The aims of this study were to determine the prevalence, incidence and P/I ratio of the 
patients with Parkinson’s disease (PD) in South Korea and to present basic information 
for making effective health policy.  
 
Methods  
We used National Health Insurance Service-National Sample Cohort (KNHIS-NSC) data for 
the analysis about the prevalence, incidence, and P/I ratio from 2003 to 2013 and had 
followed up KNHIS-NSC in 2008 for obtaining the hazard ratio(HR)s of death in PD itself 
and other comorbidities from 2008 to 2013.  
 
Results  
The prevalence and incidence of PD increased rapidly from 72.9 and 32.8 in 2003 to 213.4 
and 58.0 in 2013, and P/I ratio 2.22 in 2003 to 3.62 in 2013. Those were higher in women 
than in men. The hazard ratio for death in PD patients compared to the subjects without 
the disease was significantly higher (15.36). Stroke was the most frequent cause of death 
in the PD patient population followed by cancer and pneumonia.  
 
Conclusion  
The prevalence, incidence, and P/I ratio of PD were rapidly increased as the year 
progressed. This indirectly proves that the health insurance system in Korea is efficient 
and has allowed the patients with PD to access medical facilities easily. However, a newer 
public health strategy for the patients with PD should be established because PD itself 
has high HR for death, and the patients with PD have high mortality rate when they are 
involved with stroke and pneumonia.  
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Introduction  
Aspiration pneumonia is defined as the inhalation of oropharyngeal or gastric contents 
into the respiratory tract. The videofluoroscopic swallow study (VFSS) is the gold standard 
to evaluate dysphagia especially aspiration. Only 10-20% of patients who have been 
confirmed to have aspiration on VFSS are lead to aspiration pneumonia, however there is 
no study about the frequency of aspiration on VFSS in patients with aspiration 
pneumonia. The purpose of this study is to identify the frequency of aspiration observed 
on VFSS of the patients diagnosed as aspiration pneumonia.  
 
Methods  
We retrospectively reviewed the medical records of patients admitted to our hospital, 
who has been diagnosed as aspiration pneumonia, from 2012 to 2017. To evaluate 
aspiration on VFSS, penetration-aspiration scale (PAS) was used. We also measured 
pharyngeal residue grade (PRG) through none (0), mild (1), moderate (2) or severe (3). 
Subjects were divided into two groups according to presence of neurologic deficits, 
neurologic disease (ND) group and non-neurologic disease (Non-ND) group. Clinical 
characteristics as well as for penetration-aspiration and residue on VFSS were compared 
between the two groups.  
 
Results  
In total, 771 patients were diagnosed as aspiration pneumonia for about 5 years 
reviewed in this study. Only 26.1% (n=201) of the 771 patients underwent VFSS. Tests of 
9 patients were cannot be interpreted due to incomplete study. The ratio of aspiration 
confirmed by VFSS (PAS 6, 7 and 8) was 46.4% (n=89). Most of the PAS score was 8 as 
silent aspiration (32.3%) and no penetration or aspiration as PAS 1 was observed in 27.1%. 
Pharyngeal residue was observed in 87%. (Figure 2. and 3.) In subgroup, only 20.7% (n=76) 
of the 368 subjects in Non-ND group had underwent VFSS while 47.7% (n=125) of the 262 
subjects in ND group had tested. There was no significant difference in PAS and PRG 
scores between two groups (Table 1)  
 
Conclusion  
In this study, aspiration was observed in less than half on VFSS in patients with aspiration 
pneumonia. Even if the patients had diagnosed as aspiration pneumonia, aspiration may 
not be observed in their VFSS. In non-ND group, unfortunately, only one fifth of them 



underwent VFSS, while almost half of subjects underwent test in ND group, which implied 
dysphagia evaluation is often disregarded in aspiration pneumonia patients without 
neurologic deficit. Additionally, over one quarter of the patient underwent VFSS showed 
silent aspiration, which could not be confirmed by bedside evaluation. A further 
consideration of the implementation of VFSS, which can confirm definite aspiration, is 
needed.  
 

  
Figure 1. Flowchart of the study  
 

Figure 2. Distribution of (A) penetration-aspiration 
score and (B) pharyngeal residue grade  

 
Table 1. Demographic and analyzed data of the subjects 
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Objective 
As a predictor of physical performance, activities of daily livings, and disability, hand grip 
strength has been assessed, and its modifiable related factors can be used in an 
important intervention strategy. Thus, this study purposed to verify the associated 
factors to hand grip strength in all aspects of socio-demographic, psychologic, 
hematologic, agricultural, and other considerable factors in healthy farmers. 
 
Methods 
A total of 528 healthy Korean farmers (261 males, mean age 58.7 years) were recruited in 
a cross-sectional analysis of Farmers' cohort for Agricultural work-Related 
Musculoskeletal disorders (FARM) study. Hand grip strength was measured three times in 
both hands using hydraulic handgrip dynamometers (JAMAR; Sammons Preston, 
Bolingbrook, IL), and defined as the mean value of both hands. Subjects’ socio-
demographic characteristics, psychologic factors (Center for Epidemiologic Studies 
Depression scale, CES-D) and sleep quality (Pittsburgh Sleep Quality Index, PSQI), 
hematologic factor, body composition analysis using body impedance analysis method, 
agricultural factor, physical activity level (International Physical Activity Questionnare, 
IPAQ), cognitive function (correct response time in Go/No go test, Mini-Mental State 
Examination) were also assessed. The associations between grip strength and potentially 
correlating factors were analyzed with adjusting for age, height, and weight. 
 
Results 
The Results of the partial correlation analysis showed that sleep quality, hemoglobin A1c, 
insulin-like growth factor, MMSE score, and correct response time of go/no go test was 
related to grip strength in male farmers, and CES-D, PSQI, MMSE score in female farmers. 
As a Results of multivariate linear regression, mean grip strength was associated with 
total score of PSQI (ß=-0.122, p-value=0.011), insulin growth like factor(ß=0.116, p-
value=0.017), and correct response time of go/no go test (ß=-0.174, p-value=0.001) in 
male farmers, and total score of PSQI (ß=-0.311, p-value<0.001) in female farmers.  
 
Conclusion 
Hand grip strength was closely associated with sleep quality and attention. Even though 
causality between hand grip strength and sleep quality and attention could not be 



verified, these associations may support the coping strategy for improving sleep quality 
and cognition to enhance the physical performance with suggesting the necessity of 
clarification of the mediator in these relationships.  
 
Table 1. Partial correlation between grip strength and various variables, adjusted for age, height, and 

weight 

 
 
Table 2. Related factors with grip strength from multivariate linear regression, adjusted for age, height, 
weight 
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Purpose  
Dysphagia is a common clinical issue in the elderly people and early detection of 
dysphagia is important. Although several screening tools such as water swallow test were 
developed, most of them are difficult to be used in the general wards or in the 
community. Therefore, we developed simple dysphagia questionnaire for the elderly 
named as Easy Dysphagia Symptom Questionnaire (EDSQ), and investigated the reliability 
and validity of this questionnaire.  
 
Methods  
The EDSQ was 12-item “yes/no” questionnaire on dysphagia symptom, and total score 
was calculated as sum of the “yes”. Each item was determined by consensus of three 
physiatrists after reviewing the previous dysphagia questionnaires. Adults aged 65 or 
older who complained of swallowing disturbance or suspected by physician were enrolled. 
All of them completed EDSQ, modified water swallow test (MWST), and videofluoroscopic 
swallowing study (VFSS). Internal consistency of the questionnaire was assessed by 
Cronbach’s alpha coefficient, and correlations between EDSQ total score and the other 
scales including MWST, American Speech-Language-Hearing Association’s National 
Outcome Measurement System (ASHA NOMS) swallowing scale, and videofluoroscopic 
dysphagia scale (VDS) were analyzed.  
 
Results  
A total of 33 (18 female, 54.5%) were enrolled in the study. Mean age of the participants 
was 77.9±6.4. Mean total score of EDSQ was 3.6±2.8. The reliability of the questionnaire 
was assessed by Cronbach’s alpha coefficient to be 0.773. The EDSQ total score 
correlated with MWST (r=-0.487, p=0.004), ASHA NOMS swallowing scale (r=-0.521, 
p=0.002), and VDS (r=0.404, p=0.020). According to the receiver operating characteristic 
(ROC) analysis, the optimal cut-off score was ≥ 3.5, with a sensitivity of 80.0% and a 
specificity of 67.9%.  
 
Conclusion  
The EDSQ showed acceptable reliability and validity. This study demonstrated the 
applicability of EDSQ as a simple screening tool for safe swallowing in the elderly people.  
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Objective  
Prism adaptation (PA) therapy has been known to be effective to promote the recovery 
from neglect. However, the conventional prism therapy using a prism glass and real 
object has a few shortcomings. Prism lens has to be changed to adjust the degree of 
deviation by the prism and the hand trajectory has to be masked during therapy. To solve 
these problems in conventional prism therapy, we developed virtual prism adaptation 
therapy (VPAT) using immersive virtual reality and depth-sense camera. We designed the 
experiment with healthy people to investigate the VPAT can induce the similar effect as 
conventional PA. As a first surrogate outcome, the pointing errors from the target was 
used during adaptation and post-adaptation period. The second surrogate outcome was 
cortical activation pattern during pointing with prism mode compared to the pointing 
without prism mode, during adaptation and post-adaptation period. Functional near 
infrared spectroscopy (fNIRS) was used to find out the possible neural substrates related 
with VPAT.  
 
Methods 
In virtual prism adaptation system, Oculus Rift DK 2 and Leap Motion controller was used 
to visualize virtual reality and control head movement. Functional near infrared 
spectroscopy (fNIRS) system was used to measure the brain activity through a connection 
with the Super Lab software which transfers triggers to the system. VPAT system and 
fNIRS system with Super lab software was synchronized by using TCI/IP communications. 
The experimental design composed of 4 phases: pre-VPAT exposure (phase 1), active 
VPAT exposure with 10-degree deviation (phase 2), active VPAT exposure with 20-degree 
deviation (phase 3), post-VPAT exposure (phase 4). Subjects were instructed to point the 
visual targets with the right index finger as fast as possible. The visual target was 
presented on the position deviated 10o -right or 10o-left from the midline with 3-second 
interval and random orders. When the subject point the target correctly, the color was 
changed to the red. Fourteen healthy people were enrolled in this study.  
 
Results  
Deviations to right side were observed during prism phase and left side deviations were 
observed during the post-adaptation phase, which is similar phenomenon compared to 



the conventional prism therapy (Fig 1). During virtual prism adaptation mode [(pointing 
blocks with 10-degree deviation with VPAT) – (pointing blocks without VPAT)], the most 
significant activated area was right Brodmann area 6 (t=2.707, p=0.012) and same area 
were most significantly activated during the post-adaptation phase (t=2.534, p=0.015) 
(table 1).  
 
Conclusion  
Our developed VPAT system showed the similar error pattern as in the conventional 
prism therapy and the right prefrontal area which was known to be the important area in 
the dorsal attentional network was activated. Further study in the patients with neglect 
has to be conducted to validate this system.  
 

 
Fig 1. Pointing errors during the experiment.  
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Objective 
A Controlled Oral Word Association Test (COWAT) is one of the most commonly used 
tests evaluating patients’ frontal/executive function. And many hospitals use this test in 
patients with not only dementia, but also Mild Cognitive Impairement (MCI). Previous 
studies showed that phonemic fluency test which is included in COWAT requests more 
frontal/executive function than semantic fluency test. Not only that, it needs more 
frontal/executive function especially in latter as patients tend to recall easy and simple 
words first in early part. This study is aimed to compare COWAT performances between 
patients with mild cognition impairment (Amnestic MCI : aMCI, Vascular MCI : 
VaMCI, ,Parkinson’s Disease MCI : PD-MCI) and dementia (Alzheimer’s Disease : AD, 
Vascular Dementia : VaD, Parkinson’s Disease Dementia : PDD) to see any defferences.  
 
Subjects and Method 
We recruited 219 patients who visited our hospital and diagnosed with dementia or MCI 
accoring to DSM-5. And these patients were divided into seven groups according to 
etiology and severity of cognitive impairment(normal group : 26, aMCI group : 44, VaMCI : 
38, PD-MCI group : 29, AD group : 34, VaD group : 34, PDD group : 14). We performed 
COWAT by two parts ; semantic fluency test and phonemic fluency test. At first, we 
analyzed the total score of each semantic and phonemic fluency tests between groups. 
And then, we also analyzed each tests according to the time flow. In this method, we 
divided total of 60 seconds into 4 parts by each of 15 seconds.  
 
Result 
In MCI groups, all three groups showed significantly lower score in both semantic and 
phonemic fluency tests than normal group, and especially, it was more prominent in 
VaMCI and PD-MCI groups (table 1). On the other hand, in dementia groups, there was no 
significant difference in sematic fluency test between AD, VaD and PDD group. But, in 
phonemic fluency test, VaD and PDD groups showed significantly lower scores than AD 
group (table 2). In the analysis according to the time flow, we could find the interaction 
effect of etiology and severity in the last 15 seconds of phonemic fluency test. Even 
though there was no significant difference between aMCI and AD group, VaD and VaMCI 
group showed significant decrease in score and it was more prominent between PD-MCI 
and PDD groups (figure 1).  



 
Conclusion 
This study shows that COWAT performances can sensitively evaluate the difference of 
frontal/executive function at the stage of MCI before it progresses to dementia. Also, the 
significant decrease of performance in the last 15 seconds of phonemic fluency test 
means that patients with VaMCI and PD-MCI show severely impaired frontal/executive 
function than patients with aMCI as they progress to dementia.  
 
Table 1. Semantic & Phonemic total score of MCI groups 

 
 

 
 

 
Figure 1. Phonemic test of last 15 seconds  
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Objective 
Although patients with shoulder pain and related cost continuously was growing up, the 
application of robotic rehabilitation to the treatment of shoulder pain was less developed. 
The purpose of this study was to investigate the effects of newly developed shoulder 
rehabilitation robot (SRR) on the recovery of post-stroke hemiplegic shoulder pain.  
 
Methods 
We developed a novel SRR to restore shoulder pain via upper extremity exoskeleton with 
one arm. By the SRR, the rotator cuff and capsular stretching exercise were mainly carried 
out. SRR therapies were performed in supine position and modulated through the tablet 
based controller according to the severity of hemiplegic shoulder. This study was design 
as prospective single blinded randomized controlled trial. A total of 30 stroke patients 
with hemiplegic shoulder pain over 3 months were recruited, and randomly divided into 
two groups. SRR therapy was performed in patients with the experimental group (n=18), 
whereas conventional rehabilitation therapy was done in control group (n=18). Each 
intervention proceeded equally in both group for 30 minutes, 5 times per week for 4 
week (20 sessions). Outcome measurements were evaluated before (T0) and after 
training (T1), and 4 weeks after cessation of the intervention (T2).  
 
Results 
No adverse effects were noted. After intervention, there were between group effects in 
the visual analogue scale for pain (VAS) and the passive ranges of motion of shoulder 
(PROM) (p<0.05). After post-hoc analysis, significant differences at T1 and T2 were shown 
between two groups in the VAS and PROM. In addition, significant time and intervention 
interaction effects were observed in the Shoulder Disability Questionnaire (SDQ) and 
Ultrasound Shoulder Pathology Rating Scale (USPRS) (p<0.05). In SRR group, significantly 
higher improvements in both SDQ and USPRS were observed at T1 and T2 compared after 
post-hoc analysis (p<0.05).  
 
Conclusion 



Shoulder rehabilitation using SRR was effective to restore hemiplegic shoulder pain in 
stroke patients.  
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Objective  
Robot-assisted therapy for upper extremity in stroke patients has been increasingly used. 
Robot-assisted therapy is widely studied in comparison with other conventional therapies, 
and gaining more evidence in improving upper limb function. However, a prospective 
study comparing different types of rehabilitation robots for upper extremity has not been 
published, yet. The object of this study is to compare the effects of two different types of 
robot, exoskeleton type and end-effector type, on upper extremity function in acute or 
subacute stroke patients.  
 
Methods  
The present study was a single blinded, randomized trial among patients with acute or 
subacute stroke with upper extremity motor deficit. Patients were randomly allocated to 
the exoskeleton (Exo) robot (Armeo®Power, Hocoma, Switzerland) group or the end-
effector (EE) robot (InMotion2, Interactive Motion Technologies, Watertown, MA, USA) 
group. Each patient received 20 sessions of 30-minute training over 4 weeks. The primary 
outcomes were changes in Fugl-Meyer assessment of the upper extremity function(FMA-
total and FMA-proximal) and Wolf Motor Function Test (WMFT-score, WMFT-time and 
WMFT-weight). Secondary outcomes were changes in InMotion test measures from circle 
tests and point to point task: InMotion Circle Size, Joint Independence, Reach Error and 
Smoothness. Assessments were obtained 4 times: baseline (T0), 4 weeks (T1), 8 weeks 
(T2) and 10 weeks (T3) after the baseline. Comparisons between two groups were 
performed using RM-ANOVA and p<.05 was used to indicate a significant difference.  
  
Results  
Among 40 randomized participants, 39 participants (19 in the Exo group, 20 in the EE 
group) completed 4 weeks of intervention. There were no significant differences in 
baseline characteristics between the EE and the Exo group. Both groups showed 
improvements in all outcomes over time (p<.05). For primary outcome, statistically 
significant time x group interaction was seen for WMFT-time (p=.02) and marginal 
significant interaction was seen for WMFT-score (p=.05) at T1, meaning more 
improvements in the EE group. However, WMFT-time and WMFT-score showed no 
significant interaction at T2 nor T3 (WMFT-time, p=.09 and p=.10; WMFT-score, p=.26 
and p=.34). FMA-proximal and FMA-total showed no time x group interaction. For 



secondary outcomes, time x group interaction for Smoothness was statistically significant 
for T1, T2 and T3 (p<.05), indicating more improvements in the EE group.  
 
Conclusion  
End-effector type robot might be more effective than exoskeleton type robot for 
improving upper extremity function, though not all the effects of the intervention were 
maintained throughout the follow ups. Further studies are needed to confirm the Results 
of this study by including more participants and other kinds of robots as well.  
 

 
Figure 1. Primary outcomes  
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Introduction  
Intrathecal baclofen (ITB) has been known to reduce spasticity which did not respond to 
oral medications and botulinum toxin treatment. However, few Results have been 
reported comparing the effects of ITB therapy in patients with cerebral palsy (CP) and 
acquired brain injury. This study aimed to investigate beneficial and adverse effects of ITB 
bolus injection and pump therapy in patients with CP and to compare outcomes to 
patients with acquired brain injury such as traumatic brain injury and hypoxic brain injury.  
  
Method  
ITB test trials were performed in 37 patients (19 CP and 18 acquired brain injury). Based 
on ambulatory function, CP patients were divided into two groups; 11 patients with non-
ambulatory CP and 8 patients with ambulatory CP. Change of spasticity was evaluated 
using the Modified Ashworth Scale. Additional positive or negative effects were also 
evaluated after ITB bolus injection. In patients who received ITB pump implantation, 
outcomes of spasticity, subjective satisfaction and adverse events were evaluated until 12 
months post-treatment.  
 
Results  
After ITB bolus injection, 32 patients (86.5%) (CP 84.2% versus acquired brain injury 
88.9%) showed a positive response of reducing spasticity. However, eight patients with 
CP had negative adverse effects. Particularly, three ambulatory CP patients showed 
standing impairment and one ambulatory CP patient showed impaired gait pattern such 
as foot drop because of excessive reduction of lower extremity muscle tone. Ambulatory 
CP patients received ITB pump implantation less than patients with acquired brain injury 
after ITB test trials (P=0.003 by a Chi-squared test). After the pump implantation, 
spasticity was significantly reduced within 1 month and the effect maintained for 12 
months. Seventeen patients or their caregivers (73.9%) were very satisfied, whereas 5 
patients (21.7%) suffered from adverse events showed no subjective satisfaction.  
  



Conclusion  
ITB therapy was effective in reducing spasticity in patients with CP and acquired brain 
injury. Before ITB pump implantation, it seems necessary to perform the ITB bolus 
injection to verify beneficial effects and adverse effects especially in ambulatory CP.  
 

 
 

In patients with acquired brain injury, the ITB bolus 
injection significantly decreased the MAS grade in 
upper extremity(A) and lower extremity(B). In non-
ambulatory CP, the MAS grade also significantly 
decreased after the ITB bolus injection in upper 
extremity(A) and lower extremity(B). However, in 
ambulatory CP, the MAS grade significantly 
decreased after the ITB bolus injection in upper 
extremity(A), but not in lower extremity(B). ABI = 
acquired brain injury, ITB = intrathecal baclofen, 
MAS = modified Ashworth scale. *P<0.05, pre-ITB 
test trial versus post-ITB test trial  
 

In the ITB pump group, the MAS grade significantly 
decreased in upper extremity (A) and lower 
extremity (B). No ITB pump group also showed the 
ITB bolus injection significantly decreased the MAS 
grade in upper extremity (A) and lower extremity 
(B). ITBP = intrathecal baclofen pump, MAS = 
modified Ashworth scale, CP = cerebral palsy 
*P<0.05, pre-ITB test trial versus post-ITB test trial  
 
 
 
 

 

 
In all subjects, the ITB pump therapy significantly reduced the MAS grade in upper extremity and lower 
extremity (A). The beneficial effect was shown significantly within 1 month after the implantation and 
maintained for 12 months follow-up period. In patients with CP, the ITB pump therapy significantly 
decreased the MAS grade in upper extremity and lower extremity (B). In patients with acquired brain injury, 
the ITB pump therapy also significantly decreased the MAS grade in upper extremity and lower extremity 
(C). ITBP = intrathecal baclofen pump, MAS = modified Ashworth scale, CP = cerebral palsy. *P<0.05 by 
repeated measures ANOVA  
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Introduction  
Mild or moderate traumatic brain injury (mTBI) patients have been suffered from various 
cognitive dysfunctions [1]. Axonal injury has been pointed out as the main cause [2, 3]. By 
analyzing diffusion tensor imaging of TBI patients and normal controls, we sought to 
demonstrate which tracts were vulnerable to TBI and to compare the vulnerability by 
post-concussive clinical conditions of patients.  
 
Methods  
Nine patients with mild or moderate TBI were included in this study (6M/3F, mean age: 
43.912.8 years). They were scanned mostly at the chronic stage except one patient who 
underwent MR imaging after 2 days of injury (ranging from 1 month to 45 months, 
13.519.2 months). The patients were divided into two groups (P1 and P2) diagnosed by 
an expert. The patients included in the P1 (2M/2F, mean age: 33.511.4 years) showed 
relatively good clinical conditions while the patients included in the P2 (4M/1F, mean age: 
52.25.8 years) showed relatively poor clinical conditions. Ten normal healthy subjects (C1) 
was also included in this study (2M/8F, mean age: 51.815.3 years). DTI images with 15 
distributed orientations at a b-value of 1000 s/mm2 was obtained by a Discovery 
MR750w 3.0T scanner. All images were preprocessed by the FSL [4]. We manually 
observed all images to find out severe signal distortion or movement artifacts. After eddy 
current correction and skull stripping, diffusion parameters such as axial diffusivity (AD), 
radial diffusivity (RD), and fractional anisotropy (FA) were estimated from the matrix by 
using the three eigenvalues . Based on the tract-based spatial statistics (TBSS), we 
compared each parameter of the groups with age as a nuisance variable using 5000 non-
parametric random permutation: The contrasts were 1) P1 vs. P2, 2) P1 and P2 vs. C1. 3) 
P1 or P2 vs. C1. Statistical threshold was set at TFCE corrp < 0.05 (threshold-free cluster 
enhancement, fully corrected for multiple comparisons across space).  
 
Results  
We found decreased AD in the P2 compared with the C1 (Figure 1). The regions of the 
voxels showing maximal significance were the right anterior and posterior limb of internal 
capsules, superior corona radiata, and external capsule, based on the JHU-ICBM-DTI-81 



White-Matter Labels provided by the FSL. In the P2, the decreased AD was also observed 
in the right anterior corona radiata compared with the P1 at the marginal significance 
level (TFCE corrp < 0.075, Figure 2). We did not find any significant differences in other 
statistical comparisons.  
 
Conclusions  
We only found the significant differences in the AD but not in the RD and FA, in the P2 
compared with the C1. It indicated that the TBI patients who showed axonal 
degeneration have high possibility to have poor clinical conditions. The voxels showing 
significant maximal differences were the part of the corticospinal tract important for 
motor processing [5].  
 
Reference  
1.Kushner, 1998  
2.Levin et al., 2010  
3.Aoki et al., 2012  
4.Smith et al., 2004  
5.Jang 2009  
 

 
The significantly decreased AD observed in the P2 compared with the C1 (TFCE corrp < 0.05). The decreased 
AD was visualized on a standard MNI152_T1_brain template with white matter skeleton (green). The red-
yellow regions are the posterior limb of internal capsule (z=14), anterior limb of internal capsule (z=16), 
external capsule (z=18), and superior corona radiata (z=19).  
 

 
The decreased AD observed in the P2 compared with the P1 at the marginal significance level (TFCE corrp < 
0.075). The red-yellow region is the anterior corona radiata.  
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Purpose  
To investigate what gait improvements can be measured by insole foot pressure 
measurement system during acute stage of post-stroke hemiparesis, we measured 
temporo-spatial parameters, variability of temporal parameters, and anterior-posterior 
displacement of center of pressure during level walking with self-selected speed for acute 
post-stroke hemiparesis.  
 
Methods  
Twenty seven participants with acute post-stroke hemiparesis were included in this study. 
They could perform 10 meter level walking without cane or walker. Insole foot pressure 
measurement was applied two times apart more than 7 days. Temporo-spatial 
parameters included walking speed, stride length, cadence, double support phase, stance 
phase for more and less affected limbs, stride time and its standard deviation, stance 
phases and their standard deviations. Effective foot length (EFL) was a normalized 
anterior-posterior displacement of center of pressure for individual foot length, 
respectively. Pre-and-post comparison and linear relationship between parameters were 
investigated.  
  
Results  
Compared to 1st time measurement, gait parameters showed improvements in walking 
speed, stride length, cadence, double support phase, stance phase, EFL in more and less 
affected sides, stride time standard deviation, and stance phase standard deviation (table 
1). Walking speed showed significant relationships with stride length and cadence (figure 
1). Improvement of stride length had significant relationship with improvements in sum 
of both side EFL, less affected side EFL, and proportion of double support phase (p<0.01) 
(figure 2-A). Improvements of cadence had significant relationship with improvement in 
standard deviation of more affected side stance phase (p=0.005) (figure 2-B).  
Correlation between improvements in stride length and cadence was not significant. 
Correlation between improvements in EFL of more affected side and standard deviation 
of more affected side stance phase was also not significant.  
 
Conclusions  
During acute stage after brain injury, improvement of gait function has two independent 
components. One is related with improvement of stride length indicating forward 



progression. The other is related with improvement of cadence indicating automaticity of 
gait generation. Stabilization of more affected side stance phase has relationship with 
cadence.  
  

 
Improvements in gait parameters during acute stage of post brain injury  
 

 
Relationships among improvements in walking speed, stride length, and cadence, A: walking speed vs stride 
length, B walking speed vs cadence, C cadence and stride length.  
 

 
A) Relationship between improvement in stride length and sum of EFL in both sides, B) Relationship 
between improvement in cadence and more affected side stance phase standard deviation  



뇌신경재활 

발표일시 및 장소 : 10 월 21 일(토) 18:10-18:20 Ballroom B  
 

OP2-4-8 

Usefulness of Brief Cognitive Tools for the Prediction of Function after 
Traumatic Brain Injury  

Dae Kwon Pak1, Ki Hyun Byun1*, Seul Yi Lee3, Seong Wook Son1, Jun Bum Park2, Sung Ho 
Park2, Dong Soek Yang1† 

Ulsan University Hospital, Department of Rehabilitation Medicine1, Ulsan University 
Hospital, Department of Neurosurgery2, Ulsan University Hospital, Department of 
Nursing3 

 
Objective 
Cognitive and behavioral impairments make great contribution to functional outcome 
after traumatic brain injury (TBI). Cognitive impairments relate a lot to frontal dysfunction 
which usually present in patientwith TBI. We investigated the time course of the frontal 
as well as the cognitive functions after moderate to severe traumatic brain injury using 
mini-mental state examination (MMSE), montreal cognitive assessment (MoCA) and 
frontal assessment battery (FAB), simultaneously. Additionally, we studied the usefulness 
of combined cognitive tools whether these assessments are to reflect the long-term 
functional outcome.  
 
Materials and method 
The subjects were seventeen patients (mean age; 48.44±20.62, Women; 5) with 
moderate to severe traumatic brain injury (Glasgow coma scale <13). Demographic 
findings are presented in Table 1. The subjects underwent MMSE, MoCA and FAB for 
cognitive evaluation on the average of 28.94±6.28, 72.88±12.71 and 121.50±14.87 days, 
and evaluated disability rating scale (DRS), modified barthel index (MBI) for functional 
outcome on 6 months after onset. We studied to find out the temporal change by 
comparing the changes of scores of each tools and its domains. We also analyzed 
correlation between 1st MMSE, MoCA and FAB scores and DRS and MBI scores at 6 
months after onset.  
 
Results 
The Results showed the significant improvement of all domains of MMSE (10.15±2.78, 
18.21±2.26, 22.40±1.81), MoCA (7.38±2.43, 13.56±2.44, 17.13±2.27) and FAB (5.75±1.65, 
9.63±1.60, 12.19±1.44) except delayed recall on MoCA and mental flexibility on FAB 
(p=0.120, p=0.093). (Table 2, Figure 1) The cognitive assessments at the first time were 
negatively correlated to the DRS scores at 6 months, as follows : MMSE, r:-0.628, p=0.009; 
MoCA, r:-0.608, p=0.012; FAB, r=-0.537, p=0.032. However, there is no correlation 
between MMSE, MoCA and FAB scores at first time and MBI scores (MMSE, r:0.478, 
p=0.061; MoCA, r:0.437, p=0.090; FAB, r:0.405, p=0.120) at 6 months.  



 
Conclusion 
This study was the first attempt to examine brief cognitive assessment tools to 
investigate the natural history and correlation with functional outcome after moderate to 
severe traumatic brain injury. The Results showed no improvement of delayed recall and 
mental flexibility, but the rest of domains of examinations showed significant 
improvements. These Results are meaningful when considering that early cognitive 
strategic intervention is an important issue for the prognosis of TBI patients. Furthermore, 
brief cognitive assessment tools are considered to be very useful given the significant 
correlation between early cognitive assessments and functional outcomes.  
  

 
Demographic findings  
 

Time courses of Score for all Domains of MMSE, 
MoCA and FAB 

 

 
Graphs of Time courses of Score for all Domains of MMSE, MoCA and FAB, A; Time course of total score of 
MMSE, MoCA and FAB, B; Time course of all domains of MMSE, C; Time course of all domains of MoCA, D; 
Time course of all domains of FAB  
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Background 
Robot-assisted gait training is helpful in effectively implementing repetitive, high intensity 
gait training. Several studies revealed that a subacute stroke patients treated with an 
end-effector-type robotic device(Gait trainer) in combination with conventional 
physiotherapy resulting in greater improvement in gait function than conventional gait 
training alone. Morning walk, end-effector type rehabilitation robot for lower limb, has 
been developed in 2015, but the effect is not verified yet.  
 
Objective 
To investigate the effects of Morning Walk-assisted gait training for patients with 
subacute stroke.  
 
Design 
A non-blinded, prospective, and randomized controlled trial  
 
Setting 
Three hospital rehabilitation departments (two tertiary and one secondary)  
  
Patients 
We enrolled 58 patients with hemiparesis, following first-time stroke within the 
preceding year, whose functional ambulation category(FAC) scores were ≥2. Ten patients 
were excluded, leaving a cohort of 48 for final analyses.  
 
Intervention 
Patients were randomly assigned to one of two groups: 28 patients were treated with 30 
min of Morning Walk training plus 1 h of conventional physiotherapy (MW group), and 30 
patients received only 1.5 h of conventional physiotherapy (control group). Both groups 
received treatment five times per week for 3 weeks.  
 
 
 



Main Outcome Measurements 
The primary outcome was the walking ability, assessed using the FAC scale, and lower 
limb function, assessed using the Motricity Index(MI)-Lower. Secondary outcomes 
included the ten-minute walk test, the Modified Barthel Index, the Rivermead Mobility 
Index, and the Berg Balance Scale.  
 
Results 
After training, all outcome measures significantly improved in both groups. The MW 
group showed greater improvement in MI-affected limb (p = .034) and BBS (p = .047) 
than the control group. Patients with baseline FAC scores of < 3 showed significantly 
greater improvement than those with FAC scores of ≥ 3 on the MBI (p = .011).  
  
Conclusion 
Compared with conventional physiotherapy alone, Morning Walk-assisted gait training 
combined with conventional physiotherapy improved motricity of the affected limb and 
balance in patients with subacute stroke and hemiparesis. Our finding suggests that 
Morning walk therapy is a promising intervention for gait rehabilitation.  
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Objective  
Spinal cord injuries are relatively uncommon in children and evidence about long-term 
outcomes is limited. For the avoidance of complications and good outcomes, long-term 
careful management tailored to individual needs is needed. The objective of this study is 
to evaluate information about the management of leg length inequality, scoliosis and hip 
subluxation of pediatric spinal cord injury (SCI) patients.  
 
Method  
Medical records of 64 pediatric SCI patients aged 18 years old or younger, who visited the 
rehabilitation hospital, during year 2000-2015 were reviewed retrospectively. 
Complications studied were leg length discrepancy, scoliosis and hip subluxation and 
scanogram, spine x-ray and hip x-ray were performed on each child.  
 
Result  
Of the 64 individuals seen (34 males and 30 females) median age at injury 8 years (range 
0y-17y 5mo). 28 were tetraplegic and 36 were paraplegic. 37 had a complete injury, and 
27 had an incomplete injury. 35 were traumatic injury and 29 were non-traumatic injury 
(Table 1). There was no statistically significant difference in leg length discrepancy when 
serial follow-up was performed, but there was a significant difference between leg length 
mean values according to gender (p=0.0054). The scoliosis showed a significant difference 
in Cobb’s angle according to onset age (p=0.037), which was significantly related to level 
of injury and completeness. In scoliosis, significant improvement was observed with time 
in wearing spinal orthosis (p=0.0008). Hip Migration Index (MI) was significantly different 
according to onset age even after serial follow-up of hip x-ray (p=0.004). There was a 
correlation with level of injury and completeness. There was no significant difference 
between the operative status of hip subluxation and etiology, gender, level of injury, 
onset age, completeness and functional level.  
 
Conclusion  
Caring for pediatric SCI patients brings with it many unique challenges for clinicians. It is 
important to remember the long life expectancy of these patients and therefore the 
frequent skeletal complications they may face along the way. Our findings highlight the 
importance of regular follow-up examination and proper management.  
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Objective 
Many experimental studies have been performed for motor functional recovery in spinal 
cord injury (SCI) because it is affected to recovery that astrocytes expressing glial fibrillary 
acidic protein (GFAP) form a dense network of glial scars, and reactive astrocytes within 
the glial scar. The significant promotion of motor functional recovery in SCI treated with 
G-CSF as well as aerobic exercises using treadmill and swimming were reported. The 
purpose of this study was that thorough therapeutic effects according to various 
treatments were compared, which more effective treatments were shown for functional 
recovery.  
  
Methods 
Rats were divided to 1 of 4 groups: a SCI group treated with G-CSF (Group 1, n=5), SCI 
group with treadmill combined with G-CSF (Group 2, n=5), SCI group with only treadmill 
exercise (Group 3, n=5), and sham-operated group (Group 4, n=5). All rats performed a 
laminectomy at the T8–10 spinal levels, and compression injury of the spinal cord was 
performed by applying a vascular clip on the T9 level of the spinal cord. 20 μg in 1 ml of 
G-CSF was performed via intraperitoneal injection for consecutive 5 days after SCI. One 
week after surgery, the rats in Group 2 and 3 were trained to walk on the treadmill 5 days 
per a week for 4 weeks, during 30 minutes per day. Five week after SCI, the functional 
recovery using Basso, Beattie, and Bresnahan (BBB) scale and inclined plane test, as well 
as glial scar formation and regeneration using H&E and immunohistochemistry for Glial 
fibrillary acidic protein (GFAP), Brain-derived neurotrophic factor (BDNF) , and Vascular 
endothelial growth factor (VEGF) were shown. Statistical analysis was performed with 
SPSS version 22.0 (SPSS, Chicago, IL). The nonparametric Kruskal-Wallis test was used to 
compare differences between the groups.  
 
Results 
5 weeks after SCI, rats in Group 2 showed better functional recovery than others in BBB 
scale and inclined plane test for functional recovery. BBB scores in Groups 1, 2, 3, and 4 
were 11.4 ± 0.9, 13.8 ± 1.6, 10.6 ± 1.3, and 8.3 ± 0.9 respectively in 5 week after SCI (Fig. 1 
(a), p<0.05). Inclined plane test in respective groups showed 41 ± 2.2, 47.0 ± 4.5, 41 ± 4.2, 
31.3 ± 2.9 (Fig. 1 (b), p<0.05). The correlation was significant among groups according to 
days, and the statically meaningful value was observed between rats at each group on 
evaluated days. 



Cavity size in Group 2 was decreased than others (Fig. 2). The immunohistochemistry 
result for GFAP, BDNF, and VEGF expression was that BDNF showed higher intensity while 
GFAP and VEGF was the lowest expression intensity in group 2 (Fig. 3).  
  
Conclusion 
G-CSF prevented glial scar formation after SCI in rats, and motor functional recovery was 
facilitated. We confirmed that G-CSF treatment with treadmill exercise makes more 
effective neuroplasty than one treatment for functional recovery and regeneration after 
SCI.  

 
(a) The therapeutic activities in each group on SCI were examined with the BBB scale analysis. Rats in the 
group 2 showed better recovery than others. (P<0.05) There was no difference between groups. (b) The 
result of therapeutic activities in each group on SCI using inclined plane test was that rats in group 2 
showed better recovery than others. (P<0.05) There was no difference between groups.  
 

 
 
H &E result (×20) showed more decreased cavity 
sizes the rats in Group 1 (a) and 2 (b) than those in 
Group 3 (c) and Group 4 (d).  

Rat spinal cords performed immunohistochemistry 
stain (×200) for GFAP, BDNF, and VGEF, 5 weeks 
after the injury.
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Introduction  
In the past, urinary tract infection and kidney injury were the main causes of death of 
patients with spinal cord injury (SCI). There have been various studies about the bladder 
function in adult patients with SCI, but only few studies have been performed in pediatric 
subjects. The aim of this study was to assess the effects of SCI on the developing bladder 
and kidney in pediatrics with aging.  
 
Method  
A retrospective review of 13 pediatric cases of SCI followed up until adolescence was 
performed. Mean age of onset was 3.6 years with range of age 0 to 17 years. To evaluate 
the tendency of developing bladder in pediatric patients with SCI, we reviewed serial 
urodynamic study (UDS), voiding cystourethrography (VCUG), and ultrasonography of 
kidney, ureter and bladder (US KUB). We checked bladder volume in the last UDS and 
VCUG to know whether they reach predicted maximum bladder capacities by their age. 
Predicted maximum bladder capacity was calculated using the Koff’s formula; (age + 2) × 
30. Detrusor functions were divided into overactive and non-overactive.  
 
Results  
In most cases, detrusor function was shown to be non-overactive. Maximal bladder 
capacity was found to be relatively well reached to predicted volume with aging while 2 
subjects did not reached. Most of patients experienced the change of detrusor function 
within 1 or 2 years from onset. Trabeculation in bladder was observed 12 subjects, mostly 
within a year from onset, showing tendency of aggravation with aging. Seven subjects 
(53.9%) showed vesicoureteral reflux (VUR), 7 (53.9%) were diagnosed as hydronephrosis, 
and 8 (61.5%) reported urine leakage.  
 
Conclusion  
In this study, changes in detrusor function of pediatric patients with SCI were similar to 
those of adult. Most of subjects showed non-overactive bladder. It is thought to be the 
effect of adequate medications and interventions. Various urological complications were 
found depending on the duration of disease in pediatric patients. According to these 
findings, regular evaluations for the bladder function in pediatric patients with SCI are 
important to prevent urological complications and improve life expectancy with better 
management of bladder.   



 
Fig. 1. Urodynamic findings of detrusor function by duration of disease  
 

 
Fig. 2. Time of urological complications occurrence  
 
Table 1. Demographic and clinical characteristics of the subjects 
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Objective  
Significant cardiovascular and autonomic dysfunction occurs after high-level spinal cord 
injury (SCI). SCI patients are frequently troubled with sudden falls in blood pressure upon 
postural change, characterized by dizziness, lightheadedness or even syncope events. 
However, the correlation between this impairment and cerebral blood flow volume (BFV) 
is unclear. Cerebral blood flow volume with changes in posture was evaluated using 
duplex ultrasonography of extracranial internal carotid artery (ICA) in high-level SCI.  
 
Materials and Methods 
We examined carotid duplex ultrasonography during head-up tilt in 11 patients with 
cervical spinal cord injury. The ICA on both sides were studied and intravascular flow 
volumes were calculated by using a 9 MHz linear array transducer. The BFV 
measurements were automatically calculated by the built-in software of the ultrasound 
device (Siemens ACUSON, Siemens Healthcare, Erlangen, Germany) (Figure 1.). For flow-
volume measurements, a straight segment of the ICA at least 2 cm above the carotid bulb 
were selected. All patients were allowed to rest on the examination table for 5 minutes 
before test. The BFV were measured while the patients were supine and at 1 and 5 
minutes after head up tilted at 50 degrees. The flow measurements were repeated 3 
times for each vessel and then averaged to provide the BFV estimates of each vessel. In 
addition, Tilt table blood pressure test and transcranial Doppler (Sonara, Viasys 
Healthcare, United States) of bilateral middle cerebral artery were also performed.  
 
Results  
Among the 11 patients, 5 patients were diagnosed with orthostatic hypotension and 
complained of symptoms associated with hypotension during tilting. The overall Results 
of flow volume measurements, tilt table test and TCD during supine and head-up tilt are 
summarized in the Table 1. When compared with supine, the BFV of ICA were decreased 
after head-up tilt. Five minutes after tilt, the BFV recovered compared to one minutes 
after tilt, but these difference was not statistically significant. Likewise, blood flow 
velocity of MCA decreased after head-up tilt. In contrast, there was no significant 
difference in systolic and diastolic blood pressure between supine and head-up tilt.  
  
 



Conclusion  
This is the study that measured change of cerebral flow volume according to postural 
change using duplex ultrasonography, which is a feasible and useful method. Through 
analysis, it can be useful for assessing cerebral hemodynamics in SCI patients. SCI patients 
show a reduction in cerebral blood flow volume when head-up tilt position. The greater 
decline in cerebral blood flow volume seems contrary to the previous studies. It will be 
needed in future studies to regarding the correlation between the severity of injury, 
duration of disease and cerebral hemodynamics.  
 

 
Fig 1. Internal carotid artery imaging and blood flow velocities measured by duplex ultrasonography  
 
Table 1. Hemodynamic values in the supine position and during head-up tilt. 
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Background  
Last 20 years, intermittent catheterisation has been proved to be safe and effective 
bladder emptying method to maintain bladder capacity and compliance for patients with 
spinal cord injury (SCI). Therefore, many rehabilitation centers have been selected 
intermittent catheterisation as first option of bladder emptying method for patients 
when they discharged.  
 
Object  
The object of this study is to review change of the bladder emptying method in patients 
with spinal cord injury over last 20 years in Korea.  
 
Method  
We reviewed retrospectively about 710 medical records of patients with SCI who got 
injured from 1994 to 1996 (group 1) and 2012 to 2014 (group 2). All patients admitted 
rehabilitation center before 2 years from their onset of injury and underwent urodynamic 
study to determine appropriate bladder emptying. Mean length of stay in our center was 
3 months. In these medical records, we devided bladder emptying Methods at discharge, 
as the International Spinal Cord Society (ISCoS) proposed, into normal voiding, bladder 
reflex triggering (voluntary/involuntary), bladder expression (straining/external 
compression), intermittent catheterisation, indwelling catheterisation. For data analysis, 
we grouped normal voiding, bladder reflex triggering (voluntary/involuntary), bladder 
expression (straining/external compression) as ‘catheter free voiding’. Intermittent 
catheterisation included self-catheterisation and catheterization by attendant. Indwelling 
catheterisation included transurethral and suprapubic indwelling catheterisation.  
 
Result  
Among total of 710 patients with SCI, the proportion of catheter free voiding in bladder 
emptying Methods was decreased over time, 74.5% in group 1 to 28.6% in group 2. The 
proportion of intermittent catheterisation in bladder emptying Methods was increased 
over time, from 19.5% in group 1 to 55.9% in group 2. When it comes to severity of injury 
(American Spinal Injury Impairment Scale, AIS), among patients with SCI AIS-A/B/C, the 
proportion of catheter free voiding in bladder emptying Methods was decreased from 
71.3% to 8.5%. The proportion of intermittent catheterisation in bladder emptying 
Methods was increased from 21.6% to 70.3%. Among patients with SCI AIS-D, the 



proportion of catheter free voiding in bladder emptying Methods was decreased from 
92.9% to 68.8%. The proportion of intermittent catheterisation in bladder emptying 
Methods was increased from 7.1% to 27.1%.  
 
Conclusion  
Over last 20 years in our center, the proportion of catheter free voiding in bladder 
emptying Methods decreased dramatically from 74.5% to 28.6%, and the proportion of 
intermittent catheterisation increased from 19.5% to 55.9%. In group 2 (2012 to 2014), in 
patients with SCI AIS-A/B/C, intermittent catheterisation was the most frequently used 
bladder emptying method (70.3%). So, intermittent catheterisation can be the first choice 
bladder emptying method in patients with SCI AIS-A/B/C.  
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Objective  
The International SCI survey is an international collaborative project for the purpose of 
better data collection on the lived experience of persons with spinal cord injury (SCI). 
Participating in the international effort, we aim to collect internationally comparable and 
compatible data of community dwelling SCI persons in Korea.  
 
Method  
As the response to the IPSCI recommendations and Global disability action plan, InSCI 
survey has been developed based on the ICF categories through international 
cooperation with ISPRM, ISCOS and WHO. Korean translation process, including the steps 
of translation, synthesis, back translation, expert committee review and pretesting was 
completed and went under validity and reliability test on 2015 ~ 2016.  
The InSCI survey consists of 125 questions regarding functioning, health and well-being of 
people living with SCI in the community. For our study, community dwelling SCI persons 
with age of 18 or above were recruited by email and text messages. When unresponsive, 
reminders were sent consecutively. The source population was based on SCI patient 
database of our center and KSCIA member database. Survey was primarily self 
administered (paper-pencil or online questionnaires) but in some cases when assistance 
was needed interviewer-administered survey was done. The study team managed all data 
input using a central database coordinated by the Swiss Paraplegic Research InSCI team, 
where the data is stored with the highest level of security. Descriptive statistics for some 
demographic data and social and health issues was performed for intermediate 
evaluation of the data.  
 
Results  
Data collection of 291 community dwelling SCI persons was completed between March 
1st, 2017 and June 30th, 2017. 161 were paraplegic (complete 103, incomplete 58) and 
124 were tetraplegic (complete 53, incomplete 71). The average age of onset was 33.4 



years and 72.5% of the total participant was male. The most common etiology was traffic 
accidents (47%), next being fall from more than 1 m (16%). 90(31%) people received 
college education, 134(46.1%) had middle to high school education as their final level of 
education. 46.4% were married, 39.2% single, 1% cohabitating and 9.3% divorced. 29.9% 
replied that they were currently engaged in paid work. Regarding the recent health issue 
within 30days, the most common issue was pain (87.3%) and that considered to be most 
severe was sexual dysfunction.  
 
Conclusion  
The demographic data showed to be consistent with previous SCI studies and social and 
health factors shown add more insight into the lives of persons with SCI. As the first 
worldwide survey on persons with SCI, the data collection will be continued until the end 
of this year and further analysis of the data will be carried out with national and 
international collaboration which will have further implications in formulating policy and 
research in Korea and worldwide.  
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Purpose  
With severe symptom or concurrent myelopathy, the patients with ossification of 
posterior longitudinal ligament (OPLL) usually undergo surgery. The correlations between 
preoperative somatosensory evoked potentials (preSEPs) and intraoperative SEPs (ioSEPs) 
or postoperative motor deterioration (PMD) has not been studied. Even, the previous 
studies of intraoperative neurophysiological monitoring (IONM) in patient with OPLL are 
scarce. With a hypothesis that patients with prolonged preSEPs would be more likely to 
have significant changes of ioSEPs, and it would also be correlated with PMD, we made 
statistical analysis.  
 
Material and Methods  
Between January 2015 and April 2017, among 110 patients with OPLL who received 
surgery under monitoring of ioSEPs and intraoperative motor evoked potentials (ioMEPs), 
83 patients underwent the preSEP evaluation a day before surgery. The motor state was 
evaluated within 3 days before, within 48 hours after, and 4 weeks after surgery.  
  
Results  
Contrary to the hypothesis, preSEPs were not correlated with ioSEPs (p=0.50) in overall 
cases, within cases underwent anterior approach (N=19, p=1.00), or posterior approach 
(N=54, p=0.43) (Table 1). PreSEPs were not correlated with the PMD within 48 hours 
(p=1.00) or 4 weeks (p=0.68) after surgery. The PMD within 48 hours after surgery only 
correlated with ioSEPs (more than 10% latency prolongation or more than 50% amplitude 
reduction), but not significantly correlated in consideration of only latency (p=0.06), or 
only amplitude (p=0.23). Furthermore, ioMEPs had no correlation with PMD (p=0.68) 
(Table 2). Although the bleeding amount was not correlated with PMD directly (p=0.35), 
it was correlated with maximum percentage of latency prolongation of ioSEPs (p=0.01) 
(Figure 1).  
 
Conclusions  
Preoperative SEPs are not referenceable in predicting the significant ioSEPs change or 



PMD. Unlike ioMEPs, ioSEPs are correlated with PMD, and latencies are more prone to 
correlated than amplitudes. Bleeding amounts affects the latency prolongation of ioSEPs. 
Monitoring of ioSEPs is important in patients with OPLL and the bleeding control would 
be important.  
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Introduction  
Amyotrophic lateral sclerosis (ALS) is a progressive motor neuron disease which has a 
poor prognosis. Many studies reported that the estimated median survival duration 
ranges from 20 to 48 months. It is known that the most common causes of death are 
infection and sudden death according to respiratory holding and cardiac arrest. Some 
strong evidences have been showed significant improvements in quality of life and 
survival with supportive management, such as respiratory care and percutaneous 
endoscopic gastrostomy (PEG). The purpose of this study is to analyze courses of disease 
in patient with ALS.  
 
Methods  
Medical records and references of 100 patients were retrospectively reviewed from 2007 
to 2016. Data on demographics, survivals, age at diagnosis, disease duration, medical 
intervention including tracheostomy and PEG, causes of death, and place of death in the 
subjects were analyzed. To investigate the differences of disease duration according to 
the type of ALS, all subjects were divided into two groups by type of ALS: bulbar- and 
limb-dominant.  
  
Results  
Among 100 patients, 37 patients were dead. Mean duration of disease in deceased 
patients was 38.6 ± 16.4 months. In the deceased patients, 8 patients died of respiratory 
failure (21.6%), 1 died of neoplasm, and 28 died of unknown causes (75.7%). 
Tracheostomy was performed in 72 patients and PEG was inserted in 82 patients. The 
places of death were home in 21 patients (56.8%), geriatric hospital or nursing home in 
14 (37.8%), and university hospital in 2 (5.4%). There was no significant difference of 
disease duration between two types of ALS in deceased patients (p=0.32).  
 
Conclusions  
There are few domestic studies related to the follow-up of patients with ALS in 
community. In this study, most of the patients with ALS were dead at home. This study 
showed that survivors have a longer life expectancy than previous reports of patient with 
ALS. We thought that the role of early respiratory care and early intervention including 
PEG and tracheostomy might contribute to longer survival.  
 
 



Table 1. Demographic and clinical characteristics of the subjects 

 
 
Table 2. Statistical analysis for the type of ALS with gender, age at diagnosis and duration of disease in 
deceased patients  

 
 



신경근육재활 및 전기진단 

발표일시 및 장소 : 10 월 20 일(금) 14:50-15:00 Ballroom C  
 

OP3-2-3 

The Association between Clinical, Electrodiagnostic Findings and 
Prodromal Symptoms in Bell's palsy 

Jong Ha Lee1†, Hee-Sang Kim1, Seung Don Yoo2, Dong Hwan Yun1, Dong Hwan Kim2, 
Jinmann Chon1, Seung Ah Lee2, Yoo Jin Han1, Yun Soo Soh1, Jung Ho Kwon1* 

College of Medicine, Kyung Hee University, Department of Physical Medicine & 
Rehabilitation1, College of Medicine, Kyung Hee University Hospital at Gangdong, 
Department of Physical Medicine & Rehabilitation2 

 
Objective:  
Unilateral peripheral facial nerve palsy may have a detectable cause (secondary facial 
nerve palsy) or may be idiopathic (primary) without an obvious cause (Bell’s palsy). There 
are some prodromal symptoms have been reported prior to sudden onset of unilateral 
facial muscle paralysis. The aim of this study was to investigate what prodromal 
symptoms are occuring in patient with Bell’s palsy and verify which prodromal symptom 
is associated with poor prognosis by using House-Brackmann facial nerve grading system 
(HBS) and electrodiagnostic examination. An additional aim was to evaluate whether the 
result of HBS reflects electrodiagnostic examination by mean of side-to-side difference of 
compound muscle action potential (CMAP) amplitudes.  
 
Method 
The investigation included 82 consecutive patients with Bell’s palsy from Nov 2016 to 
May 2017. Only patients between 18 and 65 years of age were included in the study and 
patients with herpes zoster, malignant disease, previous history of facial palsy, bilateral 
palsy were excluded. To clinically assess the severity of Bell’s palsy, HBS was used and to 
evaluate a the facial nerve damage, electrodiagnostic study was done. The CMAP 
amplitude measured as a peak-to-peak value, was recorded by a keypoint EMG 
instrument (Dantec). The percent amplitude reduction was calculated by comparing the 
affected side with the healthy side in each branch of facial nerve. After that, a self-
reported questionnaire was conducted about prodromal symptoms.  
 
 Result 
The most common prodromal symptoms were postauricular pain (67.5%), tongue sensory 
decline (37.4%), blepharospasm (27.7%), headache (18.1%), upper respiratory symptoms 
(URS) including cough, sputum (16.9%), general weakness (15.7%), myalgia (7.2%) in 
order of frequency. Postauricular pain was the symptom associated with clinically poor 
prognostic factor by HBS grade V (p=0.021). The CMAP difference of more than 70% was 
significantly associated with postauricular pain, tongue sensory decline (p=0.002, 0.036). 
When compared side-to-side CMAP amplitude of each facial nerve branches innervated 



muscles with HBS, the CMAP difference of nasalis was the best reflection of clinical 
severity (correlation coefficient=0.650, p<0.05).  
 
 Conclusion 
This study indicates that patients with Bell's palsy can have a variety of prodromal 
symptoms including systemic, sensory, opthalmic and auricular symptoms. The most 
common prodromal symptom was postauricular pain. And postauricular pain, tongue 
sensory decline could be considered as poor prognostic factors.  
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OBJECTIVE 
Although Dexmedetomidine (DEX) has recently been used as an adjunct to total 
intravenous anesthesia, its effect on intraoperative neurophysiological monitoring (IOM) 
during brain tumor surgery remains controversial. The objective of this study was to 
explore the effect of DEX on IOM during brain tumor surgery.  
 
METHODS 
The 95 consecutive patients who underwent brain tumor surgeries with IOM were 
retrospectively reviewed (Fig. 1). The transcranial motor evoked potentials (tcMEPs) and 
somatosensory evoked potentials (SEPs) of patients with DEX combined anesthesia (DEX 
group) were compared with those of patients with conventional anesthesia (control 
group). Intravenous anesthetic agents including remifentanil and propofol was 
administered to all patients with or without DEX. The outcomes including predictability, 
laterality of alteration, and stimulation parameters of tcMEPs and SEPs were compared 
between the groups. Additionally, patients who underwent dosage adjustment of 
propofol with bispectral index monitoring (BIS) were also compared with control group.  
 
RESULTS 
Compared to the control group (n=38), DEX group (n=40) needed significantly higher 
intensity (mV) (377.5±48.0 vs 347.1±30.0, P = .001) and repetition rate (pulse/train) 
(6.0±0.2 vs 5.7±0.5, P = .001) of transcranial electrical stimulation to evoke adequate 
tcMEPs. The predictability of tcMEPs for postoperative motor outcome was significantly 
different, which showed higher false positive rate in the DEX group than the control 
group (27.5% vs. 5.3%, P = .047) (Table 1). Among the total of tcMEP alterations, bilateral 
alterations were observed only in the DEX group (31.3% vs 0.0%, P = .053). The Results of 
SEPs were not different between DEX and control groups. In additional analysis, patients 
with bispectral index monitoring (n=12) still showed higher false positive rate significantly 
than the control group (50.5% vs 5.3%, P = .003). Fig. 2 is a representative case of false 
positive, in which the amplitude reductions of tcMEPs were significant at the bilateral 



upper and lower extremities muscles, even though the overall level of BIS measurements 
were maintained in the range of 40-50.  
 
CONCLUSION 
This study revealed that DEX had significant effects on tcMEPs during IOM in brain tumor 
surgery. Since the high false positive rate can be the main cause of lowering the accuracy 
of IOM, interpretation should be cautious when using DEX.  
 

 
Fig 1. Flow chart of patient selection.  
 
 
 

 
 
 
 
 



 
Fig 2. A case of significant reductions in amplitude of the transcranial motor evoked potentials (tcMEPs) in 
30-year woman with glioblastoma at the left supratentorial region. The dexmedetomidine was 
administered with conventional anesthetic drugs including propofol and remifentanil, and the bispectral 
index monitoring was applied to measure the depth of anesthesia. The onset of the amplitude reduction 
was variable at each muscle and was not appeared to be associated with surgical procedures. The 
postoperative neurologic deficit was not observed in this patient.  
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Introduction  
Amyotrophic lateral sclerosis (ALS) is a rare disease in which motor neurons are damaged. 
The diagnosis is sometimes delayed due to misdiagnosis of myelopathy because the initial 
symptoms are nonspecific symptoms such as limb weakness. In this study, we 
investigated the incidence, prevalence, and demographic factors of all ALS patients 
diagnosed in Korea from 2011 to 2015, and analyzed the cases of misdiagnosed 
myelopathy.  
 
Methods  
In Korea, all citizens are registered under the Korean National Health Insurance Service 
except for 2~3% of the medical benefits. Based on this, we conducted a study on patients 
who were classified as ALS in the ICD code. ALS was registered as a rare and intractable 
disease in 2011, and the diagnosis was separated from motor neuron disease. Therefore, 
ALS can be registered only for those who are confirmed with electromyography(EMG) as 
well as clinical symptoms. The relationship between gender, age, household income, 
region and ALS has been identified. The total number of patients diagnosed with 
myelopathy, the number of patients who underwent surgery, and the number of patients 
diagnosed with ALS were identified. Among the patients with ALS, the time to diagnosis 
of ALS after diagnosis of myelopathy, the number of patients who underwent EMG 
before the diagnosis of myelopathy, and the number of patients who underwent surgery 
were confirmed.  
 
Results  
The incidence was measured at around 1.5 per 100,000 populations, and prevalence 
remained at 6.5 since 2013(Table 1). In men, between the ages of 50 and 70, the higher 
the income level, the more diagnosed(Table 2). A total of 1902 patients diagnosed with 
myelopathy before diagnosis of ALS accounted for 40.77% of the patients diagnosed with 
ALS. Of the patients diagnosed with myelopathy, 0.13% was ALS patients, and it took an 
average of 471.7 days to diagnose ALS after myelopathy diagnosis. Before ALS diagnosis, 
69.56% of the patients underwent EMG, however, were not diagnosed as ALS(Table 3).  



Conclusion  
This research targeted all citizens that are applied to the medical insurance in Korea. This 
study is meaningful in the sense that it is precise data that can represent all Koreans. 
From the results, the incidence, prevalence and demographic factors did not show a great 
difference from that of Europe and America. However, it is also possible that the 
diagnosis of ALS was underestimated in the low income group considering that ALS was 
diagnosed more in high income level. About 41% of patients diagnosed with ALS had a 
history of myelopathy. The level of misdiagnosis was higher with patients that received a 
surgery. As such, when declaring a myelopathy diagnosis, and especially if the symptom is 
severe enough to require surgery, there is a need for additional examination or 
verification of clinical signs for the possibility of ALS. EMG may be helpful for this, and 
short term follow up would be needed if it is difficult to distinguish it from myelopathy.  
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INTRODUCTION 
Common peroneal neuropathy (CPN) at fibular head (FH) is the most common 
mononeuropathy in lower limb. Diagnostic sensitivity of electrodiagnostic examination 
(EDx) in this disorder is quite low despite its common prevalence. There are little studies 
dealing with diagnostic value of additional nerve conduction studies (NCS) in CPN at FH. 
We investigated the usefulness of these studies in acute CPN at FH.  
 
METHODS 
We retrospectively reviewed patients confirmed with CPN at FH whose time duration at 
EDx was less than 31 days. Fourteen patients (9 men and 5 women, median age = 35.5 ± 
20.09, median time duration at EDx = 9 ± 9.4) were included. After conventional NCS 
including motor conduction study recording extensor digitorum brevis (EDB) and 
superficial peroneal sensory conduction study, deep peroneal motor conduction study 
with tibialis anterior (TA) and peroneus longus (PL) recordings, and short segment 
incremental study (SSIS) at FH with EDB, TA, and PL recordings were performed. The SSIS 
was simulated from fibular neck to 8 cm proximal to fibular neck (FN) with 2 cm interval. 
Deep peroneal sensory conduction study was also performed in patients with 
hypoesthesia on the 1st web space of foot.  
 
RESULTS 
The EDx showed conduction block (CB), axonal loss and mixed type in 5, 3 and 6 cases, 
respectively. Relative short time duration at EDx was found in CB group. In view of 
sensory fiber involvement, none of CB group involved in contrast to the others. When 
SSIS was performed, precise localization of lesion was possible in 11 of 12 cases except 
two with no response recording: FN ~ 2 cm proximal FN, 6; 2 cm ~ 4 cm proximal to FN, 4; 
FN ~ 2 cm distal to FN, 1. Diagnostic sensitivity was improved when motor conduction 
study recording in both TA and PL and deep peroneal sensory conduction study were 
performed.  
  
CONCLUSION 
 Additional NCS including SSIS with EDB, TA, PL recordings would be useful in evaluation 
of acute CPN at FH.  
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PURPOSES  
The gastrocnemius muscle (GCM) is composed of the medial and lateral heads. Previous 
studies have analyzed the activity of both the medial and lateral heads of the GCM as a 
unit. However, functional differences between the medial and lateral heads were 
suggested according to their different locations in the lower leg and structural 
characteristics such as muscle thickness, fascicle length, and pennation angle.  
In this study, the function of the GCM medial head was analyzed in subjects who 
underwent tibial nerve branch block for calf reduction, by comparing pre- and post-
procedure computerized gait analysis.  
 
SUBJECTS and METHODS  
1. Subjects  
The study group consisted of 10 healthy adults scheduled to undergo tibial nerve branch 
block to the GCM medial head for aesthetic calf reduction using 400-kHz radio-frequency 
nerve ablation.  
2. Gait analysis  
Gait analysis was performed using a computerized opto-electric gait analysis system 
(VICON MX-T10, Oxford Metrics Inc., Oxford, UK; sampling frequency 100 Hz) to measure 
kinematic data. Subjects were instrumented with 16 reflective markers per the Plug-in-
Gait model. Data were recorded while subjects walked at a comfortable speed on an 8-
meter pathway.  
3. Electromyography (EMG) measurements  
Surface EMG (MA300-XVI, Motion lab systems, LA, USA; sampling frequency 1000 Hz) was 
recorded simultaneously with the gait analysis. Surface electrodes were placed on the 
seven muscles, including medial and lateral heads of GCM according to SENIAM 
guidelines. Data were filtered by a 10 to 500 Hz band-pass filter and time-normalized by 
dividing one gait cycle into 16 equally-spaced intervals. Root mean square (RMS) values 
were calculated for each muscle during each time interval. Pre- and post-procedure RMS 
values of each muscle were expressed as a ratio of the maximum pre-procedure RMS 
value.  
4. Data analysis  



Pre-procedure and 1-week and 3-month post-procedure data were compared using 
Linear Mixed Model. Two-sided p-values <0.05 were considered statistically significant.  
 
RESULTS  
1. Gait analysis  
All kinematic data of the ankle, knee and hip joint in the sagittal, coronal, and transverse 
planes revealed statistically insignificant changes.  
2. Electromyography measurements  
RMS values during mid-stance phase of the GCM medial head decreased after procedure 
(p<0.05). Contrarily, RMS values of the GCM lateral head and medial hamstring muscle 
increased during mid-stance phase after procedure (p<0.05).  
 
CONCLUSIONS  
Our study revealed that decreased activity of the GCM medial head did not change the 
kinematics of gait significantly. However, the activities of the GCM lateral head and 
medial hamstring muscle were significantly increased when the activities of the GCM 
medial head was decreased. 
This implies that GCM lateral head and hamstring muscle compensated for the function 
of the medial GCM head to maintain normal gait kinematics.  
 

 
Figure. Pre-procedure linear envelope muscle activities in patients who underwent tibial nerve branch block 
to the GCM medial head.  
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Introduction  
Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy. It causes 
pain in the hand area innervated with median nerve and shows intermittent sensory 
paralysis, with a prevalence of 2 to 4%. The mechanism of this disease is thought to be 
caused by ischemia or compression of the wrist tunnel, but further studies are needed. 
There are several Methods of physical examination to detect CTS. In 2001, Ahn D-S 
announced a new method called hand elevation test (HET), to reproduce the symptoms 
of CTS. Several studies have reported that HET had sensitivity of 75.5-88% and specificity 
of 88.9-98.5%, which is more useful when compared to Tinel's test and Phalen's test. In 
this study, we will investigate the effect of modified hand elevation test (MHET) to 
increase the pressure of the wrist joint by fully bending both wrists to induce ischemia. 
This can improve the diagnosis rate through physical examinations of patients with 
suspected carpal tunnel syndrome.  
 
Materials and Methods  
We enrolled patients with symptoms of CTS and also showed a reasonable finding of in 
electrodiagnostic test. We enrolled 53 patients from 2014 to 2017 and exclude 24 
patients. Finally there were 46 hands of 29 patients in experimental group. To doing the 
HET, patients raised their hands based on their own strength, against gravity above the 
head. (Figure 1) MHET also maintain same position with HET but additionally fully flex 
wrist joint. We expect this position force the ischemia and compression of median nerve 
around the wrist. We did these tests in 2 minutes, and the time until the symptom is 
induced is measured by a stopwatch. All patients enrolled this study, were examed 
electromyography (EMG) exam and sonogram at the wrist and mid forearm level (Table 
1).  
  
Results  
In 46 hands enrolled in this study, 29 patients showed positive response and 17 showed 
negative responses in HET. 31 patients showed positive and 15 showed negative response 
in MHET (Table 2). Sensitivity of HET was 77.4% and 80.6% in MHET. Specificity was 66.7% 
in HET and 60% in MHET. Positive predictability was 82.7% in HET and 80.6% in MHET. 
Negative predictability was 58.8% in HET and 60% in MHET. In enrolled patients, 17 
subjects showed shorter time till induced symptoms in MHET than HET. 3 subjects 
showed positive response in MHET with no response in HET. 7 subjects showed longer 



time till induced symptoms in MHET than HET, and in this group, 2 subjects were 
diagnosed with no evidence of carpal tunnel syndrome in EMG.  
 
Conclusion  
We made the hypothesis that the MHET might make more ischemic situation than HET. In 
this study MHET showed superior to HET in sensitivity and negative predictability and 
shortened time to response. Especially, 17 subjects showed reductions in time to 
response in MHET than HET. So we thought the clinical implication of theses statistical 
findings is that the MHET may be valid and usable diagnostic method.  
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Introduction 
Deep branch of the ulnar nerve (DBUN) study using ultrasound has just begun with the 
development of high-resolution ultrasound (HRUS) technology. In this study, we would 
like to present the safe-zone data that can be used to accurately locate the DBUN using 
HRUS. So it could be used as reference for various procedures such as acupuncture and 
botox injection.  
 
Methods 
We performed HRUS with high-frequency probes (5-12 MHZ). In both hands of 10 healthy 
volunteers (n=20), the cross-sectional area (CSA) was measured at medial side of the 
hook of the hamate bone. Depth from the skin and distance from the tip of the hook of 
the hamate were also measured. Same data were measured from 1 patient who was 
diagnosed as DBUN neuropathy which was confirmed by electromyography study.  
 
Results 
DBUN was clearly observed in the medial wall of the hook of the hamate bone in all 
subjects. The mean CSA value of healthy volunteers was 1.4 ± 0.2 mm², the depth from 
the skin was 7.4 ± 1.1 mm, and the distance from the tip of the hook of the hamate bone 
was 6.0 ± 0.8 mm. The depth from the skin of DBUN neuropathy patient was 9.6 mm and 
the distance from the hook of the hamate was 7.1 mm, which was not significantly 
different from healthy volunteers, but CSA was significantly increased to 2.9 mm².  
  
Conclusion 
This study provides data that can predict the location of the DBUN, which will help avoid 
complications when performing various injection procedures on the hand. In addition, 
HRUS could be helpful for diagnosis of DBUN neuropathy.  
 

 
Fig 1. Depth from the skin and distance from the tip of the hook of the hamate bone  
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Back ground and Purpose  
Peak cough flow (PCF) is important in determining whether a patient can cough 
effectively. And the maximal inspiratory pressure (MIP) and maximal expiratory pressure 
(MEP) reflect the maximal strength of the respiratory muscles. However, accurate 
measurement of PCF, MIP, and MEP in patients with tracheostomy is difficult. There are 
two main factors to interfere with accurate measurement. First, it is hard to maintain 
maximum insufflation because of insufficient glottic closure. Another factors are air flow 
limitation by a tube and air leak via stoma. It is under studying to complement 
inaccuracies but it is not univervsal. So we tried to find out the difference between pre- 
and post- decannulation and whether the difference could be used to predict the post 
decannulation value.  
 
Method  
This study included the patient who were planning the decannulation. Most of them 
admitted intensive care unit. They had no evidence of respiratory muscle paralysis and 
they had a cognitive function enough to cooperate with the evaluation. We measured 
MIP,MEP and PCF pre- and post- decannulation using MicroRPM® and MicroPeak®. 
During the measurement, tracheostomy was capped and measured by mouth. We 
changed to a cuffless 6.0 tracheostomy tube(Portex®) at least 3 days before 
decannulation. After decannulation, we applied a hydrocolloid adhesivedressing 
(DuoDERM®) on stoma site to minimize leakage and healing. We measured post MIP, 
MEP and PCF on the day of decannulation. We analyze the data by Wilcoxon signed rank 
test.  
 
Result  
Total 22 patients measured PCF pre- and post-decannulation. There are 4 of pneumonia, 
16 of the traumatic brain injury and 2 of thoracic injury. The value of PCF in pre- and post-
decannulation showed significantly difference(P=0.002). The mean PCF value pre-
decannulation was 281.59 ± 104.58 L/min, and the PCF mean value post-decannulation 
was 336.81 ± 92.09 L/min. In addition, the mean difference value between pre-and post-
decannulation was 55.22 ± 79.15 L/min(19.61%). We measured the MIP and MEP in 21 
patients and there was significantly different as well. The mean MIP value pre-



decannulation was 48.90 ± 30.84 cmH2O and the mean value post-decannulation was 
58.76 ± 32.98 cmH2O(20.16%). Furthermore, the mean MEP value pre-decannulation was 
60.28 ± 21.79 cmH2O, the mean MEP value post-decannulation was 72.47 ± 25.14 
cmH2O(20.22%).  
  
Discussion  
We proceeded with a standardized decannulation protocol including airway evaluation in 
patients without respiratory muscle paralysis. We reduce stoma size and minimized 
leakage by reducing the tube size before decannulation. We compared PCF, MIP, MEP 
pre- and post-decannulation to determine how much the tracheostomy tube affect on 
that, and the expected difference was confirmed. Concretely, PCF, MIP, MEP can be 
underestimated by about 20% before decannulation. We can predict post - decannulation 
value by considering this difference.  
 

 
Fig. 1. Pre- and post-decannulation PCF, MIP, MEP value  
 
Table 1. Patient dermographics (n=22) 
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Introduction  
Patients with myotonic muscular dystrophy are reported to have early carbon-dioxide 
(CO2) retention compared to patients with other neuromuscular diseases with similar 
functional vital capacity (FVC). We analyzed several pulmonary function parameters of 
myotonic muscular dystrophy type 1(DM1), and compared them with that of Duchenne 
muscular dystrophy (DMD) to seek the reason of early respiratory failure in patients with 
DM1.  
 
Materials and Methods  
We performed ventilator status monitoring including oxygen saturation (SaO2) and 
partial pressure of carbon dioxide (pCO2) and also performed pulmonary function test 
including FVC, forced expiratory volume in 1 second (FEV1), and maximal voluntary 
ventilation (MVV), maximal inspiratory pressure (MIP) and expiratory pressure (MEP) 
among the patients with DM1 and DMD who visited our clinic from May, 2015 until May, 
2016. FVC and MVV marked as ratio to normal predicted value (FVCPred% and 
MVVPred%, respectively) were also calculated. ANCOVA was preformed to compare the 
slope of decrement in each variable according to FVC or MVV, and we compared them 
among the two groups. Linear regression was performed to find the linear correlation 
among different variables and we drew the scatter plot of the results.  
 
Results  
Total of 79 patients with DMD and 33 patients with DM1 were recruited. FVC and MVV 
showed positive correlation in both groups. However, although not significant, comparing 
the slope in patients with DMD, patients with DM1 tend to have bigger change of MVV 
(β=0.783 vs. β=0.528, p=0.057) and MVVPred% (β=0.588 vs. β=0.438, p=0.256) in 
correlation to FVCPred%. While pCO2 showed negative correlation with FVC (β=-0.045, 
p<0.0001), FVCPred%(β=-1.398, p<0.0001), MVV(β=-0.826, p<0.0001), and 
MVVPred%(β=-0.747, p<0.0001) in patients with DMD, it only showed correlation with 
MVVPred% (β=-0.802, p=0.047) in patients with DM1. 40mmHg of pCO2 was correlated 
to around 50% in MVVPred%.  



Conclusion  
Lower MVV can be related to the possible cause of early CO2 retention in patients with 
DM1. Thus, in screening of ventilatory failure in patients with DM1, MVV should be taken 
into careful consideration. MVVPred% lower than 50% can be considered as the cut off 
value in outpatient-based screening.  
 

 
Correlation with partial pressure of carbon dioxide with each parameter. In patients with DMD (blue line), 
parameters including (a) MVV, (b) MVVPred%, (c) FVC, and (d) FVCPred%, all show positive correlation with 
pCO2 value meanwhile only (b) MVVPred% show positive correlation with pCO2 value in patients with DM1 
(red line).  
 

 
Trend of pulmonary function parameters according to pCO2 in DMD and DM1. data are shown as 
slope(standard error). *p-value<.05 in linear correlation of slope of decrement and pCO2. †p-value <.05 
comparing the slope of decrement among two groups  
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Objective 
Several studies have reported that taking L-citrulline malate (CM), a therapeutic agent for 
myasthenia, can strengthen high-intensity resistance exercise capacity. However, studies 
on the effects of this drug during aerobic exercise are lacking. Currently, there are no 
studies that have examined its effects on maximal oxygen uptake (VO2max), a common 
indicator of aerobic exercise capacity. Accordingly, the objective of the present study was 
to investigate the effects of L-citrulline malate on the aerobic exercise capacity of healthy 
adults.  
 
Methods 
The present study was designed as a randomized, double-blind, placebo-controlled, 
crossover study, which was conducted on 14 healthy adults, aged 20 to 55 years. 
Participants who had taken any drugs or foods that could have affected the Results of 
cardiopulmonary exercise test (CPET), were excluded from the study. During their initial 
visit, all participants were randomly given either 8 g of CM or placebo, subsequently, the 
CPET was performed after 1 hour. During the second visit, one week later, each 
participant was given the other drug that they had not taken previously, after which, the 
CPET was performed again. VO2max, VO2 at the point of anaerobic threshold (VO2AT) 
and heart rate (HR), blood pressure (BP), myocardial oxygen demand (MVO2), and rating 
of perceived exertion (RPE) at each stage of the CPET in addition to muscle pain and 
fatigue after completion of exercise were selected as the efficacy endpoints and 
compared based on L-citrulline malate intake.  
 
Results 
HR, BP, and MVO2, measured at rest and at each stage of the CPET showed no 
differences based on taking the CM or placebo. Maximal HR was 190.8±7.1 beats/min 
when CM was taken, which was significantly higher than 188.2±9.0 beats/min when the 
placebo was taken (p=0.036). VO2max was 39.5±6.3 mL·kg−1·min−1 when the CM was 
taken and 38.5±4.8 mL·kg−1·min−1 when the placebo was taken, while total exercise time 
was respectively 704±85.8 and 686.6±91.4 sec, showing no statistically significant 
differences. VO2AT also showed no statistically significant difference. RPE at each stage 
did not show differences, but muscle pain and fatigue at 30 min after completion of the 
test were significantly lower when the CM was taken (p=0.035) (Table 1).  



 
Conclusion 
CM did not have a significant effect on VO2max and VO2AT at present study. However, 
taking CM resulted in significantly higher maximal HR and significantly lower muscle pain 
and fatigue after exercise.  
 
Table 1. Outcome variables during CPET with L-citrulline malate and placebo 
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OBJECTIVE  
Most of previous studies in ICU rehabilitation were about medial critically ill patients. 
However, there were few studies about surgical critically ill patients. We describe our 
experience in active rehabilitation in SICU (surgical intensive care unit). We also assess 
the functional recovery during active rehabilitation. In addition, we compared the 
differences according to age groups (<65 or ≥65).  
 
METHODS  
We retrospectively reviewed all patients who stayed in our general surgical ICU for ≥ 3 
days and received active rehabilitation (activity levels of sessions are as follows, II; active 
range of motion (AROM)., III; Sitting, IV; Standing, V; Walking <10m, VI; Walking ≥10m) at 
least 1 session from January, 2016 to December, 2016. Patient’s age, sex, ever received 
mechanical ventilation, length of stay, APACHE II score, total active rehabilitation session, 
each activity level of session, total rehabilitation skip & stop (safety event) session, 
activity level of session more than level IV (standing) and mobility (Activity Measure for 
Post Acute Care, AM-PAC) score were investigated and it compared between aged <65 
and ≥65. Furthermore, Activity level of session more than level IV (standing) and Mobility 
(AM-PAC) score compared between the beginning of active rehabilitation and the time of 
ICU discharge.  
 
RESULTS  
A total of 157 patients were included. There was no significant difference in clinical 
characteristics (ICU length of days, Rehabilitation length of days, Hospital length of stay 
after ICU discharge, APACHE II score) between age groups. During 780 rehabilitation 
sessions, 23 safety events (2.95%) were developed. Patients who performed Activity level 
more than IV session and mobility(AM-PAC) score were increased from the beginning of 
active rehabilitation to the time of ICU discharge (52 vs 102 patients, p<.001, 11.64 ± 0.36 
vs 13.85 ± 0.39, p<.001, respectively). There was no significant difference between age 
groups at each time point.  
 
CONCLUSION  
Active rehabilitation is feasible and safe in surgical critically ill patients regardless of age 



groups. It improved standing ability and mobility (AM-PAC) score during active 
rehabilitation in both age groups (<65 or ≥65).  
 

 
 



 
 

 
 



심폐재활 

발표일시 및 장소 : 10 월 21 일(토) 15:40-15:50 Ballroom C  
 

OP3-3-5 

Difference of Functional Status using 6-M walk Test and Body Composition 
in HF Classification 

Byeong Ju Lee1†, Ji Won Hong1*, Ra Yu Yun1, Da Hwi Jung1, Jung Hyun Choi2 

Pusan National University Hospital, Department of Rehabilitation Medicine1, Pusan 
National University Hospital, Department of Internal Medicine-Cardiology2 

 
Introduction  
The heart failure patients have showed poor functional status because of prolonged 
duration of illness, comorbidity, and accompanied muscle weakness. Optimal functional 
evaluation strategy for this patient remains unknown. The correlation between functional 
status and HF classification, epidemiological data, and prognosis is also unknown.  
 
Object  
Elucidating the patient characteristics, functional status, exercise capacity, muscle mass, 
muscle strength, and prognostic indicators of heart failure population. 
  
Methods  
Analyze 48 heart failure patients’ data from Apr 2016 to May 2017. Comparisons of 
background characteristics, comorbidity, exercise capacity, muscle mass, and strength of 
heart failure with mid-range ejection fraction (HFmrEF, 40% < LVEF ≤ 50%) with those of 
heart failure with preserved (HFpEF, LVEF >50%) or reduced ejection fraction (HFrEF, LVEF 
≤ 40%) were conducted. Comparisons of prognostic factors for heart failure exacerbation 
were conducted.  
 
Results  
Epidemiological characteristics of HF patients did not differ between each category.  
Patients with HFrEF were more frequently prescribed with beta blockers compared to 
HFmrEF and HFpEF. Patients with HFpEF had lower B-type natriuretic peptide level, as 
well as HFmrEF compared to HRrEF. 6-Minute walk distance (6MWD), submaximal oxygen 
consumption VE/VCO2 slope, muscle power, and muscle mass were analogous between 
each category. Patients suffered re-admission showed significant increased VE/VCO2 
slope. Patients prescribed intravascular loop diuretics at out-patient clinic had short 
6MWD, weak knee extensor power, and frequent atrial fibrillation. They were 
desaturated during 6MWT more frequently.  
 
Conclusion  
There was no significant difference of exercise capacity, muscle strength and muscle mass 
between each HF categories. Poor functional status was more significant contributing 
factor to HF exacerbation than heart function.  



Table 1. Patient Characteristics 

 
 
Table 2. Contributing factors to heart failure exacerbation (re-admission) 

 
 
Table 3. Contributing factors to heart failure exacerbation (intravascular loop diuretics) 
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Objectives 
To investigate the underlying molecular mechanisms and the therapeutic time window 
for preventing astrogliosis with erythropoietin (EPO) treatment after in vitro modeled 
spinal cord injury (SCI).  
 
Method 
Cultured rat spinal cord astrocytes were treated with kainate and scratching to generate 
an in vitro model of SCI. EPO (100 U/ml or 300 U/ml) was added immediately or 2, 4, or 8 
hours after injury. Some cultures were also treated with AG490, an inhibitor of the EPO-
EPO receptor (EpoR) pathway mediator Janus kinase 2 (JAK2). To evaluate neurite 
extension, rat embryonic spinal cord neurons were seeded onto astrocyte cultures and 
treated with EPO immediately after injury in the presence or absence of anti-EpoR 
antibody.  
 
Results 
EPO treatment at up to 8 hours after injury reduced the expression of axonal growth 
inhibiting molecules (glial fibrillary acidic protein, vimentin, and chondroitin sulfate 
proteoglycan), cytoskeletal regulatory proteins (Rho-associated protein kinase and 
ephephrin A4), and pro-inflammatory cytokines (tumor necrosis factor-alpha, 
transforming growth factor-beta, and p-Smad3) in a dose-dependent manner (p<0.001). 
Most effects peaked with EPO treatment 2-4 hours after injury. Additionally, EPO 
treatment up to 4 hours after injury promoted expression of the EpoR (>2-fold) and JAK2 
(>3-fold) in a dose-dependent manner (p<0.001), whereas co-treatment with AG490 
precluded these effects (p<0.001) (Figure 1). EPO treatment up to 4 hours after injury 
also enhanced axonal β-III tubulin-immunoreactivity (>12-fold), and this effect was 
precluded by co-treatment with an anti-EpoR antibody (p<0.001) (Figure 2).  
 
Conclusion 
The application of EPO to astrocytic cultures after modeled SCI enhanced EPO-EpoR 
signaling and specifically JAK signaling, but not PI3K/AKT signaling. These changes were 



associated with decreased TNF-α, TNF-β, and Smad expression and the reduced 
expression of cytoskeletal regulatory proteins ROCK and EphA4. Finally, EPO treatment 
promoted neurite outgrowth when applied within 4 hours after injury. Our findings 
suggest that it may be effective if provided around 2-4 hours after injury in the inhibition 
of further neuronal deterioration point of view, and it may be optimal if administered 
immediately after injury in the neuro-regenerative point of view.  
 

 
Figure 1. Effects of EPO on EpoR and JAK2 expression. Top panels: Western blots showing the relative 
expression of target proteins with β-actin as a loading control (upper) and AKT as a total protein control 
(lower). Bottom panels: Quantification of bands shown in the top panel relative to the control condition. 
Values represent the mean ± standard deviation (n = 3 per time point in each group). EPO, erythropoietin; 
EpoR, EPO receptor; JAK2, Janus kinase 2; pAKT, phosphorylated protein kinase B; S/KA, scratch and kainate 
injury model; TGF-β, transforming growth factor-beta. * indicates p < 0.001 vs. the S/KA group and ** 
indicates p < 0.001 vs. the S/KA + EPO100U group.  
 

 
Figure 2. Effects of EPO on neurite outgrowth. (A) Immunocytochemical staining with anti-Tuj1 antibody. (B, 
C) Quantification of immunofluorescence shown in panel A relative to the control condition. Values 
represent the mean ± standard deviation (n = 6). Scale bar = 100 µm. AbEpoR, anti-rhEPO receptor antibody; 
EPO, erythropoietin; S/KA, scratch and kainate injury model. * indicates p < 0.001 vs. the S/KA group, ** 
indicates p < 0.001 vs. the S/KA + EPO100U group, and # indicates p < 0.005 vs. the S/KA group. 
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Background  
Spinal cord injury (SCI) patients use their shoulder for mobility and weight bearing. During 
transfer and active wheelchair propulsion, compression and subacromial impingement 
are more frequent and accentuated. Therefore, shoulder pain and rotator cuff pathology 
are common in paraplegics who actively use manual wheelchair. The acromiohumeral 
distance (AHD) is considered an indicator of the size of the subacromial space outlet, and 
narrowed AHD is considered one of the causes of rotator cuff pathology. The occupation 
ratio (OR), which is defined as the supraspinatus (SSP) tendon thickness expressed as a 
percentage of AHD, is also reduced in patients with rotator cuff pathology. The purpose 
of this study was to evaluate shoulder ultrasonographic findings and to find out the 
difference in AHD and OR according to various types of rotator cuff pathology in manual 
wheelchair users with SCI.  
 
Methods  
Paraplegia patients over 19 years old with injury onset of more than 6 months, who 
actively perform activities of daily living with manual wheelchair for at least 40 hours per 
week were included. After excluding individuals with a history of previous shoulder 
surgery, diabetes mellitus, or shoulder injury prior to the SCI onset, 5 subjects were 
enrolled and total 10 shoulders were evaluated by ultrasonography. Each subject was 
interviewed for shoulder pain by Wheelchair User’s Shoulder Pain Index (WUSPI) and 
Shoulder Pain and Disability Index (SPADI). Shoulder ultrasonography was performed by a 
single physician.  
 
Results  
Average age of participants was 45 years. 4 were ASIA Impairment Scale (AIS) A, and 1 
was AIS D. Abnormal shoulder ultrasonographic findings were as follows; SSP tendon tear 
from 2 shoulders, biceps brachii tendinopathy from 2 shoulders, subscapularis (SSC) 
tendon tear from 2 shoulders, calcification in SSP tendon, and SSC tendon from 1 
shoulder each. AHD is known to be normal if >10mm, and average AHD of the subjects 
was 11.3mm. Three shoulders with rotator cuff tears showed average AHD of 11.7mm, 
OR of 54.06%, while nine shoulders without rotator cuff tears showed average AHD of 
11.1mm, OR of 49.47%. Average time of daily wheelchair usage and average length of 
time since the injury were 15.3 hours and 24 years, respectively in patients with rotator 
cuff tear, while they were 13 hours and 15 years in patients without rotator cuff tear. The 
average WUSPI and SPADI score in patients with rotator cuff tear was 17.3 and 16.3 



respectively, which was greater than the average WUSPI and SPADI score in patients 
without rotator cuff tear (13.5 and 9, respectively).  
 
Conclusion  
This pilot study showed a greater tendency of rotator cuff tears in individuals with greater 
length of time since injury and longer daily wheelchair usage. Able-bodied individuals 
with rotator cuff tears are known to have narrow acromiohumeral space, but in SCI 
individuals in this study, the result was contradicting.  
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Introduction  
Neurogenic bladder is common in patients with spinal cord disorder, characterized by 
decreased bladder volume and increased bladder pressure. To prevent upper urinary 
tract, urodynamic study (UDS) is necessary to assess bladder pressure. However, UDS is 
an invasive study so sedation with local anesthesia is required for children. Therefore, 
noninvasive test is needed to be developed that can substitute UDS. Ultrasound (US) 
elastography have been recently used to evaluate the body tissues and organs. Moreover 
it also has been used for diagnosis of breast and liver tumors. We expect that the US 
elastography can substitute UDS measurement to estimate the bladder compliance.  
 
Objective  
The purpose of this study is to compare the modulus value of elasticity and the bladder 
compliance to determine the validity of a new diagnosis technique.  
 
Method  
This is a prospective study. We performed US elastography during UDS in patients with 
spinal cord disorder between 18 months and 24 years of age. The modulus was measured 
in several volumes while filling the bladder with normal saline through the urinary 
catheter. The median values of modulus were used. The bladder compliance was 
calculated by dividing the pressure at the capacity volume by maximum bladder volume. 
Patients were divided into two groups based on compliance (Low compliance; 
Compliance<10, Normal compliance; Compliance≥10), and the modulus of the two 
groups were compared using the Mann-Whitney test. Pearson correlation coefficient was 
used to evaluate the correlation between the bladder compliance and the modulus.  
 
Result  
Ten patients were enrolled. Eight of ten patients were diagnosed as tethered cord 
syndrome and two of ten patients were diagnosed as spinal cord neoplasm. Two of ten 
patients were required to have clean intermittent catheterization (CIC), and seven of ten 
patients had intermittent CIC. One patient was able to urinate without CIC. The mean 



modulus of the low compliance group was 16.2±3.13 and the mean modulus of the 
normal compliance group was 5.53±1.60 (Table 1, Figure 2). There were significant 
differences between two groups (p<0.001). The bladder compliance and modulus of 
elasticity showed negative correlation, and Pearson correlation coefficients was -0.694 
(p=0.026).  
 
Conclusion  
The modulus of elasticity measured by ultrasound elastography showed negative 
correlation with the compliance of urodynamic test. Therefore, ultrasound elastography 
can be used to estimate the bladder pressure.  
 

 
FIGURE 1. A/B. UDS/US Elastography of 10-year-old female with spinal cord neoplasm, Normal compliance 
(60) C/D. UDS/US Elastography of 9-year-old female with myelomeningocele, Low compliance (3.3)  
 
Table 1. Compliance and Modulus of Low compliance group and Normal compliance group. 

 
 

 
FIGURE 2. Modulus value range of Low compliance group and Normal compliance group.  
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Purpose  
The current status of developing education and training program for SCI person to cope 
with difficulties after discharge and to solve their problems effectively is insufficient. The 
purpose of this study is to develop and apply ICF-based rehabilitation education programs 
and educational materials that can be applied to SCI patients before discharge.  
  
Method 
Using ICF, this study had literature review, extracted a code item on a basis of expert’s 
consult, and developed educational materials and program for subjects and instructors, 
and those were applied to the SCI persons.  
 
Results 
1) The necessary contents of rehabilitation for SCI were extracted from ICF items. The 
first step is to analyze the core set that extracted from WHO regarding with SCI, and then 
arrange final 182 code. 33 codes were selected through the survey on expert’s opinion 
and internal researcher's consult for extracting the codes necessary for the SCI persons, 
and the last 30 codes were extracted excluding 3 codes which related to the Body 
Structure.  
2) Based on the selected 30 codes, we made picture cards for the subjects, standard 
guidelines of the materials, and problem selection list. The program is consisted of 3 
Modules for 3 days and 100 minutes per each. The study was applied 2 times, each 4 
subjects, and totally 8 subjects.  
3) The mean age was 34.9 (13.1) years old, and 3 (37.5%) were male and 5 (62.5%) were 
female. According to the ASIA classification, 4 cases (50%) were ASIA-A, 3 cases (37.5%) 
were ASIA-C and 1 case (12.5%) was ASIA-B.  
4) Among the 30 codes, the mean of choosing ‘problematic’ was 21.4 (2.6) and all 8 
subjects chose 'problematic' were 'd410 changing basic body position', 'd450 walking', 
'd465 Moving around using equipment', 'd470 using transportation', 'd510 washing 
oneself', 'd530 toileting'. ' No problem' was selected for 'b134 sleeping functions', 'e340 
personal care providers and personal assistants' and 'e355 health professionals', and 
'd560 drinking' was the next rank of 4 subjects.  



5) The subjects evaluated that this training program was 'very beneficial' for the daily life 
and self - management of the SCI before discharge. The Results of the comparison of the 
self-efficacy scale that Hong(1995) revised and supplement focusing on the second 
groups were not verified statistically.  
 
Conclusion 
Education materials of the pre-discharge rehabilitation education program for the SCI 
patients were developed using ICF by 3 Module courses. This program was applied to SCI 
patients at K rehabilitation hospital twice, 4 subjects at once. The subjects evaluated that 
this study has a positive effect in preparing for daily life after discharge. We propose a 
follow-up study that examines the effects of self-efficacy and daily life expanding the 
number of subjects and also suggest to apply considering the period of onset of the 
subject and the degree of acceptance of disability.  
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Objective 
To investigate the status of post-stroke rehabilitation according to stroke severity, using 
the database of the Korean Health Insurance Review and Assessment Service.  
 
Methods 
We collected the data of patients admitted for ischemic stroke within 7 days of onset to 
the Neurology departments of 12 hospitals. We recruited 2,895 patients hospitalized 
between November 2010 and December 2011. The patients were classified into three 
groups according to the initial National Institutes of Health Stroke Scale (NIHSS) score 
(mild, ≤5; moderate, >5 and ≤13; severe, >13). We examined the length of hospital stay 
(LoS) with rehabilitation, the NIHSS score after acute care, and the modified Rankin Scale 
(mRS) score at 1 year post-stroke according to stroke severity and continuous availability 
of rehabilitation.  
 
Results 
The proportion of LoS for continuous rehabilitation tended to decline with increasing 
severity (mild, 77.93±29.50, p<0.01; moderate, 71.83±32.13; severe, 62.29±37.19). After 
discharge from acute care, NIHSS scores were significantly higher in moderate and severe 
stroke cases that continued to receive rehabilitation than in cases that did not continue 
rehabilitation (moderate, 6.45±3.75, 5.43±4.21, p<0.001; severe, 12.34±5.86, 10.53±7.09, 
p<0.05, respectively). Similarly, mRS scores at 1 year post-stroke in moderate cases were 
2.33±1.57 and 2.08±1.51, p=0.046, with and without continued rehabilitation, 
respectively.  
 
Conclusion 
Rehabilitation services are inadequate to meet the needs of moderate and severe stroke 
patients in Korea. These Results could be used for evidentiary material in determining the 
distribution of rehabilitation services after stroke in the Korean healthcare system.  
 
 
 
 



 
 
Table 1. Status of rehabilitation after acute care in the moderate group 

 
Table 2. Status of rehabilitation after acute care in the severe group  

  



Table 3. Comparison of rehabilitation services by stroke severity 
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Object  
The demands of rehabilitation medicine services are rapidly rising at the tertiary hospital. 
One of the reasons is that the quality of life become more important because of the 
improvement in medical treatment. So, we analyzed the status of “rehabilitation consult” 
in order to find out recent changes in demand for rehabilitation services.  
 
Methods  
The "rehabilitation consult" data, which was computerized by EMR, was downloaded as 
Excel files and analyzed. The period is limited from January 1, 2011 to June 30, 2017. We 
analyzed the number of requests for collaboration by period to confirm demand. The full 
datas for 2017 are estimated values for 2017 based on the data until June 30, 2017.  
 
Results  
A total of 33,397 “rehabilitation consult” were analyzed from 2011 to 2017 (Table 1). 
Rehabilitation Service Requirement had been increasing every year (Fig 1.). Based on the 
cumulative amount, findings showed many referrals to the rehabilitation department in 
the order of neurosurgery, neurology, orthopedics, internal medicine(pulmonology and 
cardiology). The needs for pulmonary rehabilitation and cardiac rehabilitation had been 
increasing in 1-2 years. Since insurance coverage has just started, it is expected to 
increase further in the future (Fig 2.). We think that opening of pulmonary rehabilitation 
center in Regional Center for Respiratory Diseases, 2016, had some positive impact.  
  
Conclusion  
Considering the recent changes in the need for rehabilitation services, it is necessary to 
rebuild about the education of the resident and how to supply services to the general 
hospital.  
  
 

 

 

 

 

 

 

 



Table 1. Basic Data of rehabilitation consults 

 
 

 
Fig 1. Increasing of rehabilitation service Requirements  
 

 
Fig 2. The needs for pulmonary and cardiac rehabilitation and others.  
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Objectives 
Driving involves a complex and rapidly repeating cycle that requires a level of skill and the 
ability to interact simultaneously with both the vehicle and the external environment. We 
developed hospital-based driving rehabilitation programs for patients with work-related 
injuries and its payment system in workers’ compensation and operated this program in 
for 9 months.  
 
Methods 
From Sep 2016, driving rehabilitation program have been delivered in three workers' 
compensation hospital. The evaluation of the driving ability at the beginning, middle, and 
the end of training took 2 hours and 30 minutes, and the cost was 100,000 won. Table-
top assessments included previous driving experience, comprehensive computer-based 
driving evaluation tools such as CPAD and UFO-V, and written cognitive tests such as 
MMSE, MOCA-K. The patients who were identified to need training in the evaluation 
underwent driving simulator training. Training was provided for a minimum of 30 minutes 
and a maximum of 2 hours per day with assessment performed during the first, middle 
and the last session. The cost per unit of 30 minutes training was set at 35,000 won. 
When the trainee passed the road test on the simulator, he/she finished the training. One 
hospital made a delivery system with nearest driving support center for peoples with 
disabilities, which is affiliated in road traffic authority.  
 
Results 
Total of 103 patients with work-related injury by the driving simulator in the three 
hospital. Twenty-two were brain injury patients, 51 were spinal cord injury patients, and 
30 were musculoskeletal injuries patients in this program. Among patients who were 
provided with driving rehabilitation training, 88.89% of them already had a driver’s 
license  
Patients with spinal cord injuries spent an average of 10 sessions of driving simulator 
training before the end of training. Patients with brain injury and with musculoskeletal 



injury varies according to their injury severity. It is an ongoing challenge to tie up with the 
re-acquisition inspection authority for driving licenses, to board the vehicle in the hospital, 
to train driving, and to link the driving training program with the National Rehabilitation 
Center.  
  
Conclusion 
Driver training for patients with work-related injury is essential for them to return to 
vocation as active members of society and that driver training program should be 
included in comprehensive rehabilitation program during admission period.  
 

 
figure 1. Connection process between driving rehabilitation and obtaining driver's license  
 

 
figure 2. Driving rehabilitation training process 
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Introduction  
The Neonatal Oral-Motor Assessment Scale (NOMAS) is commonly used visual 
observation method to assess non-nutritive and nutritive suck of an infant by 8 weeks of 
age. The NOMAS consists of 28 items. Recently Dutch NOMAS working group showed 
improved inter-rater reliability when NOMAS 28 items were clustered into five (Table 1). 
In this study, we tried to understand if NOMAS cluster could be used to estimate the time 
to full oral feeding in preterm infants who show sucking difficulty at the beginning of an 
oral feeding.  
 
Methods 
We retrospectively analyzed the 111 cases of a video recording of the feeding scene for 
the NOMAS evaluation for more than 2 minutes in preterm infants. The administrations 
of the NOMAS for all preterm infants were performed by a rehabilitation doctor (one of 
the co-author of this paper), who has been certified by the producer Palmer (Marjorie 
Meyer Palmer, Founder / Director of NOMAS International) to perform the assessment. 
Retrospective data of these infants are obtained through video analysis and retrospective 
chart review. The primary outcome was the transition time, the time of full oral feeding 
(FOF) with the removal of the L-tube from the initiation of oral feeding (IOF).  
 
Result 
Table 2 shows the baseline characteristics of preterm infants according to NOMAS cluster. 
As shown in Figure 2(A), the transition time of the three clusters were not the same. 
Posthoc analysis showed that cluster 4 had a significantly higher transition time (27.31 ± 
21.57 days) than cluster 2 and 3. The average transition time of cluster 3 was 7.89 ± 5.75 
(days) and the average transition time of cluster 2 was 8.83 ± 6.55 (days). As shown in 
Figure 2B, when comparing PMA at FOF in clusters 2, 3, and 4, the three groups were not 
identical. Posthoc analysis showed that cluster 4 was statistically significantly higher at 
276.19 ± 46.40 (days) for PMA at FOF than cluster 2 and 3. In univariate analysis, NOMAS 
cluster, moderate to severe BPD, TPN duration, noninvasive positive pressure ventilation 
(NIPPV) duration, birth weight, 1 minute Apgar score and gestational age (GA) were 
analyzed as factors affecting the transition time. In multivariate analysis, NIPPV duration, 
GA, Small for gestational age (SGA), NOMAS cluster 2, 3 vs. cluster 4 were analyzed as 
factors affecting the transition time.  
Conclusion 
We suggest that preterm infants in NOMAS cluster 4 have longer transit time and delayed 



PMA for FOF than cluster 2 and 3. It is thought that the clustering system of the NOMAS 
best reflects the oromotor function among the overall preterm conditions.  
 

 
Figure 2. The difference of transition time  
(A); and PMA at full oral feeding  
(B) according to the cluster  
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Purpose 
An enriched environment(EE) is a classical paradigm that has been used extensively to 
study the effect of rearing animals with a complex combination of physical, cognitive, and 
social stimulations. EE can facilitate biochemical and morphological changes in the brain 
and promote functional enhancements. The mechanisms underlying EE-mediated 
functional improvements and the expression patterns of protein have yet to be fully 
elucidated. This study is designed to investigate the effect of EE on presynaptic scaffold 
proteins in a mouse model with hypoxic ischemic encephalopathy(HIE) and in non-injured 
mice.  
 
Methods 
The HIE was induced in 7-day-old mice by unilateral carotid artery ligation and exposure 
to hypoxia. At 6 weeks of age, the mice were randomly assigned to either EE or standard 
cages(SC), comprising non-injured EE, non-injured SC, HIE-EE, and HIE-SC groups. Rotarod, 
forelimb-use asymmetry, and passive avoidance tests were then performed to evaluate 
neurobehavioral function. To identify molecular mechanisms of long-term exposure to EE, 
we assessed differentially expressed proteins(DEPs) in the mouse model, selecting those 
with fold-change greater than 1.5 among all identified proteins. Bioinformatics analysis 
using Gene ontology(GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG) 
pathways were done. Differentially expressed genes of interest were selected for 
validation of the microarray Results by quantitative polymerase chain reaction(qPCR) and 
western blot analysis.  
 
Results 
A total of 116 DEPs(54 up-regulated and 62 down-regulated proteins in EE mice) were 
identified and analyzed using bioinformatics tools. GO analysis demonstrated that these 
up-regulated proteins in the brains of mice exposed to EE were primarily related to the 
biological processes of “synaptic vesicle exocytosis” and “vesicle-mediated transport”. 
Results of KEGG-Pathway enrichment showed that the up-regulated proteins were mainly 
involved in calcium signaling pathways. Among the up-regulated proteins in the GO terms, 



rabphilin-3A(RPH3A) and piccolo(PCLO) have been identified as cytomatrix proteins that 
are specifically localized at the active zone, a region of the plasma membrane where 
synaptic vesicles dock and fuse to release neurotransmitters. These proteins are likely to 
comprise scaffold proteins of the active zone that may serve in assembling the exocytic 
and endocytic machinery for neurotransmitter release. In No HIE group, qPCR and 
western blot analyses revealed that EE increased the expression of PCLO, RPH3A, RIM, 
and MUNC-18 compared with the control group. Whereas expression of RIM and MUNC-
18 was increased only in the EE-HIE group compared with control group.  
 
Conclusion 
EE-induced gene alterations included genes important for signal transduction at the 
presynaptic level. Elucidation of these alterations in gene expression within the basal 
ganglia provides new insights into the potential role of EE in rehabilitation for neonatal 
HIE.  
 

 
Quantitative PCR analysis. (A) mRNA levels for Piccolo, RIM, Rabphilin, and MUNC-18 in the non-injured EE 
group compared to the non-injured control group (B) or the hypoxic ischemic encephalopathy group. 
Asterisks indicate significant difference (p<0.05).  
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Introduction  
Neurodevelopmental diseases that occur in childhood can be diverse spectrum as mild to 
severe disorders. Therefore, early detection of problems and intensive and 
comprehensive treatment are crucial in minimizing child disability and reducing gaps in 
developmental delay.  The purpose of this study was to investigate the incidence of 
neurodevelopmental disorders and to analyze risk factors affecting development.  
  
Methods and Materials  
The National Health Information Database, NHID, is a public database on health care 
utilization, health screening, sociodemographic variables and mortality for the whole 
population of South Korea, formed by the National Health Insurance Service. Based on 
NHID, the subjects of the study were all born between 2005 to 2009, and we collected 
their mother’s gestational record for a year.  Neurodevelopmental Disorders included 
cerebral palsy, mental retardation, delayed development, autism specturum disease, 
developmental language delay, ADHD, tic disorder, epilepsy, visual or hearing problem, 
developmental coordination disorder, learning disorder  
 
Results  
Cerebral palsy, intellectual disabilities, attention deficit hyperactivity disorder, tic 
disorders, epilepsy, visual acuity abnormalities and hearing abnormalities showed a 
tendency to decrease gradually from 2005 to 2009, while those with developmental delay 
and language disability gradually increased.  There is a significant effect of maternal age 
on the risk of developing cerebral palsy, intellectual impairment, developmental delay, 
autism spectrum disorder, developmental language disorder, ADHD, tic disorder, 
developmental coordination disorder.  Developmental delay, autism spectrum disorder, 
tic disorder, visual acuity abnormality, and hearing loss were higher in the high income 
group than in the lowest income group. On the other hand, intellectual disability and 
attention deficit hyperactivity disorder were found to be less likely to occur in high 
income groups In addition, the difference in the method of delivery was found to be 
higher in most cases when the cesarean section was performed compared to the natural 
delivery  Among the various risk factors, there were differences in the factors that had 
the greatest effect on neurodevelopmental diseases, but overall, the prevalence of 



preeclampsia or eclampsia, underweight and placenta exfoliation were the most 
influential factors.  
 
Conclusion 
As a result of this study, maternal age increased from 2005 to 2009, and in most cases, 
the maternal age was found to have a negative effect. It was confirmed that the risk 
factors of neonatal developmental diseases were influenced by socioeconomic factors as 
well as maternal risk factors for pregnancy and childbirth.  
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Objectives 
There are many causes of dysphagia in infants. When infants cannot eat through oral 
route, an orogastric tube (OG-tube) can be used temporarily. For adults, previous study 
showed that nasogastric tube inserted state had nothing to do with swallowing ability, 
thus dysphagic patients could practice direct swallowing with nasogastric tube inserted. 
But as far as we know, there is no study about the infant patients with OG-tube.  The aim 
of this study is to evaluate whether OG-tube has an effect on the swallowing functions in 
infants.  
  
Method 
We enrolled patients who were fed through OG-tube due to dysphagia. All patients had 
videofluoroscopic swallowing test in both OG-tube inserted state and OG-tube removed 
state with 5 minutes interval. We compared the parameters such as the number of 
sucking needed for one complete swallowing and pharyngeal parts of functional 
dysphagia scale. Penetration aspiration scale (PAS) was checked for aspiration. We also 
summarized the patient’s birth history and medical and surgical history.  
 
Results 
Ten patients were enrolled in this study. Among them 5 patients were related to 
prematurity and 4 patients had neuromuscular disease. 2 patients had dysphagia from 
the birth, 8 patients had OG tube feeding due to medical condition such as pneumonia 
and so on. The Results showed that the number of sucking needed for one complete 
swallowing decreased significantly after the removal of OG-tube. But there were no 
significant changes in FDS and PAS. (Table 2.)  
 
Conclusion 
There was no change before and after the removal of OG-tube in the presence of 
aspiration during videofluoroscopic swallowing test. Thus, if dysphagic patients have 
difficulty in re-inserting OG-tube, it is reasonable to test the patients with OG-tube 
inserted. And for the case of the patients who cannot ingest enough food through oral 
route due to the problem in oral phase, it seems possible that the patients try direct oral 
ingestion, if no aspiration is confirmed by videofluoroscopic swallowing test.  
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Introduction 
Cerebral palsy is mostly caused by hypoxic-ischemic encephalopathy from preterm birth, 
involving inflammatory and apoptotic cellular response. Erythropoietin (EPO) has shown 
neuroprotective effects via activation of anti-inflammatory, angiogenic, and anti-
apoptotic pathways. The safety and feasibility of EPO in children were proved in previous 
clinical trials. In addition, the efficacy of EPO is actively being investigated and some 
reports have shown potential benefits in cerebral palsy. To confirm the safety and 
efficacy of multiple injections with expected effect, retrospective review on medical 
records was performed.  
 
Methods 
Medical reports of cerebral palsy patients who had received erythropoietin from January 
2013 to November 2016, in a single university hospital were collected. An additional 
telephone interview was conducted to collect information of adverse events from all 
patients. Inclusion criteria were (1) confirmed clinical diagnosis of cerebral palsy based on 
neuromotor findings, (2) less than 18 years of age, (3) received recombinant human 
erythropoietin (rhEPO) more than once. Exclusion criteria were (1) not responding to 
phone interview or (2) no functional assessments available. Data included were patients’ 
characteristics (gender, age), birth history (birth weight, gestational age, perinatal 
medical conditions), brain imaging studies (CT or MRI), Gross Motor Function Measure 
(GMFM), Bayley Scale of Infant Development, second edition (BSID-II), and other 
available medical records. Improvement rate of functional measures was obtained by 
dividing the difference between baseline score and the last score achieved after rhEPO by 
the duration. For statistical analyses, correlation between the change rate of functional 
measures and the age of EPO injection was assessed.  
 
Results 
A total of 164 patients were eligible for this review. Twelve patients (7.3%) reported 
minor adverse events after rhEPO injection (Table 1). None of the adverse events 
required hospitalization or additional medication that symptoms subsided spontaneously. 
Seventy-six (n, male: 42, female: 34) patients had available serial functional evaluations 
performed before and after rhEPO administration (Table 2). The mean age of initial 
injection was 36 (SD±23.8) months and mean number of rhEPO injections was 18.6 



(SD±13.6). The change rate for GMFM scores had a negative correlation with the age of 
initial rhEPO injection, which may suggest that the younger the initial rhEPO application, 
the more improvement in GMFM scores (Fig.).  
 
Discussion 
The Results of this study show that multiple injections of rhEPO were safe and feasible in 
children with cerebral palsy. The earlier application of rhEPO seemed to be beneficial for 
improvement of growth motor function. The mechanism of EPO is suggested as 
neurovascular recovery from hypoxic-ischemic brain injury. Various signaling pathways 
modulating cellular regeneration and protection are associated with EPO. 
 

 
 

 
 
 
 
 
Correlaon graph between rate of GMFM improvement and age 
of initial rhEPO injection showed negative correlation (P<0.001, 
r=-.471) which could suggest that earlier injection was 
associated with more improvement in motor function. GMFM, 
Gross Motor Function Measure; rhEPO, recombinant human 
erythropoietin; mon, months  
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Purpose 
The objective of this study is to examine the effect of the personal health record (PHR) 
app on self-care status of breast cancer patients with lymphedema in an intervention 
group as compared with a control group.  
 
Methods 
The effect of PHR on the compliance of progressive resistance exercise with theraband 
was assessed by using a randomized controlled trial (RCT) protocol for a 2-arm parallel 
group with a 1:1 allocation ratio. All patients were educated to start resistance exercise 
program. During a 2-month trial period, the control group benefited from the routine 
care and the intervention group additionally had access to the PHR app besides routine 
care. Number of exercise and symptom such as heaviness and pain were recorded using 
the app. Two weeks after the study, the recommended dosage of exercise were changed 
according to the symptom diary. Grip strength, shoulder muscle strength and ECF ratio 
were assessed at baseline and postintervention at 2 time points (1 month and 2 month 
after intervention). The primary outcome measure was compliance of exercise.  
 
Results 
Test Results showed that the compliance of exercise in the intervention group had a 

significant difference compared to the control group (4.2  1.5 vs 2.1  0.7 days per 
week). Patients who reported symptom after exercise before enrollment had more 
improvement in the intervention group compared to the patients without symptom at 
baseline.  
  
Conclusions 
Recoding the dosage of exercise and lymphedema symptom immediate after exercise 
everyday using app could improve the compliance of resistance exercise in the breast 
cancer patients with lymphedema.  
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Purpose:  
To find out the association factors affect the disability level and health status in advanced 
cancer patients.  
 
Methods 
A cross-sectional study involved 494 patients with advanced cancer with five types of 
cancers (colon, breast, uterus, liver and lung) using stratified sampling. Data collection 
was carried out through one-on-one interviews by trained nurses. Global Disability (GD) 
was evaluated using the 36-item version of WHODAS 2.0 questionnaire while symptom 
and performance were assessed using Memorial Symptom Assessment Scale-Short Form 
and Karnofsky performance Status Scale.  
 
Results 
About 30% of advanced cancer patients had moderate/severe GD and general health 
status decreased with increase in GD (β coefficient = 0.78, p<0.001) especially in the 
domains of mobility and participation. Advanced cancer patients with three factors of 
anxiety, pain and fatigue explained 23% of the variance of mobility. In the subgroup 
divided according to the cancer type, fatigue significantly predicted disability in all cancer 
types, however, pain significantly related only in colon, uterus and breast cancer patients 
after adjustment of other symptoms. With a unit increase in the domains of mobility, 
there was 66% increase in GD after adjustment of three symptom factors.  
 
Conclusion 
The general health status of the advanced cancer patients are influenced by the disability 
level especially of mobility and participation limitation. Some symptoms such as anxiety, 
pain and fatigue may affect the functional level in different patterns according the cancer 
types. Intervention for improving the mobility level could be effective management for 
patients with advanced cancer.  
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Objective 
The purpose of this study was to know the effects of complex rehabilitation (CR) program 
and complex decongestive therapy (CDT) on edema status, physical function and quality 
of life in unilateral lower extremity lymphedema after gynecological cancer surgery.  
 
Methods 
In this prospective, randomized controlled trial, 40 patients who had secondary unilateral 
lymphedema after gynecological surgery including cervical, endometrial and ovary cancer 
that had been diagnosed based on clinical assessment and 10% volume differences 
between legs were randomly assigned to CDT (CDT;n = 20) and CDT combined with CR 
(CRCDT; n = 20) groups. Complex rehabilitation comprised of stretching, strengthening 
and aerobic exercises 40 minutes, 5 times a week for 4 weeks. Intensive CDT was 
performed by a physical therapist during weeks 0-2 and the patients themselves during 
weeks 2–4. Limb volume, In-body, muscular strength, and the European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30), 
The 30 seconds Chair stand test and Muscular strength, The Korean version of the 
Gynecological Cancer Lymphedema Questionnaire (GCLQ-K) was assessed at baseline and 
after 4 weeks of treatment  
 
Results 
Edema status, fatigue, pain, GCLQ-K scores were significantly improved in both groups 
after the 4-week intervention (P < 0.05). Physical function and fatigue in EORTC QLQ-C30 
and The 30 seconds Chair stand test and quadriceps muscle strength were significantly 
improved in the CRCDT group than in the CDT group (P < 0.05).  
 
Conclusions 
CR improves physical function, fatigue and muscular strength without increasing edema 
status in patients with unilateral Lower Extremity Lymphedema after Gynecological 
Cancer Surgery  
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Introduction 
The main cause of falling among residual poliomyelitis patients is weakness in the lower 
limbs. Patients with advanced residual poliomyelitis face accelerating muscle weakness as 
the loss of their walking ability causes a gradual decrease in usage frequency of muscles 
in the lower limbs. And so, we would like to see if an increase in standing time using 
exoskeletal standing assistance devices can improve the strength of targeted muscles and 
balance among patients.  
 
Method 
Thirty subjects diagnosed with infantile paralysis (10 men and 20 women), between the 
ages of 41 and 70, voluntarily participated in this study. There are two groups, one with 
the brace and another non-brace group, the latter being the control group. Brace group 
participants are exoskeletal brace (Standingtall Co.,Ltd) on their lower limb for four weeks. 
Subjects wear the brace at least two hours a day for four days per week. The pre- and 
post-test was consisted of balance test, a Berg balance scale and a knee isokinetic 
strength evaluation.  
 
Results 
Thirty subjects (fifteen in the brace group and fifteen in the non-brace group) completed 
the study and follow-up visits. Significant differences between the two groups were 
found for the primary outcome measure at weight bearing of front (pre: and rear side 
with closed eyes (p=0.035), (p=0.014), respectively. Also, knee isokinetic strength 
evaluation had significantly improved (p=0.032). Lastly, their Berg balance scale 
measurements had significantly improved (p=0.042) when compared to pre Berg balance 
scale measurements.  
 
Conclusion 
We demonstrated that the brace group had significantly differences in balance and knee 
maximal force compared to the non-brace group. The regular use of exoskeletal braces 
while leaning, with assistance from thighs, calves, and feet, is stimulated due to an effort 
to use otherwise unused muscles and nerves. Therefore, these findings suggest that 
standing by leaning on the device is one way to ameliorate activate legs’ natural strength 
and prevent falling.  
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Introduction 
Regaining walking ability is one of the ultimate goals of many patients of neurologic 
disorders. Robotic-assisted gait training (RAGT) is becoming popular because it provides 
repetitive task-oriented movements similar to normal ambulatory patterns. There are 
two main categories of automated gait machines: exoskeletons and end-effectors. 
Morning Walk® is the only end-effector commercially available in Korea. It has two foot 
plates that simulate locomotor activity with saddle support for body weight. The purpose 
of this study is to investigate the feasibility of Morning Walk® in many patients with 
various etiologies. 
 
Materials and Methods 
This study is fulfilled from April 2014 to May 2017. RAGT was tried in patients who were 
able to sit independently or American Spinal Injury Association Impairment Scale C or D 
among spinal cord injuries. People under 120 cm of height and over 120 kg of weight 
were excluded considering specification of the device. Two sizes of saddles were applied 
according to the body size of the patients. RAGT was done for 30 minutes per each 
session and 5 times per week. Completed therapy consisted of 24 consecutive sessions. If 
weight support greater than 70% and ground reaction force less than 20% of the body 
weight remained unchanged, the patient was excluded from RAGT because in that case, 
continuous intervention of therapist was needed during the therapy. In addition to that, 
if experienced therapist judged there would be a possibility of musculoskeletal injury, or 
if there was patient’s request or when the person was not cooperative, the therapy was 
stopped and these cases were analyzed in this study.  
 
Results 
Total 191 patients consisted of 115 cerebral injuries (56.2 ± 17.8 years), 41 spinal cord 
injuries (60.7 ± 17.4 years), 18 pediatric patients (under 19 years, 11.5 ± 4.1 years), 8 
Parkinson’s diseases (72.0 ± 9.7 years), and 9 patients with injuries of lower motor 
neurons (51.6 ± 18.8 years). Among these population 22 patients (11.5%) could not 
complete RAGT therapy, and the reasons are shown in table 1.  
 
Conclusion 
The present study demonstrated that automated gait machine with end-effector is 



feasible and safe for diverse spectrum of neurologic diseases. Before training via end-
effector, several possible limitations should be considered.  
 

 
The Reasons of Discontinuation of Gait Training Using Morning Walk®  
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Introduction 
Hallux valgus (HV) deformity is the most commonly observed forefoot deformity in 
elderly women patients with arthritis. We investigated the effects of customized 
biomechanical foot orthosis (BFO) on kinematic data during gait in arthritis with HV 
deformities compared with normal control group.  
 
Methods 
Ten arthritis patients with HV deformities and 10 normal women were enrolled in this 
study. All patients were diagnosed with foot deformities by biomechanical and radiologic 
studies, and they received the customized BFOs manufactured at a commercial orthosis 
laboratory (Biomechanics, Goyang, South Korea) according to the strictly defined 
procedure by a single experienced technician. The kinematic data by the Vicon 3D motion 
capture system (Oxford Metrics, Oxford, England) were compared in with and without 
application of the BFO.  
 
Result 
 Patients with application of the BFO showed increased gait cadence, walking speed and 
decreased stride, step time in temporal parameters (Table 1). Total mean range of 
motion (ROM) of hallux respect to forefoot was 52.67 degree (dorsiflexion (DF) 34.41; 
plantar-flexion (PF) 18.26) without BFO, and was increased to 73.12 degree (DF 24.75; PF 
48.37) after application of the BFO. During specific gait events, a different range of 
motion was found at several inter-segment angles (Table 2). Particularly, the range of 
motion of the hallux (sagittal plane) and hindfoot (frontal-transverse planes) during 
stance were significantly different. The averaged position of forefoot during whole gait 
cycle was persistently abducted in with application of the BFO (Figure 1).  
 
Conclusion 
The application of BFO will be considered to be useful effects for improvement of gait 
pattern in arthritis with HV deformities by increased ROM of hallux and change of foot 
position. Our Results suggest that it is very important to find out pathophysiology of HV 
and the effectiveness of BFO on gait pattern in arthritis with HV.  
 



Table 1. Temporal Parameters With and Without Application of the BFO in HV and Control group 

 
 
Table 2. Motion at the Inter-segment Angles Showing Differences between Control group and With or 
Without Application of the BFO in HV 

 
 

 
Figure 1. Kinematic data to describe the difference among the application of BFO  
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PURPOSES  
An active Hip-Knee-Ankle-Foot Orthosis (AHKAFO) is a device to assist human mobility by 
providing assistive forces on their hip and knee joints. Since stair climbing is one of 
challenging tasks in daily lives, the AHKAFO can be helpful to improve the mobility, even 
for the persons who can climb stairs with sufficient balance. In this study, the AHKAFO 
was applied to the non-disabled persons when climbing stairs and the effect of assistance 
was analyzed.  
 
SUBJECTS and METHODS  
1. Subjects The study group consisted of 10 non-disabled adults. The AHKAFO was 
available for subjects with <80 kg of weight, 370-420mm of thigh length, and 360-420mm 
of calf length.  
2. Active Hip-Knee-Ankle-Foot Orthosis (AHKAFO) Hip and knee joints of the AHKAFO 
were actuated by electric motors, and those output torques were amplified by gear 
reducers. (Figure 1) To remove the increased mechanical resistive forces of the joints due 
to gears reducers, the AHKAFO used a control algorithm called zero-impedance control, 
which means that the subject wearing the AHKAFO can move their legs without any 
resistance and discomfort. For stair climbing assistance, the AHKAFO generates 
appropriate flexion and extension torques on the hip and knee joints. In general, the 
AHKAFO operates in zero-impedance mode, and waits the initiating movement of the 
subject. The AHKAFO monitors rotation of body segments (trunk, thigh, and shank) as 
well as ground reaction forces from shoe-sensors, to determine the direction and the 
magnitude of assistive joint torque. Once the initiating movement is detected, the 
AHKAFO can provide maximum assistive torque for each joint up to 50Nm in a short time.  
3. Oxygen consumption measurements  
Oxygen consumption rate was measured by portable metabolic system (K4b2, COSMED, 
Rome, Italy) during stair climbing from the ground to the tenth floor. Each level consisted 
of 20 steps having a width of 200mm and a height of 150mm (75% slope with a distance 
of 5 meters). Oxygen consumption rate and the converted moving distance are recorded 
every 30 seconds, and then oxygen consumption cost can be calculated. When climbing, 
all the subjects were asked to climb the stairs with the help of a metronome (65 bpm). 



The subjects climbed stairs with zero-impedance at the first trial, and the stair climbing 
assistance was applied for the second trial.  
4. Data analysis  
The oxygen consumption rate and cost of the first trial were compared with those of the 
second trial. Paired t-test was used and p-values <0.05 were considered statistically 
significant.  
  
RESULTS  
With the stair climbing assistance, the oxygen consumption rate and cost were 
significantly decreased compared to the zero-impedance (p < 0.05).  
 
CONCLUSIONS  
This study showed that the torque assistance at hip and knee joints by the AHKAFO was 
helpful to reduce the energy consumptions during climbing stairs in non-disabled persons.  
  

 
 
Figure 1. Stair climbing with Active Hip-Knee-Ankle-Foot Orthosis  

 
Figure 2. Schematic of assistive torque of Active Hip-Knee-Ankle-Foot Orthosis  
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A 64-year-old man received an operation which fused the occiput to the cervical spine 
(C3) to treat atlantoaxial subluxation (Fig 1,2). After fusion, the patient experienced 
immediate dysphagia. No neurological disorder or head-and-neck dysfunction that might 
explain the dysphagia was apparent. A videofluoroscopic study (VFSS) revealed 
nasopharyngeal regurgitation and delayed aspiration (Supplementary Video 1). The 
neurosurgeon changed occipito-atlanto-axial angle via revision operation (Fig 3). 
Immediately after the revision, the dysphagia symptoms disappeared completely. A 
follow-up VFSS showed that the nasopharyngeal regurgitation and delayed aspiration had 
also disappeared (Supplementary Video 2). At the 6-month follow-up visit, the patient 
exhibited no evidence of dysphagia and reported no pain. Hyperflexion of the upper 
cervical spine accompanied by a decrease in the occipito-C2 (OC2) angle had triggered a 
posterior mandibular shift and narrowed the oropharyngeal airway (Panel B). Although 
the condition is uncommon, dysphagia can be a long-term serious complication of 
posterior occipitocervical fusion. Surgeons should be aware that appropriate choice of 
the OC2 angle is critically important to prevent postoperative dysphagia after 
occipitocervical fusion. 
 

 
A preoperative lateral x-ray of the cervical spine. The OC2 angle is 10°.  
 



 
A postoperative lateral x-ray of the cervical spine. The OC2 angle is 5°.  
 

 
A postrevision x-ray of the cervical spine. The OC2 angle is 18°.  
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Introduction 
Repeated transcranial magnetic stimulation (rTMS) is known to modulate cortical 
excitability, and has thus been suggested to be a therapeutic approach for improving the 
efficacy of rehabilitation after stroke. Generally, it is considered a safe and well-tolerated 
procedure, however, it can cause some adverse effects shortly after sessions. The most 
serious adverse effect is seizure which has been extremely rare. In this article, we report 
a case of choreic movement as an adverse effect of rTMS in the patient with thalamic 
pain after stroke.  
 
Case report 
 A 65-year old female was admitted to our rehabilitation department for management of 
thalamic pain. She has had a hemorrhagic stroke in the left thalamus 8 months ago. We 
tried many pharmacologic treatments to relieve her pain, however it was not very 
successful. We applied rTMS to her drug-resistant thalamic pain after obtaining the 



informed consent about adverse effects such as seizure. Before rTMS, her motor evoked 
potentials (EPs) of the right abductor pollicis brevis (APB) muscle showed decreased 
amplitude compared to the left, and her somatosensory EPs of the right median nerve 
was absent. She received 10 consecutive rTMS sessions. Each session was consisted of a 
total of 1000 pulses at 10 Hz with intensity of 80% of rest motor threshold of the APB 
muscle for 20 minutes. RTMS was applied by butterfly-coil over the left M1 area of her 
brain using a neuronavigation system. After 5 sessions, her pain and hand function were 
improved. The pain was reduced to about 70% and the right thumb opposition became 
possible that she could not before rTMS. After 8 sessions, she reported abnormal 
involuntary movement of the right hand, lasts less than 10 seconds, once a day. After 10 
sessions, frequency and intensity of the abnormal involuntary movement were increased, 
while the improvements in thalamic pain and hand function were maintained. We 
checked electroencephalography and brain MRI, but additional abnormal finding was not 
detected. We consulted the neurologist about the symptom with video. The neurologist 
diagnosed it as an episodic choreic movement and recommended haloperidol if the 
symptom worsens. The episodic choreic movement gradually decreased without 
medication, and it disappeared after one month.  
 
Conclusions 
This is the first report of rTMS related choreic movement as an adverse effect of high 
frequency rTMS in patient with stroke.  
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INTRODUCTION  
Monoclonal gammopathy of undetermined significance (MGUS) is a premalignant 
precursor of multiple myeloma (MM) and, characterized by a proliferation of monoclonal 
proteins. MGUS is associated with peripheral neuropathy and the numerous neurological 
symptoms include sensory symptoms, ataxia due to loss of proprioception and rare 
muscle weakness. Although other forms of peripheral polyneuropathy have been 
reported as possible causative factors of dysphagia, no case has been reported dysphagia 
related to MGUS. We present a case presenting with dysphagia accompanied by MGUS 
with sensorimotor peripheral polyneuropathy.  
 
CASE REPORT  
A 78-year-old man was admitted to our department for acute onset dysphagia for one 
month ago.Previously he had been on stable oral feeding with a FOIS level of 7, before 
onset. In admission, he was on tube feeding with a functional oral intake scale (FOIS) level 



of 1 and suffered from aspiration pneumonia. Laboratory studies on admission were 
nonspecific, except for anemia (Hb 8.5g/dL, hematocrit 24.5%) and grade 3 chronic 
kidney disease (BUN 28.6mg/dL, creatinine 1.35mg/dL, Cr-eGFR 51mL/min/1.7) without 
hypercalcemia. Brain magnetic resonance imaging showed no acute brain lesion that 
might correlate with patient's dysphagia. Chest computed tomography showed no 
abnormality in pharynx or esophagus. Results of nerve conduction study and needle 
electromyography were suggestive of peripheral sensory-motor polyneuropathy of 
axonal involvement with denervation. Fiberoptic endoscopic evaluation of swallowing 
and Videofluoroscopic swallowing study were performed with the patient. In oral phase, 
poor tongue movement and oral residue was noted. Findings in pharyngeal phase were 
saliva aspiration during swallowing with Penetration-aspiration scale score 8, inability to 
clear material from pyriformis sinus and poor pharyngeal contraction. To determine the 
cause of the peripheral sensory-motor polyneuropathy, spot urine immunofixation 
electrophoresis was done, which showed kappa type monoclonal gammopathy. 
Additional laboratory tests for Bence-Jones protein was positive. Excess kappa/lambda 
light chain and beta2-microglobulin were confirmed in urine and serum. Based on the 
history of acute onset, peripheral polyneuropathy, monoclonal gammopathy, chronic 
kidney disease, and anemia, the paraproteinemic neuropathy was suspected of being the 
cause of dysphagia. In addition, No bony abnormality on skull series and large joints 
(shoulder, elbow, hip, knee) x-ray and, calcium level within normal range. Rapid ACTH 
stimulation test was negative. Computed tomography showed no organomegaly. A 
tentative diagnosis of MGUS was made.  
 
DISCUSSION  
To conclude, we report a case of acute onset of severe dysphagia related to newly 
diagnosed MGUS.  
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Background  
Intraoperative neurophysiological monitoring (IONM) has been used to prevent 
neurological complication during cerebral aneurysm clipping surgery. Because SSEP only 
reflect ascending sensory pathway, combination of motor evoked potential (MEP) with 
SSEP could provide increased sensitivity and a reduced risk of false negative. This is a case 
report which showed postoperative anterior choroidal artery (AChA) infarction with SSEP 
decrease, in spite of preserved MEP amplitude during aneurysm clipping surgery.  



  
Present of case  
A 58-year-old man was admitted for severe headache. Diagnostic cerebral angiography 
showed ruptured aneurysm between right internal carotid artery (ICA) and AChA. 
Craniotomy and clipping of aneurysm was performed with intraoperative monitoring. 
Temporary clipping was performed on A1 and proximal ICA. During temporal clipping, left 
tibial SSEP amplitude decrease 95% and left median SSEP amplitude decreased 89%. 
Duration of SSEP change was 10 minutes. There was no change of the MEP amplitude. On 
the following day of operation, mental changed to drowsy and right side weakness was 
developed. Cerebral angiography showed non-visualized right AChA and brain MRI 
showed right AChA infarction.  
 
Discussion  
 In this study, we report a case with postoperative AChA infarction, who showed decrease 
SSEP during aneurysm clipping. In previous study, SSEP monitoring may not reliably 
detect damage to AChA that supply the descending motor pathways. Therefore, including 
MEP monitoring is necessary to overcome the limitations of SSEP monitoring. However, 
MEP monitoring is difficult to be performed continuously during operative procedures, 
because patient movement during MEP monitoring may interfere with microsurgery and 
raise serious safety concerns.  
 
Conclusion  
We suppose that intraoperative SSEP monitoring is possibly complement of MEP 
monitoring for reveals subcortical perfusion such as AchA.  

 
Comparison of cerebral angiography before and after surgery  
 

 
Postoperative Brain MRI  
 



 
Findings of intraoperative Lt. median SSEP  
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Introduction  
An epidemiological study by Barmparas et al. showed that only two of the 9000 patients 
with traumatic amputations had an isolated upper extremity amputation. We knew 
prostheses with a shoulder joint that swing freely in the sagittal plane are perceived as 
very comfortable during walking. It is known that natural shoulder movement influences 
the gait pattern significantly. However, there is very little information on the influence of 
these upper limb movement patterns on the foot biomechanics during walking and 
standing. Furthermore, the influence of the plantar pressure pattern has never been 
quantified. The purpose of this investigation was to observe the impact of the arm 



prosthesis on the change of foot pressure and center of pressure during gait in patient 
with shoulder disarticulation.  
 
Case presentation  
A right-handed 24-year-old male patient underwent left shoulder disarticulation surgery 
secondary to traffic accident resulting in a poor blood supply to entire left arm. The 
residual limb/shoulder girdle had healthy skin without scar or graft tissue. The patient 
was fitted an passive prosthesis with harness (Figure 1) for suspension considering his 
independence without prosthesis. The passive prosthesis reduces weight, improves 
cosmesis, and reduces energy and cognitive requirements. We supplied a rehabilitation 
programs for upper extremity amputated patient. The plantar pressure was measured 
without prosthesis before prosthesis prescription and with prosthesis after rehabilitation 
programs by force plate. Time-integral mean plantar pressures were measured during 
barefoot walking using the Gaitview® AFA-50 system, which includes a 410 × 410 × 3 mm 
active area consisting of a 45-mm thick floor mat (700 × 500 mm), comprising 2,304 (48 × 
48) force-sensitive resistor sensors and sampling data at 17 Hz. Following data collection, 
Gaitview Pro® Version 1.0 was used to determine the time-integral mean pressure 
expressed in kPa (1 kPa = 1.98 kg/cm2) under the following eight regions of the foot: first 
toe (T1), second through fifth toes (T25), first metatarsal (M1), second through fourth 
metatarsals (M24), fifth metatarsal (M5), midfoot (MF), medial heel (MH), and lateral 
heel (LH). These regions are identified automatically by the software. The force flow from 
heel-contact to toe-off and the angle of the center of pressure (COP) were also measured. 
Most of time-integral mean pressure in each regions, force flow (Figure 2) and COP with 
prosthesis changed more symmetrically than those without prosthesis (Table 1).  
 
Conclusion  
The arm prosthesis does not only offer cosmetic benefits but also biomechanical profits. 
These Results confirm that unilateral shoulder disarticulation patients can take 
advantages from the arm prosthesis in terms of optimized balanced posture and 
symmetrical foot dynamics.  
 

 
Figure 1. Clinical presentation of shoulder disarticulation (A) and passive prosthesis with harness for 
suspension (B).  
 



 
Figure 2. Force flow without prosthesis (A) and with prosthesis (B) from heel-contact to toe-off. The blue 
line indicates right foot and the yellow line does left foot.  
 
Table 1. The time-integral mean pressure (kPa), and time-integral mean angle (degree) of the center of 
pressure.  
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Objective 
This study was conducted to investigate cardiorespiratory response according to body 
weight support and gait velocity elicited using a lower-body positive pressure (LBPP) 
treadmill during walking and to find specific gait velocity and body weight support 
combinations early after bilateral total knee arthroplasty (TKA).  
 
Methods 
Twenty five patients who underwent a primary bilateral TKA were enrolled in this study. 



Subjects walked with 2.5km/h and 3.5km/h on a LBPP treadmill at 3 levels (50%, 75%, 
100%) of body weight (BW). Each trial was performed for 2 minutes with at least 1 
minute rest between trials. For cardiorespiratory responses, oxygen consumption (VO2), 
Heart rate, systolic (SBP) and diastolic blood pressure (DBP), respiratory exchange ratio 
(RER) and rate pulse product (RPP) were measured continuously with average values. 
Borg’s rating of perceived exertion scale (RPE) and visual analog scale (VAS) of knee pain 
were recorded immediately after each condition.  
 
Results  
In the two-way repeated measures ANOVA, VO2 levels (p<0.01) were significantly 
increased in proportion to BW. HR (p<0.01), RPP (p<0.01), RPE (p<0.01), RER (p<0.01) and 
VAS (p<0.01) were also significantly higher at 100% of BW compared with 50% and 75% 
of BW. However, SBP (p=0.65) and DBP (p=0.39) were not influenced by difference of BW 
levels. While walking with a speed of 3.5m/s at same fraction of BW level, only RPE 
(p<0.01) and RER (p=0.01) values were statistically greater than 2.5m/s. Multiple linear 
regression analysis was performed to defining VO2 as functions of speed and fraction of 
BW under each condition. Based on BW and gait velocity settings of the LBPP treadmill, 
the equations were VO2 = 1.46 v + 0.081 BW + 3.13 (r2 = 0.34)  
 
Conclusions  
This study demonstrated that cardiorespiratory responses during LBPP treadmill walking 
were determined by combination of body weight support and gait velocity, and it was 
more influenced by change of body weight support than gait velocity. These findings 
suggest that factors such as body weight support and gait speed should be considered for 
gait training to improve aerobic capacity early after bilateral total knee arthroplasty.  
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Introduction and Purposes 
Sarcopenia, characterized by generalized loss of skeletal muscle, is an emerging health 
problem in an aging society. Despite the clinical importance of sarcopenia, there is no 
broadly accepted cutoff value for defining sarcopenia. Furthermore, previous studies 
reported that there are significant differences in cutoff value of sarcopenia among 
different ethnic population due to lifestyles, body size, and cultural backgrounds. 
Therefore, the purposes of the present study are to establish cutoff value for the 



diagnosis of sarcopenia and identify the prevalence of sarcopenia in Korean population.  
  
Methods 
This was a cross-sectional study of 300,090 Korean populations (aged 18 to 89 years) who 
underwent anthropometric analyses using bioelectrical impedance analyzer at OOO 
hospital health screening center between January 2012 and December 2015. Skeletal 
muscle mass index (SMI, %) was estimated as skeletal muscle mass (kg)/body weight 
(kg)×100. Sarcopenia was defined as follows: (1) class I sarcopenia was subjects whose 
SMI was within –1 to –2 standard deviation (SD); (2) class II sarcopenia was subjects with 
< -2 SD of SMI in young population (18-39 years). Moreover, the prevalence of class I and 
class II sarcopenia were estimated across Korean adults of all age groups (<30, 30-39, 40-
49, 50-59, 60-69, 70-79, ≥80 yrs) based on the estimated cutoff levels.  
 
Results 
Of the 300,090 Korean population (male, 160,664; female, 139,426), means (SD) of age 
and SMI were 40.3 (9.4) yrs and 42.8 (3.0) % in male, and 39.4 (10.2) yrs and 38.2 (3.4) % 
in female subjects, respectively (Table 1). For determination of the cutoff level of 
sarcopenia, means of SMI of young men and women were 42.9 (3.1) % and 38.7 (3.2) %, 
individually. Furthermore, SMI cutoff levels for class I sarcopenia and class II sarcopenia 
were 39.8% and 36.7% in young men (Fig. 1A). SMI cutoff levels for class I sarcopenia and 
class II sarcopenia were 35.5% and 32.2% in young women (Fig. 1B).  According to the 
cutoff levels for identifying sarcopenia, the prevalence of Korean adults in all age groups 
was calculated. Among all age groups, the prevalence of class II sarcopenia were highest 
in the subjects with ≥80 yrs in both gender, and showed greater in the women with ≥80 
yrs than in the men with ≥80 yrs (men, 17.1% vs women 35.1%; p<0.01; Fig. 2). At the 
aged from 70 to 79, the prevalence of class II sarcopenia were 6.6% in men and 19.1% in 
women (p<0.01). At the age group of 60-69 yrs, the prevalence of class II sarcopenia is 
higher in women than in men (3.3% vs 10.8%; p<0.01).  
 
Conclusion 
 The present study demonstrated that 36.7% and 32.2% of SMI were threshold values of 
class II sarcopenia in Korean men and women. Furthermore, we presented the largest 
study subjects with the prevalence in healthy Korean men and women of all age groups. 
 

 
 



 
Figure 1. Number of (A) young men and (B) young women according to SMI and cutoff levels of class I and 
class II sarcopenia. SMI, skeletal muscle mass index. 
  

 
Figure 2. Prevalences of class I and class II Sarcopenia across age groups (<30, 30-39, 40-49, 50-59, 60-69, 
70-79, ≥80) of (A) men and (B) women in Korea.  
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Objective 
Freezing of gait (FOG) is a common and debilitating symptom in Parkinson’s disease (PD). 
Hypoxic-Ischemic Brain Injury (HIBI) is one of the most disabling neurological disease and 
is well known consequence of cardiac arrest or respiratory failure. Those who survived 
from HIBI often experience significant neurologic sequale, such as various types of 
movement disorders including parkinsonism, myoclonus, tremor and chorea. However, 
FOG after HIBI is rarely reported, and pathophysiology remains obscure. Therefore, to 
elucidate pathophysiological mechanism of FOG in HIBI patients, we analyzed the brain 
metabolism difference between two groups and brain area associated with FOG severity 
and deteriorated gait parameter.  
 
 



 
Materials & Method 
 From March 2009 to February 2016, we consecutively enrolled 12 patients who were 
diagnosed with FOG after HIBI and 17 patients who did not show FOG after HIBI as 
control group. Brain metabolism was assessed by acquiring images with F-18 fluoro-2-
deoxy-D-glucose positron emission tomography (F-18 FDG PET) using a GE Advance PET 
scanner (GE, USA). PET images were analyzed using Statistical Parametic Mapping (SPM) 
12 software (Institute of Neurology, University College London, UK). After spatial 
normalization, we compared the overall brain metabolism of patients without FOG with 
that of patients with FOG. The brain metabolism comparisons were performed on a 
voxel-by-voxel basis using a two-sample t-test. Using a regression analysis model, we 
searched for brain areas in which the glucose metabolism was significantly correlated 
with the severity. We additionally performed a group comparison study to demonstrate 
the difference of structural damage after HIBI between two groups using magnetic 
resonance images (MRI). Statistical significance was determined using an extent 
threshold of 50 voxels. An uncorrected p value of less than 0.001 was considered 
statistically significant.  
 
Results 
There was no significant difference of structural damage between two groups 
(puncorrected > 0.001, k = 50) (Figure 1). The SPM analysis of the F-18 FDG PET images 
demonstrated that patients with FOG had significantly decreased brain metabolism in the 
bilateral thalamus and midbrain. (puncorrected < 0.001, k = 50) (Figure 2, Table 1). No 
significant increases in brain metabolism were noted in patients with FOG when 
compared to patients without FOG after HIBI (puncorrected > 0.001, k = 50). Regression 
analysis between FOG severity and brain metabolism in FOG patients reveled no 
significant association (puncorrected > 0.001, k = 50).  
 
Conclusion 
 Our findings suggest that cholinergic pathway including thalamus and pedunculopontine 
nucleus may contribute to FOG after HIBI patients.  
 

 
Figure 1. Overlay maps of subjects. (a) all subjetcts, 22 HIBI patients, (b) 10 HIBI patients with FOG, (c) 12 
HBI patients without FOG. The higher score in color range indicates a larger number were lesioned.  
 



 
Figure 2. Voxel-by-voxel-based statistical parametric maps showing the spatial distributions of the 
significant decreases in cerebral glucose metabolism in patients with freezing of gait compared to patients 
without freezing of gait after hypoxic-ischemic brain injury. (puncorrected < 0.001, k = 50)  
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Introduction 
Providing care to a patient with a chronic disabling disease can be distressing for the 
caregivers. However, reports on the issue regarding the burden of stroke caregivers have 
been lacking in Korea. The aim of this study was to investigate the burden, psychosocial 
stress and quality of life in caregivers of stroke patients in Korea using large–scale cohort.  
  
Method 
Caregivers of first-ever stroke patients at 3, 6, 12 and 18 months after onset (N=1422) 
were enrolled in this study, the Korean Stroke Cohort for Function and Rehabilitation 
(KOSCO) from August 2012 to March 2015. The Caregiver Burden Inventory (CBI), the 
Psychosocial Well-being Index-Short Form (PWI-SF) and the EuroQol five dimensions 
questionnaire (EQ-5D) were obtained through face-to-face interviews. The patient’s 
status was also obtained. Multiple linear regression analysis was performed to determine 
the factors associated with outcomes. 
 
Result 
95% of caregivers were family members of stroke patients. The majority of the family 
caregivers were spouse (56.6%) and offspring (35.1%). The proportion of working age 
population was 78%. The proportion of care at home was increased by time (50.3%, 
65.6%, 70.5% and 72.4% at 3, 6, 12 and 18 months follow up respectively). The mean CBI 
was 40.63±15.18, suggesting that caregivers experienced high levels of burden. The time-
dependence burden factor was the highest scores in CBI. High levels of psychosocial 
stress were reported by 76% and moderate levels by 23% of all caregivers. In quality of 
life, the mean score of EQ-5D was 0.88±0.10 and the lowest scores were observed in the 
domain of anxiety and depressive symptom. CBI and EQ-5D were not significantly 
changed by time. Caregiver burden was significantly associated with cohabitation, 
physical health and relationship satisfaction of caregivers and stroke severity, ADL 
dependency, depressive symptoms and working status of patients (p<0.05). Psychosocial 
stress was significantly associated with education level, physical health and working 
status of caregivers (p<0.05). Quality of life was significantly associated with cohabitation, 
physical health of caregivers and cognition and depressive symptoms of patients (p<0.05).  
  
Conclusion 
Many caregivers experienced high burden and psychosocial stress and low quality of life. 
Various supporting systems will be needed to reduce the caregiver’s burden of post-
stroke patients.  
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Objective 
Dysphasia is difficulty in swallowing food because of oro-pharyngeo-esophageal 
impairments. Intermittent oro-esophageal (IOE) tube feeding is one of the well-known 
alternative feeding Methods for the dysphasia patients. However, IOE tube feeding can 
only be used in alert patients; in unconscious patients, it can lead to complications. To 
overcome this limitation, authors conducted a pilot trial of feasibility using prefabricated 
airways and found that it was hard for prefabricated ones to guide IOE tube into the 
proper direction of the esophagus. In the current trial, authors designed and fabricated 
the IOE tube guidance using 3-dimensional (3D) printing to experiment the feasibility of 
this manufacturing technique prior to kicking a randomized controlled trial off.  
 
Methods 
The printed IOE tube was tested in a mannequin mimicking human’s esophagus. For the 
mannequin-customized design, length and angle were measured between incisor teeth 
and orifice of the upper esophageal sphincter muscle. The gag reflex point was measured 
as the design point. To avoid the gag reflex, authors designed various shapes of IOE tube 
guidance (Fig. 1). One structure was separated three parts; biting part, part through oral 
cavity, connecting part to oro-esophageal space. Authors designed five types of the IOE 
tube guidance adjusting length and angle of these three parts (Fig. 2). Considering 
diameter of the conventional IOE tube (12 mm) and fabrication limit of authors’ 3D 
printer system, inner diameter and outer diameter of the tube guide were varied from 7 
mm to 9 mm.  
 
Results 
Five designs of the IOE tube guidance were 3D-printed by an inkjet type 3D printer 
system with photo-curable resin (Fig. 2). The printed tube guidance was inserted from 
mouth of the mannequin. After the insertion, an endoscopic camera passed through the 
inserted tube guides recording inside of the printed tube guides. When inserted from the 
mouth, the type (d) and (e) touched the gag reflex point. It showed that the type (e) 
bumped the gag reflex points due to round structure of the passing part. The connecting 
part of the type (c) was too short to reach the upper esophageal sphincter. Conclusively, 
the type (a) and (b) successfully guide the endoscopic camera to the upper esophageal 
sphincter (Fig. 3). After the successful guiding of the endoscopic camera which has 5 mm 
diameter, a conventional IOE tube with 12 mm diameter was also guided properly to the 
upper esophageal sphincter.  
 
 
Conclusion 
Among the five types design, comparably simple design types [(a) and (b)] guided IOE 
tube into the upper esophageal sphincter without any mal-navigation. From the 
mannequin-based design and test, authors accumulated design know-how for the 
patient-customized tube guidance design. Authors have been conducting a randomized 



controlled trial using this manufacturing technique where 3D printed guidance is 
landmarked with simple cervical radiologic image.  
 

 
Fig. 1 The measurement of the length and angle about the three points which are indicated each gag reflex 
points.  
 

 
Fig. 2 The modeling shapes printed by 3-D printer  
 

 
Fig. 3 Captured the recording file which is inserted the two shapes ((a): type of Fig. 4(a), (b): type of Fig. 
4(b)) in the mannequin. The endoscope camera arrived at esophagus through the two shapes. It is 
indicated in 
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Introduction  
Osteoarthritis(OA) resulting from breakdown of joint cartilage and underlying bone is the 
most common type of arthritis. Knee OA causes dysfuncion such as gait disturbance as 
well as pain and deformity. Furthermore, gait disturbance is highly correlated with 
disease severity. Therefore, gait analysis is important for early detection of gait 
disturbance and evaluation of disease severity in knee OA. Machine learning techniques 
could be applied to gait analysis to automatically classify the severity of knee OA. The 
purpose of this study is to validate and extract a model classifying severity of knee OA 
thorugh machine learning using kinematic parameters obtained by gait analysis.  
 
Methods  
In this study, 84 patients with knee OA and 97 healthy controls whose age are 50 or more 
were recruited. The patients were divided into three groups according to the severity of 
knee OA based on the Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) and Kellgren-Lawrence grade (K-L grade) of knee by a physician. Kinematic 
parameters of both hip, knee and ankle joints were obtained through seven Inertial 
Measurement Unit (IMU) sensors attached to sacrum and both thighs, shins, and feet, 
while the participants walked 10 meters with self-selected speeds. Data-set was 
segmented into 72-dimensions (Kinematic parameters of sagittal, frontal, transverse 
planes of both hip, knee, ankle joints were divided by 4 gait phases). K-Nearest Neighbor 
(k-NN) and Support Vector Machine (SVM) classifier were used to classify severity of knee 
OA in the gait patterns.  
 
Results  
The patients were divided into mild group (n=38), moderate group (n=19) and severe 
group (n = 27) according to WOMAC and K-L grade under the subjective judgement of the 
physician. When severity of knee OA classified by machine learning is compared with the 
severity classified by the physician, the accuracy of k-NN classifier and SVM classifier 
were 74.6% and 81.8%.  
 
Conclusion  
Severity of knee OA could be classified by applying the machine learning technique to the 
kinematic parameters obtained through gait analysis. As the sample size increases, a 
more accurate classification model will be established. If the accurate classification model 
is reflected in gait analysis, the gait pattern can be used to evaluate severity of knee OA.  
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Objective 
The aim of this study is to investigate additional effect of Rivaroxaban on patients after 
total hip arthroplasty.  
 
Methods 
A total of 103 patients who undergoing total hip arthroplasty (THA) and participated in 
rehabilitation program were included. Those who underwent surgery on both hip at the 
same hospital stay, taking anticoagulant before surgery and had difficulty in walking 
independently at premorbid were excluded. We compared incidence of delayed stitch 
out, time to start gait, incidence of delirium and pain on operation site at 7 and 14 post-
operative days (POD) between patients who took Rivaroxaban and those who did not. To 
stitch out after 14 POD was defined as delayed stitch out. Also, we compared the time of 
hemovac removal in patients taking Rivaroxaban before removing hemovac and after 
removing hemovac.  
 
Results 
The mean time to start Rivaroxaban was 3.62 POD and the drug was maintained during 
the hospital stay. In this study, any wound complication did not occur. There was no 
significant difference in time to start gait, incidence of delirium, pain on operation site 
between patients who took Rivaroxaban and those who did not. Incidence of delayed 
stitch out was more common in group not taking Rivaroxaban (14/50 vs. 6/53, p< 0.032). 
There was no significant difference in the time of hemovac removal in patients taking 
Rivaroxaban before removing hemovac and after removing hemovac.  
 
Conclusion 
Rivaroxaban as a thromboprophylaxis in patients undergoing THA is a drug that can be 
safely used without affecting early rehabilitation. Also, it seems to have some benefit to 
wound healing.  
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Objective 
Knee osteoarthritis (KOA) is a common disease in middle-aged and elderly people. Pain is 
the chief complaint of symptomatic KOA and a leading cause of chronic disability, which is 
most often found in medial knees. The aim of this study is to evaluate the efficacy of pain 
relief and functional improvement in KOA patients treated with ultrasound-guided 
adductor canal block (ACB).  
 
Method 
This is a 3-month retrospective case-controlled comparative study. 200 patients with 
anteromedial knee pain owing to KOA that was unresponsive to 3-month long 
conservative treatments. 92 patients received ACB with 9 mL of 1% of lidocaine and 1 mL 
of 10 mg triamcinolone acetonide (ACB group), and 108 continued conservative 
treatments (control group). The main outcome measure was visual analog scale (VAS) of 
the average knee pain level for the past one week. Secondary outcomes were the 
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.  
 
Results 
Out of a total of 200 refractory KOA patients, 92 received ACB and 108 current 
conservative treatments (Fig.1). Of them, respectively 86 and 92 patients were included 
in the final analysis. Among the ACB group, 70 patients (81.4%) received bilateral and 16 
(18.6%) unilateral ACB injection. Table 1 lists the baseline characteristics of the study 
subjects. There were no statistical differences between the 2 groups in terms of age, sex, 
body mass index, and Kellgren-Lawrence grade, except for the duration of symptoms 
which lasted longer in the ACB group (8.1 ± 4.4 vs. 6.8 ± 4.1 years). Table 2 shows the 
changes of outcome measurements of ACB and control groups. Repeated-measures 
analysis of variance showed significant effect of time in all outcome measurements 
(P < 0.001). This means that compared to pretreatment, all outcome measures improved 
significantly in both groups with time. Group-by-time interactions were significant for 
VAS, WOMAC, and opioid consumption per day between groups (P < 0.001). Post hoc 
tests for between-group comparisons revealed that there are significant differences in 
VAS and WOMAC at month 1, and opioid consumption per day at month 1 and 2. There 
were no adverse events reported such as bleeding, infection, cellulitis, or weakness.  
 
 
 
Conclusion 
This study looked into the possibility of ACB as an alternative treatment for anteromedial 
knee pain owing to KOA. Although a palliative treatment, and not one that stops the 
progression of the disease or changes its natural course, ACB can be an option for 
patients with refractory KOA who cannot take or are not responsive to analgesics. 
However, to prove the efficacy of ACB, further studies on prospective randomized 
controlled trials would be needed to overcome the limitations mentioned in the 
discussions.  
 



 
Flow diagram indicating progress of subjects through the study.ACB   
 

Baseline characteristics of patients.  
 



Changes of outcome measurements.  
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Objective 
Degenerative osteoarthritis (OA) of knee is a major cause of work-related and long-term 
disability over age. Unloading type of knee braces which can reduce the load on knee is 
suspected to be more helpful in reducing knee pain and improving function. In this study, 
we aimed whether the new unloader brace (OA Kneetrac®) could decrease pain and 
increase activity of daily life in patients suffered for moderate to severe OA of knee.  
 
Methods 
In a single blind randomized controlled trial, 20 knee pain patients who were classified as 
degeneration grade 2 or 3 according to Kellgren & Lawrence system in simple knee X-ray 
studies were enrolled in this study. Thirteen patients, enrolled for the brace group had 
been educated to strengthen muscle with OA kneetrac® brace. The control group, 7 
patients, had been educated to strengthen muscle without brace. The 36-item short form 
health survey (SF-36), western Ontario and McMaster universities arthritis index 
(WOMAC) and visual analogue scale index (VAS) were measured for physical health, 



functional activity and pain on the time of screening day and in 4 weeks and 6 weeks of 
study. We compared the parameters of outcome measures within and between the 
groups.  
 
Results 
Both groups showed improvement of SF-36 and WOMAC at the end of study. However, 
pain was more significantly relieved in the brace group. Functional status was more 
improved in the brace group at the end of study as well. (WOMAC score: 30.3 ± 11.3 in 
brace group; 16.8 ± 12.7 in control group B, P<0.05) Minor side effects in four of all 
thirteen patients in the brace group had been documented.  
 
Conclusion 
OA kneetrac® can be an effective treatment to increase physical, functional activity and 
decrease pain without severe side effects for moderate to severe OA of knee.  
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The Optinal Number of Extracorporeal Shockwave Therapy for the 
Treatment of Knee Osteoarthritis 

June-Kyung Lee1*, Bong-Yeon Lee1, Woo-Yong Shin1, Min-Ji An1, Yu-Ri Choe1, Seo-Ra 
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Gwangju Veterans Hospital, Department of Rehabilitation Medicine1 
 
Objective 
To verify the optimal treatment number of Extracorporeal Shock Wave Therapy (ESWT) in 
patients with knee osteoarthritis (OA).  
 
Methods 
Twenty patients with symptomatic knee OA were recruited. They were diagnosed with 
grade II or III during radiological examination, according to the radiological classification 
of Kellgren and Lawrence (K-L) scale for knee OA. Patients who have received treatment 
with intra-articular injection or ESWT on the affected knee within the past 6 months or 
had previous medical histories such as external injuries, surgeries, and malignant tumors 
were excluded. The enrolled patients were randomly divided into two groups: the short 
term treatment group (S group) and the long term treatment group (L group). The S 
group (n=10) underwent three sessions of 1000 pulses of shockwave performed weekly 
on the affected knee, with an energy dose of 0.05mJ/mm². In the L group (n=10), the 
patients was treated by the same protocol but with six sessions. The Results were 
measured with the visual analogue scale (VAS), Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), and Lequesne index. A baseline for each test 
was measured before treatment, then the effects of the treatments were measured by 
each test at 1 and 4 weeks after the last treatment session.  
 



 
Results 
There were no significant statistical difference in the baseline characteristics between 
two groups before treatment. The scores of VAS, WOMAC, and Lequesne index were 
significantly improved at 1 and 4 weeks after treatment compared with baseline values in 
both groups. Also, there was a statistically significant difference in VAS, WOMAC, and 
Lequesne index between two groups at 1 and 4 weeks after treatment.  
 
Conclusion 
The six session of ESWT was more effective than three session of ESWT to reduce pain 
and improve physical functions in patients with knee OA. It is beneficial to make a 
standardized treatment guideline, and further studies are needed.  
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Sungkyunkwan University School of Medicine, Department of Family Medicine, Samsung 
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Purpose 
The arch of the foot is a shock-absorbing structure and also a dynamic stabilizer while 
standing, walking, and running by supporting the weight of the body. In this aspect, it is 
an important structure that affects normal alignment of the lower limb. Although change 
in shape of arch, either in pes planus (PP) or pes cavus (PC) shape, are common, the 
genetic and environmental influences in this foot pathology are yet poorly understood. 
The purpose of the present study is to investigate the relative role of genetic influences 
on PP and PC in twin and their family members.  
 
Methods 
A total of 1,258 adults (43.9 ± 13.2 years) were included in the study, composed of twins 
of the same gender and their first degree relatives from the participants of Healthy Twin 
study. 176 monozygotic (MZ) twin pairs, 354 pooled dizygotic (DZ) twin and sibling pairs, 
368 father-offspring pairs and 611 mother-offspring pairs were enrolled in order to 
estimate genetic influences on PP and PC. All participants underwent weight-bearing 
lateral foot radiographic examination to assess the talo-metatarsal angle (TMA) in order 
to determine the presence of PP (as TMA < -4°) and PC (as TMA > 4°). Heritability was 
calculated as the proportion of the total phenotypic variance explained by additive 
genetic effects in a statistical genetic analysis software package (Sequential Oligogenic 



Linkage Analysis Routines (SOLAR), Eclipse version 7.6.4, Southwest Foundation for 
Biomedical Research, San Antonio, TX, USA)  
 
Results 
As a result, 405 (32.2%) were classified as PP and 323 (25.7%) were classified as PC. PP 
showed the highest heritability of 0.44 (95% confidence interval (CI): 0.29–0.59) and the 
heritability of PC was 0.53 (95% CI: 0.40–0.66), while contributions from shared 
environmental effects were negligible. The heritability after adjusting for age and sex of 
PP and PC was estimated as 0.53 and 0.64, respectively.  
 
Conclusion 
These findings show that pes planus and pes cavus are determined by the substantial 
influence of genetic factor.  
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The weight load of the affected leg during gait training using Smart insole  
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Objective  
In the rehabilitation after fracture, partial weight bearing walking training using walker or 
crutch is performed in the initial rehabilitation process before the union. At this time, the 
smart insole with pressure sensor is used to measure the ideal load weight according to 
the instructions of the therapist.  
 
Methods  
Physical therapists who had more than 5 years of rehabilitation therapy were given 
normal gait, toe touch gait, 20% weight bearing gait, and non-weight bearing gait. Partial 
weight bearing gait and non-weight bearing gait was performed in walker and crutch. 
Weights of the sole were measured simultaneously using force plate (Gait Analysis, USA) 
and I-sol○R (TLI, Korea). Each gait types were performed 10 times.  
 
Results  
A total of four therapists participated in the study. The average treatment experience is 
15.9 years (range 7.0-22.7). To confirm the reliability of the equipment (I-sol○R), we 
measured total 200 walking steps in 50 times for each persons. The pearson correlation 
coefficient between force plate and I-sol was 0.93 (p-value <0.001). The weight load 
analysis for the partial weight-bearing walking was based on the data from I-sol○R. The 
weight bearing during toe touch gait was measured as 16.0% (range 5.2-32.8%) in walker 
walking and 12.7% (range 5.9-23.2%) in crutch walking. The weight bearing during 20% 
weight bearing gait was measured as 28.6% (range 14.5-38.1%) in walker walking and 
32.1% (24.8-39.4%) in crutch walking.  
 
Conclusion  
Weight load analysis using a force sensor(I-sol○R) is reliable and useful in clinical practice. 
In the case of partial weight bearing gait, the weight load was different between toe 
touch gait and 20% weight bearing gait. However, since there is overlapping interval for 
each therapist, it is clinically desirable to simplify the instructions to the ‘toe touch gait’ 
during partial weight load training.  
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Objective  
The aim of this study is to investigate the effect of low energy extracorporeal shockwave 
therapy for iliotibial band friction syndrome.  



 
Subjects and Methods  
We enrolled twenty patients who were diagnosed with iliotibial band friction syndrome 
based on the clinical symptoms, physical exams, ultrasound or MRI findings, from 
December 2016 to May 2017. Patients had localized lateral knee pain and positive Noble 
compression test. Ten patients (ESWT group) received low energy ESWT and ten patients 
(Control group) received only conventional medical therapy. Group I were treated once a 
week for 3 weeks using low energy ESWT (1000 shock/session, 0.04mJ/mm2 energy flux 
density) with medical therapy. Focus of shockwave treatement was tenderness area on 
iliotibial band around the lateral femoral epicondyle. Physical therapy and medication 
was conducted on the control group. Visual analogue scale (VAS) and Lower Extremity 
Functional scale (LEFS) were used to evaluate severity of symptoms and functions. These 
measurements were taken at baseline, 1week and 4weeks after treatment.  
 
Results  
There are no significant differences in the baseline characteristics and initial values 
between the two groups. Both groups showed significant improvement in VAS and LEFS 
after treatment (p<0.05) and ESWT group showed more significant improvement than 
control group at 4weeks after treatment (VAS: -3.1±0.88 vs -2.2±0.92, P=0.03, LEFS: 
24.7±4.06 vs 19.1±6.97, P=0.04).  
 
Conclusion  
Our result showed that low energy ESWT may be beneficial treatment option for patients 
with iliotibial band friction syndrome. Further studies that compare ESWT to other 
treatment are needed.  
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interlaminar Epidural block  
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Objective 
To compare the mid-term effects and advantages of the ultrasound (US)-guided selective 
nerve root block (SNRB) with fluoroscopy (FL) guided cervical interlaminar epidural 
steroid injection (CIESI) for radicular pain in the lower cervical spine through assessment 
of pain relief and functional improvement.  
 
Method 
Patients with radicular pain in the lower cervical spine who received guided SNRB (n = 51) 
or FL-guided CIESI (n = 61) were included in this retrospective study. All procedures were 
performed using a FL or US. The complication frequencies during the procedures, adverse 



event, treatment effects, functional improvement were compared at 1, 3, and 6 months 
after the last injection  
 
Results 
Both the NDI and VNS scores showed improvements at 1, 3, and 6 months after the last 
injection in both groups, with no significant differences between groups (p < 0.05). 
Furthermore, the treatment success rate at all time points was not significantly different 
between groups. Logistic regression analysis revealed that the injection method (US- or 
FL-guided), sex, analgesic use, pain duration, number of injection and age were not 
independent predictors of treatment success. blood was aspirated before injection in 8% 
(n=5) and 0% patients in the FL-guided and US-guided groups, respectively. In 7 patients 
of FL-guided group, intravascular contrast spread was noted during injection.  
 
Conclusion 
Our Results suggest that, compared with FL-guided CIESI, US-guided SNRB require a 
shorter administration duration while providing similar pain relief and functional 
improvements. Therefore, US-guided SNRB can be considered as an effective alternative 
for the conservative management of chronic radicular pain in the lower cervical spine.  
  

 
Figure 1. Ultrasound-guided selective nerve root block (target nerve root C6) A: This figure shows the axial 
transverse ultrasound image of the C7 transverse process which has only 1 posterior tubercle B: The short-
axis transverse ultrasound image showing the sharp anterior tubercle of the C6 transverse process C6 
target nerve root C: Power Doppler image shows arterial blood flow. The blood flow should be identified 
before the steroid injection via Power Doppler D: The needle (arrow) is placed on the dorsal surface of the 
C6 nerve root.  
 

 
Figure 2. The C5-6 interlaminar epidural injection. The A-P view (A). The lateral view of the contrast media 
which spread into the intraforaminal lesion (B).  



 

 
Fig. 3 Illustration of significant pain relief (≥ 50% reduction in verbal numeric pain scale from baseline), 
functional improvement (≥ 40% reduction in Neck Disability Index from baseline). A group: Ultrasound-
guided selective nerve root block. B group: Fluoroscopy-guided interlaminar Epidural block  
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Introduction  
Scoliosis is a medical condition in which spine twists and curves to the side. This disorder 
causes gait disturbance that is highly correlated with disease severity. Therefore, gait 
analysis is important for early detection of gait disability and assessment of disease 
severity in scoliosis. Applying machine learning to gait analysis makes it possible to 
classify automatically the severity of scoliosis using kinematic gait parameters. The 
objective of this study is to establish and validate the machine learning based severity 
classification system for scoliosis.  
 
Methods  
24 adolescent idiopathic scoliosis patients and 18 age-matched normal control subjects 
were enrolled in this study. The patients were divided into groups according to the 
disease severity based on the cobb angle by a physician. Total of 42 subjects were 
perfomed Inertial Measurement Unit (IMU) based gait analysis and classified using 
machine learning with IMU-based kinematic parameters which were calculated from 9 
different gait dimensions (sagittal, frontal and transverse planes at hip, knee and ankle 
joints). Data-set was organized based on the kinematic parameters and 72-dimension 
base classification was applied using k-Nearest Neighbor (k-NN) and Support Vector 
Machine (SVM) classifier. We compared the Results of disease severity classified by a 
physician with those classified by machine learning.  



 
Results  
The patients were divided into mild group (n=11) and moderate group (n=13) according 
to the cobb angle under the subjective judgement of a physician. There was no severe 
group in the patients. According to SVM based classification, the patients were divided 
into normal group (n=21), mild group (n=9) and moderate group (n=12). When subjects 
were classified by machine learning using k-NN and SVM classifier, the accuracy of 
classifiers were 88.0% and 92.9% respectively. Also, we confirm the accuracy of this 
classification system by measuring Area Under Curve (AUC) value of ROC curve. The AUC 
value of ROC curve was 0.93 when using the SVM classifier.  
 
Conclusion  
Kinematic gait parameters of scoliosis patients can be measured easily with IMU based 
gait analysis system. Applying the machine learning method to IMU system make it 
possible to classify the severity of scoliosis efficiently. With larger sample size in future 
study, the severity classification system for scolisis using machine learning method is 
expected to be more accurate and useful in the clinical setting.  
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Abstract  
Objective: to compare efficacy of conventional epidural adhesiolysis (CEA) with epidural 
adhesiolysis with continuous infusion of analgesics via indwelling catheter(EAI).  
 
Methods 
87 patients were allocated to the CEA group (N=63) and EAI group (N=24). CEA group 
received 10 mg of dexamethasone and 1,500 I.U hyaluronidase with 1 ml of ropivacaine 
through the sacral hiatus approach. EAI group received 96 ml dexamethasone solution 
(20.0 mg of dexamethasone with 750mg of ropivacaine and 50 ml of normal saline) which 
was infused over 48 hours via indwelling catheter. Oswestry Disability Index (ODI) was 
evaluated before, 1 months after the injection. One month after the injection, clinical 
improvement was expressed in terms of the patient’s global impression of change (PGIC) 
‘not improved’, ‘slightly improved’, and ‘much improved’.  
 
Results  
Change of ODI was 8.9 ± 12.9 in EAI group and 2.1 ± 7.4 in CEA group, which was not 
significantly different (P = 0.172). One month later, PGIC in CEA group showed 15 patients 
(23.8%) showed ‘much improvement’, 28 patients (44.4%) showed ‘slight improvement’ 
and 20 patients (31.7%) showed ‘no improvement’. In EAI group, 9 patients (37.5%) 



showed ‘much improvement’, 8 patients (33.3%) showed ‘slight improvement’ and 7 
patients (29.2%) showed ‘no improvement’, which was not significantly different (χ2 = 
1.737, P = 0.420).  
 
Conclusions  
Adhesiolysis with indwelling catheter did not show any superiority which suggests 
mechanism of epidural adhesiolysis might not be a washout of inflammatory cytokines.  
 

Table1. basal characteristics of conventional adhesiolysis group and adhesiolysis with indwelling catether 

group 

 

 
Table2. basal characteristics of Responder(PGIC 1,2) group and Non-responder group. 

 

PGIC (patient’s global impression of change) means expression term of clinical improvement.  

PGIC 0 : not improved 

PGIC 1 : slightly improved 

PGIC 2 : much improved 
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Objective 
There have been a few study on intensive rehabilitation programs including manual 
physical therapy for patients with traumatic low back injury by industrial accident. The 
purpose of this study was to investigate the effect of intensive rehabilitation program 
including manual physical therapy on pain, range of motion (ROM), motor control, core 
muscle endurance and function in patients with traumatic low back injury by industrial 
accident .  
  
Method  
10 patients with traumatic low back injury by industrial accident participated in this study. 
They was treated the intensive rehabilitation program including daily 30 minutes manual 
therapy at 5 times a week for 4 weeks. Patients were assessed before a program and end 
of program. There were measured Numerical Rating Scale (NRS), ROM, Oswestry 
Disability Index (ODI), neuromuscular control ability test for motor control and core 
muscle endurance test.  
 
Results  
After applying a intensive rehabilitation program, NRS was significant improved between 
before and after program (p<0.05). ODI was significant improved between before and 
after program (p<0.05). ROM of spine significant improved between before and after 
program (p<0.05). Core muscle endurance significant improved between before and after 
program (p<0.05). Neuromuscular control ability significant improved between before 
and after program (p<0.05).  
 
 
Conclusion  
We could confirmed the superiority effect of intensive rehabilitation program on pain, 
function, ROM, core muscle endurance and motor control in patients with traumatic low 
back injury by industrial accident. However, there was a limit in this study without a 
control group.  
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Objective 
The sagittal alignment of the cervical spine is lordotic, and there is general agreement 
that a lordotic curvature represents the ideal status for the cervical spine. If cervical 
lordosis is disrupted, the axial load shifts anteriorly, resulting in undesirable symptoms 
such as neck pain, shoulder pain, and cord compression. The objective of this study was 
to investigate the biomechanics of loss of cervical lordosis through the measurement of 
cervical flexor and extensor muscles cross-sectional area (CSA) by using cervical spine 
magnetic resonance imaging (MRI) and to determine the relationship between cervical 
lordosis angle and cervical muscle status including imbalance of flexors and extensors.  
 
Materials & Methods 
We retrospectively reviewed the medical records of patients who complained of neck 
pain between January 2013 and February 2016 at our general hospital. The cervical 
lordosis angle was measured on standing lateral cervical plain radiography according to 
posterior tangent technique. We classified two groups as the normal cervical lordosis 
group (angle <-4°) and the loss of cervical lordosis group (angle > -4°), as defined by Grob 
et al on previous study. The CSA of cervical flexor muscles including longus coli and longus 
capitis, and cervical extensor muscles including splenius capitis and semispinalis capitis, 
and sternocleidomastoid muscle was measured on maximal CSA level on axial T1-
weighted MRI after scanning each muscle from origin to insertion based on basic 
anatomy (Figure 1). We additionally evaluated the ratio of flexor to extensor muscles to 
demonstrate the relationship between the cervical lordotic angle and the balance of neck 
muscles. We compared neck muscle CSA between two groups, and correlation analysis 
was performed between cervical lordosis angle and muscle status including CSA and 
imbalance.  
 
Results 
The CSA of the semispinalis capitis was significantly reduced in the loss of cervical lordosis 
group (cervical lordosis group: 497.79mm², loss of cervical lordosis group: 415.00 mm², p 
< 0.05), and the summation of the CSAs of cervical extensor muscles including the 
splenius capitis and semispinalis capitis in the normal cervical lordosis group was 
significantly larger than that in the loss of cervical lordosis group (p < 0.05). The ratio of 
cervical flexor to extensor was significantly different between two groups (p < 0.05) 
(Table 1). Partial correlation analysis revealed that cervical lordotic angle was positively 
correlated with the CSA ratio of flexor to extensor muscles (p < 0.05) (Table 2).  
 
 



Conclusions 
There is a significant relationship between cervical muscle imbalance including extensor 
muscle weakness and loss of cervical lordosis. A rehabilitation program focusing on 
cervical extensor muscle strengthening and for restoring the balance of flexor and 
extensor muscles is recommended for patients with loss of cervical lordosis.  
 
Table 1. Comparison of CSA of cervical flexor and extensor muscles in subjects with normal cervical lordosis 
and loss of cervical lordosis.  
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Background 
Cervical transforaminal epidural steroid injection (TFESI) is considered one of the most 
effective treatments for radicular pain due to cervical foraminal stenosis.  
Objectives: We evaluated the treatment outcome of TFESI according to the severity of 
cervical foraminal stenosis  
 
Methods 
Fifty-three patients with cervical radiculopathy due to cervical foraminal stenosis were 
recruited retrospectively and divided into two groups according to the severity of 
stenosis by cervical axial MRI findings. Twenty-two patients were assigned to group A 
(non-severe stenosis) and 31 patients were assigned to group B (severe stenosis). Pain 
intensity was evaluated using a numeric rating scale (NRS) at pretreatment, two weeks 
and one, two, and three months after TFESI.  
 
Results 
Thirty-seven patients (69.8%) out of 53 patients showed successful treatment outcome 
(more than 50% reduction in the NRS score at three months). The patients in both groups 
showed a significant decrease in NRS scores at two weeks and one, two, and three 
months after TFESI. However, the effect of TFESI was not significantly different between 
patients with non-severe cervical foraminal stenosis and those with severe cervical 
foraminal stenosis.  
 
Conclusions 
The treatment outcome of cervical TFESI was not different according to the severity of 
cervical foraminal stenosis. However, on the base of our results, we suggest that TFESI 
can be a beneficial clinical option to manage the radicular pain due to cervical foraminal 
stenosis.  
 



 
Fig. 1 Grading for cervical foraminal spinal stenosis in T2-weight axial magnetic resonance imaging of the 
cervical spine. (A) In group A, narrowest width of neural foramen is less than width of extraforaminal nerve 
root but more than 50% of width of extraforaminal nerve root. (B) In group B, narrowest width of left side 
neural foramen is less than 50% of width of extraforaminal nerve root.  
 

 
Fig. 2 Change in numeric rating scale (NRS) scores. (A) NRS in the total recruited patients. The NRS scores at 
two weeks and one, two, and three months after transforaminal epidural steroid injection (TFESI) were 
significantly decreased compared to before treatment (B) NRS in the patients of group A (non-severe 
stenosis) and group B (severe stenosis). Both groups showed a significant decrease in the NRS scores at two 
weeks and one, two, and three months after TFESI compared to before treatment. However, the intergroup 
changes over time were not significantly different.*p < 0.05: intragroup comparison between 2 weeks and 
1, 2, and 3 months post-treatment and pre-treatment (repeated measures one-factor analysis)  
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Objective 
Until now, there have been few previous studies focused on the relationship between 
cervical sagittal alignment and cervical disc degeneration. In this study, by analyzing 
cervical spine magnetic resonance image (MRI) and plain radiographs of participants with 
posterior neck pain, we aimed to examine the association of the parameters for cervical 
alignment and cervical disc degeneration. We also investigated the specific correlation of 
the sagittal vertical axis (SVA) to disc degeneration.  
 
Methods 
From January 2015 to July 2015, 114 patients who visited a pain clinic in a tertiary 
hospital of metropolitan area presenting with a posterior neck pain were screened. 
Exclusion criteria included prior history of cervical spinal surgery or imaging evidences of 
cord compression, myelopathic change, and fracture of cervical spine. All cervical plain 
radiographs were reviewed and analyzed by Picture Archiving and Communication 
System. From the lateral cervical plain radiographs, we calculated several parameters; 
occipito-cervical angulation (O-C2 angle), sagittal Cobb’s angles of C1-C2, C2-C7 (C1-C2 
angle, C2-C7 angle) and SVA of C1-C7, C2-C7 (C1-C7 SVA, C2-C7 SVA). The severity of disc 
degeneration was assessed by Pfirrmann grades and the modified Matsumoto 
classification grade score. To identify the specific correlation of SVA onto the cervical disc 
degeneration, we divided participants into two groups as lordosis group and non-lordosis 
group by normal cut-off value of C2-C7 angle investigated by Harrison D. et al. in 2004.  
 
Results 
In multivariate regression analysis adjusted by age, the C2-C7 angle revealed significant 
positive correlation with both sum of Pfirrmann grades (r=0.33, P<0.01) and total 
modified Matsumoto scores (r=0.27, P<0.01). The graphs of Figure 1, A and B 
demonstrate positive linear relationship of C2-C7 angle with sum of Pfirrmann grades and 
total modified Matsumoto scores, respectively. There was significant negative correlation 
of O-C2 angle with both sum of Pfirrmann grades (r=-0.16, P =0.01) and total modified 
Matsumoto scores (r=0.11, P =0.02) (Figure 1, C and D). C1-C2 angle was negatively 
correlated with Pfirmann grades (r=-0.15, P=0.02). Figure 1 (E) shows C1-C2 angle has 
negative correlation with sum of Pfirmann grades. C2-C7 SVA and C1-C7 SVA did not 
reveal correlation with sum of Pfirrmann grades or total modified Matsumoto scores 
(Table 1). Both in the subgroups, as normal lordosis and loss of lordotic group, C2-C7 SVA 
and C1-C7 SVA have no significant correlation with Pfirrmann grades and total modified 
Matsumoto scores (Table 2).  
 



 
Conclusion 
This study demonstrated loss of cervical lordosis is correlated with cervical disc 
degeneration. Sagittal angulations of cervical spine, such as O-C2, C1-C2, and C2-C7 
angles may affect cervical disc degeneration.  
 

 
 
Correlation between sagittal angles of cervical spine and degree of cervical disc degeneration  
 

 
Correlation between sagittal vertical axis and degree of cervical disc degeneration  
 

 
Correlation between sagittal vertical axis and degree of cervical disc degeneration in normal lordosis group 
and loss of lordosis group  
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Objectives 
This study aimed to determine predictive parameters from contrast-enhanced spine 
magnetic resonance imaging(MRI) which have correlation with vertebral compression 
fracture(VCF) progression and to further suggest indications of prescribing a spinal 
orthosis for acute osteoporotic VCF patients.  
 
Participants and Methods 
This retrospective study included patients with osteoporotic vertebral compression 
fractures (n=114; 22 male and 92 female; mean SD age 70.96±10.61 years) who 
underwent a contrast-enhanced spine MRI at the time of diagnosis of VCF and at least 
one follow-up spine plain X-ray lateral view within a year from 2003 to 2016. The main 
independent variable of interest was the contrast enhancement pattern in the pedicle of 
the fractured vertebra. The primary outcome variable is the extent of VCF collapse 
progression which is calculated from sagittal image of T1-weighted MRI and plain X-ray. 
The intra-rater reliabilities for measurement in MRI and X-ray were 0.94 (p=0.000) and 
0.92 (p=0.000). The other MRI parameters previously demonstrated to have a correlation 
with VCF progression as well as clinical information about the choice of treatment(only 
observation, prescription of spinal orthosis, or vertebroplasty/kyphoplasty), patients’ 
mobility at the diagnosis graded by modified Rankin scale, and T-score from bone mineral 
density result was also collected from medial records.  
 
Results 
Patients with the pedicle enhancement positive sign tend to show larger further 
compression rate (n=61, 12.50±10.007%) than patients without pedicle enhancement 
sign (n=53, 8.195±9.296%, p=0.020). The subgroup analysis also showed significant 
difference only in the observation group (n=52, p=0.001), but not in vertebroplasty group 
(n=57, p=0.929). The pearson chi-square test and linear-by-linear association confirmed 
that the larger the further compression rate size, the more pedicle contrast enhancement 
positive exists. The logistic regression analysis demonstrated the risk factors of further 
compression rate; initial compression rate, pedicle enhancement positive sign, and spinal 
orthosis prescription. In the subgroup analysis differentiated by pedicle enhancement 
sign, vertebroplasty rather than observation show more protective effect toward further 
compression rate only in the pedicle enhancement positive group. With time-effect of 
multiple variables considered, the time-dependent cox regressional analysis 
demonstrated initial compression rate and pedicle enhancement positive sign were 
statistically significant risk factors for further compression.  



 
Conclusion 
The pedicle enhancement sign is a potential predictor of further compression in 
osteoporotic VCF. If initial compression rate and pedicle enhancement pattern are 
considered together, physicians can determine when to choose vertebroplasty, spinal 
orthosis, or just observation. Therefore, a contrast-enhanced MRI should be considered if 
VCF is diagnosed to prevent further compression.  
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Background 
Sarcopenia on lumbar paraspinal muscles (LPM) is receiving renewed attention as a cause 
of spinal sagittal imbalance (SSB). Spinal sagittal alignments are thought to be associated 
with not only lumbar back muscle quantity but also muscle quality. However, previous 
studies did not investigate the relationships between conventional sarcopenic variables 
and SSB indices. This study aimed to investigate the relationships between conventional 
sarcopenic variables and SSB indices or LPM conditions.  
 
Methods 
The medical records of 203 consecutive patients with current low back pain were 
retrospectively reviewed. Demographic variables, conventional sarcopenic indices, 
spinopelvic parameters of SSB including the ratio of lumbar lordosis (LL) to pelvic 
incidence (PI), PI-LL mismatch (PI-LL), isokinetic back muscle strength, and lumbar spine 
computed tomography (CT) scan with LPM cross-sectional area (CSA) and density 
assessments were examined. The independent effects of sarcopenic variables for SSB 
were determined by multivariable regression analysis, adjusted for age, sex, appendicular 
skeletal muscle mass (ASM), gait speed, hand grip strength, back extensor strength, and 
CSA/density of LPM using spine CT.  
 
Results 
The men were younger (P = 0.002) and had higher ASM/Ht2 (P < 0.001), gait speed (P < 
0.001), hand grip strength (P < 0.001) back extensor strength (P < 0.001), LPM CSA (P < 
0.001), and LPM density (P < 0.001) than women. Women showed a higher PI (P < 0.001), 
PT (P < 0.001), PI-LL (P < 0.001), and lower LL (P = 0.003), and LL/PI (P < 0.001) than men. 
(Table 1).  
Age, ASM, gait speed, hand grip strength, and back extensor strength were significantly 
correlated with spinopelvic parameters, LPM CSA, and LPM density. However, the 
independent factors related to both LL/PI and PI-LL were LPM CSA (β = -0.384; P < 0.001 
and β = -0.347; P = 0.001, respectively), and gait speed (β = -0.206; P = 0.034 and β = -
0.209; P = 0.035, respectively) in multivariate regression models (R2 = 0.242 and R2 = 
0.205, respectively). (Table 2).  
 
Conclusion 
Our data suggest that both LPM CSA and gait speed play an important role in maintaining 
SSB.  
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Objective  
Balance control is an important skill required for successful walking and daily activities, 
and several organs of visual, auditory, vestibular, proprioceptive, positional, muscular and 
cognitive functions are involved in balance control. Balance deficits are frequently 
reported in stroke survivors, with 83% having impaired balance after an acute stroke. The 
reduced ability to control balance has been associated with ambulatory dysfunction and 



an increased risk of falls. On recent study, moderate to severe osteoarthritis patients had 
diminished balance control compared to mild osteoarthritis patients. Tetrax(Sunlight 
Medical Ltd, Israel) is an objective device to evaluate balance ability, which has been used 
on several previous studies. Therefore, the objective of this study was to compare 
differences of balance ability between back pain with lumbosacral(LS) radiculopathy and 
back pain without LS radiculopathy by using posturography,‘Tetrax’  
 
Method 
Patients who were referred for electromyography due to back pain were chosen as 
subjects during the period of April, 2017 through June, 2017. They were divided into the 
LS radiculopathy group diagnosed by electromyography and without LS radiculopathy 
group . Patients with disease of the vestibular apparatus, severe visual disturbance, 
peripheral neuropathy, impaired cognition, severe osteoarthritis and cavus foot were 
excluded from the study. Balance control ability was evaluated by using Tetrax, which 
utilized two paired force plates measuring vertical pressure fluctuations over both heels 
and forefeet. The subjects were checked for their stability index(ST) and fall risk in four 
positions(NO: Normal position with eyes open, NC: Normal position with eyes closed, PO: 
Eyes open on pillows, PC: Eyes closed on pillows) using Tetrax. The ST is a variable that 
shows the degree of postural sway to control and compensate for changes in posture. 
The higher ST indicates the more unstable the posture. Mann-Whitney U test and 
Wilcoxon signed rank test were used for continuous variables and Chi-square test were 
used to analyze Results for categorical variables.  
 
Results 
Table 1 showed demographic characteristics of the patients. There were no significant 
demographic differences respect to age, sex, weight, height, BMI and VAS between the 
two groups. The fall risk was higher in the LS-radiculopathy group compared to without 
LS-radiculopathy group.(Rad : 76.6 ± 27.23, No-rad : 44.85 ± 20.22, P : 0.033). LS-
radiculopathy group showed higher ST compared to without LS radiculopathy group in 
the NO and PO position.  
 
Conclusion 
These findings suggest that patients with LS radiculopathy have more deficits in postural 
control than patients without LS radiculopathy. Therefore, patients with LS radiculopathy 
should be evaluated balance control and balance rehabilitation to prevent fall injuries is 
required depending on the outcome. Further researches with larger sample size are 
needed.  
 
 Table 1. Demographic and Clinical Data of Patients Included in the Study 

 
 



Table 2. Comparison of Mean of Fall Index and Stability Index 
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Objective 
This study is to compare the radiological parameters between preoperation and 
postoperation for patients who underwent multilevel cervical total disc replacement 
(MCTDR) and assessed which parameters were related to successful clinical outcomes 
after MCTDR. Also this study is to investigate the relation between shifted location of 
center of rotation(COR) and subsequent surgical outcomes.  
 
 
 
Materials & Methods 
The study included a consecutive series of 24 patients who were treated with MCTDR 
following the diagnosis of multilevel cervical disc herniation or stenosis. Numeric Rating 
Scale (NRS), C2-7 sagittal vertical axis (SVA), range of motion (ROM) of C2-7 segment and 
MCTDR implanted levels, and location of COR at MCTDR level were evaluated at pre- and 
post-MCTDR. These parameters were compared between patients who experienced 
successful and unsuccessful pain relief.  
 
Results 
NRS was reduced while C2-7 SVA improved significantly after MCTDR. C2-7 flexion was 
significantly decreased, while its extension showed trends toward considerable (P=0.088) 
increase, thereby maintaining original C2-7 ROM without statistical significance. TDR 
flexion was decreased, while its extension changes were stationary, consequently 
resulting in a significant decrease in TDR ROM. The unsuccessful group showed markedly 
reduced C2-7 ROM and increased angular deteriotration at C2-7 as well as MCTDR level in 
comparison with the successful group. Anterior and rostral shift of COR in comparison 
with normal data was observed at pre-MCTDR and COR was directed caudally and 



posteriorly at post-MCTDR. But significantly lesser posterior or caudal shift of COR was 
found in unsuccessful group.  
 
Conclusions 
MCTDR was effective in reducing pain as well as improving cervical lordosis in patients 
with multilevel cervical disc herniation or stenosis. Despite a significant decrease in the 
flexion angle, it could maintain C2-7 ROM presumably by compensating with C2-7 
extension angle increase. Clinical success after MCTDR was crucially related to retaining 
original C2-7 ROM and minimizing ROM angular deteriorations both at the C2-7 and 
MCTDR levels. As well, clinical success was closely related to restoration of COR from 
ventro-cranial location close to normal coordinates by posterior and inferior shifts.  
  

 
Measurement of center of rotation on lateral radiographs by superimposing the flexion–extension simple 
radiography. X and Y indicated X and Y coordinates. X-axis directed forward along the superior endplate of 
the lower vertebral body and the Y-axis directed vertically upward and perpendicular to the x-axis. The 
coordinates of points A, A ,́ B, and B  ́were recorded at the superior endplate of upper vertebrae. X-(COR-X) 
and Y-(COR-Y) coordinates of COR location were determined as intersection point(I) which was made by 
perpendicular lines drawn from mid-point of AA  ́and BB  ́respectively.  
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OBJECTIVES 
Myofascial pain syndrome can cause pain as well as muscle stiffness by the densification 
of excessive hyaluronic acid in muscle and fascia. Microcurrent electrical neuromuscular 
stimulation (MENS) helps the production of ATP in cells and is thought to be associated 
with the mechanism maintaining the homeostasis of the calcium ion. It has been known 
to be effective in the regeneration of injured muscular fibers. Using the 



ultrasonoelastography, the elasticity of the tissues can be analyzed quantitatively by 
shear wave velocity. The first aim of this study was to evaluate the therapeutic effects of 
microcurrent electrical neuromuscular stimulation on chronic myofascial pain syndrome 
of upper trapezius muscles and the second aim was to evaluate the viscoelastic change of 
myofascial trigger points and neighboring tissues with ultrasonoelastography using 
acoustic radiation force impulse (ARFI) imaging.  
 
METHODS 
This study was designed as a pilot, prospective, randomized, double-blinded, placebo-
controlled trial. The patients with chronic neck pain who visited the outpatient clinic of 
the university hospital voluntarily were included in this study. Total 40 minutes' real (8Hz, 
25 μA, Granthe Advance, Cosmic Co., Seoul, Korea) or sham MENS were applied on both 
upper trapezius muscles daily for 2 weeks, total 14 times. All participants of real and 
sham groups took the standard care including postural education, and self-exercise. They 
were scheduled for visits (total 3 times): Before the interventions, 2 weeks, and 4 weeks. 
At every visit, we evaluated and recorded the usage of analgesics, existence of trigger 
points of upper trapezius, visual analogue scale (VAS), pressure pain threshold, neck 
range of motion (ROM), and viscoelasticity by shear wave velocity using 
ultrasonoelastography.  
 
RESULTS 
There was no significant difference in baseline characteristics (table 1). Real MENS 
significantly improved pressure pain threshold on bilateral upper trapezius muscles 
(p=0.038 at right upper trapezius muscle, p=0.018 at left upper trapezius muscle). Also, 
MENS significantly reduced shear wave velocity (p=0.018) on right upper trapezius muscle 
and patients rated pain intensity (p=0.024) (table 2).  
 
CONCLUSIONS 
Our findings demonstrate that the MENS improved pressure pain threshold, pain 
intensity and shear wave velocity in chronic myofascial pain syndrome on upper trapezius 
muscles. Therefore, MENS can be a useful treatment tool for the myofascial pain 
syndrome. A further study should have large sample size to clarify the results.  
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Objective  
To investigate effects of aerobic exercise using partial body-weight-supported treadmill 
(BWST) in patients with low back pain (LBP) caused by trauma  
 
Participants and Methods  
Twelve patients, which were difficult to gait for more than 500 meters due to LBP caused 
by trauma, were recruited from rehabilitation center. The patients were independently 
underwent a conventional treadmill test and a 50% BWST test twice each, and the test 
proceeded with submaximal intensity for patient safety. The initial speed was 0.5km/h 
and the speed was increased by 0.5km/h in 3 minute increment. The test was terminated 
when the LBP was aggravated or the patient wanted to stop or the test time exceeded 30 
minutes. The pain severity, Oswerstry disability index (ODI), fear-avoidance beliefs 
questionnaire (FABQ), and rating of perceived exertion (RPE) were measured before and 
after each test. The heart rate (HR) and oxygen consumption (VO₂/kg) changes were 
monitored during each test, and the total gait distance and time were also recorded.  
  
Results  
The changes of pain severity, ODI, RPE were not statistically significant, but the FABQ 
score was increased before and after the 50% BWST test. (p=0.045) Compared with 
conventional treadmill test, the total gait distance and time were significantly increased 
in the 50% BWST test. (p=0.009, p=0.010) There was no difference in peak HR between 
the two groups, and the HR and oxygen consumption were weakly correlated with time. 
The total amount of oxygen consumption per body weight (mL/kg) was greater in the 50% 
BWST than in the conventional treadmill, but there was no statistical significance. 
(p=0.180)  
  
Conclusion  
In patients with traumatic LBP, 50% BWST training was found to be able to increase 
walking distance without getting worse while maintaining the amount of oxygen uptake 
than conventional treadmill training. Randomized large trials are needed to 
comprehensively evaluate the efficacy of partial BWST training for patients with LBP, and 
additional research is necessary to evaluate the degree and duration of weight support, 
and exercise protocols.  
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Background 
To our knowledge, no classification system has been widely used in facet joint 
degeneration of the cervical spine observed by ultrasonography. The purpose of this 
study is to assess the reliability of classifying cervical facet joint degeneration on 
ultrasonographic images  
 
Methods 
Forty-eight sagittal longitudinal ultrasonographic images showing articular processes of 
the cervical facet joints from cervicogenic headache patient were evaluated. Two 
examiners, medical practitioners specializing in rehabilitation, assessed each images and 
were blind to each other’s measurements. We developed a practical set of criteria to 
classify degenerative changes of cervical facet joint on ultrasonographic images. This 
criteria consist of four different morphological scales, 1) spur change of superior and 
inferior articular processes of facet joint (0 – none, 1 – one side, 2 – both sides), 2) 
increased amount of joint effusion(0 – less than 0.11cm, 1 – not less than 0.11cm), 3) 
dislocated joint alignment(0 – none, 1 – existing), 4) destroyed joint(0 – none, 1 – 
existing). Two observers were compared for inter-observer reliability, and for intra-
observer reliability, a comparison was made between two readings made by the same 
observers with interval of a week. 
 
Results 
Kappa(К) coefficients were used to compute the agreement in inter-observer and intra-
observer. In our set of criteria, good reliability was demonstrated for classifying joint 
alignment in both inter-observer and intra-observer analysis. In the criteria of destroyed 
joint, intra-observer reliability was good; however, marginal reliability was demonstrated 
in second inter-observer analysis. It was worthy of notice that classifying joint effusion 
had excellent reliability in intra-observer analysis and in first inter-observer analysis. Spur 
change scale demonstrated marginal agreement in all comparisons.  
 
Conclusions 
Based on our findings, in cervical facet joint degeneration, we concluded that measuring 
joint effusion may be reliable and appropriate for clinical application and further 
epidemiologic research.  
 



 
Figure 1. Ultrasonographic images representing each classification of cervical facet joint degeneration  
 

 
Figure 2. Kappa(К) coefficients of intra-observer agreement in our criteria  
 

 
Figure 3. Kappa(К) coefficients of inter-observer agreement in our criteria  
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Objective 
To examine the pain reducing effects of horizontal vibration and vertical vibration 
exercise in patients with chronic low back pain (CLBP).  
 
Methods 
Twenty-four patients with CLBP and limitation in activities of daily living were included. 
They were randomly assigned to horizontal vibration exercise group (Group H) or vertical 
vibration exercise group (Group V). Subjects performed each exercise 3 times a week for 
total 12 weeks. The outcome of the exercise was evaluated using a visual analogue scale 
(VAS) for pain, lumbar trunk muscles strength, abdominal and paraspinal muscles 
thickness, standing balance control score and Oswestry disability index (ODI). The 
assessments were performed 4 times: at baseline before intervention, intervention 
period, post-intervention, and follow up.  
 
Results 
VAS decreased significantly at the 12 weeks after treatment in both Group H and Group V. 
However, the pain reducing effects lasted 4 weeks after treatment in only Group V. The 
Group H had significant decrease of ODI at the 6 weeks after treatment for ODI, whereas 
Group V had significant decrease of ODI at the 12 weeks after treatment and the pain 
reducing effects lasted 4 weeks after treatment. Lumbar flexor power significantly 
increased at the 6 weeks after treatment in Group V with Group H increased at the 12 
weeks after treatment. Lumbar extensor power showed the same pattern as the lumbar 
flexor power, and its effect lasted 4 weeks after treatment for both groups. Standing 
balance control score significantly increased in both groups and lasted after treatment .  
 
Conclusion 
Because horizontal vibration exercise showed the same pattern of effect as vertical 
vibration, we suggest that horizontal vibration exercise could have pain reducing 
mechanism of both stimulating proprioception and strengthening the muscles. Thus, 
horizontal vibration exercise could be one of the treatment options when we manage the 
patients with CLBP.  



 
Clinical baseline characteristics  
 

 
The Results of repeated measure ANOVA (RMANOVA) test demonstrated that the VAS of pain  
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Objective  
The purpose of this study is to investigate the effect of a target balance training program 
on dynamic balance, LBP, disability and quality of life in patient with lumbar degenerative 
spondylolisthesis  
  
 



Subjects and method  
This study was designed by single-blind and controlled study. Twenty patients who 
diagnosed grade I lumbar degenerative spondylolisthesis were included. Ten patients 
were randomly assigned to the intervention group, while the others were 
nonintervention group (n=10). Intervention group perform supervised exercises targeting 
dynamic balance and strength 4 times per week for 10 weeks. Dynamic balance training 
consisted of progressive exercise training over 3 phases, with exercised emphasizing 
dynamic balance control, eccentric lower limb muscle strength, and core stability. 
Exercises were performed as 2 to 3sets of 8 to 12 repetitions. In contrast nonintervention 
group do not any exercise. Dynamic balance was measured using the Community balance 
and Mobility scale (CB&M), Severity of LBP was measured using Visual analogue scale 
(VAS), disability and quality of life was measured using Oswestry disability index (ODI). 
Three scales measured before intervention, and 10 weeks later.  
 
Results  
There are no significant differences in the baseline characteristics and initial values 
between two groups. No significant changes were observed in any outcome in 
nonintervention group at 10 weeks later. Significant improvements in Community 
balance and Mobility scale (CB&M), Visual analogue scale (VAS), Oswestry disability index 
(ODI) were observed in the intervention group at 10 weeks later, when compared with 
the nonintervention group.  
 
Conclusion  
10 weeks dynamic balance training program in people with grade I lumbar degenerative 
spondylolisthesis was effective on dynamic balance, LBP, disability and quality of life. Our 
result showed that dynamic balance training is beneficial alternative therapy in grade I 
lumbar degenerative spondylolisthesis patient.  
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Introduction  
The loss of cervical lordosis worsens cervical degenerative changes. Also it is associated 
with neck pain, shoulder pain, tension headache, radiculopathy, myelopathy and a poor 
quality of life(QOL). So, we need the treatment to restore cervical lordosis. In recent 
studies, it has been reported that strengthening of neck extensor muscles improved 
cervical lordosis. But it is unclear which exercise improves cervical lordosis. Therefore, the 
aim of this study is to investigate whether our neck extension exercise program restores 
physiologic cervical lordosis and reduces neck pain. 



 
Methods  
This study is retrospective single-center study. 33 patients with loss of cervical lordosis 
were included. All patients were educated about our neck extension exercise program 
and received written instructions during the first visit. Our neck extension exercise 
program consists of two steps. First, the patients sit or stand uprightly and try to push the 
chin backward and keep eyes upward and forward within pain free range (10 × 3secs/day). 
Second, in the position of sitting or standing, the patients keep upright and try to pull 
back shoulder and back their head within pain free range (10 × 10secs/day). Before and 1-
3 months after exercise, a lateral view of cervical spine radiograph was taken and a 
severity of neck pain was recorded as visual analog scale (VAS). To investigate cervical 
lordosis, we measured four-line Cobb's angle, posterior tangent method of C2 & C7. And 
to investigate the position of the head in sagittal plane, we measured sagittal vertical 
axis(distance between the posterior superior corner of C7 and a plumb line dropped from 
C2).  
 
Result  
In all, 33 patients (13 males and 20 females) were included and their mean age was 47.54 
± 5.29 years. After the exercise, the mean of four-line Cobb's angle was changed from 
0.2958°(pre) to -2.5555°(post), which indicates the improvement of cervical lordosis (P < 
0.05). In line with this finding, the mean of posterior tangent method was changed from -
4.7839°(pre) and -8.5924°(post) (P < 0.05). The mean of sagittal vertical axis was changed 
from 18.129mm(pre) to 13.954mm(post) (P < 0.05). Compared with the first visit, cervical 
lordosis was significantly improved at four-line Cobb's angle, posterior tangent method 
and sagittal vertical axis after 1-3months. Also, pain intensity was significantly reduced 
compared with the baseline levels (P < 0.05).  
 
Conclusion  
Our data suggest that our neck extension exercise program restores cervical lordosis and 
improves neck pain in patients with loss of cervical lordosis.  
 

 
The recovery of cervical lordosis in a patient after the neck extension exercise. (posterior tangent Method)  
 



 
The change of radiologic parameters and pain score after neck extension exercise.  
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Objective 
To evaluate the efficacy of high frequency focal intradiscal neuroplasty (L’DISQ Ultra) in 
patients with lumbar disc herniation.  
 
Methods  
We performed disc decompressions using L’DISQ Ultra on 9 patients with back pain and 
radiating pain. L’DISQ Ultra is an improved version of L’DISQ by allowing continuous 
supplement of saline at the wand tip so that plasma can continuously remove the nucleus 
well. Data included pain intensity (visual analog scale [VAS]) immediately after and one 
week after decompression, measure of disability (Oswestry Disability Index [ODI] and 
Rolando-Morris Questionnaire [RM]) one week after decompression.  
 
Results 
9 patients (5 male, 4 female; mean age 48±18.36years) who complained axial and 
radiating pain were included in this study. No muscle weakness (MRC below fair grade) 
was discovered. Average duration of back pain was of 5.89±2.32 months. Decompression 
level was as following: one L3/4, three L4/5, and five L5/S1. The mean ablation time 
required for decompression was 206.11±151.15 seconds. Continuous variables were 
analyzed by nonparametric statistical test. The VAS score was significantly reduced: from 
6.89±1.27 before decompression to 1.11±1.45 immediately after decompression, to 
2.47±1.52 after 1 week. RM decreased from 26.00±7.92 to 9.5±6.04, and ODI decreased 
from 30.56±9.82 to 14.63±9.05. No patient complained of serious complications.  



 
Conclusions 
Decompression with L’DISQ Ultra showed pain improvement according to our data. 
Shorter ablation time and more effective decompression were noted in this study. But as 
this study contains a small sample size, comparative studies with a larger sample size will 
be needed. Procedure-related opacity changes were noted at the level of decompression 
and these could be further investigated to see the correlation with pain reduction.  
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Objective 
 Trunk flexion posture is one of the most frequently performed posture of everyday life 
and working. Bending the trunk causes pain in the back and lumbar multifidus muscle 
activation is closely related with the back pain. We aimed to identify the relationship of 
trunk forward flexion angle and lumbar multifidus muscle activity.  
 
Method 
Eight healthy young adult aged 22.6 ± 2.5 (20 - 27) years who had body mass indexes less 
than 25 were recruited. Surface electromyography was used to measure activity in the 
lumbar multifidus for seven standardized trunk forward bending postures. Their flexion 

angle of T12-S1 vertebra was controlled at 0︒, 10︒, 20︒, 30︒, 40︒, 50︒, and 60︒ 
sequentially. The angle of T12 and vertical line, the T12-vertical angle, was also measured 
in each posture. Each posture was composed of adaptation time of 30 sec to 1 min and 
data acquisition time of 2 min. There was resting time of 30 sec to 1 min between each 
posture. Flexion angle with the peak RMS was identified. Relative RMS value was 
calculated by dividing each RMS value by the peak RMS.  
 
Results 
The peak RMS was identified at 37.5 ± 4.63 (30-40) degree in T12-S1 angle and the T12-
vertical angle at peak RMS was 38.5 ± 8.83 (25-50) degree. There was a quadratic 



relationship between RMS and flexion angles with a curve forms a parabolic graph in 
scatter plot.  
 
Conclusion 
The lumbar multifidus muscle activity was increased with increasing trunk flexion until 

30︒ to 40︒. After the peak point, muscle activity was reduced with more trunk flexion. 
The Results of this study can be used as a preventive measure which do not recommend 
trunk forward flexion more than 30 degrees.  
 

 
Fig. 1. Scatter plot shows a quadratic relationship between RMS and trunk flexion angle of T12-vertical line 
with a curve forms a parabolic graph.  
 
Table 1. Mean RMS, peak RMS and flexion angles at peak in each subject  
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Background  
Posterior tibial nerve block provides rapid anesthetization of the heel and sole of foot. 
Ultrasound guilded tibial nerve block has emerged as a valuable tool for various situations 
related to chronic heel pain. Typical method involves advancement of the needle under 
the transducer using an in-plane approach on medial ankle area. However, since the 
needle is advanced oblique angle from antero-medial side to the achilles tendon into 
tarsal tunnel, the entire shaft of the needle is difficult to visualize. Besides, as the needle 
is inserted from the proximal side of posterior tibial artery, extraordinary precaution is 
required to avoid damage to the artery. In order to complement such shortcomings, a 
new posterior tibial nerve block method was designed. The purpose of this study was to 
introduce the new method and assess the effectiveness and safety of this new approach.  
  
Method  
The needle was inserted from the lateral side of retrocalcaneal space, advancing medially 
toward tarsal tunnel space beneath the achilles tendon. This method allowed the 
transducer to be almost parallel to the needle axis, making the entire needle to be 
visualized. After the needle tip was positioned in the tarsal tunnel adjacent to the tibial 
nerve, anesthetic was injected. Mixed solution of triamcinolone 20mg, 1% lidocaine 1cc, 
and normal saline 1cc was used. The study subjects were patients with chronic plantar 
heel pain. A widely established foot-specific self reporting questionnaire, namely Revised 
Foot Function Index (FFI-R) was used to assess the effectiveness of the nerve block. 
Among the 5 subcategories, only the pain, difficulty, and activity limitation sections were 
evaluated. The FFI-R questionnaire was conducted two times; before and 2 weeks after 
the procedure. Higher score indicated greater impairment. The safety was assessed by 
the presence or absence of bleeding, swelling, and inflammation after the procedure.  
  
Results  
 Two patients suffering from prolonged plantar fasciitis underwent the retrocalcaneal 
posterior tibial nerve block. The first patient who had plantar fasciitis showed some 
improvement after the nerve block; FFI-R score changed from 36 to 25. The second 
patient who had excessively severe foot pain and activity limitation initially with FFI-R 
score of 55 showed dramatic improvement after the nerve block; the FFI-R score declined 
to 31. There were no complications such as bleeding, swelling, or inflammation in both 
subjects.  
  
Conclusion  
This study has introduced retrocalcaneal approach of ultrasound guided posterior tibial 
nerve block. It can be as effective as, and even safer than the conventional method 
because visualization of the entire needle is possible and the needle is advanced from the 
opposite direction to the posterior tibial artery.  
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Objective 
To determine the efficacy of polydeoxyribonucleotide (PDRN) injection for rotator cuff 
disease (RCD).  
 
Method 
This is a case-controlled, retrospective, comparative study with 6-month follow-up study. 
Patients (N=106) with chronic nontraumatic refractory RCD who were unresponsive to at 
least 1 month of conservative treatment: 55 patients received PDRN injection (PDRN 
group) and 51 continued conservative treatment (control group). Outcome Measures 
were Shoulder Pain and Disability Index, score on a visual analog scale of the average 
shoulder pain level, number of analgesic ingestions per day, isometric strength of 
shoulder abductor, active range of motion (flexion, abduction, internal rotation, external 
rotation), and maximal tear size of tendon on ultrasonography at pretreatment and 3 and 
6 months postinjection.  
 
Results 
There was no significant difference between the 2 groups in terms of age, sex, shoulder 
affected, duration of symptoms, and ultrasonographic findings at pretreatment. 
Compared with the control group, the treatment group showed a significant 
improvement in Shoulder Pain and Disability Index, visual analog scale score, and number 
of analgesic ingestions per day. However, there was no difference in isometric strength, 
active range of motion, and maximal tear size of tendon. No adverse events were 
reported.  
 
Conclusions 
The PDRN injection group showed improvement in pain and subjective disability in 
patients with RCD and continued to show improvement for 3 months thereafter; the 
PDRN injection can be an optional treatment for patients with chronic RCD who show no 
response to other treatments.  
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Objective  
There have been a few study on intensive rehabilitation program including manual 
physical therapy for patients with traumatic shoulder injury by industrial accident. The 
purpose of this study was to investigate the effect of intensive rehabilitation program 
including manual physical therapy on pain and function, Range of motion (ROM), Quality 
of life (QoL) and depression in patients with traumatic shoulder injury by industrial 
accident.  
  
Method 



16 patients with traumatic shoulder injury by industrial accident participated in this study. 
Treatment over 12 weeks included 30 minutes manual therapy and 30 minutes 
supervised physical therapy twice a day. Evaluation was performed before the 
commencement of the training and again 4, 8 and 12 weeks. The outcome measured 
numerical rating scale (NRS) and Shoulder Pain and Disability Index (SPADI), ROM, QoL 
and depression on the affected side.  
 
Results  
After applying a intensive rehabilitation program, the NRS was significantly improved 
according to time (F=32.382, p<0.05). SPADI was significantly improved according to time 
(F=33.904, p<0.05). The flexion (F=4.744, p<0.05), extension (F=5.694, p<0.05), abduction 
(F=5.262, p<0.05), adduction (F=3.536, p<0.05), external rotation (F=4.995, p<0.05), 
internal rotation (F=3.636, p<0.05) in ROM of shoulder joint were significantly improved 
according to time. QoL was significantly improved according to time (F=5.180, p<0.05). 
Depression was significantly improved according to time (F=6.854, p<0.05).  
  
Conclusion  
We could confirm the excellent effect of intensive rehabilitation program manual physical 
therapy on pain, ROM function, QoL and depression in patients with traumatic shoulder 
injury by industrial accident. However, there was a limit in this study without a control 
group. And this pilot study highlights the need for a more extensive study in larger 
subjects.  
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Purpose  
The signal intensity and thickness of the axillary recess capsule (ARC) on magnetic 
resonance imaging (MRI) in frozen shoulder (FS) have been discussed in depth. There 
have been few ultrasonography (US) study to describe the morphologic change of the 
ARC in FS. The aims of this study were to compare the US thickness of the affected ARC 
with that of unaffected ARC in patients with FS and to analyze whether the US 
measurements of ARC are correlated to those using MRI.  
 
Material and Methods  
 
US measurement of ARC performed in 44 patients with clinically diagnosed unilateral 
frozen shoulder and MRI evaluation. The patients were in supine position with the 
shoulder abducted by 40 degrees (Fig. 1A). The transducer was positioned on the anterior 
pectoral line. The US thickness of ARC was measured in the longitudinal plane. The 
thickness of ARC also was measured by MRI in oblique coronal proton density fast spin-
echo fat-suppressed sequence images by another physician who was blind to US 
measurements. The thickness of ARC on US or MRI was determined as the widest portion 
of the capsule with the synovium (including the humeral and glenoid capsules) at its 
insertion at the humerus perpendicular to the adjacent cortical bone (Fig. 1B and 1C).  
 
Results  
An illustrative case is shown in Fig. 2. The ARC thickness in the affected shoulder (4.4 ±1.1 
mm) was significantly higher than in the unaffected one (2.2±0.5 mm) (P<.001). The ARC 
thickness of the affected shoulder on MRI was 8.9±1.9 mm. The ARC thickness on MRI 
was significantly greater than on US (P <.001). The ARC thickness on US was significantly 
correlated with that on MRI (r=.83, P <.001).  
 
Conclusion  
The ARC thickness in the affected shoulder in patients with unilateral FS was significantly 
higher than that of the unaffected one and the ARC thickness on US was correlated with 
that measured by MRI. Investigation of the inferior aspect of the shoulder joint may help 
to detect morphologic changes of ARC in patients with shoulder pain with stiffness.  
   
  



 
Fig. 1. (A) Shoulder position and transducer location. (B) Normal axillary recess capsule on ultrasonography. 
(C) Measurement of axillary recess capsule including both humeral and glenoid layer capsules on magnetic 
resonance imaging.  
 

 
Fig. 2. Example of axillary recess capsule (ARC) on ultrasonography in patient with frozen shoulder. ARC 
thickness (a) includes both glenoid layer (b) and humeral layer (c). (A) Marked thickened capsule in affected 
side. (B) Normal appearance capsule in unaffected side.  
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Objectives  
The cause of DQT(de quervain's tenosynovitis) is not established. However, several 
researches found that personal and work-related factors were associated with DQT in the 
working population; wrist bending and movements associated with the twisting or driving 
of screws were the most significant work-related factors.  Proponents of the view that 
DQT is a repetitive strain injury consider postures where the thumb is held in abduction 
and extension to be predisposing factors. We thought those factors having close relation 
with smart phone use, so we performed to analyze relationship between smart phone 
usage and patients of DQT. 
 
Methods  
The data were collected from January 2015 to june 2017. The subjects who visited in out-
patient clinic for wrist pain and diagnosed on DQT were 56. The ages of subjects range 
between twenty and forty. We conducted the variance analysis, examining the weight 
and size of smartphone, hours of smartphone use and the extent of symptom aggravation 



after smartphone use. We measured the smartphone size along the diagonal line, and 
examined the smartphone use time as the time excluding telephone conversation time. 
We set limits to the DQT diagnosis as the patients who have positive response to 
finkelstein sign, and we distinguished it from other factors such as bone fractures 
identified by X-ray. We excluded the respondents from the research subjects. They are as 
follows.  
(1) The respondents who have changed their smartphones within 3 months after the 
onset of disease  
(2) The respondents who have some traumatic events  
(3) The respondents who have acquired diseases according to their job characters.  
 
Results  
[table-1]  
The DQT patients use smartphone 168 minutes a day in average, the average size of 
smartphones is 13.16 centimeters, and the average weight of their smartphones is 146.41 
grams. 92.86 percent of respondents said that their pain scale increased after 
smartphone use. As a result of the variance analysis, the weight p-value according to their 
symptoms was 0.004 and the time p-value was 0.001. We identified the factor associated 
with their symptoms as the smartphone usage time and the weight of smartphone.  
Conculsion  
We conclude that the longer smartphone using time and the heavier smartphone are 
aggravating factors for symptoms of DQT patients. But there is no relation between 
smartphone size and symptoms of DQT. When smartphone is used for a long time, the 
repetitive strain injury of APL tendon and EPB tendon increases as the momentum of 
thumb does. And this makes degeneration in existing 1stcompartment worsens. Also, 
when patients make use of the heavy smartphone for a long time, that can be the cause 
of symptom aggravation because more strength is imposed on thumb in the abduction of 
thumb. From now on, it is desirable that DQT patients have to avoid longer smartphone 
use and heavy smartphone.  
 
(C.C.= correlation coefficient) (*,both correlation of significance level = 0.05) (**,both correlation of 
significance level = 0.01) 

 
 
 
 
 
 



P 1-43 

Early Intra-articular Corticosteroid Injection Improves Pain and Function in 
Adhesive Capsulitis 

Yul-Hyun Park1*, Jung Hwan Ahn2, Doo-Hyung Lee3, Hyuncheol Kang4, Michael Y. Lee5, 
Dae Ryong Kang6, Seung-Hyun Yoon1† 

Ajou University School of Medicine, Department of Physical Medicine and Rehabilitation1, 
Ajou University School of Medicine, Department of Emergency Medicine2, Ajou University 
School of Medicine, Department of Orthopedic Surgery3, Hoseo University, Department 
of Applied Statistics4, University of North Carolina at Chapel Hill School of Medicine, 
Department of Physical Medicine and Rehabilitation5, Ajou University School of Medicine, 
Department of Medical Humanities and Social Medicine6 
 
Objective 
To determine whether intra-articular corticosteroid injection has better outcomes in 
patients with earlier stage than later stage of adhesive capsulitis.  
 
Subjects and Methods  
Participants were primary adhesive capsulitis patients (n=339) who were unresponsive to 
at least 1 month of conservative treatment and who had ultrasound-guided 
corticosteroid injection. Study design was retrospective longitudinal study. For main 
outcome measurements, Visual analogue scale, Shoulder Pain and Disability Index, and 
passive range of motion (flexion, abduction, external rotation, and internal rotation and 
extension) were evaluated at pretreatment, month 1 and 12 after the first injection.  
 
Results 
The result of the multiple regressions, which considered the main and the interaction 
effect of confounding variables, showed that the differences of all outcomes in both 
short-term effect at month 1 and long-term effect at month 12 are greater when the 
duration of pain prior to injection is shorter. Among the confounders, the injection 
number in the difference of internal rotation and extension between month 0 and 12 (IRE 
Δ(0-12)) was statistically significant. IRE Δ(0-12) was also greater when the pain duration 
was shorter, though the decrease in IRE Δ(0-12) differed depending on the number of 
injections.  
 
Conclusions 
Early injection improves outcomes of adhesive capsulitis at both short- and long-term 
follow-ups. If pain despite non-invasive and conservative treatments, early injection may 
be considered to shorten its natural history.  
 



 
Multiple linear regression graph showing the difference of internal rotation and extension between month 
0 and 12 [IRE Δ0-12)], pain duration, and groups according to injection number. Dotted line represents 
single-injection gultiple linear regression graph showing the difference of internal rotation and extension 
between month 0 and 12 [IRE Δ(0-12)], pain duration, and grouroup [injection number 1, IRE Δ(0-12) = 
31.36 + (-1.40) × pain duration]. Solid line represents double- or triple-injection group (injection number 2 
or 3, IRE Δ(0-12) = 41.98 + (-2.67) × pain duration). IRE Δ(0-12) is greater when the pain duration is shorter, 
although the decrease in the IRE Δ(0-12) differs depending on the number of injections.  
 
Table 1 shows the Results of multiple regression for short-term effects. Pain duration was statistically 
significant in all differences in outcomes (flexion, P =.016; others, P <.001). The Β value (regression 
coefficient) of pain duration in all the differences of outcomes was negative. Arm dominance as confounder 
in VAS Δ(0-1) was not statistically significant, considering the main and the interaction effect with pain 
duration (P >.05).  

 
 
Table 2 shows the Results of multiple regression for longterm effects. Pain duration was statistically 
significant in all the differences of outcomes (flexion, P =.001; others, P <.001). The Β value of pain duration 
in all differences in outcomes was negative. Among the confounders in the differences in outcomes, the 
main and the interaction effects of injection number in IRE Δ(0-12) was statistically significant (injection 
number, P =.002; interaction between pain duration and injection number, P =.001), whereas the other 
confounders were not statistically significant.  
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OBJECTIVE  
After laparoscopic surgery in gynecologic oncology, shoulder pain may be caused by 
several reasons, such as stretching of muscles and ligaments, and stimulation by gas used 
in surgery. The aim of this study was to evaluate the incidence and distribution of 
shoulder pain in patients undergoing laparoscopic surgery, compared with those in open 
surgery.  
  
METHODS  
We prospectively included patients who were hospitalized for elective laparoscopic or 
open gynecologic surgery. Patients with previous fracture or surgical history of shoulder 
were excluded. The evaluations for shoulder pain and function were performed twice; 
before surgery and 2~3 days after surgery. Some of the patients were evaluated 3 
months after surgery. In each evaluation, visual analogue scale (VAS), range of motion 
(ROM) of shoulder joints, and tender points were evaluated in common.  
 
RESULTS  
Total 50 patients were enrolled in this study; 11 patients underwent open surgery and 39 
underwent laparoscopic surgery. Baseline characteristics are shown in table 1. There was 
no significant difference in age, body mass index, and history of radiotherapy between 
the two groups. Patients with open surgery had more malignancy-related diagnosis, 
longer operation time, and received more chemotherapy than patients with laparoscopic 
surgery. All patients had no limitation in ROM of shoulder before and after surgery. In 
open surgery patients, one patient (9.1%) complained of newly developed shoulder 
tenderness, but no resting pain (table 2). In laparoscopic group, 12 patients had 
tenderness before surgery and 9 patients (23.1%) had new tenderness after surgery. Four 
patients (10.3%) complained resting pain with tenderness (Table 3). Of the 4 patients who 
developed resting pain with tenderness immediately after surgery, 2 patients improved 
and 2 remained symptomatic at 3 months f/u.  
 
CONCLUSION  
In this study, patients with laparoscopic surgery resulted in higher occurrence of shoulder 
pain than open surgery, despite the longer operation time, severity of diagnosis, and 
higher rate of chemotherapy in the open surgery group. Most patients with shoulder pain 
complained of shoulder muscle tenderness with or without resting pain, and no limitation 
in ROM. Clinical attention is needed to the possibility that shoulder pain may occur after 
laparoscopic surgery, even in acute period, and further investigation would be required.  
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Introduction  
Hemiplegic shoulder pain syndrome (HSPS) has been described as one of most common 
medical complications after stroke, with others being depression, falls, and urinary tract 
infections. The frequency of HSPS reported that almost a third of stroke survivors 
developed shoulder pain. Because patients who have HSPS can’t tolerate active or 
passive upper extremities rehabilitation. Therefore, prevention and early detection of 
HSPS is the key role in stroke rehabilitation. The causes of HSPS are uncertain and 
complex due to there are several type of shoulder pain etiologies such as rotator cuff 
injury, subluxation of the humeral head, lack of sensation, hemispatial neglect and 
spasticity. Among them, Adhesive capsulitis is most frequently found. In addition the 
biomechanical properties of glenohumeral joint capsules of hemiplegic shoulder pain 
with limited range of motions are similar to adhesive capsulitis. It implicates that HSPS 
may share common pathologic properties of tighter capsules with adhesive capsulitis. The 
ultrasonographic feature is the increase of the thickness of coracohumeral ligament (CHL) 
in adhesive capsulitis. However this feature has not been reported on whether HSPS can 
also be confirmed. Therefore we will observe the CHL thickness of patients who are 
positive in the HSPS predictable screening test.  
 
Materials and Methods  
US examinations were carried out in 16 Patients with hemiplegia by a first episode of 
stroke (male 5 and female 11), who are positive by predictive screening test (hand behind 
neck or hand behind back) without previous surgical history, factures or neuromuscular 
pathologies around shoulders. One expert of musculoskeletal ultrasound performed by 
Philips HD15 with 12 to 5 MHz linear transducer. For CHL assessment, patients were 
scanned in a sitting position, with the shoulder in a neutral position and the forearm 
extended. The scanning commenced in an axial oblique plane, by positioning the 
transducer on the lateral border of the coracoid process, obtaining a longitudinal image 
of the bilateral CHL  
 
Results  
The mean age was 68±9.6. The mean thickness of CHL in hemiplegic side was 2.39±0.48 
and the mean thickness of CHL in non-hemiplegic side was 1.41±0.19. The CHL in the 
hemiplegic side was statistically significantly thicker than the CHL in the non-hemiplegic 
side  
  
Conclusion  
In early stage of HSPS, the thickness of the CHL increases as well as in adhesive capsulitis. 
The causes of HSPS are uncertain and complex but the immobilization due to hemiplegia 
is the core factor of HSPS.  



 

 
A; Hemiplegic side, B; nonhemiplegic side, C; coracoid process, H; humerus  
 

 
The mean thickness of CHL in hemiplegic side was 2.39±0.48 and the mean thickness of CHL in non-
hemiplegic side was 1.41±0.19.  
 

 
HCHL; coracohumeral ligament in hemiplegic side, NHCHL; coracohumeral ligament in non-hemiplegic side  
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Objectives  
Hemiplegic shoulder pain is a common problem after cerebrovascular accidents. The 
electromagnetic therapy (EMT) uses electrical stimulation created by magnetic field that 
can pass through clothes, tissues and bones to stimulate deep areas. Electromagnetic 
therapy has been used for recovery of soft tissue, muscle, bone, nerve regeneration for 
20 years. Recent studies have shown that the EMT can be used to control pain of 
musculoskeletal and peripheral nervous system. In this study, the effect of EMT on 
hemiplegic shoulder pain was investigated.  
 
Subjects and Methods  
Patients with hemiplegic shoulder pain who were admitted to our institute were enrolled 
for the study. Inclusion criteria were: (1) severe hemiplegic shoulder pain scoring at least 
5 on numerical rating scale (NRS); (2) no pain relief despite application of other treatment 
modalities including heat therapy and transcutaneous electrical nerve stimulation 
therapy of at least 1 week; (3) no history of past shoulder injection. The EMT was 
administered ten times total, five times a week for two consecutive weeks. At each 
treatment session, patients received 3-5 Hz, 70% intensity pulses on the hemiplegic 
shoulder. The NRS and shoulder range of motion (ROM) were assessed before and after 
the treatment. Wilcoxon signed rank test was used to compare the NRS and ROM of 
shoulder before and after the treatment. A p value of less than 0.05 was considered 
statistically significant. Statistical analysis was performed using SPSS (IBM, version 21).  
 
Results  
Eight patients were finally included for this study. The demographic characteristics and 
sonographic findings of the patients are summarized in the Table. In all patients, the NRS 
score decreased significantly after EMT (p=0.009, Fig.1). The total ROM (p=0.012, Fig. 2A) 
including flexion (p=0.011, Fig. 2B) and abduction (p=0.008, Fig. 2C) was also significantly 
increased after EMT.  
 
Conclusion  
Electromagnetic therapy of 10 sessions decreased NRS and increased ROM in patients 
with hemiplegic shoulder pain regardless of the shoulder pathology. The mechanism of 
pain relief could be associated with stimulation of soft tissue and muscle recovery and 
regeneration. Further researches with larger sample size would be necessary to confirm 
our results.  
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Objectives:  
The aim of this study was to investigate additional effects of intra-articular injection using 
both steroids and lidocaine compared with lidocaine only injection for treatment of 
adhesive capsulitis after breast cancer surgery.  



 
Materials and Method 
Twenty-six patients who suffering from shoulder pain and limitation of range of motion at 
shoulder due to the first onset of adhesive capsulitis after breast cancer surgery were 
included. We excluded patients who had previous shoulder pain or other structural 
problems at shoulder before breast cancer surgery. Patients were randomly divided into 
two groups: steroid and lidocaine group (intra-articular injections of 40 mg triamcinolone 
and 5 cc of 0.5% lidocaine, N=15) and lidocaine only group (intra-articular injections of 
lidocaine 5 cc alone, N=11). Ultrasound-guided intra-articular injection and functional 
assessments were performed by blinded physicians, respectively. Patients took Non-
steroidal anti-inflammatory drugs (NSAIDs) when they had pain after intra-articular 
injection. At 1 day after injection, if patients were tolerable to pain, physical therapy 
including passive range of motion exercise at shoulder was undergone for 30 minutes per 
day and 5 times a week for 1 month. In addition, we applied microwave modality to 
patients and provided patients to do how to exercise range of motion at shoulder by 
themselves. Functional assessments were acquired at three times: before, 1 week after 
injection, and 1 month after injection. We measured the visual analog scale for pain (VAS) 
during shoulder abduction, the range of motion (ROM) at shoulder, and the disabilities of 
the arm, shoulder, and Hand score (Quick-DASH).  
 
Results 
There was a statistically significant improvement between the one-week and one-month 
follow-up in all patients after injections(Table 1). However, functional assessments 
showed no statistical difference between the two groups before injection, at 1 month 
after injection. There was a statistically significant difference only in ROM of external 
rotation at 1 week after injection between the two groups(Table 1).  
 
 
Conclusion 
Intra-articular injection using both steroid and lidocaine after breast cancer surgery was 
as effective as injecting lidocaine alone. We propose to conduct inject patients with 
adhesive capsulitis after breast cancer surgery using only lidocaine considering the side 
effects of steroids.  
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Object  
To evaluate the axillary recess (AR) thickness using ultrasound (US) in patients with frozen 
shoulder (FS) or other shoulder pain, and correlation between AR thickness and clinical 
impairment in FS.  
 
Material and method  
We recruited 322 patients (119 male, 203 female, Age 57.0±9.7) with unilateral shoulder 
pain. Patients were divided into three groups, pre-adhesive stage (group 1p, 77 patients), 
freezing or frozen stage (group 1f, 110 patients), and other shoulder pain (group 2, 135 
patients). Clinical parameters including visual analogue scale (VAS), Cyriax FS stage, and 
passive range of motion (PROM), were assessed in group 2. AR thickness was measured 
at the mid-axillary line with 90 degrees shoulder abduction position. We calculated AR 
ratio (affected/unaffected thickness).  
 
Result  
AR thickness in affected shoulder was significantly greater than that in unaffected 
shoulder in group 1 (4.4±1.1vs2.7±0.6mm, p<.01) and group 2 (3.0±0.8vs2.8±0.6mm, 
p<.01). There was significant difference in AR ratio among three groups (group1p; 
1.46±0.34, group 1f; 1.83±0.42, group 2; 1.08±0.21, p<.01)(Figure 1, 2). AR ratio in group 
1f was negatively correlated with all PROM including forward flexion (r=-0.343), 
abduction (r=-0.338), external (r=-0.390), and internal rotation (r=-0.221), and positively 
correlated with VAS during motion (r=0.242, p<.01) and not with Cyriax FS stage. The cut 
off value of AR ratio was 1.26 for diagnosing FS and 1.16 for diagnosing pre-adhesive 
stage (Figure 3).  
 
Conclusion 
We highly recommend US measurement of AR thickness for the diagnosis and staging in 
patients with unilateral FS.  
 

 
Figure 1. Ultrasonographic measurement of axillary recess thickness in patient with frozen shoulder, 
freezing stage. Axillary recess thickness is (A) 6.14 mm in affected side, (B) 2.62 mm in unaffected side.  
 



 
Figure 2. Ultrasonographic measurement of axillary recess thickness in patient with partial thickness 
supraspinatus tendon tear. Axillary recess thickness is (A) 3.02 mm in affected side, (B) 3.07 mm in 
unaffected side.  
 

 
Figure 3. Receiver operating characteristic curve analysis. (A) frozen shoulder vs non-frozen shoulder, area 
under the curve = 0.917; 95% confidence interval 0.89-0.95;p<.01, * : The cutoff value was 1.26 of axillary 
recess ratio, which corresponds to a sensitivity of 85% and a specificity of 87%. (B) pre-adhesive stage vs 
non-frozen shoulder, area under the curve = 0.857; 95% confidence interval 0.80-0.91;p<.01. * : The cutoff 
value was 1.16 of axillary recess ratio, which corresponds to a sensitivity of 84% and a specificity of 78%.  
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Objective  
The aim of this study is to evaluate the change of pain and passive range of motion (ROM) 
after intra-articular triamcinolone injection in hemiplegic patients who had developed 
shoulder pain and limitation of passive ROM.  
 
Methods  
The hemiplegic patients with shoulder pain had an intra-articular triamcinolone injection 
of 1mg/kg. The patients were evaluated for pain (Visual Analogue Scale) and passive 
shoulder ROM before injection, and one day after injection. We supposed that the 
injection would had an impact on patient’s pain and passive ROM. So we performed 
correlation analyses between the changes of the pain score and the passive ROM using 
Pearson correlation coefficient. All statistical analysis was performed using SAS 



programming.  
  
Result  
From November 1, 2004 to June 30, 2017, a total of 83 hemiplegic patients were included 
(mean age, 60 ± 12.8 years; mean duration of symptoms, 5.7 ± 9.16 month). There were 
39 patients with hemorrhagic stroke and 44 patients with ischemic stroke. Of them, 43 
patients had right hemiplegia and 40 patients had left hemiplegia.  
One day after intra-articular triamcinolone injection in hemiplegic shoulder patients, the 

shoulder pain score was decreased 3.67 (P＜0.001) and the passive ROM increased 30.00° 
in flexion, 28.53° in abduction, 19.16° in internal rotation and 23.74° in external rotation 

(P＜0.001).  
Highly negative correlations were noticed between the changes of the pain score and the 
passive ROM. These correlation coefficients (Pearson's r) were statistically significant in 

all variables (P＜0.05), ranged from -0.27802 to -0.45039.  
 
Conclusion  
We found a marked decrease of the pain and increase of the passive ROM in patients 
with hemiplegic shoulder pain after intra-articular triamcinolone injection.  
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Background 
Low lean body mass is associated with many metabolic conditions and is of increasing 
interest to clinicians. Although it is known to have genetic determination, little is known 
about the molecular pathways involved. In this study, pathway-based analysis was 
performed on a genome-wide association study dataset to identify biological pathways 
and genes related to skeletal muscle mass index.  
 
Materials and Methods 
In total, 2,046 subjects having 226,706 autosomal SNPs were enrolled for analysis. Meta-
analysis gene-set enrichment of variant associations (MAGENTA) was used for pathway 
analysis. Statistically significant pathways associated with lean body mass and significant 
genes within those pathways were analyzed.  
 



Results 
Pathway analysis identified significant biological pathways contributing to skeletal muscle 
mass index, including the angiotensin II receptor type 1 pathway and the insulin-like 
growth factor 1 pathway. Enriched genes involved in these pathways included HRAS, 
MAPK3, EGFR, SOS1, EPO, EPOR, IGF1, RASA1, and PIK3CG.  
 
Conclusions 
This pathway analysis revealed significant pathways and genes associated with skeletal 
muscle mass index. These Results will be helpful in setting the direction of future lean 
body mass management.  
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Background 
Pain of the affected upper extremity is one of the most common complications in 
patients with stroke.although the exact incidence is unknown, The objective of this study 
was to investigate the incidence and the factors influencing the development of post 
stroke complex regional pain syndrome with ultrasonography.  
 
Methods 
The present study was a prospective cohort study of 72 consecutive patients who were 
admitted to physical medicine and rehabilitation of National rehabilitation center, Korea 
from May 2016 to June 2017. The inclusion criteria were the following: (1) age <18 years, 
(2) previous shoulder pain and/or operation history (shoulder), (3) severe aphasia or 
impaired cognition (K-MMSE<16) (3) history of psychiatric disease such as dementia and 
psychotic disease. Ultrasound measurements of acromion-greater tuberosity (AGT) 
distance were used for the assessment of GHS. Measurements were undertaken on both 
shoulders by a research physician with patient seated in a standardized position. 
Subluxation defined as a palpable gap between the inferior aspect of the acromion and 
the superior aspect of the humeral head that is 1/2 fingerbreadth or more (0-5 grading 
scheme was used).  
 
Results 
6 patients (8.3%) were found to develop CRPS. Using previous diagnostic criteria(IASP), 11 
patients (15.2%) were found to develop CRPS. The mean disease of duration was similar 
in CRPS and non-CRPS group (99.091 ± 40.42 and 192.35 ± 18.806). The variables of mean 
age, gender, side of hemiplegia, manual muscle test, modified ashworth scale, 
brunnstrom stage were no significant difference with or without CRPS(P=0.174, 0.391, 
0.858, 0.109, 0.130, 0.676 respectively). All of 72 patients underwent ultrasonographic 
evaluation with standardized protocol to acromion-greater tuberosity (AGT) distance(cm), 
which had no significant difference between two groups (p=0.276). When these factors 
influencing the development of post-stroke CRPS were investigated with multiple 
regression analysis, there was no significant factor identified.  
 
Conclusion 
 The incidence of CRPS varies in the literature. Davis el al. (1977) reported CRPS occurs in 
12.5% of post stroke, while Chalsen(1987) reported the incidence as 61%. Our incidence 
was 8.3% with Budapest clinical diagnostic criteria. CRPS have precipitating factors, such 
as immobilization, shoulder subluxation, and spasticity of upper extremities (Dursun et al. 
200). In our study, there was no significant relationship between subluxation(FB, AGT) 
and the development of CRPS. Significant differences were observed across groups on 
nearly every diagnostic characteristic except allodynia, decreased ROM, motor 
dysfunction, trophic change. All patients with or without CRPS in this study, High 
incidence are observed with decreased ROM (80.3%) and motor dysfunction(88.7%). 
Further evaluation will be needed to determine the validity and reliability of Budapest 
clinical diagnostic criteria in stroke patients.  
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Introduction  
Hip fracture is one of major health issues in elderly as its high incidence, causing higher 
mortality and deteriorating QOL. There have been many studies on the hip fracture 
occurred in osteoporosis patients, but few studies, especially in Korea, considering the 
fall down mechanism associated with a potential risk factor. Therefore, to prevent hip 
fracture, not only the risk factors for hip fracture, but also understanding the fall down 
mechanism need to be investigated in hip fracture patients.  
 
Aim  
To investigate the fall down mechanism and the association of risk factors in elderly hip 
fracture patients in Korea  
 



 
Methods  
Patients who underwent hip surgery due to hip fracture and transferred to our 
department from January 2014 to February 2017 were retrospectively recruited. 
Demographic data such as age, age group (divided by age below 85 and 85 or above), sex 
and various variables including fall down mechanism (direction of falls, mechanism of the 
fall, activities at the time, location, comorbidity, premorbid status, risk factors) were 
acquired and analyzed.  
 
Results  
Most of patients fell to the side (61/112(male: 17/34, female: 44/78)) and backward on 
buttock (23/112(male: 10/34, female: 13/78). Age and sex differences were not 
significant in the direction of falls. The main mechanisms of fall down were slip down 
(54/112(male: 12/34, female: 42/78)), followed by sudden weakness (33/112(male: 8/34, 
female: 25/78), more prominent in female. Patients aged 85 or above experienced more 
slipped down events (26/42) than below 85(28/70). Most of falls happened during 
walking (54/112(male: 15/34, female: 39/78) whereas falling backward on buttock was 
often seen while standing, especially in male. Seventy one percent of patients fell at 
home (80/112(male: 19/34, female: 61/78)). Roughly half of patients were previously 
healthy 57/112(male: 17/34, female: 40/78)). Most common comorbidity was 
hypertension (70/112(male: 19/34, female: 51/78)), followed by osteoporosis and 
diabetes mellitus. Prevalent risk factors were gait difficulty (55/112(male: 19/34, female: 
36/78) followed by balance deficit, multiple medications, impaired functional status, 
cognitive impairment, postural hypotension. By the Chi-square analysis, there was close 
association between falling to the side and slipping down, whereas falling backward on 
buttock was closely associated with sudden weakness. Also, gait difficulty & balance 
deficit related with slip down, especially in male, while sudden weakness was associated 
with postural hypotension in both male and female.  
 
Conclusion  
Most hip fractures occurred after slip down, to the side, and fall backward on buttock by 
sudden weakness. Various fall down characteristics were differed by gender, age group 
and also other risk factor, such as female patients had more tendencies to slip down or 
sudden weakness. These findings can give some clues to make the prevention strategy 
based on the fall down mechanisms.  
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Objectives 
The therapeutic advancements are limited for tendinopathy even though it is a common 
and might lead to disability. Collagenase injury model has been used for tendinopathy 
model. However, most of studies did not describe the precise protocols. We established 
proper injection volume and technique for collagenase induced tendinopathy model.  
 
Method 
We injected type I collagenase to Achilles tendon of Eight-week old male Sprague-Dawley 
rats. We compared gross morphology and histologic findings according to injection 
volume, concentration, and injection technique.  
 
Result 
Injection of 62.5 units/ 10ul for each strip of two Achilles tendon strips, total 125 unit 
demonstrated homogeneous and adequate tendon injury. The homogeneity of 
tendinopathy was not improved with injection of > 125 unit. More than 10ul injection or 
blind injection without skin incision was not appropriate due to profuse leakage of 
injection materials. Injection of both strip in Achilles tendon made more homogeneous 
tendon damage than injection of one strip.  
 
Conclusion 
 The injection with 10ul of 62.5UI collagenase type I for each strips of rat Achilles tendon 
under direct vision is effective way to make tendinopathy animal model. These precise 
techniques will be helpful in research fields of tendon injury and regenerative medicine.  
  

 
Fig 1. Control group. H&E staining of rat achilles 
tendon. Normal tendon fibrils are aligned.  
 
 

Fig 2. H&E staining of single injection of 62.5UI for 
one strip. Injured one strip lost direction and 
tendon get thicker. Another strip was slightly 
affected and kept directional.  

 
 



 
Fig 3. H&E staining of double injection of 62.5UI for 
each strip. Most of tendon area was damaged 
evenly and lost direction.  
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Purpose 
Treatment related shoulder dysfunction and anterior chest stiffness, which limit the 
activity of daily living, are common in breast cancer patients. Until today, there are only 
subjective scoring systems for evaluating stiffness such as LENT/SOMA and RTOG/EORTC. 
However, these scoring systems are time consuming and less reliable. Recently, 
MyotonPRO®(a kind of myometry) has been used to measure muscle stiffness. Our study 
aimed to assess changes in resting muscle tone of affected side in breast cancer patients 
using myotonPRO® (Myoton AS, Tallinn, Estonia). And another aim is to examine the 
inter-rater and intra-rater reliability of the MyotonPRO® for measuring muscle 
viscoelastic stiffness in breast cancer patients.  
 
Methods and materials 
22 breast cancer patients who underwent mastectomy participated in our study. 
Pectoralis major(PM), Sternoclaviculomastoid(SCM), Upper trapezius(UTz) were and the 
measurement location was determined using the bony landmarks. We measured SCM 
and UTz in sitting position and PM in supine position. MyotonPRO® consists of three 



stages; creating an external mechanical impulse, recording the muscle’s response in the 
form of an acceleration graph and subsequent computing of parameters. And there are 
five parameters; Frequency(muscle tension), Stiffness(muscle stiffness), 
Decrement(muscle elasticity), Recovery time(time the muscle return to normal) and 
Creep(ratio of recovery and deformation time). These variables were measured by two 
examiners to determine inter rater reliability.intrarater reliability. 3 consecutive 
measurements were made at each site, and the average value was used for further 
analysis. Independent t-test was used to compare affected side and unaffected side. 
Intraclass correlation coefficient was used to evaluate interrater and inter-rater reliability.  
 
Results 
There was a significant difference in Stiffness(N/m), Frequency(Hz) and Decrement value 
between PM in affected side and unaffected side In both SCM and UTz muscles, there 
was no significant difference between all the variables (table 1). Intra-rater reliability(ICC) 
was very high in all measurements (Frequency, Decrement, Stiffness, Creep, Recovery 
time) of the three muscles (ICC>0.8). Inter-rater reliability(ICC) was moderate to high in 
all measurements (table 2)  
Conclusion 
High intra-rater and inter-rater reliability for MyotonPRO® measurements was 
established at unaffected side(a kind of normal control) and also in affected side of breast 
cancer patients. And it was found that the PM, which is directly affected by mastectomy 
and radiation therapy, has a high stiffness, high tension, and low elasticity. These Results 
are consistent with the discomfort and stiffness of the anterior chestl in breast cancer 
patients. Based on this study, MyotonPRO® can be used as reliable device in future 
studies to investigate muscle properties in breast cancer.  

 

 



 
Table 2. Parameters measured in the PM, SCM, UTz muscles of breast cancer patients 
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OBJECTIVE 
Newly occurring or aggravating pain during dialysis procedure frequently afflict patients 
with End-stage renal disease (ESRD). However, the dialysis related pain is very difficult to 
manage because they have unclear pathogenesis and various pain characteristics. The 
aim of this study is to unveil the characteristics of the pain associated with hemodialysis 
and to analyze the factors affecting them. We also investigated impact of these pain on 
quality of life, sleep, and mental health in patients undergoing dialysis.  
 
METHODS 
This study was designed as a prospective, cross-sectional study. We assessed 30 patients 
with end-stage renal disease on dialysis. A chart review for demographics and clinical 



data was conducted, and patients completed a questionnaire containing the pain 
characteristics and KDQOL-SF (Korean version of Kidney Disease Quality of Life). 
Demographics and clinical characteristics of the participants were analyzed and scoring of 
KDQOL-SF was conducted according to KDQOL manual (Table 1, 2).  
 
RESULTS 
Most common site of vascular access was left upper arm (n=17, 56.7%), followed by left 
forearm (n=8, 93.3%), right forearm (n=3, 10%), right upper arm (n=2, 6.7%). Among 30 
patients, 28 patients reported pain during a dialysis session, and 23 of them complained 
aggravation of pain during a dialysis session. Mean numeric rating scales (NRS) of 
maximum pain degree during HD was 7.5 whereas mean NRS of pain during everyday life 
was 3.3 (Table 2). KDQOL-SF scales showed lower score than KDQOL-SF manual version 
1.3 in symptom/problems, burden of kidney disease, cognitive function, quality of social 
interaction, sexual function, sleep, patient satisfaction, pain, general health, emotional 
well-being, role-emotional, energy-fatigue, overall health rating and higher score in 
effects of kidney disease, work status, social support, dialysis staff encouragement, 
physical functioning, role-physical, social function categories (Table 3). Concordance rate 
between current vascular access site and described pain location assessed by pain 
drawing system showed 100%, 87.5%, 58.82%, 50% as right upper arm, left forearm, left 
upper arm and right forearm each.  
 
CONCLUSIONS 
Concordance rate between dialysis pain location with vascular access site was over 50 
percent which can be presumed that vascular access site itself cause pain during dialysis 
session. Also, we figured out dialysis can cause a diminution in the quality of life and 
function. Further study with large sample size should be required to clarify these 
tendencies.  
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Introduction 
The aim of this study was to evaluate the efficacy of biocomposite screws used in 
ovariectomy (OVX) induced osteoporotic rats.  
 
Methods 
Twenty-four female Wistar rats (250-300g, 12 weeks old) were divided into 4 groups; 
Sham group (control), OVX-induced osteoporosis group (OVX), OVX and biodegradable 
(PLGA (poly-lactic-co-glycolic acid) without ß–TCP (tricalcium phosphate) screw insertion 
group (OVX/BSR), OVX and biocomposite (PLGA with ß–TCP) screw insertion group 
(OVX/CSR). Three groups underwent bilateral OVX and of these, two groups had two 
different types of screw inserted at the proximal tibia. At 25 weeks after OVX, the 
bilateral tibias were extracted. The extracted tibiae were scanned by exo-vivo micro-CT 
and were evaluated by H&E and Masson’s trichrome stain for pathological assessment.  
 
Results 
The control group had the highest values of bone mineral density (BMD), bone 
volume(BV)/total volume(TV), and trabecular number (Tb.N) and the lowest values of 
trabecular thickness (Tb.Th) and trabecular separation (Tb.Sp) compared to the 
ovariectomized groups. In the pairwise comparison between ovariectomized groups, 
OVX/CSR group showed significantly higher BMD, BV/TV and Tb.N than the other two 
groups (OVX and OVX/BSR) and significantly lower Tb.Sp. In micro-CT images, there was 
clear evidence of new trabecular formation near the screw insertion site in the OVX/CSR 
group only. Analyses of H&E and Masson’s trichrome stained sections showed more and 
thicker trabecular bone around the implant in the OVX/CSR group compared to the OVX 
and OVX/BSR group.  
 
Conclusion 
Biocomposite screws can improve local bone quality and facilitate osteoconductivity in an 
osteoporotic rat model.  
 



 
Fig 1. Changes of the body weight of rats  
 
  

Fig 2. The changes of bone mineral density  
 
 



 
Fig 3. Representative photographs of the H&E and Masson’s trichrome staining of the tibia  
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Objective  
Physical activity is associated with sarcopenia and sarcopenic obesity. Occupation is one 
of the most important factors associated with lifetime exposure to physical activity. 
However, few studies investigated the relationship between sarcopenia and the types of 
occupations. The aim of this study is to investigate the risk of sarcopenia and metabolic 
syndrome according to the types of occupations using nationwide survey.  
 
Method  
We conducted a cross-sectional study using the 5th Korea National Health and Nutrition 
Examination Survey (2010-2011.). Men ≥ 65 years of age were divided into 4 occupational 
groups: white-collar workers (WC), pink-collar workers (PC), blue-collar workers (BC), 
agribusiness and low-leveled workers (AL). Body composition was investigated with Dual-
energy X-ray absorptiometry. We defined sarcopenia as a modified skeletal muscle mass 
index (SMI) value less than 20% of the participants. Sarcopenic obesity was defined as the 
coexistence of obesity and sarcopenia. The risks of types of occupations on sarcopenia 
and metabolic syndrome were investigated with multivariate logistic regression analyses.  
  
Results  
There was no significant difference in appendicular skeletal muscle mass (ASM) among 
the occupational groups. However there were significant differences in SMI and body fat 
mass. The mean SMI was the lowest in WC workers and then low in BC, PC, AL workers in 



order. The risk of sarcopenia was highest in BC workers (OR=2.325 and OR=2.289, 
respectively for model 1 and 2). The risk of sarcopenic obesity increased in WC workers 
(OR=2.272 and OR=2.285, respectively for model 1 and model 2) compared with AL 
workers. The risk of metabolic syndrome was increased in WC workers (OR=1.662 and 
OR=1.662, respectively for model 1 and 2) and BC workers (OR=1.659 and OR=1.629, 
respectively for model 1 and 2) compared with AL workers.  
 
Conclusion  
Our Results suggest that the development of sarcopenia, sarcopenic obesity and 
metabolic syndrome in men ≥ 65 years old are related to types of occupations. BC 
workers are most affected by sarcopenia and WC workers are most affected by 
sarcopenic obesity and metabolic syndrome. The differences of sarcopenia between the 
groups were caused by the difference of fat mass rather than muscle mass.  
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Objective  
To determine the effect of extracorporeal shock wave therapy (ESWT) for healthy 
participants with gastrocnemius tightness.  
 
Methods  
 A prospective, randomized, and single-blinded clinical pilot trial was performed at our 
medical institution. Twenty-nine healthy adults with gastrocnemius tightness were 
enrolled and equally divided into 2 groups: ESWT with stretching exercise and stretching 
exercise group. Effect of ESWT and stretching exercise was compared by ultrasonographic 
measurement (pennation angle, fascicular length) and ankle dorsiflexion ROM measures 
using tape measure, goniometer.  
 
Results  
 The ESWT group, the stretching exercise group and the ESWT with stretching exercise 
group decreased the pennation angle and both ankle dorsiflexion ROM immediately after 
4-week interventions compared with the control group(all p<0.05). However, at 4 weeks 
after interventions, only the ESWT with stretching exercise group showed these 
significant improvements on ankle dorsiflexion ROM compared with the control group (all 
p<0.05). No adverse effects were observed in all intervention groups.  
 
Conclusions  
ESWT reduced gastrocnemius tightness immediately after 2 weeks of interventions, 
although only ESWT with stretching exercise maintained the significantly improved relief 
of gastrocnemius tightness significantly compared with the control group after 4 weeks. 



The mechanism of ESWT on muscle relaxation might be different from tissue 
regeneration effect regarding the time required for benefit.  
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Objective 
Fibromyalgia is characterized by chronic widespread pain. The patients with fibromyalgia 
complain of symptoms such as fatigue, sleep disturbance and intermittent palpitation, 
suggesting the potential contribution of autonomic dysfunction in the pathogenesis of 
the disease. Although dysfunction of autonomic nervous system is common in 
fibromyalgia patients, there is still a lack of simple Methods for the assessment of 
autonomic dysfunction in the disease. Assessment of sudomotor function has been 
recently proposed to explore peripheral autonomic sympathetic function. In the present 
study, we investigated the sudomotor function by using a rapid, objective and non-
invasive method in female patients with fibromyalgia.  
 
Materials and Methods 
Cross-sectional study included 23 female patients with fibromyalgia (mean age 51.1 ± 8.5, 
disease duration 13.6 ± 14.7 months) and 29 age-matched healthy controls (HC) subjects. 
Electrochemical skin conductance (ESC) of hand and feet were measured with the 
SUDOSCAN (Impeto Medical, France). Fibromyalgia severity was assessed by fibromyalgia 
impact questionnaire (FIQ) and pain visual analogue scale (VAS). Toronto clinical 
neuropathy score (TCNS) was applied in the enrolled subjects. During the sudomotor test, 
patients were asked to place their bare hands and feet on large electrodes. The test took 
2~3 min to carry out without pain.  
 
Results 
Hand (58.8 ± 16.9 microSiemens (μS) vs. 64.9 ± 11.7 μS) and feet ESC values (65.8 ± 12.2 
μS vs. 69.3 ± 9.4 μS) tended to be lower in female patients with fibromyalgia, compared 
to those of HC subjects, although the differences were not statistically significant. TCNS in 
fibromyalgia patients was significantly higher than HC subjects (7.4 ± 2.1 vs. 1.4 ± 0.9, 
respectively). There was no association between the hand or feet ESC values and FIQ, 
pain VAS, TCNS, or body mass index. Interestingly, there were significant negative 
correlation between fibromyalgia duration and ESC values of hand and feet (spearman's 
correlation coefficient ; -0.523 and -0.635, respectively).  
 
Conclusion 



Our study identified that this quick and non-invasive method to assess sudomotor 
function might represent the pathologic changes of autonomic nervous system in female 
patients with fibromyalgia. Further longitudinal study with a larger number of 
participants is needed to elucidate the clinical significance of hand and feet ESC values in 
the disease.  
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Objective  
Plasma technology is being studied and utilized in various medical fields, especially 
minimally-invasive intervention techniques. However, there have been few studies on the 
change of the material properties of the inserted plasma-generating catheter during the 
procedure. In fact, the metal tip corrosion of once used catheter is observed. Since these 
changes occur in vivo, the study of material changes is of clinical significance.  
 
Methods  
Stainless steel is commonly used for manufacturing a biomedical plasma generator tip. 
The experimental apparatus for the generation of the electrolyte plasma and the 
investigation on the characteristics of the electrolyte plasma are shown in Figure 1. Metal 
particle size and amount in saline medium after plasma discharge were measured by 
electrophoretic light scattering photometry (ELS), and the tip metal surface after 
discharge was observed by field emission scanning electron microscopy (FESEM) and by 
the chemical reaction for component change. The mass defect in the tip and the 
decomposition rate of porcine disc by discharge time were measured by using the electric 
scale with a resolution of 50 μg.  
 
Results  
FESEM views of three tips after plasma discharge during 300 seconds at low level of 
electric power are shown in Figure 2. The surface components included Fe 87 wt.%, Cr 2 
wt.%, Ni 1 wt.%, Na 0.51 wt.%, Cl 0.26 wt.%. The average size of the particles was 40±2 
μm. At high level of electric power, the erosion rate of the tip was about 10 ug/s.  
 
Conclusion  
Plasma-generating catheter undergoes a change in the composition of the metal surface 
as it is corroded during operation and dissociates the small micrometer-sized metal 
particles. This corrosion degrades the efficiency of tissue removal and causes a 
morphological change of the tip. It is necessary for research on the biological effects.  
  



 
Apparatuses for plasma generation  
 

 
FESEM views of the tip after plasma discharge during 300 seconds at low level of electric power  
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Objective 
Robots are widely used not only for industrial use but also for rehabilitation. Contacts 
between robots and humans cannot be ruled out with certainty. Thereby clamping or 
compressive events are seen as unwanted events. The goal of the study is to assess 



pressure pain thresholds (PPT) relevant for occupational safety, which will provide he 
basis for a type of pain threshold cadaster.  
 
 Method 
23 healthy men were recruited. Exclusion criteria were diseases in case of which the 
measurement would involve an increased risk (blood coagulation related disease, 
osteoporosis, neurological, psychiatric, orthopedic diseases, acute and chronic pain 
diseases). They were assessed at 15 body sites in three measurement rounds. A fully 
automated algometer with linear increase in force and a pressure indicating film, which 
was attached to the probe, were used in the study.  
 
 Results 
Most frequently, minor skin irritations occurred in the form of erythema, usually 
disappeared completely within a few minutes. The reliability of the PPT averaged over all 
measurement sites was high (force threshold and pressure peaks). An example for PPTs 
of the complete collective at the forehead was 91.76±33.96, the respective values at the 
index finger was 160.09±51.27.  
 
 Conclusion 
In this study, we were able to identify the baseline PPT without any skin damage and we 
will try to obtain more objective Results by applying additional clinical examples. Through 
further study, robotics suppliers and users are therefore given a basis for the safe 
construction and application of robots, which will benefit occupational safety.  
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BACKGROUND AND OBJECTIVE 
Nowadays, pulsed radiofrequency (PRF) is being used to control several types of 
musculoskeletal pain. Herein, we report a successful application of ultrasound (US)-
guided PRF for a patient with refractory sciatic neuropathic pain.  
 
CASE REPORT 
We applied US-guided PRF to a 50-year-old man, suffering from refractory neuropathic 
pain on the left foot following sciatic neuropathy for a period of approximately 6 months. 
We performed PRF on the level of piriformis muscle because the lesion of the sciatic 
nerve was presented digitally from the level of piriformis muscle on the magnetic 
resonance images. Under US guidance, the catheter needle was placed close to the left 
sciatic nerve, and dysesthesia and tingling sensation were reported to be less than 0.2V. 
The PRF treatment was administered at 5Hz and 5ms pulsed width for 360 seconds at 45V. 



After PRF on the left sciatic nerve, pain intensity—based on a numeric rating scale—
decreased from 8 to 2. The reduction of pain was sustained for at least 6 months after the 
PRF procedure.  
 
CONCLUSION 
We concluded that the PRF treatment is a very useful treatment technique for patients 
with refractory sciatic neuropathy.  
 

 
Figure 1. Axial T1-, T2-, and T2-weighted fat suppression magnetic resonance (MR) images of piriformis 
muscle (A) and lesser trochanter (B) levels. On the piriformis muscle level, the left sciatic nerve showed an 
increased signal intensity on axial T2-weighted fat suppression MR image (blue arrow). On lessor trochanter 
level, enlargement of left sciatic nerve was presented on T1- and T2-weighted MR images (green arrows).  
 

 
Figure 2. (A) Transverse ultrasound image of the left sciatic nerve (arrows). GM: gluteus maximus, GT: 
greater trochanter, Pi: piriformis, blue arrowheads: catheter needle, red arrowhead: catheter needle tip  
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Introduction  
The cases of anomalous flexor digitorum superficialis(FDS) are extremely uncommon. 
These accessory muscles are generally asymptomatic but in some cases, they can 
primarily cause the trigger finger at wrist level and secondarily carpal tunnel 
syndrome(CTS). The common management of symptoms was surgical debulking of the 
muscle mass and carpal tunnel release. We report the case of the outcome of 
intramuscular Botulinum toxin A injection, differently from the previous treatment, into 
the anomalous FDS in a case of trigger finger at wrist with CTS.  
 
Case Report  
A 65-year-old female with a medical history for left hemiplegia due to right basal ganglia 
infarction presented with a complaint of the stiffness of right hand, which was aggravated 
when the third, fourth, and fifth digits were being flexed or extended regardless of day 
and night. She also described numbness, tingling sensation in the wrist and palm side of 
the right hand, and expressed difficulty to grab the cane. She had had such symptoms for 
about 1 month after using a cane to assist walking. On physical examinations, both active 
and passive range of motion, as well as hand intrinsic and grip strength of right side, were 
normal. The thenar muscles were not atrophic, and Phalen, reverse Phalen and Tinel sign 
were all negative. First, nerve conduction study was done and the findings showed 
relatively low amplitude and prolonged transcarpal latency of sensory nerve action 
potential at right median nerve compared to left. (Table) Needle electromyography 
revealed no abnormal spontaneous activities in the abductor pollicis brevis and other 
muscles innervated by median nerve. Second, the ultrasonographic examination was 
performed. The image showed sensed low attenuation around FDS at the wrist around 
carpal tunnel, which was suspected to be hypertrophic compared to the left one. (Fig. 1) 
It showed that CSA of the right carpal tunnel and median nerve were 1.81 cm2 and 0.10 
cm2 respectively. And it also revealed that CSA of the left carpal tunnel and median nerve 
were 1.42 cm2 and 0.07 cm2 respectively. (Fig. 2, 3) Inclusively, the patient was 
diagnosed with CTS associated with anomalous FDS. For 3 weeks, she had applied pain 
medications but the symptoms were not improved. After that, the patient received an 
intramuscular injection of Botulinum toxin A 30 IU in the anomalous FDS muscle using 
ultrasonography guidance. Symptoms were significantly improved after 1 week without 
any side effects. Furthermore, 4 weeks after injection, the mass of anomalous FDS muscle 
was decreased and atrophied in follow-up ultrasonography and the symptoms were 
improved. (Fig. 2, 3)  
 
Conclusion  
Botulinum toxin A injection as part of the management of trigger finger at wrist level 



associated CTS caused by anomalous FDS could be considered as one of the beneficial 
treatment choices.  
 

 
Figure 1. Comparison between right and left transverse wrist ultrasonographic findings. The right arrow 
indicates FDS muscle belly and right arrowhead does median nerve. Left arrow indicates flexor retinaculum.  
 

 
Figure 2. Comparison of longitudinal wrist ultrasonographic findings between before and after Botulinum 
toxin A injection. The left arrow indicates abnormal FDS muscle belly and the right arrowhead does 
decreased and atrophic muscle belly before and after injection respectably  
 
Table. Findings of Electrodiagnostic Study  
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Introductions  
The sciatic nerve derives from the L4, L5, S1, and S2 nerve roots. It arises from the 
lumbosacral plexus and leaves pelvis through sciatic notch. It divides into peroneal and 
tibial divisions in the thigh. Common mechanisms of sciatic neuropathy include nerve 
stretch, ischemia, and compression. Stretch injury in the patients with hip replacement, 
hip fracture/dislocation, femur fracture, and gunshot wounds cause both demyelination 
and axonal loss. Nerve ischemia from vasculitis, arterial occlusion and bypass surgery 
cause axonal loss, while injury from nerve compression due to acute external 
compression, gluteal contusion, compartment syndrome and delayed onset conduction 
block after hip replacement are associated with axonal loss. Sciatic neuropathy mostly 
involves peroneal division than tibial division; peroneal division consists of fewer and 
larger funiculi and less connective tissue, more fixed at greater sciatic foramen and fibular 
neck, and located more superficial in proximal part of the thigh the hip and. This case 
study aims to report a patient with sciatic neuropathy primarily affecting tibial division.  
  
Case report  
A 40-year-old female was referred to the rehabilitation clinic with weakness of the left 
lower extremity. Her symptoms began in April, 2017 after a five-hour long plastic surgery 
in supine position. There was no history of weakness other than treated groin pain, 20 
years ago. Magnetic resonance imaging study on left thigh in May, 2017 revealed sciatic 
nerve lesions and post-infection sequlae such as atrophy of muscle and fibrotic band after 
chronic osteomyelitis with healed fracture at the femur neck and intertrochanteric area. 
Electromyography (EMG) and nerve conduction study (NCS) was performed in May, 2017. 
Low amplitude of compound muscle action potential (CMAP) was observed, and H-reflex 
and F-wave of tibial nerve was not obtainable from NCS. Abnormal spontaneous activities 
with positive sharp waves, poly-phasic motor units with reduced recruitment pattern 
were observed on left gastrocnemius, flexor digitorum longus, and long head of biceps 
femoris muscles on EMG.  
 
Conclusion  
The patient was susceptible to compression of tibial division of sciatic nerve with supine 
position for five hours, probably due to the post-infection sequlae such as fibrotic band 
around the sciatic nerve after chronic osteomyelitis at left femur neck, 20 years ago. In 
Conclusion, it is important to consider the clinical features of a patient if there is a sciatic 
neuropathy primarily affecting tibial division.  
 
 
 
 
 
 
 
 
 



Table 1. Nerve conduction data for bilateral lower extremities  

 
 
Table 2. Results of needle electromyography of left lower extremity 

 
 

 
Figure. Asymmetric diffuse swelling of left sciatic nerve primarily affecting tibial division than peroneal 
division from sciatic notch to lower thigh level on T1-weighted magnetic resonance image; Solid arrows 
indicate tibial division of sciatic nerve, dashed arrows indicate peroneal division of sciatic nerve.  
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Objectives 
We report on a patient with central pain who showed injury of the spinothalamic tract 
(STT) following traumatic traumatic subdural hematoma (SDH), which was demonstrated 
on diffusion tensor tractography (DTT).  
 
Case Descriptio 
A 39-year-old female patient experienced loss of consciousness for approximately five 
minutes after hitting her forehead to a shelf during standing up from sitting position. 
After three days, she lost consciousness during eating and underwent craniotomy due to 
traumatic SDH on the left frontal lobe at the neurosurgery department of a university 
hospital. At three after surgery, she began to pain in her right arm and spread to the right 
leg with aggravation of pain intensity over time. At seven months after head trauma, she 
visited to the rehabilitation department of the other university hospital in order to find 
the cause of her pain. The characteristics and severity of pain were as follows: constant 
tingling sensation without allodynia or hyperalgesia (visual analogue scale score: 6), Brain 
MR images at seven months after head trauma showed no definite lesion. In addition, no 
evidence of peripheral nerve injury or radiculopathy was detected on electromyography 
and nerve conduction studies. Severe narrowing was observed in the left STT on seven-
month DTT.  
 
Conclusion 
Injury of the STT was demonstrated in a patient with central pain following traumatic SDH. 
We think the DTT would be useful evaluation tool who show central pain following TBI 
even if the conventional brain MRI does not show abnormality. Injury of the STT was 
demonstrated in a patient with central pain following aneurismal SAH.  
 

 
 
 
 
 
 
A: Brain CT images at onset show subdural hematoma in 
the left frontal area. B. Brain MR images at seven months 
after onset show no definite abnormality. C: Results of 
seven-week diffusion tensor tractography (DTT) for the 
spinothalamic tract (STT). The left STT show severe 
narrowing (red arrows) compared with the right STT.  
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Objectives 
We report on a patient with intraventricular hemorrhage (IVH) who showed full recovery 
of impaired consciousness with concurrent recovery of the injured ascending reticular 
activating system (ARAS), demonstrated by diffusion tensor tractography (DTT).  
 
Case report 
A 42-year old female underwent extraventricular drainage (both prefrontal approaches) 
for intraventricular hemorrhage due to Moyamoya disease and ventriculo-peritoneal 
shunt operation for hydrocephalus. At 13 weeks from the onset of IVH, when she was 
transferred to the rehabilitation department of a university hospital, she exhibited 
impaired consciousness, with a Glasgow Coma Scale (GCS) score of 11 and Coma 
Recovery Scale-Revised (GRS-R) score of 19. She recovered well and rapidly with 
comprehensive rehabilitative therapy, with scores of GCS:15 and GRS-R:23 at 16 weeks 
after onset. She was able to walk independently and had a score of 20 on the Mini-
Mental State Examination (full score: 30) at 19 weeks after onset. On 13-week DTT, a 
tearing was observed in the right lower dorsal ARAS and both the lower ventral ARAS was 
not reconstructed. By contrast, both the lower dorsal ARAS had thickened and both lower 
ventral ARAS were reconstructed on 19-week DTT. The neural connectivity to the basal 
forebrain was increased in both hemispheres on 19-week DTT compared with 16-week 
DTT.  
 
Conclusion 
Good recovery of impaired consciousness with concurrent recovery of the injured ARAS 
was demonstrated in a chronic stroke patient.  
 



 
Fig. 1. (A) Brain MR images taken at 13 and 19 weeks after onset show leukomalactic lesions in both 
prefrontal lobes and left occipital lobe (B) Results of diffusion tensor tractography (DTT) for the ascending 
reticular activating system (ARAS) of the patient. On 13-week DTT, a tearing (blue blank arrow) is observed 
in the right lower dorsal ARAS and neither of the lower ventral ARAS are reconstructed. By contrast, both 
the lower dorsal ARAS become thicker and both lower ventral ARAS are reconstructed on 19-week DTT. The 
decreased neural connectivity to both basal forebrains is increased in both hemispheres on 19-week DTT 
(blue arrows) compared with 13-week DTT (pink arrows).  
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Objective 
 We report on a patient whose arcuate fasciculus (AF) and corticobulbar tract (CBT) 
recovered following an infarct in the middle cerebral artery (MCA) territory, 
demonstrated on serial diffusion tensor tractography (DTT).  



 
Case report 
 A 44-year-old right-handed male patient presented with aphasia and quadriplegia, which 
occurred at the onset of an infarct in the left MCA territory. He underwent 
decompressive craniectomy and extra-ventricular drainage catheterization due to 
hemorrhagic transformation and progression of brain swelling. The patient showed 
moderate conduction aphasia on the Western Aphasia Battery with an aphasia quotient 
of 46.5‰ (spontaneous speech: 35.0‰, auditory comprehension: 36.0‰, and naming: 
53.1‰) at one month after onset. His aphasia improved with an aphasia quotient of 49‰ 
(spontaneous speech: 71.0‰, auditory comprehension: 52.0‰, and naming: 59.0‰) at 
ten months after onset. On one-month DTT, the discontinuation of the left AF and severe 
narrowing of the right CBT were observed. However, on ten-month DTT, the left AF was 
connected to the opposite AF by a new tract that passed through the splenium of corpus 
callosum, and the right CBT had become thicker.  
 
Conclusion 
Recovery of the injured AF via transcallosal fibers and injured CBT with improvement of 
aphasia was demonstrated in a patient with cerebral infarct. We believe that our Results 
suggest a recovery mechanism of injured AF and CBT in stroke patients.  
 

 
Fig. 1. (A) Brain MR images at one month after onset show an infarct in the left middle cerebral artery 
territory, hemorrhagic transformation and subfalcine herniation. Brain MR images at ten months after 
onset reveal leukomalactic lesions in the left fronto-parieto-temporo-occipital areas. (B) Results of diffusion 
tensor tractography (DTT) for the arcuate fasciculus (AF) and corticobulbar tract (CBT). On one-month DTT, 
the discontinuation of the left AF and severe narrowing of the right CBT are observed. By contrast, on 10-
month DTT, the left AF is connected to opposite AF by a new tract that passed through the splenium of 
corpus callosum (blue arrows) and the right CBT become thicker (red arrows).  
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Objectives 
Approximately 30% of patients with traumatic brain injury (TBI) occur disinhibition and it 
is known to be involved in several brain structures, including the amygdala, orbitofrontal 
cortex (OFC), and anterior cingulate cortex (ACC). Using diffusion tensor tractography 
(DTT), we report on a patient with severe disinhibition and injuries of the amygdala, OFC, 
and ACC following TBI.  
 
Case Presentation 
A 27-year-old male patient suffered an in-car accident. Since the onset of TBI, the patient 
showed severe disinhibition including the violence as follows: 1) he sometimes attacked 
therapists and nurses without any stimulation, 2) while he was laid on a bed, he shouting 
and kicked a bed when received questions, and 3) during therapy with a difficult task, he 
showed violent behavior to therapist. The subscale of disinhibition in Neuropsychiatric 
Inventory presented three point for severity and distress, respectively.  
 
Results 
On 10-month DTT, the connectivity of amygdala to the prefrontal cortex including the 
medial prefrontal cortex and OFC was decreased in both hemispheres. Regarding the 
prefronto-thalamic tracts, orbitofronto-thalamic tracts presented the narrowing (the 
right hemisphere) and non-reconstruction (the left hemisphere). In terms of the ACC, 
discontinuations of both anterior cingulums were observed in both hemispheres.  
 
Conclusions 
Using DTT, concurrent injuries of the amygdala, OFC, and ACC were demonstrated in a 
patient with severe disinhibition following TBI. Our result suggests the necessity of 
assessment of these neural structures in patients with disinhibition after brain injury.  
  



 
(A) Brain MR images subdural hemorrhage on right temporo-parieto-occipital lobe and multiple 
hemorrhage in the right midbrain and both frontal and temporal lobes at 10 months after onset are 
observed. (B) On 10-month diffusion tensor tractography, the neural connectivity of amygdala to the 
prefrontal cortex including orbitofrontal cortex is decreased in both hemispheres (red arrows). Regarding 
the prefronto-thalamic tracts, orbitofronto-thalamic tracts present the narrowing (right side, sky-blue 
arrows) and non-reconstruction (left side, red arrow). In addition, the non-reconstruction of the 
ventrolateral and dorsolateral prefronto-thalamic tracts in the right hemisphere (purple arrows) and the 
narrowing of the dorsolateral prefronto-thalamic tract in left hemisphere (yellow arrow) are revealed. In 
terms of the anterior cingulate cortex, discontinuations of both anterior cingulums are observed in both 
hemispheres (blue arrows).  
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Objectives 
Many studies have reported that injury of the caudate nucleus (CN), prefrontal cortex 
(PFC) or the prefronto-caudate tract in particular is related to the apathy. In this study, 
we report on a patient with apathy who injury of the prefronto-caudate tract was 



detected on diffusion tensor tractography (DTT) following intracerebral hemorrhage (ICH) 
in the CN.  
 
Case Descriptio 
 A 55-year old male underwent extraventricular drainages (both prefrontal approaches) 
for intraventricular hemorrhage. Brain CT at onset also showed ICH in the right CN. At 
eight months after onset, he was admitted to the rehabilitation department of the same 
university hospital because he did not show significant recovery in terms of cognition and 
gait. The patient showed severe apathy (the Apathy Scale score: 21 [full score: 42 score]).  
 
Result 
 On 8-month DTT, the neural connectivity of the CN to the PFC including the medial PFC 
(Brodmann area [BA]: 10 and 12) and OFC (BA: 11 and 13) was decreased in right 
hemisphere.  
 
Conclusions 
Injury of the prefronto-caudate tract in a patient who showed severe apathy following 
ICH was demonstrated by DTT. We believe that analysis of the prefronto-caudate tract 
using DTT would be useful in elucidating the cause of apathy after ICH.  
 
 

 
(A) Brain CT at onset shows intracerebral hemorrhage in the right caudate nucleus (CN) (red arrow) (B) 
Brain MRI shows leukomalactic lesion in the right CN (blue arrow) at eight months after onset. (C) The 
neural connectivity of the CN to the prefrontal cortex including the medial prefrontal cortex and 
orbitofrontal cortex is decreased in right hemisphere.  
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Objectives 
Delayed post-hypoxic leukoencephalopathy (DPHL) is a demyelinating syndrome 
characterized by neurological relapse after an initial recovery from hypoxic brain injury. 
Using diffusion tensor tractography (DTT), we report on a patient who showed impaired 
consciousness concurrent with injury of the ascending reticular activating system (ARAS) 
following DPHL.  
 
Case Presentation 
A 50-year-old male patient showed drowsy mental state after exposure to carbon 
monoxide for about ten hours and his drowsy mental state was recovered to an alert 
state after approximately one day since onset. However, his consciousness was impaired 
to drowsy state since 24 days after onset and became worse to a semicoma state at 26 
days after onset. When he started rehabilitation after six weeks from onset, the patient 
showed impaired consciousness, with a Glasgow Coma Scale score of 8 and a Coma 
Recovery Scale-Revised score of 8.  
 
Results 
On 6-week DTT, decreased neural connectivity of the upper ARAS between the 
intralaminar thalamic nucleus and the cerebral cortex was observed in both frontal 
cortices, basal forebrains, basal ganglias and thalamuses. The lower dorsal ARAS was not 
reconstructed on the right side and thin on the left side. The lower ventral ARAS was not 
reconstructed on both sides.  
 
Conclusions 
Using DTT, we demonstrated injury of the ARAS in a patient with impaired consciousness 
following DPHL. Our result suggests injury of the ARAS might be a plausible pathogenetic 
mechanism of impaired consciousness in patients with DPHL.  
 



 
(A) Brain MR images at three weeks after onset show lesions in both basal ganglia (yellow arrows). (B) 
Results of diffusion tensor tractography (DTT) for the ascending reticular activation system (ARAS). On 6-
week DTT, decreased neural connectivity of the upper ARAS between the intralaminar thalamic nucleus and 
the cerebral cortex is observed in both frontal cortices, basal forebrains, basal ganglias and thalamuses (red 
arrows). The dorsal lower ARAS between the pontine reticular formation and the intralaminar thalamic 
nucleus is not reconstructed on the right side (purple arrow) and thinning on the left side (green arrow). 
The ventral lower ARAS between the pontine reticular formation and the hypothalamus is not 
reconstructed on both sides (blue arrows). Results of DTT for the ARAS in a normal subject (53 year-old 
male).  
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Introduction 
Collet-Sicard syndrome is described as unilateral paralysis of lower cranial nerves (CNs 
9th to 12th). Its possible causes include fractures of the base of the skull, primary or 
metastatic tumors, vascular disease, inflammatory disease, and iatrogenic complications. 
Schwannoma of the hypoglossal nerve (CN 12th) is a rare and slowly growing benign 
tumor. The most common clinical features of schwannoma of the hypoglossal nerve are 
unilateral tongue deviation, atrophy, and fasciculation. We report an uncommon case of 



schwannoma of the hypoglossal nerve with 9th to 12th cranial nerve palsy presenting as 
Collet-Sicard syndrome.  
 
Case Description 
A 39-year-old female patient was admitted to the Department of Otolaryngology due to 
hoarse voice, unilateral wasting of tongue muscles, swallowing difficulty and discomfort 
in the right neck and shoulder girdle muscles. Physical examination revealed decreased 
gag reflex on the right side, decreased laryngeal elevation, tongue deviation to the right 
side, and weakness of the right trapezius muscle. MRI showed a mass lesion in the right 
parapharyngeal space below the jugular foramen (Fig 1). The tumor was surgically 
removed. It was confirmed as hypoglossal nerve schwannoma by pathologic examination. 
Videofluoroscopic swallowing study revealed aspiration of liquid food and severe bolus 
retention in the vallecula and piriform sinus (Fig 2A, 2B). Laryngoscopy showed right 
vocal-cord palsy. Electrodiagnostic study showed paralysis of the right 11th cranial nerve 
(Table 1). The patient’s clinical findings were compatible with Collet-Sicard syndrome 
secondary to a primary tumor on the hypoglossal nerve (CN 12th). The patient underwent 
swallowing rehabilitation treatments, such as oral and pharyngolaryngeal muscle 
strengthening exercises, swallowing reflex therapy, and functional electrical stimulation 
therapy. Follow-up VFSS showed laryngeal penetration and mild bolus retention in the 
vallecula and piriform sinus without tracheal aspiration (Fig 2C). Follow-up motor NCS 
showed increased amplitude of the right accessory nerve compared to that in the 
previous test. Follow-up needle EMG showed no abnormal spontaneous activity in the 
right sternocleidomastoid muscle with reduced abnormal spontaneous activity in the 
right upper trapezius muscle. Polyphasic motor unit action potentials were observed in 
both sternocleidomastoid and upper trapezius muscles (Table 1).  
 
Discussion 
After rehabilitation treatment, her swallowing difficulty and right shoulder weakness 
improved. Therefore, careful neurological examination should be performed to 
determine the symptoms or signs of cranial nerve palsy after the diagnosis of a lower 
cranial nerve tumor. In addition, it is necessary to perform an electrodiagnostic study and 
VFSS for establishing the diagnosis of lower cranial nerve palsy and to provide rapid 
rehabilitation treatment for neurological improvement.  
 
Table 1. Findings of Needle Electromyography

 



 
Fig 1. MRI showed a well-demarcated ovoid heterogeneous mass lesion (white arrow) in the right 
parapharyngeal space below the jugular foramen,       
measuring 2.2 cm.  
 

 
 Fig 2. Videofluoroscopic swallowing study (VFSS) shows (A) tracheal aspiration and (B) severe bolus 
retention in the vallecula and piriform sinus. Follow-up VFSS shows (C) mild bolus retention in the vallecula 
and piriform sinus.  
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Objectives 
We report on a stroke patient whose neural tracts changed with development of 
hydrocephalus, diagnosed with diffusion tensor tractography (DTT)  
 
Case report 
A 73-year-old female patient underwent external ventricular drainage for intraventricular 
hemorrhage. When she started rehabilitation two months from onset, she had 
quadriparesis (Manual Muscle Test [MMT: full score-5]: 2/2) and severe cognitive 
impairment (Mini-Mental State Exam (MMSE: full score: 30, uncheckable). She 
underwent comprehensive rehabilitative therapy, showed gradual improvement, and 
recovered to MMT (3+/3+) and MMSE (22 points) six months after onset. However, six 
months after onset, her quadriparesis (3-/3-) became gradually aggravated and her 
cognition again was uncheckable. Seven months after onset, she was diagnosed with 
hydrocephalus.  
 
Results 
On 2-month DTT, the integrity of corticoreticulospinal tracts (CRTs) were preserved in 
both hemispheres and the posterior portions of fornix revealed discontinuations. On 7-
month DTT compared with 2-month DTT, both CRTs showed discontinuations at the 
subcortical white matter in the right hemisphere and at the midbrain in the left 
hemispheres. In addition, the right fornix was shortened in the posterior portion and the 
left fornix was not reconstructed.  
 
Conclusions 
Aggravation of the neural tracts concurrent with aggravation of clinical features following 
the development of hydrocephalus was demonstrated in a stroke patient using DTT. Our 
Results suggest that DTT can be a useful tool to evaluate hydrocephalus.  
 
Key words 
Hydrocephalus, Diffusion tensor imaging, Diffusion tensor tractography, Intraventricular 
hemorrhage.  
 



 
Fig.1. A) Brain MR images at seven months after onset show dilatation of the lateral ventricle compared 
with those of two months after onset. B, C) Results of diffusion tensor tractography (DTT) for the 
corticoreticulospinal tract (CRT) and fornix. On 2-month DTT, the integrity of CRTs are preserved in both 
hemispheres and the posterior portions of fornix reveals discontinuations (blue arrows). On 7-month DTT 
compared with 2-month DTT, both CRTs show discontinuations (green arrows) at the subcortical white 
matter in the right hemisphere and at the midbrain in the left hemispheres. In addition, the right fornix was 
shortened in the posterior portion and the left fornix was not reconstructed (pink arrows).  
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Objectives 
We report on a stroke patient who showed recovery of the injured ascending reticular 
activating system (ARAS) along with recovery of impaired consciousness following 
cranioplasty, which was demonstrated on serial diffusion tensor tractographies (DTTs).  
 
Case presentation 
A 49-year-old female patient underwent decompressive craniectomy on the left fronto-
parieto-temporal areas and hematoma removal for an intracerebral hemorrhage in the 



left fronto-temoporal lobes and subarachnoid hemorrhage due to a ruptured aneurysm in 
the left middle cerebral artery bifurcation. Cranioplasty was performed using auto-bone 
at 6 weeks after onset. One day before cranioplasty, the patient revealed impaired 
consciousness with Coma Recovery Scale-Revised (CRS-R) score of 13. Three days after 
cranioplasty, her GRS-R score was recovered to 18. On one-day before cranioplasty DTT, 
the left lower dorsal ARAS and both the lower ventral ARAS were thin, and the neural 
connectivity to the left prefrontal cortex of the upper ARAS was decreased. By contrast, 
on three-day after cranioplasty DTT, the left lower dorsal ARAS and both the lower 
ventral ARAS became thicker and increased neural connectivity was observed in the left 
prefrontal cortex.  
 
Conclusions 
Recovery of the injured ARAS concurrent with recovery of impaired consciousness 
following cranioplasty was demonstrated in a stroke patient. We believe that our Results 
have important implications in decision of the timing of cranioplasty for the patients with 
decompressive cranioectomy who show impaired consciousness.  
 
Key words 
Diffusion tensor tractography, Ascending reticular activating system, Consciousness, 
Cranioplasty  
 

 
Fig. 1. (A) Brain MR images taken at one-day before and three days after cranioplasty show leukomalactic 
lesions in the left fronto-parieto-temporal lobes. (B) Results of diffusion tensor tractography (DTT) for the 
ascending reticular activating system of the patient. On the pre-cranioplasty DTT, the left lower dorsal ARAS 
and both the lower ventral ARAS are thin (red arrows), and decreased neural connectivity is observed in the 
left prefrontal cortex of the upper ARAS (red arrows). By contrast, on the post-cranioplasty DTT, the left 
lower dorsal ARAS and both the lower ventral ARAS become thicker (green arrows) and neural connectivity 
to the left prefrontal cortex is increased (green arrows).  
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Objectives 
We report on a patient with mild TBI who developed tremor due to injury of the dentato-
rubro-thalamic tract (DRTT), misdiagnosed as a symptom of PTSD.  
 
Case descriptions 
A 41-year-old female patient suffered from head trauma resulting from a car accident. 
While she sat in the passenger seat of a car, a bus collided with her car from behind. The 
right side of her head struck the interior of the car, producing a whiplash injury. Two 
months later, she developed tremor in the right face, and subsequently in both arms and 
legs with dystonia. Over time, the tremor worsened. Conventional brain MRI and 
electromyography including nerve conduction and evoked potential studies performed at 
the neurology department of the same university hospital did not show any abnormality. 
For want of a better diagnosis, she was diagnosed with PTSD. Approximately seven 
months after onset, she was again diagnosed with PTSD at the psychiatry department of 
another university hospital. Eleven months after the head trauma, when she visited the 
rehabilitation department of another university hospital, she showed severe resting and 
intentional tremor on right upper and lower extremities, especially in the right hand. The 
11-month diffusion tensor tractography revealed narrowing in both DRTTs.  
 
Conclusion 
 Neural injury of the DRTT was demonstrated in a patient with tremor, misdiagnosed as a 
symptom of PTSD following mild TBI.  
 
Key Words 
Diffusion tensor tractography, Dentato-rubro-thalamic tract, Traumatic axonal injury, 
Head trauma, Brain injury.  
 



 
A. T2-weighted brain MR images at 11 months after onset show no abnormality. B. Results of 11-month 
diffusion tensor tractography (DTT). On DTT, narrowing (arrows) is observed in both dentatorubrospinal 
tracts (DRTTs), left corticospinal tract (CST), both corticobulbar tracts (CBTs), and right spinothalamic tract 
(STT) compared with a normal subject (42-year old female).  

 

 

P 1-75  

Motor recovery by the aberrant pyramidal pathway in a patient with 
cerebral infarct 

Sung Ho Jang1,2†, Jun Lee1, You Sung Seo1,2, Dong Gyu Kwak1*† 

Yeungnam University Medical Center, Department of Rehabilitation Medicine1, 
Yeungnam University Medical Center, Department of Medical Science2 

 
Objectives 
The aberrant pyramidal tract (APT) refers to the collateral pathway of the pyramidal tract 
(PT) descending through the medial lemniscus in the midbrain and pons. We report on a 
patient who showed changes of the APT from the early stage to the chronic stage 
concurrent with motor recovery following an infarct in the cerebral peduncle.  



 
Case presentation 
An 84-year-old female patient presented with moderate motor weakness of her upper 
and lower extremities (2+/2+) due to cerebral infarct on the right cerebral peduncle of 
midbrain. One week after her stroke, her motor weakness was similar to that at the onset 
(2+/2+). During five weeks’ rehabilitation, her motor weakness recovered to the point 
that she was able to move upper and lower extremities against gravity with some 
resistance (4-/4-).  
 
Results 
On one-week and six-week DTTs, the right PT was not reconstructed, but the right APT, 
which descended through the medial lemniscus pathway at the midbrain and pons and 
the pyramid at the medulla, was observed. The right APT became thicker on six-week DTT 
compared with one-week DTT. On one-week TMS study, an MEP with delayed latency 
and decreased amplitude was evoked from the affected (right) hemisphere (latency: 24.4 
msec and amplitude: 0.2uV). In contrast, its latency was decreased and amplitude was 
increased on six-week TMS study (latency: 21.8 msec, amplitude: 0.8 uV)  
 
Conclusions 
We demonstrated changes in the APT from the early stage to the chronic stage 
concurrent with motor recovery in a patient with an infarct in the cerebral peduncle.  
 
Key words 
Aberrant pyramidal tract, Motor recovery, Cerebral infarct, Diffusion tensor tractography, 
Transcranial magnetic stimulation  
 
 

 
 



Fig. 1. (A) Diffusion-weighted images at the onset show an infarct in the right cerebral peduncle of mid 
brain (pink arrow). (B) Results of diffusion tensor tractography (DTT). The right aberrant pyramidal tract 
(APT) descends through the medial lemniscus pathway (green arrows) at the midbrain (1) and pons (2), and 
the pyramid (3) at the medulla. The right APT became thicker on 6-week DTT comparing with 1-week DTT. 
(C) Results of transcranial magnetic stimulation (TMS). On 1-week TMS study, motor evoked potential with 
delayed latency and decreased amplitude is evoked from the right hemisphere (latency: 24.4 msec and 
amplitude: 0.2uV). The latency decreased and amplitude increased on 6-week TMS study (latency: 21.9 
msec, amplitude: 0.8 uV).  

 

P 1-76  

Injury of auditory radiation and sensorineural hearing loss from mild 
traumatic brain injury  

Sung Ho Jang1†, Jung Pyo Seo1, Jun Young Kim1*† 

Yeungnam University Medical Center, Department of Rehabilitation Medicine1 

 
Objectives 
We report on a patient with sensorineural hearing loss from injury of the auditory 
radiation following mild TBI, diagnosed by diffusion tensor tractography (DTT).  
 
Case descriptions 
A 35-year-old female patient suffered head trauma. While walking in a crosswalk, her left 
lumbar area was hit by a turning car and she fell to the ground. She was pulled behind the 
car for several meters while her occipital area repeatedly hit the ground. She complained 
that she began to feel hearing impairment approximately two weeks after the head 
trauma, that aggravated over time. Approximately 1.5 years after head trauma, when she 
visited a university hospital for evaluation of the brain, she complained of severe hearing 
impairment. To characterize the patient’s hearing loss, pure tone audiometry was 
evaluated in a sound proof room to screen her hearing status for the frequencies 250-
8000 Hz. A pure tone threshold in the range of 41-60 dB HL was considered moderate 
sensorineural hearing loss and 61-80 dB HL severe. However, no abnormality was 
observed in either ear on physical examination. The patient was diagnosed with bilateral 
moderate sensorineural hearing loss. On 1.5 year DTT, the auditory radiation was 
narrowed in both hemispheres.  
 
Conclusion 
Neural injury of the auditory radiation was demonstrated in a patient with sensorineural 
hearing loss following mild TBI, using DTT.  
 



 
 
Fig. 1. (A) Brain MRI taken 1.5 years after head trauma shows no abnormal lesion. (B) 1.5-year diffusion 
tensor tractography for the auditory radiation in the patient shows severe narrowing (arrows) in both 
hemispheres compared with a normal subject (35-year old female).  
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Objectives 
Neurological manifestations of secondary traumatic axonal injury (TAI) following head 
trauma can be delayed from several hours up to a month. In this study, we report on a 
patient with mild traumatic brain injury (TBI) whose central pain started at 36 days due to 
injury of the spinothalamic tract (STT) following head trauma, demonstrated by diffusion 
tensor tractography (DTT).  
 
Case descriptions 
A 44-year old female suffered head trauma resulting from an in-car traffic accident: the 
right side of her car collided with another car while driving through an intersection. Her 
head received a flexion-hyperextension injury when striking the left window after her car 
hit a guardrail in the left side. She began to feel pain in her left head (fronto-parieto-



occipital area) 36 days after onset. She described the characteristics and severity of pain 
as like a hammer hitting for approximately one minute, albeit without allodynia or 
hyperalgesia (visual analogue scale score: 7). Furthermore, she began to feel tingling 
sensations in both hands at 45 days after onset and both legs at 46 days after onset. On 
39-day DTT, the right STT showed severe narrowing and the left STT revealed partial 
tearing in the subcortical white matter.  
 
Conclusion 
TIA of the STT was diagnosed in a patient with mild TBI who reported very long delayed 
presentation of central pain following head trauma, using DTT.  
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (A) Brain MRI taken at 
39 days after onset shows no 
definite lesions. (B) Results of 
39-day diffusion tensor 
tractography. The right STT 
shows severe narrowing 
(green arrows) and the left 
STT reveals partial tearing in 
the subcortical white matter 
(yellow arrow) compared 
with a normal control (45 
year-old female).  
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A 42-year-old, right-handed man presented to a local clinic with mild dysarthria and 
clumsiness of his left hand. He was diagnosed with a small infarction in right basal ganglia. 
He did not have any other medical history, nor had he any history of trauma or surgery. 
Clumsiness of his left hand exacerbated over the next five months, and he was referred 
to the department of rehabilitation by his attending neurologist. The T2-weighted 



magnetic resonance imaging (MRI) of his brain revealed high signal in right head of 
caudate nucleus and ventral putamen without any hint of further progression compared 
to five months ago (Fig. 1). The manual muscle testing revealed a muscle power of grade 
4 in his left hand, and grade 5 in all other limbs. The hand function test showed longer 
processing time in his left side for single-hand activities including moving objects and 
flipping cards. He showed frustration for not being able to cope with simple grasp-release 
activities (Fig. 2A, Supplementary Video 1). With assumption of the striatum lesion being 
the cause for the impairment of motor function of his contralateral hand, the patient was 
prescribed with 0.5mg of pramipexole (Mirapex; a dopamine agonist of the non-ergoline 
class) twice a day. After two weeks, the patient returned to the clinic with substantial 
improvement in his left hand function. He was able to better manage grasp-release 
motions and opposition of thumb and fingers (Fig. 2B, Supplementary Video 2).  
The striatum is one of the nuclei in the subcortical basal ganglia responsible for the 
initiation of goal-directed behavior apart from cerebral cortex. Reduced dopamine in the 
striatum may lead to hypokinesia or difficulty in initiating different motor patterns. 
Previous studies demonstrated prominent activation of contralateral putamen and 
caudate nucleus with hand movements. It has been also revealed that the ventral 
striatum and caudate nucleus have a critical role in recovery and isolated functional 
movements of upper limb. Thus, supplement of dopamine in striatal infarction could be 
crucial for restoration of hand function. Although such case is not common, physicians 
are encouraged to consider trial of dopamine in patients with hand clumsiness caused by 
striatal injury, for a small dosage of dopamine is relatively safe and effective without a 
serious complication.  
 

 
Fig 1.Brain_MRI_images_showing_the_patient’s_striatal_lesion  



 

 
Fig 2.Affected_hand_after_being_told_to_make_a_grasp  
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Introduction  
Virtual reality refers to a specific environment or situation, or technology itself, that is 
similar to the reality created by artificial technology, but not actual. Virtual reality is 
classified as non-immersive, semi-immersive, and fully-immersive depending on the 
degree of immersion. Among these, the fully-immersive type is a system that allows the 
user to immerse himself or herself in a live environment using a head mounted display 
(HMD) and a variety of sensors capable of recognizing the motion of the user. Virtual 
reality rehabilitation therapy has gained an attention as a future medical technology that 
has already been introduced to research and clinical practice. However, most studies 
related to virtual reality rehabilitation do not reflect recent technological developments 
because they use simple non-immersive virtual reality such as commercial game devices. 
Therefore, we developed a fully-immersive rehabilitation program using a HMD, and 
report a case of applying it to patients with upper extremity dysfunction due to stroke.  
  



Methods  
A 30-year-old woman who participated our study presented right hemiplegia due to left 
basal ganglia intracerebral hemorrhage occurred 5 months ago. Her motor power was 
MRC scale 3 for right upper extremity. In baseline evaluation, modified Barthel index 
(MBI) was 70, box and block test (BBT) was 5, and action reach arm test (ARAT) was 13. 
The HMD used HTC Vive (HTC Corporation, Xindian City, Taipei), and the training software 
was developed in such a way that the user catches and throws the ball thrown in the 
virtual reality space in sitting position. The training consisted of a total of 10 sessions two 
to three times a week, consisting of 30 minutes at a time. The difficulty of the training can 
be controlled by the speed or position of the ball and adjusted according to the function 
of the patient during the training period. She participated all the training programs 
successfully and was highly satisfied with the self-report questionnaire. After training, all 
the assessment improved, MBI was improved to 83, BBT was improved to 9, and ARAT 
was improved to 48.  
 
Conclusion  
Our case suggests that fully-immersive rehabilitation program using a HMD can be 
adopted to stoke patients with upper extremity weakness. This virtual rehabilitation 
system may increase the brain plasticity through the self-recognition of the body in the 
virtual space like mirror therapy.  
 

 
Fig 1. Patient wearing head mounted display and participating in upper extremity rehabilitation training  
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Introduction.  
Post-stroke edema of the paretic upper limb is one of the most common complaints of 



patients and their caregivers, Disuse and secondary circulation impairment in paretic limb 
is considered to be one of the major causes of edema, however, with controversy and 
limited research on pathogenesis/mechanism. The purpose of this study was to evaluate 
the edema of the upper limb of the hemiplegic stroke using bioelectrical-impedance 
analysis(BIA). This is the first study to evaluate upper limb with edema in hemiplegic 
stroke patients using BIA.  
 
Methods.  
Twenty patients with acute hemiplegic stroke were evaluated at baseline for manual 
muscle testing in affected limb(MMT), National Institute of Health Stroke Scale(NIHSS 
Scale) and demographic characteristics. Patients with previous history of edematous 
disease were excluded. Bioelectrical impedance analysis was performed to measure 
segmental extra-cellular water(ECW)/total body water(TBW) for each upper limb, and 
side to side difference was calculated. Bioelectrical impedance was measured by a FDA 
approved, a multiple frequency bioelectrical impedance(MFBI), InBody S10(Biospace®, 
Seoul, Korea), obtaining resistance induced by electrical currents by recording voltage 
difference in both hands, divided by current intensity. Impedance of each segment (both 
arms, legs, trunk, whole body) was used to automatically calculate segmental ECW/TBW 
ratio between unaffected and affected limb to acquire Inter-limb ECW ratio (Affected 
segmental ECW/TBW ratio)/(Unaffected segmental ECW/TBW ratio). For statistical 
analysis, patients were categorized into 3 groups according to the values of ECW/TBW 
difference between affected/unaffected arms: mild (0.001~0.006), moderate 
(0.006~0.012) and severe edema (>0.012), respectively.  
 
Results.  
In 19 of 20 patients (95%), ECW/TBW difference values between the affected and the 
unaffected arms were positive. The average ECW/TBW difference between the affected 
and the unaffected arms was 0.0088. Among 19 patients, 4 had mild, 12 had moderate, 3 
had severe degree edema in the affected side. The occurrence of edema of the paretic 
upper limb was statistically significant (p<0.05). Significant correlation between the 
degree of edema and the hand function in the affected limb was observed. Spearman-
correlation coefficient was -0.6 (p=0.005) between MMT and ECW / TBW difference, 
0.577 (p=0.008) between NIHSS scale and ECW / TBW difference.  
 
Conclusion.  
Edema of paretic limb in patients with stroke is a common problem in clinical practice. 
However, explanation for such phenomenon is yet unclear. In the present study, 
statistically significant occurrence of edema of the paretic upper limb in hemiplegic 
stroke patients as well as significant correlation between the degrees of edema and hand 
functions in affected limb of post stroke hemiplegia were observed. This study is limited 
with small number of patient, and further study with larger number of patients is 
required.  
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Case report  
A 20-year-old male soldier was abruptly left motor weakness three days before being 
referred to our department through the neurologic department. On admission, the 
physical examination revealed that the left extremity was weakened significantly with 4/5 
upper extremity and lower extremity by the manual muscle test. All modalities of 
sensation and DTR were intact. He was unstable but could walk with supervision. A 
month after onset he seemed ready to go back to normal life except memory impairment. 
We, then, investigated the cause of memory impairment using diffusion tensor 
tractography 32 days after onset and the neuropsychological test 43 days after onset, 
respectively. Diffusion-weighted imaging data were analyzed using the Oxford Centre for 
Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library. Fiber 
tracking was performed by the probabilistic tractography method based on a multifiber 
model, and tractography routines were implemented in FMRIB Diffusion with 5000 
streamline samples, 0.5 mm step lengths, curvature thresholds = 0.2, and corresponding 
to a minimum angle of 80°. We reconstructed neural tracts of the Papez circuit, which are 
responsible for the memory function and are located at the areas of lesion. We found 
that all tracts excluding the right thalamocortical tract showed symmetrical appearances 
between both hemispheres in a three dimensional view. The right thalamocortical tract 
between the anterior thalamic nuclei and the cingulate gyrus was observed thinner than 
left thalamocortical tract (Figure A and B). 
 
Neuropsychological evaluation 
Firstly, the verbal memory was 6.81% ile, 33.72% ile, and 72.24% ile for short term, delay, 
and recognition, respectively; the visual memory was 24.83% ile, 12.51% ile, and 64.43% 
ile for short term, delay, and recognition, respectively. These Results implicate an 
impairment of memory function, particularly, a short term verbal memory. Secondly, the 
Wechsler adult intelligence score was in an average range (full intelligence scale, 103). In 
addition, we found normal ranges of evaluation values on the frontal/ executive function, 
the visuospatial test, and the attention test.  
 
Discussion 
The Papez circuit of the thalamocortical tract, the mamillothalamic tract, the fornix, and 
the cingulum, has been related to the high-level cognitive function. So far, conventional 
MR has shown difficulties detecting lesions in the Papez circuit. In this study, for the first 
time, we elucidated the injury of thalamocortical tracts of the Papez circuit in a three 
dimensional view using diffusion tensor tractography.  
 
 



 
Conclusion 
We suggest that for the patient with an impairment of memory following the cerebral 
infarction in the Papez Circuit, diffusion tensor tractography may be a useful tool to 
clarify the lesions (This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea funded by the Ministry of Education  
 

 
Figure A : Diffusion brain MRI shows the cerebral infarct is shown mainly on anterior thalamic area and 
partially on hippocampus, amygdala, and fusiform area on right hemisphere. Figure B : The right 
thalamocortical tract (green color) between the anterior thalamic nuclei and the cingulate gyrus shows 
thinner compared with left thalamocortical tract (yellow arrow) . But another tracts such as 
mamillothalamic tract(pink) , fornix(blue) and cingulum (red) is well constructed and show no abnormality  
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Introduction  
The rubrospinal tract (RST) is one of the descending motor tracts known as its function 
closely related to reaching and grasping with hand flexor muscle activation. If RST is 
injured, it often Results in limitation of aiming the limb using the proximal shoulder, 
elbow, and supination of the paw in animal study. We report a case of unilateral lesion in 
the red nucleus for the purpose of describing the characteristics of the movement 
pattern after injury in relation to changes of diffusion metrics in the rubrospinal tract.  
  



 
Case report  
A 54-year-old man who developed a spontaneous intracranial hemorrhage on the right 
sub-tentorial area including midbrain, thalamus and basal ganglia was transferred to our 
department on the 15th post-onset day. He had left hemiparesis with muscle strength of 
1/5 rated using the manual muscle test (MMT) in left upper and lower limbs. He couldn’t 
move his shoulder, elbow and hand voluntarily on the affected side in acute period with 
the Modified Bathel Index (MBI) score of 35. However, he was able to move his wrist and 
fingers in a limited range with fair minus grade of thumb and index finger flexion and 
extension power at discharge. Although, he showed poor recovery in reaching movement, 
some small elbow extension movement was observed at discharge. The MBI was 
improved to . The resting motor evoked potential (MEP) thresholds were right M1 54% 
and left M1 97%, in each. Diffusion tractography of the CST and RST was obtained. 
Compared to unaffected side, significantly decreased FA in the affected ROIs of the RST 
was observed. And, decreased FA and increased RD in the affected ROIs of the CST.  
  
Discussion  
It is now widely accepted that the CST is important for voluntary control of hand and 
finger dexterity. The RST function and its plasticity has not been extensively discussed 
due to the lack of a proper measurement tool. In this case, we found RST has important 
role in reaching action, which has also some plastic changes even after severe injury.  
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Introduction  
Although the contribution of laryngeal motor cortex (LMC) has been documented being 
related to human voice control, aphonia derived by disconnection syndrome never been 
reported before. Here, we report a case of ischemic infarction showing aphonia with 
typical disconnection syndrome symptoms. We explored language network integrity 
using diffusion tensor imaging (DTI) in order to find out the relationship between 
language network integrity and aphonia symptom.  
 
Case report  
A Fifty-one years old male patient had admitted to internal medicine department due to 
hematochezia. As he had underlying artrial fibrillation and taking oral anti-coagulant, he 
stopped medication for endoscopic procedure. Following discontinuation of 
anticoagulant, he had acute left anterior cerebral artery (ACA) infarction in the territory 
of the unilateral left LMC, cingulum, supplementary motor area (SMA), pre-SMA and 



corpus callosum. After acute management in the neurology department he was 
transferred to rehabilitation department on post-onset day. He presented right 
hemiparesis showing 4/5 in the right upper and 2/5 in right lower extremity measured by 
the manual muscle test (MMT). He also exhibited many aspects of the callosal 
disconnection syndrome, including alien hand syndrome, apraxia, agraphia, and grasp 
reflex in right hand. The Korean version of the Mini-Mental Status Examination (K-MMSE) 
score were 8 at transfer, which was only slightly improved to 11 at discharge (post-onset 
day). In the speech evaluation at transfer, spontaneous speech, repetition, and naming 
were poor, except for comprehension. In a detailed test for comprehension, writing, 
perception of auditory words, and comprehension of orders were intact. The aphasia 
quotient (AQ) in on the Korean version of the Western Aphasia Battery (K-WAB) was 6.5, 
which was indicative of transcortical motor aphasia. At discharge, he still presented 
callosal disconnection syndrome symptoms, although it slightly improved. Follow-up 
scores of K-WAB to 15.3 at discharge. In this case, DTI Results showed disconnected 
corpus callosal fiber in the anterior, mid and body except subgeneal and temporal fibers. 
The language network showed relatively well preserved in both dorsal (arcuate fasciculus) 
and ventral pathways.  
 
Conclusions  
We report a case of aphonia developed by disconnection syndrome due to left ACA 
infarction for the first time. The aphonia symptom, which usually observed in bilateral 
LMC lesion, has been observed in massive callosal damaged patient with unilateral left 
LMC. Considering the disconnection of left LMC caused this symptom, which made us to 
speculate that voice control would have left dominancy.  

 

 

P 1-84  

Exploration of underlying pathophysiological mechanism of Lance-Adams 
Syndrome; a case report 

Il Hwan Jung1*, Suk HoonOhn1, Kwang-Ik Jung1, Woo-KyoungYoo1† 

Hallym University College of Medicine, Department of Physical Medicine and 
Rehabilitation1 

 
Introduction  
Lance-Adams Syndrome(LAS) is a rare complication that occurs in chronic phase after 
successful cardiopulmonary resuscitation.Symptom of LAS is characterized by action 
myoclonus. Although few studies reported successful pharmacological management in 
LAS, the underlying pathophysiological mechanismstill remained illusive. In this case, we 
aimed to explore the neural network known to be related with myoclonus as well as the 
cortical physiology using diffusion tensor imaging (DTI) and paired-pulse transcranial 
magnetic stimulation (ppTMS) in order to understand its underlying pathophysiological 
mechanism.  



 
Case report  
A sixty-nine years old male patient was transferred to a universityhospitalafter he found 
on the street in cardiac arrested status on December 2016. After 9 minute of CPR, his 
sinus rhythm returned. During the ICU admission period, intermittent myoclonic jerky 
movements were observed. He received pharmacological management in other hospital 
to control myoclonus with medications such as Levetiracetam 2000mg, Valporate 300mg, 
Piracetam 2400mg, Clonazepam 3.75mg, and Oxiracetam 1600mg. On admission in our 
hospital on June 12, 2017, although his muscle power was good grade on manual muscle 
test, he was unable maintain his siting posture as well as unable to walk due to jerky 
movement and balance problem. Spasticity anddeep tendon reflex were normal. The 
Korean version of the mini-mental status examination score was 22 and had severe 
memory problem. For the measurement of the cortical white matter volume changes, 
tract-based spatial statistics (TBSS) was done, which showed widespread decreased 
volume compared age-matched healthy controls (uncorrected p < 0.001). When we 
measured cortical physiology (resting motor threshold (RMT): 48% on left M1, 47% on 
right M1) using ppTMS (short-intracortical inhibition, short-intracortical facilitation, long-
intracortical facilitation), only LICI was significantly reduced, which is known to be related 
to GABA-B mediated inhibition. On exploration the diffusion metrics on the region-of-
interests (ROIs) of myoclonus related network(red nucleus and inferior olivary nucleus) 
and mesencephalic locomotor center (peduculopontine nucleus), showed decreased 
fractional anisotropy (FA) and increased mean diffusivity (MD) only in the red nucleus 
compared controls.As we thought decreased cognitive function might have influence on 
the cortical control of movement, we reduced dose of valporate 300mg to 150mg and 
clonazepam 3.75mg to 3.5mg, which improved memory function without worsening of 
action myoclonus.  
 
Conclusion  
This would be the first study showing the changes in cortical physiology as well as the 
neural coordinates related to myoclonus using DTI in LAS. Although we don’t know 
whether this is epiphenomenon or not, but it strongly suggests involvement of both 
cortical and subcortical network pathology in LAS.  
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Introduction  
Conventional rehabilitation therapy is proven to be effective in improving motor function 
in stroke patients. Although there have been studies on changes of brain in accordance 



with improving function, the current theory is lacking. Functional magnetic resonance 
imaging (fMRI) of the brain is a non-invasive method to assess brain function using MRI 
signal changes associated with brain functional activity. Many recent studies have shown 
the mechanism of motor recovery by brain fMRI that provides information about active 
brain region. This case study aims to show the improvement of motor function after 
conventional rehabilitation therapy by fMRI.  
 
Methods  
Three patients (2 males; average age 52.7±14.2 years) with subacute stroke (1 month < 
stroke onset < 6months) and mild to moderate upper limb hemiparesis (the initial Fugl-
Meyer Upper Extremity Assessment Score of the hemiparetic side=32.3±11.2) in 
rehabilitation center of university hospital who were able to walk alone in the study. 
Functional evaluations including Manual Muscle Test (MMT), Fugl-Meyer Assessment 
(FMA), Berg Balance Scale (BBS), Trunk Impairment Scale (TIS), Modified Barthel Index 
(MBI), and Mini-Mental Status Exam (MMSE) were assessed before the first fMRI and 
4weeks after intensive inpatient rehabilitation. Follow up fMRI was performed in 6-
12months after the previous study. Patients were asked to repeat 30 seconds of grasp 
and release and next 30seconds of rest as one set, and repeat consecutive 5 sets for each 
hand during fMRI scanning (3T GE/IDX scanner, in BOLD signal time-course).  
 
Case report  
Patient A was a 37-year-old man who complained right hemiparesis after left basal 
ganglia hemorrhage. Patient B was a 51-year-old man who complained right hemiparesis 
after left basal ganglia infarction. Patient C was 66-year-old woman who complained left 
hemiparesis after right basal ganglia infarction. Their MMT, FMA, BBS, TIS, MMSE and 
MBI scores were increased after receiving 4 weeks of intensive inpatient rehabilitation 
and nearly independent ADL was possible. Compared to the initial fMRI, follow up fMRI at 
6 to 12 months showed cortical reorganization with deactivation of ipsilateral M1 cortex 
and localized activation of contralateral M1 cortex (Figure 1, 2, 3).  
Conclusion  
Our findings are similar to previous studies about motor recovery pattern seen in fMRI. 
An early bilateral activation of the motor network and localized contralateral activation of 
the motor cortex may be a predictive factor of motor recovery. Further study is needed 
to assess the pattern of brain activation in moderate to severely or severely disabled 
stroke patient, to elucidate the anatomical basis of the recovery pattern, and to 
investigate the potential treatment options for them.  



 
Abbreviations; TIS, trunk impairment scale; BBS, Berg balance scale; MMT, manual muscle test; FMA, Fugl-
Meyer assessment; MBI, modified Barthel index; K-MMSE, Korean version of mini mental status exam  
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Introduction 
Recent neuroimaging studies and neuropsychological investigations confirm cerebellar 
involvement in cognitive function modulation. Patients with different cerebellar lesions 
showed executive dysfunction, impaired spatial cognition, personality change and 
linguistic difficulties. However, there is no report on long-term follow-up of recovery of 
cognitive function following cerebellar stroke. We describe a detailed recovery pattern of 
cognitive function and reorganization of resting-state brain network in a patient with 
cerebellar hemorrhage. 
 
Case Report 
A 21-year-old man who had an extensive cerebellar hemorrhage (Figure 1) referred to 
our hospital for rehabilitation 4 months after onset. The initial score of the Korean Mini-
Mental Status Examination was 21 of 30. The patient showed impairment in orientation, 
attention, memory and spatial cognition. Four months after initial evaluation, the 
function of verbal comprehension and auditory attention had been improved. The patient 
was able to retrieve remote memory, but a deficit in recent memory was noted. At one 
year follow-up, he still showed a low level of learning ability and visuomotor coordination, 
whereas improvement in executive function was observed (Table 1).  
 High-resolution T1-weighted and resting-state functional MRI were acquired on 4 
months and 24 months after onset, respectively. Compared with subacute phase, 
significant increases of gray matter volume were found in left cerebral hemisphere in 
chronic phase (Figure 1-A). Nodal values of left insular cortex, superior temporal gyrus, 
middle temporal gyrus, postcentral gyrus, planum temporale and subcallosal cortex were 
significantly higher in chronic phase (Figure 1-B)  
 
Conclusions 
Our findings show for the first time that recovery of cognitive function from cerebellar 
hemorrhage is accompanied by widespread structural and functional plasticity of cerebral 
hemisphere.  

  
 
Figure 1. The initial brain CT showed extensive cerebellar hemorrhage  



 

 
Figure 2. (A) Changes in gray matter volume in the chronic phase compared with the subacute phase. Blue 
indicates brain volume increase and red-yellow indicates brain volume decrease. (B) Red circles indicate 
where the nodal values were significantly higher in the chronic phase (PFDRcorrected < 0.05)  
 
Table 1. Neuropsychological Results grouped according to major functional category 
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Background  
Ataxia or imbalance is one of the sequelae in patients with traumatic brain injury. Injury 
of the dentatorubrothalamic tract (DRTT), which connects the ventrolateral nucleus of 
the thalamus, has been suggested as a major pathogenetic mechanism of post-traumatic 
movement disorders including ataxia, imbalance or tremor. However, little is known 
about injury of DRTT in patient with traumatic brain injury.  
 
Objective  
Aim of this study was to demonstrate injury of the DRTT as a pathogenesis of severe 
ataxia after head trauma, using diffusion tensor tractography (DTT).  
 
Patient and Methods  
A 59-year-old male patient suffered from traumatic subarachnoid hemorrhage and 
diffuse axonal injury by traffic accident. He underwent conservative management for 
head trauma at the department of neurosurgery in intensive care unit and was taken to 
the general ward after his medical condition improved. At 4 months after his injury, he 
was transferred to the rehabilitation department in our hospital for comprehensive 
rehabilitation. Despite several months after onset, the patient still presented cognitive 
impairment (mini mental state examination score: 11/30), dysphagia (aspiration observed 
on videofluoroscopic swallowing study), severe truncal ataxia and imbalance (Berg 
balance scale score: 1/56). He had no spasticity and motor weakness (manual muscle test: 
good grade in all limbs). No other specific lesion was observed on the conventional brain 
magnetic resonance imaging, except for slight cerebellar and cerebral atrophy and diffuse 
axonal injury in bilateral frontal white matter, performed at 4 months after onset (Figure 
1). Diffusion tensor tractography (DTT) data were acquired at 4 months after his initial 
injury.  
  
Results  
On 4 month DTT, right DRTT was not reconstructed and left DRTT showed loss of integrity 
and only a few traces remain (Figure 2A.)  
 
Conclusion  
This study demonstrated injury of the dentatorubro-thalamic tract in a patient with 
severe ataxia following traumatic brain injury, using diffusion tensor tractography, even if 
no specific lesion detected by conventional brain MRI.  
 



Figure 1. Patient’s T2-weighted brain MRI at 4 months after onset shows non-specific lesion.  
 

 
Figure 2. A - Patient’s diffusion tensor tractrography for dentatorubrothalamic tract (DRTT). The right DRTT 
not reconstructed and left DRTT showed loss of integrity and only a few traces remain. B - diffusion tensor 
tractrogrphy for DRTT in normal person.  
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Objectives 
We report on a stroke patient who showed recovery of an injured corticobulbar tract 
with concurrent recovery of dysphasia, demonstrated by serial diffusion tensor 
tractographies (DTTs).  
 
Case Presentation 
A 59-year-old right-handed male underwent decompressive craniectomy for 
management of brain swelling and intracerebral hemorrhage (ICH) following an infarction 
in the left middle cerebral artery territory at the neurosurgery department of a university 
hospital (Fig.1-A). Five weeks later, he was transferred to the rehabilitation department 
of the same hospital in order to undergo rehabilitation. Following the ICH, he developed 



severe dysphasia and was obliged to receive feeding using a Levin tube. He underwent 
comprehensive rehabilitative therapy, including neurotropic drugs, neuromuscular 
electrical stimulation therapy for swallowing muscles, and dysphasia therapy in the 
occupational therapy section. The patient underwent cranioplasty using auto-bone eight 
weeks after onset. The Levin tube was removed four days after cranioplasty and he could 
eat meals without any device from that time.  
 
Results 
On five-week DTT, the right CBT was discontinued at the subcortical white matter and 
showed severe narrowing whereas the left BCT was not reconstructed. By contrast, on 
nine-week DTT, the right CBT was extended to the cerebral cortex with thickening 
although the left CBT was still not reconstructed.  
 
Conclusions 
In Conclusion, recovery of an injured CBT concurrent with recovery of dysphasia was 
demonstrated in a stroke patient using serial DTT.  
 

 
(A) T2-weighted brain MR images at five and nine weeks after onset show leukomalactic lesions in left 
middle cerebral artery territory. (B) Diffusion tensor tractography (DTT) for the corticobulbar tract (CBT). 
On five-week DTT, the right CBT is discontinued at the subcortical white matter and shows severe 
narrowing compared with those of normal subjects whereas the left BCT is not reconstructed. By contrast, 
on nine-week DTT, the right CBT is extended to the cerebral cortex with thickening although the left CBT is 
still not reconstructed.  
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Introduction  
For the patients with Dysphagia, a nasogastric tube is substantially common enteral 
feeding. Though nasogastric insertion is not able to prevent aspiration pneumonia,It 
avoids the food from entering directly through the mouth. Nose bleeds, Sinusitis and sore 
throat are frequently seen side effect after performance. This case I’d like to introduce 
the migration of nasogastric tube on and after dysphagia therapy  
 
Case  
He,7 years old male patient, was injured on Nov. 29. 2016, diagnosed quadriparesis, 
dysphagia d/t Lt. PCA territory infarction. 2016.12.20 he was transferred and given VFSS, 
Identifying dysphagia with decreased laryngeal elevation & UES opening, functional 
dysphagia scale 56. Dysphagia therapy based on Mendelsohn maneuver & Shaker 
exercise was continually implemented, and functional dysphagia scale has shown 
improvement resulting in levin out. In 2017.2.20,However,levin insertion was performed 
again due to r/o aspirational pneumonia. Nasogastric tube location was confirmed by 
chest PA, regurgitation, gastric sound. And the day after theperformance, Mendelsohn 
maneuver & Shaker exercise was given on Levin insertion status. Ever since the therapy, 
the patient has constantly appealed the feeling of irritation inside the throat. On 22th in 
the morning, In the result of the laryngoscope, Lt. false vocal cord swelling and 
nasogastric tube were observed in vestibular folds. Therefore, levin tube was 
immediately eliminated.No sign of afeeling of irritation and gradual relief of a sore throat 
were shown.(fig-1)  
 
Conclusion  
The reason for migration of nasogastric tube is that with epiglottis opened, by continuing 
dysphagia therapy which causes artificial hyolaryngeal excursion, It is suggested that 
nasogastric tube was drifted to larynx while maneuvering by friction force.There shall be 
another possible factor of the reason through videofluoroscopy. The very sensible care 
and attention are required because dislocation & direct aspiration can be taken action 
through nasogastric tube among the patients with a sore throat under dysphagia therapy.  
  



 
The levin tube folded in Lt. vestibular folds.  
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Introduction  
The most common complications of dysphagia are dehydration, malnutrition, aspiration 
pneumonia and even death. Therefore, it is very important to detect swallowing 
disorders early, to find the cause, and then to perform appropriate treatment. Although 
common causes of dysphagia are strokes and neurodegenerative diseases, dysphagia 
induced by cervical osteophytes is sometimes found. When cerivcal osteophytes press 
the esophagus, the lumen of esophagus narrows. This eventually food remains in the 
esophagus with the delay of food passage.  
 
Case report  
An 61-year-old male patient visited our hospital complaining of slowly progressive 
dysphagia with difficulty in swallowing solid foods while there was no difficulty in 
swallowing liquids, that began approximately 6month ago. Especially, the patient 
swallowed the food and felt that the food was caught in the throat. The patient went to 
the hospital and examined the endoscopy, but he could not find the exact cause. The 
patient had no medical problems other than hypertension and did not have any surgical 
medical history. In the findings of videofluorocopic swallowing study, abnormal findings 



were observed when feeding viscous food. The residue of the food showed a large 
amount of remnants in the pharyngeal and upper esophagus, like a tail and the 
esophageal transit time was delayed. And then, it showed that osteophytes were severely 
protruding at the anterior portion of the 3th to 7th cervical spine and associated 
moderate lower pharyngeal and upper esophageal deviation. So, we conducted a simple 
radiography and large degenerative spur with esophageal compression are showed in the 
lateral views of the cervical spine X-ray. The most probable diagnosis was diffuse 
idiopathic skeletal hyperostosis (DISH or Forestier disease). Given the patient’ refractory 
nature of his dysphagia, surgical resection of the osteophytes was recommended. The 
operation was completed using an anterior approach and the patient was able to swallow 
solid foods without any discomfort, progressively.  
 
Discussion  
DISH is a diseases of the ligamentous structures of the spine. DISH is most common in 
thoracic lumbar spine but may also affect the cervical, rib, and pelvic bones. Dysphagia 
resulting from DISH of the cervical spine are rare but often reported. In this case, we 
could confirm the mechanism by which DISH causes dysphagia through VFSS. The 
treatment of dysphagia as a result of cervical hyperostosis is conservative(dietary 
management, antibiotics, anti inflammatory drugs, muscle relaxants, steroids) or 
surgical(anterior approach for the resection). In Conclusion, we could see that the giant 
anterior cervical osteophyte pressed the esophagus, slowing the passage of food and 
causing swallowing difficulties. Therefore, if dysphagia occurs in a person who does not 
have a stroke or other neurodegenrative disease, it must be considered that cervical 
osteophyte can be a cause.  
 

 
Extensive ossification of the 3th to 7th cervical vertebra bodies are demonstrated in the lateral views of the 
cervical spine X-ray.  



 
 
In the videofluoroscpic swallowing study, the food caught in the osteophyte and is not easily passed.  
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Title 
Epiglottic cyst as a causative factor of aggravated dysphagia in a chronic stroke patent.  
  
 Introduction 
 Dysphagia can be caused by structural lesions as well as neuromuscular problems. We 
usually evaluate the swallowing function with VFSS (Video Fluoroscopic Swallowing Study) 
and less commonly, with FEES (Fiberoptic Endoscopic Evaluation of Swallowing). We 
present our experience of a patient with stroke history who had newly aggravated 
dysphagia symptom due to epiglottic cyst that was diagnosed with FEES, following a 
negative VFSS study.  
 
Case report  
A 51-year-old female who had left basal ganglia and periventricular white matter 
infarction 30 months ago was seen in the rehabilitation outpatient department. 
Previously, nearly all of her swallowing functions had been in good condition with 
penetration aspiration score 3, functional oral intake score 7. She had been tolerable with 



regular diet, including solid and thin liquid. At the visit, she reported having frequent 
coughing when drinking thin liquid, without any other neurologic change. She had been in 
her tolerable state. Modified Barthel index score was 64 and mini mental state exam 
score was 26. VFSS was performed but no obvious aspiration was seen. Only mild 
penetration in thin liquid with cup drinking with immediate coughing response and 
minimal coating of semisolid residue in vallecula fossa were observed. Her symptoms 
were not improved, so FEES study was done which revealed a 1.5cm-sized cystic lesion in 
the base of epiglottis, which was not observed in the VFSS. She was referred to the 
otorhinolaryngology department for operation and underwent laser excision surgery. 
Biopsy findings revealed benign lymphoepithelial cyst. After surgery, her aspiration 
improved.  
 
Discussion 
When patients with dysphagia due to brain lesion appear to have swallowing function 
deterioration, we should not overlook the possibility of structural lesion. FEES or 
laryngoscopic evaluation could be of additional value. FEES can directly visualize 
pharyngeal structure with dynamic movement in real-time and detect even a small 
amount of aspiration or penetration, which can be easily missed with VFSS. In equivocal 
result with VFSS, additional FEES study is warranted for proper diagnosis.  
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Introduction  
Dyspnea due to bilateral vocal cord myoclonus is a rare manifestation of generalized 
palato-pharyngo-laryngeal myoclonus in chronic stroke patients. Palato-pharyngo-
laryngeal myoclonus may present in some stroke patients related to hypertrophic olivary 
degeneration. Olivary hypertrophy may occur several months after the initial insult to the 
dentato-olivary pathway. Myoclonus may follow shortly afterward but persist despite 
subsequent olivary neuronal loss and atrophy.  
 
Case  
Here we present two cases of patients with post-stroke dysphagia who also manifested 
with intermittent dyspnea. During the FEES (Fiberoptic Endoscopic Evaluation of 
Swallowing) evaluation, generalized myoclonus involving the palate, pharyngeal laryngeal 
spaces were observed. In addition, continuous rhythmical contraction of bilateral vocal 
folds was observed.  



 
Conclusions  
These two cases highlight that in dyspnea in chronic stroke patients may be related to 
myoclonus of the vocal folds. Diagnosis can be easily made with the use of the FEES.  
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Introduction 
Complex Regional Pain Syndrome (CRPS) is a common complication after a stroke. CRPS 
may cause shoulder and hand pain with aggravated activity limitation. For the treatment 
of CRPS after a stroke, steroid tapering therapy was well accepted as first-line therapy. 
But steroid therapy can make several side effects. We experienced a case of adrenal 
insufficiency symptoms after tapering steroid to treat the CRPS and report it.  
  
Case 
88-year-old man was admitted to our rehabilitation center for comprehensive 
rehabilitation. Three months ago, he got left side weakness with dysarthria and was 
diagnosed as the right paramedian pontine infarct.(Figure 1) After admission, we found 
he was suffered from left hand, wrist and shoulder pain with allodynia. He had 
tenderness on his left hand with swelling and redness. In the three phase bone scan, 
increase uptakes were shown at left wrist and hand small joints both in the blood pool 
phase and delayed phase.(Figure 2) We diagnosed CRPS and started steroid tapering 
therapy. We administered oral steroid with prednisolone 60mg for four days and tapered 
dose. Tapering schedule took 20days. One week after stopping prednisolone, he 
complained of general weakness, fatigue, poor motivation, poor appetite and feeling of 
depression. In endocrinology consultation, rapid ACTH stimulation test was suggested. 
Rapid ACTH stimulation was done with an intravenous injection of tetracosactide 0.25mg, 
followed venous sampling after 30 and 60 minutes for checking the cortisol level. The 
result of rapid ACTH stimulation test was shown in Table 1. The endocrinologist 
recommended administering hydrocortisone 20mg per oral to relieve the symptoms. Two 
days after taking hydrocortisone, he felt more power and motivation. Three days later, he 
discharged to another rehabilitation hospitals. After one month, he discharged home. 
Then he reduced hydrocortisone dose to 10mg a day. For six months, he took 
hydrocortisone 10mg, and then he stopped. After four months without hydrocortisone, 
he complaint of aggravated poor motivation and dementia. Thus He re-started 
hydrocortisone with a dose of 10mg per orally.  
 
Conclusion 



High-dose corticosteroid therapy can suppress hypothalamus-pituitary-adrenal axis. If 
adrenal insufficiency is symptomatic, it can hinder rehabilitation and needs supplements. 
We experienced a case of symptomatic adrenal insufficiency following steroid tapering 
therapy and report. Prospective trials are necessary to find the prevalence of secondary 
adrenal insufficiency followed by steroid treatment.  
 

 
Diffusion Weighted Image Shows Acute Cerebral Infarct in Right Paramedian Pons  
 

 
Three-Phase Bone Scan for Diagnosis of CRPS Shows Hot Uptakes at Left Hand and Wrist  
 

 
Result of Rapid ACTH Stimulation Test  
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Introduction  
Human immunodeficiency virus(HIV) infected people are increasing. They show various 
kind of sequelae. Progressive multifocal leukoencephlopathy (PML) is significant sequelae 
of HIV. It may cause paralysis, cognitive impairment, dysarthria, and dysphagia. Anti-
retroviral therapy and corticosteroid use reduce symptoms of PML, but in sometimes, 
somebody who shows recovery from PML may get worse. It is called immune 
reconstitution inflammatory syndrome (IRIS). We experienced a case of PML-IRIS in our 
rehabilitation setting and report it.  
 
Case  
A 42-year-old man has visited our hospital, department of infectious disease for a rash on 
the whole body.(Day 0) Two years ago, he diagnosed HIV infection, but he refused any 
treatment. He has a sexual history of sex with man. His sexual partner had diagnosed HIV 
infected. He complained not also rash and pruritus, but dysarthria and memory 
disturbance with left facial palsy. He was diagnosed as PML and started to taking anti-
retroviral therapy with dolutegravir, lamivudine, and abacavir (Day 12). He had also got 
prophylactic antibiotics, trimethoprim-sulfamethoxazole and azithromycin. At Day 18, he 
was consulted to our rehabilitation center for physical therapy at the gym due to left 
hemiplegia. But his left hemiplegia was getting worse, so at day 18, we started oral 
corticosteroid therapy with prednisolone 20mg under diagnosis of PML. At that time he 
was transferred to our rehabilitation center. Even though he had got comprehensive 
rehabilitation, his weakness was getting worse. At Day 35, we dosed up steroid to 
prednisolone 60mg under the diagnosis of IRIS. At Day 42, pulmonary thromboembolism 
was diagnosed. At Day 45, his weakness was aggravated with decreased alertness. We 
stopped rehabilitation, and he was taken only conservative treatment. His time course 
was described in Fig 1. At Day 89, we followed up the result of manual muscle test. He 
still had severe left side weakness. At Day 194, his left side weakness was getting better. 
We restarted comprehensive rehabilitation on admission. At Day 223, he could walk 
indoor without any assistance. His motor grade of left side ranges from 2 to 3 with some 
spasticity. His dysarthria was also relieved. Now he is preparing home discharge.  
  
Conclusion  
Patients with PML-IRIS need comprehensive rehabilitative approach. We experienced a 
patient with PML-IRIS in the setting of comprehensive rehabilitation. Larger sized 
prospective studies would be required to set up comprehensive rehabilitation programs 
for PML-IRIS patients.  
 



 
Sequential Results of Manual Muscle Test  
 

 
Time Course of the Patient: from First Visit  
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Thymoma is rare cancer, but it is the most common type of tumors in the entire 
mediastinum. Among patients with thymoma, less than 5% of patients are known as 
Good’s Syndrome, which is combined with immunodeficiency. Clinical feature are 
recurrent infections due to immunodeficiency, diarrhea, lymphadenopathy, and typical 
laboratory findings are hypogammaglobulinemia, decreased peripheral B cells, CD4 + 
lymphopenia, and reversal of CD4/CD8 ratio. A 44 years old man was to the secondary 
training hospital with progressive quadriplegia for 8 months. In 2004, he had been 
diagnosed with myasthenia gravis and confirmed thymoma. He underwent total 
thymectomy, RTx, and CTx. However, three-time recurrence and pleural metastasis were 
found in October 2004, March 2006, and July 2014.  In April 2016, he had hospitalized for 
one month with Pneumocystis jirovici pneumonia. In May, he had the left-sided visual 
loss due to viral retinitis. Until August 2016, it was possible to live independently, but 
since then general weakness had become worse. At the end of August 2016, he became 
bedridden. On August 23, 2016, he had been hospitalized again for pneumonia. Brain MRI 
was performed for the symptoms of dysphagia. The Brain abscess and 
meningoencephalitis were found. IV ceftriaxone and vancomycin antibiotics were started. 
On October 9, 2016, brain abscess size decreased on brain MRI, but C-spine MRI showed 



a progression of the disease to C7 level and the infection spreading pattern was similar to 
that of tuberculosis infection. So, the patient was treated with anti-tuberculosis 
medication under suspicion of CNS tuberculosis infection in consideration of the clinical 
and radiological findings. November 5, 2016, right leg weakness and neuropathic pain 
were aggravated, and T spine MRI was performed. The signal intensity was increased up 
to T8-9 level including C-spine which showed myelitis progression. On November 24, 
2016, thymic carcinoma recurrence with pleural metastasis was confirmed. On March 24, 
2017, he was transferred to the Rehabilitation Department for comprehensive 
rehabilitation. On physical examination, he was alert and well oriented. On the manual 
muscle test, the upper extremity was grade 3 and the lower was grade 2. He had a 
sensory impairment with increased tendon reflexes, impaired proprioception below 
elbow and hip, and hypoesthesia. In a laboratory study conducted on March 24, 2017, 
IgG/IgA/IgM was in normal range, but peripheral B cell, CD4 T cell, and CD4/CD8 ratio 
were decreased. Therefore, it was confirmed that cellular immunity was deteriorated and 
when considered together with the clinical course it could be diagnosed as Good's 
syndrome.  
Good’s syndrome is a highly suspicious disease in patients with thymoma who have 
repeated, persistent and unusual infections. Immunologic tests for serum 
immunoglobulin and cellular immunity function should be performed for diagnosis. This 
can prevent delayed diagnosis and allow timely treatment.  
 

 
Fig 1. Brain MRI (DWI) shows an abscess in the cervicomedullary junction (26 August, 2016)  
 

 
Fig 2. C spine MRI (T2-WI) shows increased signal intensity in the medulla, cerebellar tonsil, and C-spinal 
cord. (10 October, 2016)  
 



 
Fig 3. C&T spine MRI (T2-WI) shows a severe meningoencephalomyelitis in the brain and cervicothoracic 
spine (7 November, 2016)  
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Each amputee and stroke is quite common but those with both are rare. As the authors 
experienced a case of left hemiplegic patient with right amputee who had a amputation 
surgery 30 years ago, here we report the case.  
 
Case  
A 51 year-old man whose right arm and leg were amputated(shoulder disarticulation and 
transfemoral level) due to an electrical accident 30 years ago visited our hospital 
emergency room with decreased mentality and left side weakness. Before this event, he 
could ambulate without lower passive system prosthetics indoor level and with 
prosthetics outdoor even level by himself. Computed tomography(CT) finding showed 
acute intracerebral hemorrhage in right occipital lobe combined with intraventricular 
hemorrhage. He was admitted Neurosurgery department and underwent craniotomy and 
hematoma removal surgery and transferred to rehabilitation department. His left upper 
and lower extremities motor Medical Research Council(MRC) scale was 3 at initial 
evaluation and sensory was impaired. Also, He had a left side neglect sign and line 
bisection test was 37.1mm which revealed severe neglect. Initial K-MBI(Modified barthel 
index) score was 19. He could not maintain his sitting position neither take off his 
prosthesis by himself because of his impaired cognition and sensory. He got a 
ophthalmologic examination including Visual Evoked potential(VEP) and had a left 
homonymous hemianopsia and bilateral visual pathway dysfunction.  
 
We conducted rehabilitation daily for 1 month focusing on core muscle strengthening, 
sitting and standing exercise, progressive gait training in physical therapy. In occupational 
therapy, we tried him educating don and doff prosthesis, performing computerized 
cognitive therapy. After 1 moth, his MRC scale was improved to beyond 4 and K-MBI 
score was improved to 69 score. He could wear and take off his prosthesis by himself and 



walk 10 minutes without rest. Also, line bisection test was improved from 37.1mm to 
22.7mm although hemianopsia was not dramatically improved. Then, he discharged and 
changed to outpatient rehabilitation treatment.  
 

 
acute ICH in right occipital lobe combined with IVH  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

scannogram in standing position with prosthesis        clinical photo in sitting position  
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Introduction  
 Progressive Supranuclear Palsy(PSP, Also known as the Steele-Richardson-syndrome) is a 
degenerative disease and taupathy with gradual deterioration and specific brain volume 
loss. PSP shows decreased cognition, postural instability and falls, supranuclear vertical 
gaze palsy, dysphagia. Speech disturbances are also common, however, aphonia without 
vocal cord structural abnormality is not common for PSP patients. Primary cause of 
aphonia is bilateral recurrent laryngeal nerve damage by surgery or tumor. We 
experienced 68-year-old female who was diagnosed with PSP characteristic of aphonia 
without the nerve damage.  
 
Case report  
A 68-year-old woman visited hospital with progressing balance impairment and aphonia. 
She also complained of vertical gaze palsy, cognitive impairment, emotional change and 
bulbar symptoms. She was diagnosed PSP with midbrain atrophy in Brain MRI(Humming 
bird sign). 4 years ago, the patient developed balance impairment, gait disturbance, 
amnesia and emotional change. There was no acute brain lesion other than chronic white 
matter ischemic change on Brain MRI. 3 years ago, the patient developed gradually 
deteriorating balance impairment, amnesia, visual hallucination and depressive mood. 
Follow-up Brain MRI shows no abnormality other than advanced cerebral atrophy.  
After diagnosis of PSP, evaluation of speech function was performed. There was 
dysarthria due to decreased oromotor function. Aphonia caused by vocal cord palsy was 
suspected because there was no vocalization by vocal cord vibration. But the vocal cord 
movement was intact on laryngoscopy. Respiratory function evaluation was performed. 
There was prominent respiratory muscle weakness(FVC 29%pred, FEV1 32%pred and 
Peak cough flow 60L/min). Therefore, the respiratory muscle weakness is considered to 
be the main cause of aphonia in this patient. In addition to conventional rehabilitation, 
respiratory rehabilitation such as diaphragm exercise, thoracic expansion exercise, 
isometric exercise, aerobic exercise and ventilatory muscle training were performed to 
strengthen the respiratory muscles. 1 year after diagnosis of PSP, FVC 23% pred, FEV1 24% 
pred were measured in PFT and respiratory muscle weakness was observed to the extent 
that Peak cough flow was not measurable. In speech-language evaluation, breathing was 
short and vocalization was not observed, continuously.  
Conclusion  
It is important to evaluate the respiratory function early in the PSP patients with aphonia 
without vocal cord palsy. If early respiratory rehabilitation is performed for PSP with 
aphonia due to respiratory muscle weakness, the progress of speech disturbance like 
aphonia may be slowed down.  
 



 
Figure 1. Brain magnetic resonance imaging of the patient. Arrows indicate Midbrain atrophy(Humming 
bird sign).  
 

 
Figure 2. Laryngoscopic finding of the patient which vocal cord is intact  
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Bickerstaff`s Brainstem Encephalitis (BBE) is a rare disease, characterized by progressive 
bilateral ophthalmoparesis and ataxia with impaired consciousness and/or pyramidal 
signs. It is considered to be a variant of Miller Fisher syndrome(MFS) and Gullain-Barre 
syndrome(GBS) but is different from involving of central nerve system. The annual 
incidence of BBE as 0.078/100,000 with annual onset of 100 case reported in Japan. Most 
case have history of prior infection such as Campylobacter jejuni An autoimmune chain 
mechanism produced by microbial infection may triggering the pathogenesis of the 
disease. We reported a case of BBE with incurable Neurogenic bladder.  
 
 A 24-year-old man visited our hospital before 2 days of fever with nausea, vomiting, 
diarrhea and headache . After admission, cerebrospinal fluid study showed elevated 
protein level. 2 days after, patient`s condition became worsen, presenting with both 



limbs weakness, drowsy mental change, dysphagia and slurred speech. Brain magnetic 
resonance imaging showed diffuse increased signal intensity at supratentorial white 
matter, deep grey matter and both thalamus, and heterogenous signal in basal ganglia. 
Immunological study revealed anti-GM1b Ab IgG, anti-GD1b Ab IgG positive state. 
Electromyography finding was suggestive of peripheral polyneuropathy, especially, acute 
motor axonal neuropathy (AMAN). The patient was diagnosed BBE which was diagnosed 
by image finding, EMG finding, clinical symptoms and immunological finding. After the 
conformation of diseases. The patient was treated with intravenous immunoglobulins for 
5 days, and then his condition improved slightly. During the recovery period, neurogenic 
bladder was revealed. We checked voiding pattern and residual urine but symptom did 
not improved. In Urodynamic study showed detrusor muscle overactivity. Using alpha-
blocker for treatment of symptom, but voiding disorder countinued. Follow-up EMG 
revealed cauda equina syndrome with impaired S2-S4 reflex. We thought these finding 
caused neurogenic bladder. After discharge, lower limbs weakness were slightly 
improved, but neurogenic bladder still existed. So he did clean intermittent 
catheterization and hesitation symptom appeared.  
 
BBE is a rare inflammatory, demyelinating autoimmune disorder. It overlaps with other 
similar conditions such as MFS or GBS. The diagnosis of BBE is by exclusion, high index of 
clinical suspicion and needing immnunological study. Treatment of these diseases is very 
similar to GBS which treated by intravenous immunoglobulins or plasmapheresis. Our 
case showed central and peripheral nerve impairments, such as mental change and 
dysautonomia. It called to a variant of anti-GQ1b antibody syndrome in other articles and 
reported only a few case.  
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Introduction  
Cisplatin is one of the most commonly used chemotherapy agents, and nephrotoxicity, 
ototoxicity, and hematologic toxicity are common side effects and various complications 
occur. Vascular toxicity of cisplatin causes cerebral infarction and is known to occur very 
rarely. The mechanism of vascular toxicity is not clearly known, some studies have shown 
that endothelial cell damage, hypercoagulable state due to platelet activation, adhesion, 
and aggregation, increased von Willebrand factor, and thrombus formation due to 
reduced nitro-oxide bioavailability are involved in vascular toxicity. We report a case of 
ischemic stroke in a patient receiving cisplatin chemotherapy.  
 



 
Case report  
A 64-year-old male patient was suspected of having gastric cancer in a CT scan. He was 
performed endoscopic examination and histologically diagnosed as adenocarcinoma 
(Stage: T4aN1M0). The patient was diagnosed with Rt. ACA infarction about 1 month ago, 
but recovered nearly full and did not have motor weakness or intelligence deterioration. 
He was treated with aspirin 100 mg QD and cilostazol 100 mg QD as medication. The 
patient was decided to perform chemotherapy without surgery for gastric cancer, and 
sufficient hydration was performed before chemotherapy. Chemotherapy was done over 
5 days and cisplatin and 5-fluorouracil (5-FU) were administered on the first day. After 4 
days of 5-FU administration, chemotherapy was completed. 48 hours after the end of 
chemotherapy, the Lt. lower limb weakness, Lt. eye ball deviation and seizure occurred in 
patients. In the neurologic exam performed in the emergency room, the consciousness 
was alert and there was no cognition deficit. In the manual muscle test, the motor of Lt. 
lower limb was 3 grade, and the limb motor except the left lower limb was 5 grade. MRI 
diffusion flair showed prominent multiple diffusion high signal intensity lesions in Rt. 
Frontal lobe and corpus callosum, focal diffusion high signal intensity lesion in Rt. 
superior frontal gyrus. Rt. Frontal lobe and corpus callosum lesions were diagnosed as 
previous subacute Rt. ACA infarction and Rt. superior frontal gyrus lesions were 
diagnosed as new Rt. acute ACA infarction (Figure 1.). The patient was admitted to the 
stroke unit for close monitoring. Aspirin was administered as before and cilostazol dose 
was increased to 200 mg QD and clopidogrel 75 mg QD was added. After the patient 
became stable, the cisplatin chemotherapy was discontinued and the patient had active 
rehabilitation treatment.  
 
Conclusion  
When performing chemotherapy including cisplatin, the risk of stroke should be 
considered for patients at high risk of ischemic stroke and it is important to monitor 
neurological symptoms closely in performing chemotherapy  
 

 
Figure 1. Acute ischemic infarction on diffusion-weighted MRI. Axial DWI, (A) showing focal diffusion high 
signal intensity lesion in Rt. superior frontal gyrus (Arrow). The infarct is seen as an area of decreased 
apparent ADC in the hypointense region on the corresponding ADC map (B)  
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Introduction  
 Squalene is a lipid derived from shark liver oil and has been used as health supplements 
in patients with chronic disease. Exogenous lipoid pneumonia is a disease caused by 
accumulation of fatty material in lung parenchyma due to aspiration or inhalation. In 
Korea, a few cases of lipoid pneumonia caused by squalene have been reported. However, 
there has been no report of recurrent squalene-induced pneumonia in patients with 
cerebral infarction.  
 
Case report  
A 48-year-old-male patient was transferred from neurology department with left 
hemiplegia caused by cerebral infarction on right basal ganglia. During the rehabilitation 
treatment, he had irregularly headache and chilling sensation with mild fever for a week, 
and laboratory findings showed increased C-reactive protein (CRP) level and chest 
computed tomography (CT) findings showed consolidation, ground glass attenuation on 
both lower lobes. Therefore, antibiotics treatment was performed under the diagnosis of 
pneumonia. To rule out the presence of aspiration pneumonia, we performed 
videofluoroscopic swallowing study (VFSS) and radionuclide salivagram, but there was no 
specific finding. During the antibiotics treatment there were shown elevated levels of 
aspartate aminotransferase(AST), alanine transferase(ALT), and gamma 
glutamyltranspeptidase(r-GTP), so drug induced hepatitis was suspected. To investigate 
the cause of hepatitis detailed history taking was conducted, and it was discovered that 
he have been taking liquid form squalene for 2 weeks, then he was recommended to stop 
taking it. After 2 weeks of antibiotics treatment, the patient’s symptoms disappeared and 
laboratory and radiologic findings also improved, so the antibiotics treatment was 
terminated. On 3 weeks after antibiotics treatment, headache and chilling sensation 
recurred, and elevated CRP was identified. After detailed history taking, it was discovered 
that he have been taking liquid form squalene again for a week. After immediately he was 
recommended to stop taking squalene, symptoms and laboratory findings were gradually 
improved without other treatment and he was discharged one week later.  
 
 Discussion  
Lipoid pneumonia due to squalene has been reported previously. The squalene does not 
wash well in the mouth and remains for a long time. Remained oil in oral cavity may flow 
through the pharynx, then it reaches the airway and accumulates in the lung when the 
epiglottis is opened. Because stroke patients tend to have impaired oropharyngeal motor 
function, they have more risk of aspiration than healthy people. Even though aspiration is 



not confirmed by VFSS and radionuclide salivagram, more attention should be paid when 
taking oily material in stroke patients.  
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Object 
Auditory agnosia is misunderstood to aphasia or hearing difficulty. The aim of this study is 
to report rare complication, auditory agnosia in right MCA infarction. 
 
Case Presentation 
The patient was 66 years old male. Rt MCA infarction was developed 6 months ago and 
he had left hemiplegia, so he was admitted in our rehabilitation unit. Cranial nerve 
examination was non-specific finding except right facial weakness. Manual muscle test 
was trace in left extremities. His MMSE-K score was 11. His educational background was 
high school and he had no problem about language before his stroke. After stroke he had 
some difficulties such as dysarthria and communication problem. So he could not well 
communicate with care-giver and medical staffs. We evaluated language-speech test and 
the findings was different as we expected. K-WAB findings were assumed to auditory 
agnosia with dysarthria or unclassified aphasia. His AQ score was 18 and LQ score was 
36.6. In detail profile fluency domain was 5% and comprehension domain was 1%, 
repetition domain was 1%, but naming domain was 58% and reading domain was 72% 
and writing domain was 59%. He had many errors in repetition, auditory naming reaction, 
dictation test by auditory stimulus. But he commanded 3 steps with written sentences 
and had positive reactions in writing, reading, naming test by written command. In 
speech test the heper-nasality, limitation of oro-facial ROM and impaired articulation 
were seen. Although his impaired speech function, the language findings were different 
from usual sensory or motor or transcortical aphasia. So we evaluated hearing function to 
differentiate sensory-neural hearing loss. We checked AEP and pure tone audiogram. AEP 
were normal latency in I, II, III, IV, V. PTA(Pure tone audiogram) could not be tested due 
to his poor coorperation. So PTA was replaced with ABRT(auditory brainstem response 
test). ABRT seemed to be hearing difficulties in both ear, right-60dB, left-70dB. Usually 
considering 10~15dB gap between PTA and ABRT, the patient’s hearing functions are 
assumed to moderate hearing difficulty but that finding was not seem to be attribute his 
communicating problems. So we suggested that the patient’s communicating problem is 
due to auditory agnosia, rare complication in stroke survivors. We maintained speech 
therapy and communicated with patient by written sentence and visual cues.  
 
 



 
Conclusion 
This case demonstrate that auditory agnosia in right hemisphere lesion. The patient’s 
lesion is right MCA territory, temporal – parietal lobe involved. At the previous reports 
auditory agnosia is related to right temporo-parietal or thalamo-parietal lesion. Right 
hemisphere may play a important role in perceiving and discriminating sound. So like as 
this case, large right MCA lesion may developed auditory agnosia and the clinicians 
consider to differentiate auditory agnosia from aphasia or hearing difficulty.  
 
 
 

 
 
Large temporo-parietal infarcted lesion with 
auditory agnosia  
 
 

Dissociating findings in auditory stimulus from 
written stimulus in K-WAB test

 



 
Normal AEP findings in auditory agnosia with right temporo-parietal lesion  
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purpose  
Robot-assisted gait training is helpful in effectively implementing repetitive, high  
intensity gait training. Several studies have been conducted in different areas (subacute 
stroke, spinal cord injury) on robot assisted gait training, however there is little clinical 
research in the area of patients with brain tumor. The purpose of this study is to 
investigate the effects of Morning Walk-assisted gait training for patients with brain 
tumor.  
 
methods 
We enrolled 10 patients with brain tumor, who have primary brain tumor, whose 
functional ambulation category (FAC) scores were ≥2, and older than 18 years. Seven 
patients were dropped out because of deconditioning, recurred brain tumor, and early 
discharge, leaving a cohort of 3 for final analyses. Patients were treated with 30 min of 
Morning Walk training with 1 h of conventional physiotherapy, five times per week for 3 



weeks. The primary outcome was the walking ability (the FAC scale), and lower limb 
function (the Motricity Index (MI)-Lower). Secondary outcomes included the ten-minute 
walk test (10MWT), the Korean-Modified Barthel Index (K-MBI), the Rivermead Mobility 
Index (RMI), the Berg Balance Scale (BBS), the Karnofsky Performance scale, and the Brief 
Fatigue Index (BFI).  
 
Results  
Two of the three patients who underwent robotic training were diagnosed with high 
grade glioma, and one was diagnosed with astrocytoma (Table1). After training, most 
outcome measures significantly improved (Table 2). The outcomes with the improved 
score in all three patients were 10MWT (T1–T0 : 0.31±0.08), RMI (T1–T0 : 3.33±2.52) , 
Berg Balance Scale (T1–T0 : 12.00±1.73), and Karnofsky performance status scale (T1–T0 : 
13.33±5.77). There were no statistically significant results, but this was due to small 
sample size, and overall score for all items were improved after treatment. As shown by 
the fact that 7 out of 10 patients were discontinued due to recurrence of brain tumor or 
overall condition deterioration, in patients with brain tumors, fatigue was an important 
concern for treatment continuity, but Brief Fatigue Index (T1–T0 : 5.67±5.13) was also 
improved after robot training.  
Conclusion  
Morning Walk-assisted gait training combined with conventional physiotherapy improved 
motricity of the affected limb and balance, and did not deteriorate fatigue in patients 
with brain tumor. Morning walk-assisted gait training may be considered as one of the 
treatment Methods to improve mobility and improve the condition of brain tumor 
patients. Further research is needed in this area with more numbers of patients and with 
randomized controlled studies.  
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Introduction  
May-Thurner Syndrome (MTS) was defined as a frequent anatomic variant in which 
compression of the left common iliac vein between the body of the fifth lumbar vertebra 
and the right common iliac artery. MTS can cause deep venous thrombosis (DVT) of the 
left lower limb. While anticoagulation remains the mainstay treatment of acute DVT, 
catheter-directed thrombolysis provides a safe and effective method for relieving acute 
symptoms and preventing postthrombotic syndrome in patients with MTS. However, in 
stroke patients who developed hemorrhagic transformation, catheter-directed 
thrombolysis has re-bleeding risk. We report the case of a 60-year-old stroke patient who 
developed deep vein thrombosis associated with MTS treated with catheter-directed 
thrombolysis.  
  
Case Presentation 
A 60-year-old man with right middle cerebral artery infarction was treated with 
Intravenous thrombolysis and Intra-arterial thrombectomy. Thereafter, a hemorrhagic 
transformation occurred in the ischemic stroke lesion on the two days after stroke onset. 
He was transfered to the rehabilitation department on the 17days after stroke onset. 
Edematous change developed in the left lower leg on the 10days after transfer. 



Computed tomographic angiography (CTA) showed extensive DVT in the Left iliac vein 
and MTS (Figure 1). Due to hemorrhagic transformation in the stroke lesion, it was 
dangerous to perform catheter-directed thrombolysis. However, we suspected that it 
would be too risky to continue rehabilitation exercise after anticoagulation only. 
Therefore, inferior vena cava filters were inserted and catheter-directed thrombolysis 
with thrombectomy was performed with using minimal dosage of urokinase (700,000 IU). 
A large amount of blood clot were removed and there was no neurologic sign after 
procedure (Figure 2). Twenty days later, there was little thrombus on follow-up CTA 
(Figure 3). The patient discharged after 2months without any complication.  
 
Conclusion  
This is the first report of catheter-directed thrombolysis therapy for deep vein thrombosis 
in a ischemic stroke patient with hemorrhagic transformation with MTS. Generally, 
thrombolysis therapy is contraindicated if there is a risk of intracranial hemorrhage. But 
because DVT was too extensive and the patient needed acute phase rehabilitation, we 
did it and probably this is very rare case.  
 

  
Figure 1. 3-demensional reconstruction computed 
tomographic angiography (CTA) shows that the 
flow of the left iliac vein is completely blocked by 
occlusion at the site below the red arrow (a). CTA 
shows intraluminal filling defect (yellow arrow) in 
left common iliac vein (c, d, e). and Axial image 
shows compression of left common iliac vein 
(arrowhead) by right common iliac artery (b).  

Figure 2. Lower-extremity venogram shows 
outlining of an thrombosis in the left iliac vein with 
contrast enhancement (a) and Inferior vena cava 
filter (b), and mechanical thrombectomy (c). A 
large amount of blood clot could be removed after 
the procedure (d).  

 



 
Figure 3. Compared with previous images (Figure 2-(c), 2-(d), 2-(e)) CTA shows that the intraluminal filling 
defect is almost reduced in left common iliac vein (c), (d), (e). But compression of left common iliac vein 
(yellow arrow) by right common iliac artery(a) is still remain (b). 3-demensional reconstruction CTA shows 
the recovery of blood flow in the left iliac vein (a).  
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Introduction  
Corticobasal syndrome(CBS) is a rare neurodegenerative disease characterized by 
asymmetric cortical atrophy mainly at the frontoparietal region. CBS include various 
features such as asymmetrical rigidity with apraxia, cortical sensory loss, myoclonus and 
dystonia. However, there is no specific management Methods. We report three cases of 
gait improvement after rehabilitation via individual patient approach.  
 
Case series 
- Case 1  
A 80-year-old woman began taking Levodopa 4 years ago because of left leg resting 
tremor and gait instability, but MRI showed no abnormal findings. Despite raising dose, 
there were no changes in symptom and she could not initiate gait step properly(Video 1). 
Physical examinations revealed 20 degrees in the abduction at the angle of the left hip 
joint, involuntary movement in the left lower extremity(Video2), and increased muscle 
tone at the left hip adductor, calf muscles. We performed alcohol block to the left 
obturator nerve and botulinum toxin injection to the left gastrocnemius and the tibialis 



posterior muscles. Follow-up physical examinations revealed 40 degrees in the abduction 
angle of the left hip joint, decreased frequency and duration of the involuntary 
movement. Furthermore, she could walk for 200metes by holding an anterior walker 
(Video 3).  
 
- Case 2  
A 69-year-old woman presented with walking difficulty for a year despite increasing 
Levodopa dose, but MRI showed no abnormal findings. She visited the department of 
neurology and finally was diagnosed with corticobasal syndrome. Physical examinations 
revealed increased muscle tone at the left hip adductor and calf muscles(Video 4) and the 
left leg did not initiate the gait step properly which was limb apraxia finding(Video 5). We 
performed obturator nerve block and botulinum toxin injection to the left gastrocnemius 
and the tibialis posterior muscles. At the time of admission, she was able to walk 100 
meters independently(Video 6).  
 
- Case 3  
A 57-year-old woman began to have strange sensation on the left leg and gait apraxia, 4 
years ago. Brain MRI was taken and it revealed cortical atrophy of right cerebral 
hemisphere(Figure 1). Therefore, she was diagnosed with corticobasal syndrome and 
started to take Levodopa but, gait disorder persisted. She had a limb apraxia 
finding(Video 7), but there was no dystonia in all extremities. In order to initiate the left 
leg, she continued to cane dependent gait training with visual cue like laser beam. 
Furthermore, She continued gait training with a whole body therapeutic pool and robotic 
assisted gait training. At discharge, gait initiation and stride length improved and gait 
velocity also improved(Video 8).  
 
Conclusion  
Most patients with CBS tend to be diagnosed with Parkinsonism disease and diagnosed 
with freezing gait. However, CBS is a rare neurodegnerative disease, as can be seen in our 
case, providing personalized rehabilitation treatment through individual approach can 
lead to improved gait. 
  

 
Brain MRI(flair) (17 December, 2017)  
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A 50-year-old female patient who had been swimming, mainly free style and breaststroke 
for 10 years as hobby, visited the emergency room with pain and tingling sense on the 
posterolateral side of the Rt. thigh. Symptoms began 2 to 3 months before her first visit 
to the emergency room and worsened a week earlier. She returned home after pain 
control, and visited our clinic 4 days later. She complained of same symptom and 
admitted under the impression of herniated lumbar disc or myofascial pain syndrome.  
On physical examination, there was tenderness on her right buttock, mainly inferolateral 
to the Piriformis. This pain was aggravated and radiated to popliteal fossa with leg 
adduction. Internal rotation, abduction, and flexion of the hip also mildly worsened the 
pain. Patrick test and Thomas test were negative. L-spine MRI showed no specific findings 
other than mild disc bulging at L4-5 segment. Hip MRI showed sprain of the right 
Adductor brevis and edema around the right sciatic nerve was compatible with secondary 
focal sciatic neuritis. Electrodiagnostic study on second day of admission showed no 
abnormalities and she discharged with pain medication of non-steroidal anti-
inflammatory drug and gabapentin. She was admitted to the hospital after 2 weeks for 
aggravated symptom. Electrodiagnostic study was done again and showed no abnormal 
findings. During the hospital stay, physical modalities on right buttock area and pain 
control with gabapentin, NSAID, acetaminophen and opioid improved patient’s symptom 
and discharged. At follow up for 3 months, pain on right posterior buttock area gradually 
reduced with medication, but did not disappeared definitely. This case shows that sprain 
of Adductor brevis may cause sciatic neuritis and it could be diagnosed by MRI with 
careful history taking on symptoms.  
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Introduction  
Therapeutic applications of HIFU(high intensity focused ultrasound) use ultrasound to 
deliver heat or agitation into the body and much higher energies are used. There is 
regulatory approval to treat a range of cancers, including breast, kidney, liver, the 
pancreas and soft tissue sarcoma in Europe and Asia. There is a brain system approved in 
Europe, Korea and Russia to treat essential tremor, Parkinsonian tremor and neuropathic 



pain. Non-image guided HIFU devices may be marketed for cosmetic purposes (typically 
for body fat reduction) in some jurisdictions. But there are various side effects like burn, 
tissue necrosis, swelling, bleeding and pain at the focused site. In this case, we are going 
to address Lumbar plexopathy caused after HIFU treatment for uteine adenoma. [fig-1]  
  
Case  
A 36-year-old female patient had a HIFU treatment owing to uterine adenoma at a local 
clinic on December 14, 2016. HIFU procedure was given through abdomen and the part 
of pelvis, and the patient had not any pain because she was in anesthesia state during the 
time of procedure. But, she was hospitalized in another clinic owing to the voiding 
difficulty and motor weakness of right lower extremity which occurred after the HIFU 
treatment. She had indwelling catheter during a month after surgery. Her voiding 
difficulty was improved after one month of combining medication and rehabilitation 
treatment. But, muscular strength, which has been of one to two grade since procedure, 
was still of three to four grade a month later. Especially, hypoesthesia symptom of the 
front part of right foot, calf and thigh did not change. And, she visited our out-patient 
clinic on April 10, 2016 because she could not lead a normal life because of pain on right 
pelvis, buttock and lower limbs. We can find decreased SNAP on right femoral cutaneous 
nerve and decreased CMAP on right tibial nerve though NCS. The denervation potentials 
were observed in the muscle of obturator territory including abductor longus. [table-1] 
She was diagnosed as lumbar plexopathy, so we conducted pain management and 
rehabilitation therapy in our clinic. In the hospital coarse, we conducted pelvis MRI and 
observed bony insufficiency around sacrum. We could not find any event or cause 
associated with bony insufficiency in the patient’s history and HIFU treatrment might be 
one of possible causes. [fig-2]  
 
Conclusion  
In the past, there was a report that certain side effects occurred after HIFU treatment. 
According to the principle of HIFU, tissue degeneration can occur easily without exterior 
incision if high energy is well delivered to target site. But, certain damage to surrounding 
tissue may occur according to the skill of operator or the extent of energy regulation. So, 
operations should be approved in view of forward selections of side effects. And, we 
must consider above points in caring and educating patients.  
 

 
Uterine adenoma ; 3.65 X 2.53 cm  
 



 
NCS and EMG findings  
 

 
Bony insufficiency at the right sacrum.  
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Background  
Compressive femoral neuropathy is a rare, but unpleasant condition, characterized by 
quadriceps muscle weakness resulting in difficulty extending knees and flexing hip, 
significantly affecting functional outcome. It is reported to be caused by iliacus 
hematoma or retroperitoneal bleeding induced by anticoagulant agents or clotting 
disorders or from complications of pelvic, hip surgery, inguinal repair or after renal 
transplanations. Unless occurred immediately after surgery, most related symptoms 
develop occultly, thus is frequently overlooked by clinicians.  
 
Case Report  
This was a 55-year-old woman diagnosed with autosomal dominant polycystic kidney 
disease in 2013 who presented with proximal muscle weakness in lower extremities. She 
had a history of recurrent cyst infection requiring hospitalization four times. The 
weakness was aggravated during such events. On physical examination, abdomen was 
distended, and mild quadriceps muscle atrophy was noted. Manual muscle test showed 



hip flexion 2/2, knee extension 2/2, ankle dorsiflexion 5/5, and ankle plantarflexion 5/5. 
Both knee deep tendon reflexes were decreased. Nerve conduction study (NCS) was 
performed on the second day of admission. Femoral nerve motor conduction study 
showed decreased amplitude. On needle electromyography (EMG), abnormal 
spontaneous activities were observed at rest in both vastus lateralis and vastus medialis 
muscle. Motor unit action potentials (MUAP) on those muscles demonstrated polyphasic 
morphology with reduced recruitment at maximal volition. CT scan showed massively 
enlarged kidneys occupying the whole abdominal cavity; right kidney measuring 28.2cm 
and left kidney 23.9cm in long axis diameter due to polycystic change. Pelvis MRI 
revealed femoral nerve compression at origin mainly on the right side. Cyst infection was 
managed with antibiotics. Renal function was maintained by regular hemodialysis. The 
patient was educated to avoid activities that may increase abdominal pressure. 
Rehabilitation exercise was given. After 2 months, motor strength improved in hip flexion 
3/3, knee extension 3/3. Seventy-four days after the initial analysis, nerve conduction 
study and EMG were performed again. The femoral nerve CMAP increased from initial 
0.6mV to 1.3mV on the right, and from 1.4mV to 1.9mV on the left. The MUAP recovered 
to full recruitment at maximal volition.  
 
Conclusion  
This study is the first case report demonstrating femoral nerve compression caused by 
autosomal dominant polycystic kidney disease. EMG and NCS should be considered in 
polycystic kidney disease patients with hip flexors, knee extensors weakness. CT and MR 
images can assist in further identifying the cause. Symptoms may progress due to 
infected renal cysts. Maintaining renal function, and managing renal cysts infection is 
crucial. Rehabilitation strengthening exercise and avoiding aggravating posture and 
activities may be helpful in preventing further compression.  
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Introduction 
A compartment syndrome is a well-known pathophysiologic complication which can 
exacerbate tissue injury; however, its manifestation is an uncommon in the thigh. 
Moreover, many studies have reported that thigh compartment syndrome (TCS) is 
related with massive deep vein thrombosis, exercise-related contusions, femur fracture, 
and prolonged use of tourniquet during operation, but not lithotomy position. Although, 
the underlying mechanisms of TCS are well recognized, the incidence of sciatic nerve 
injury following development of TCS has rarely been reported. Herein, we reported an 
uncommon case of sciatic nerve injury with acute TCS caused by lithotomy position.  



 Case report: A 56-year-old male patient diagnosed by hepatocellular carcinoma was 
referred to our physical medicine and rehabilitation department because of severe 
swelling in left thigh and weakness of ankle dorsiflexion and plantarflexion, toe flexion 
and extension with paresthesia following laparoscopic anterior sectionectomy of liver for 
16 hours. We performed electrophysiologic study 1month after onset of weakness and 
underwent magnetic resonance imaging(MRI) confirm the diagnosis. We confirmed 
sciatic nerve injury in electrophysiologic study and band-like mass with swelling and 
muscle pain was maintained in left thigh. Therefore, we underwent MRI when swelling is 
improved. After 2month of onset, MRI showed a band-like, contrast-enhanced mass 
about 6cm in size caused by ischemic change of left posterior thigh muscles, including 
adductor magnus, biceps femoris short and long head, semimembranosus, and 
semitendinosus muscles with severe swelling of sciatic nerve. Although we couldn’t 
evaluate vascular abnormality and pressure of compartment, we confirmed acute 
compartment syndrome resulted from clinical symptom and pathological findings in 
operating room. After surgical treatment, weakness of the left ankle and toes were 
improved from trace to fair grade and muscular pain with paresthesia below knee was 
improved.  
 
Conclusion 
In our case, we experienced that rare case of the sciatic nerve injury with compartment 
syndrome following prolonged lithotomy position. It is important that clinicians have to 
be alert to this potential neurologic hazard. We suggest that ample padding be provided 
between patient’s posterior thigh and surgical table, especially when a prolonged 
procedure is planned to prevent sciatic nerve injury.  
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GBS is known as the most common cause of acute generalized paralysis. Two-third of the 
patients with GBS are shown infectious antecedent prior to paralysis. However, non-
infectious etiologies like surgery or trauma are often reported. Despite of progressive 
weakness and areflexia at the time of onset, their initial diagnosis of GBS was often 
delayed with other trauma signs. We report a case mistaken for cauda equina or 
lumbosacral plexus injury due to paraplegia immediately after traffic accident, but 
suspected GBS through enhanced MRI. A 34-year-old male who had no specific past 
history visited a secondary hospital after car accident with multiple contusion. After a few 
hours, lower limb weakness was developed. IV steroid was started with a clinical 
suspicion of cauda equina injury or transverse myelitis, but the weakness gradually 



progressed. At the 11th day, he was transferred to our neurosurgery department for 
further evaluation. At that time, paraplegia (left side grade 4 and right side grade 2) was 
observed with lower limb areflexia, saddle anesthesia and severe urinary retention. 
Although L4/5 level herniated disc was observed prominently on the outside MRI, it was 
not correlated with clinical features. In addition, the MRI revealed nerve root thickening 
at the level of conus medullaris and cauda equina, but it did not include plexus and 
enhanced images. (Fig. 1) Extended field MRI with enhancement was conducted at 12th 
day of onset. Herniated disc lesion was similar with previous images, but symmetric 
swelling with enhancement of both side of L2-S2 nerve roots, plexus and sciatic nerves 
were noted. (Fig. 2) Subsequently, elevated CSF protein (82.3mg/dl) and lower extremity-
dominant symmetric demyelinating changes on electrodiagnostic study (Table 1) 
confirmed the diagnosis of inflammatorypolyneuropathy. The neurologist judged that the 
disease progression had reached to the nadir, therefore additional treatment was not 
performed. Few days later, however, he complained upper limb weakness and exertional 
tremor. Under the suspicion of CIDP, immunoglobulin was administered. Then he 
received rehabilitative management. Before discharge, lower limb motor was restored to 
grade 5 on the left side and grade 4 on the right side, respectively, and he was capable of 
indoor ambulation. This case showed atypical features (paraplegia immediately after 
trauma, absence of infectious antecedent, asymmetric weakness with saddle anesthesia, 
urinary retention and herniated disc) confusing initial diagnosis. However, remarkable 
MRI findings led us to appropriate course of management. The diagnosis of 
neurodemyelinating disease is established by symptoms, CSF study and electrodiagnostic 
findings. Mostly MRI have been used to differentiate other etiology, however, as shown 
in our case, enhanced MRI with extended field may be helpful for the patients with 
atypical clinical courses, especially with trauma.  
 

 
Figure 1. Initial T2 weighted images of the lumbar 
spine show a bulged disc at L4/5 level with 
compression of the thecal sac in sagittal plane (A), 
and mild swelling of the nerve roots (arrow) in 
axial plane (B).  
 
 

Figure 2. Follow-up extended field MRI with 
enhancement at 12 days of onset. Sagittal T2 
weighted image (A) demonstrates no interval 
change of herniated disc from the prior exam. 
Coronal fat-suppressed T2 weighted image (B) 
shows symmetric and bilateral enhancement of 
the lumbosacral roots and sciatic nerves (arrows). 

 
 
 
 
 
 
 
 
 



Table 1. Nerve conduction study 
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Introduction  
Lumbosacral plexopathies arise from various disease processes, such as neoplasm, 
infection, trauma, radiation treatment, hematoma and other vascular lesions. Acute 
lumbosacral plexopathy secondary to iliac occlusive disease is a rare presentation and can 
mimic an lumbosacral radiculopathy caused by intervertebral disc herniation. Here, we 
report a very rare case of unilateral ischemic lumbosacral plexopathy representing acute 
paralysis of lower limb. We believe this to be the first reported case of atherosclerotic 



iliac artery occlusion combined with hypotension causing unilateral lumbosacral 
plexopathy.  
 
Case Report  
A 84-year-old man presented to the emergency department with melena and 
hematemesis. He was a smoker, with a past medical history of coronary artery disease 
and coronary implant. Endoscopy revealed duodenal ulcer and hemostasis was done. 
During hospitalization, he complained of paresthesia and weakness in his left leg. He 
denied having similar neurological symptoms in the past. The patient underwent brain 
magnetic resonance imaging (MRI) and whole spine MRI to rule out the central nervous 
system lesion. Results of the test were L4 on L5 spondylolisthesis and L2 old fracture. 
There were no significant findings that can fully explain symptoms of the patient. With 
uncertainty of diagnosis, he was referred to the rehabilitation department for further 
evaluation. Neurological examination demonstrated fair grade muscle power on his left 
leg. Left lower limb reflexes were absent and there was impairment of sensation in L2 
dermatome and below. His left leg appeared dusky and cold, and pulsation of femoral 
artery was absent. This finding became a critical clue to diagnosis. Electromyogram and 
nerve conduction studies were performed. Results were extensive abnormalities 
consistent with left lumbosacral plexopathy. A computed tomography angiography 
revealed total occlusion of the left common iliac artery with abundant collaterals. Putting 
all of the Results together, a clinical diagnosis of iliac artery occlusion with ischemic 
lumbosacral plexopathy was made. A vascular surgeon recommended percutaneous 
transluminal angioplasty (PTA) for restoring blood flow to iliac artery. However, the 
patient refused to receive a PTA due to his surrounding factors and has been underwent 
follow-up observation through outpatient clinics.  
 
Discussion  
The acute onset of unilateral lower limb weakness in our case with vascular risk factors 
would argue in favour of a vascular etiology and hypotensive event caused by 
gastrointestinal bleeding might exacerbate a pre-existing condition. This case highlights 
the need to consider iliac occlusive disease as a potential cause of acute neurologic deficit, 
in the appropriate clinical context. Therefore a thorough physical examination including 
neurologic inspection but also palpation and visual examination should be conducted for 
the patients with neurologic symptom.  
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Introduction 
The foot or lower extremity is rarely the initial site in adult-onset dystonia, whereas 
dystonia in children often begins in the foot. Isolated lower extremity dystonia in adults is 
rarely on a primary basis. When it does occur in adults, it is usually secondary to 
Parkinsonism, trauma, stroke, a structural lesion, or is psychogenic. Oral anti-dystonic 
medications have been found unsatisfactory in providing adequate symptomatic relief. 
On the other hand, Botulinum toxin (BTX) injections have been reported as beneficial. 
The purpose of this report is to describe a case of primary focal foot dystonia that 
showed dramatic improvement after BTX injections.  
 
Case report 
A 58-year-old female was referred to the Department of Rehabilitation for the left toe 
curling movement while walking. It began 2 years ago when she had a minor trauma of 
left foot. She had been evaluated by several physicians, including orthopedic foot 
specialists. The plain film of foot revealed no significant abnormality and MRI of the foot 
showed subtle muscle atrophy and signal change of abductor halluces and flexor 
digitorum brevis muscles. Electrophysiological study findings were normal. When she 
visited our clinic, she complained abnormal curling movement of all left toes while 
walking and limited walking distance due to foot pain. She had no family history or 
medical history of significance. Physical examination revealed the left foot supination and 
all toes flexion movement throughout the stance and swing phases only while walking. It 
disappeared within few seconds of rest. Neurological examination was otherwise 
unremarkable, and no joint contracture was noted. Brain MRI showed no structural lesion 
except periventricular ischemic change. All laboratory studies were normal, including 
thyroid function test, ceruloplasmin and cooper level. The patient was initially prescribed 
baclofen and clonazepam with limited success. She subsequently received BTX injections 
under EMG guidance in the left tibialis posterior (75 U), flexor digitorum longus (75 U), 
and flexor hallucis longus (50 U) muscles. She showed immediate improvement of 
dystonic movement and pain after the BTX injections. 
  
 
Conclusion 
This report demonstrates that a case of adult-onset primary focal foot dystonia who 
showed partial response with anti-dystonic agents, and had substantial benefit after BTX 
injections. We should consider the primary focal dystonia in case of focal foot dystonia 
after excluding Parkinsonism or central nervous system lesions, and the BTX injections as 
effective and safe treatment option.  
 
Keywords 
Dystonia; Focal; Foot; Adult-onset; Botulinum toxin  
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Introduction 
Acute disseminated encephalomyelitis (ADEM) is a demyelinating and inflammatory 
condition of the central nervous system (CNS) and usually presents with multifocal 
neurological deficits and altered mental status. It occurs after systemic viral infections or 
vaccinations. ADEM also usually affects the white matter in the brain and spinal cord. In 
many studies, full recovery occurred in about 50–75%, and it ranged between 70 and 90% 
if minor residual disability was considered. We report an ADEM patient with persistent 
voiding difficulty.  
 
Case report 
A 26-year-old male patient developed fever, headache, vomitting and voiding difficulty. 
CSF tapping result was Cell Count 142 (Lymphocyte 95%, other 5%), Glucose 39, Total 
Protein 353, LDH 51. Other laboratory Results were normal. Intravenous Cefriaxone and 
oral antituberculosis medication were performed as r/o viral and tuberculous meningitis. 
Despite these treatments, at 7 days from onset, he developed confused mentality with 
hypoxia(O2 saturation 85%, pO2 47.8mmHg), MMT of the bilateral lower limbs declined 
1/1, Upper limbs 3/3. Magnetic resonance imaging (MRI) of the brain and spine revealed 
multifocal high signal intensity lesions on T2-weighted images in the supratentorial white 
matter and whole spinal cord. Treatment with steroid pulse therapy and mechanical 
ventilator care was started. One day after the treatment, he recovered mental status. 
Seven days after the treatment, mechanical ventilator care was finished. At 27 days from 
onset, he transferred from neurology department to rehabilitation department. MMT of 
the bilateral upper and lower limbs was 4/3 and 3/3 respectively. Sensory examination 
and tendon reflexes were normal. After 2 months of rehabilitation treatment, MMT of 
the bilateral upper and lower limbs recovered to 4/4 and 4/4 respectively. BBS score 
recovered from 31 to 51 and MBI score recovered from 39 to 96. The T2-weighted high 
intensity lesions in the brain and spinal cord were disappeared. During the rehabilitation 
treatment, we tried foley training and foley removing. He sensed bladder filling, but failed 
voiding. Urodynamic study was atonic type. NCV/EMG result was consistent with upper 
motor neuron lesion. Cortical recorded both tibial SEP latency was prolonged, but we 
could not find any lower motor neuron lesions in electrophysiologic examinations. 
Because of the difficulty of voiding, he has been doing clean intermittent 
catherterization(CIC). After follow up of 8 months, his voiding difficulty was not improved.  
  
Discussion 
We report an ADEM patient with persistent voiding difficulty with the Results of urodymic 
study and brain and spinal cord MRI images.  
 



 

 
 
Fig. 1. (A) T2-weighted brain lesions at admission. 
(B) T2-weighted spinal cord lesions at admission.  
 
 
 
 

Fig. 2. (A) T2-weighted brain lesions. 2 months 
after neurological symptoms developed. (B) T2-
weighted spinal cord lesions . 2 months after 
neurological symptoms developed.  
 
 

 
Fig. 3. Results of urodynamic study. 2 months after neurological symptoms developed.  
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Introduction 
Neurofibromas, tumors that arise within nerve fasciculi, are composed of multiple cell 
types, including Schwann cells, fibroblasts, mast cells, and perineural cells. They may arise 
anywhere along a nerve from dorsal root ganglion to the terminal nerve branch. We 
report a case of neurofibroma involving ulnar nerve with a few neurofibromatosis signs in 
a late middle aged patient.  
  
Case report 
A 61-year-old man presented with a 1-year history of left 5th finger paresthesia and a 2-
month history of left hypothenar atrophy. On physical exam, obvious wasting of left 
hypothenar and 1st doral interossei muscles was seen. On sensory examination, although 
the patient reported paresthesia at left 5th finger consistently, deep and peripheral 
senses in the extremity were completely normal. Tinnel’s sign was positive at left elbow.  
The sensory conduction study showed no evoked potential in the left ulnar nerve. The 
motor conduction study showed smaller amplitudes in the left ulnar nerve than that on 
the right side at forearm, while no evoked potential was seen in the left ulnar nerve at 
above elbow. Electromyogram studies showed denervation potential at the adductor 
pollicis, 3rd & 4th lumbricalis and interosseous muscles. Ultrasonography showed a 
diffuse tortuous thickening with multiple neurofibromas arising from individual fascicles 
of the ulnar nerve so called “bag of worms” appearance in cubital tunnel area. <figure 1> 
Magnetic resonance imaging (MRI) demonstrated beaded appearance thickening and 
increased signal intensity of ulnar nerve from distal arm to proximal forearm level and 
focal decreased diameter of the nerve in cubital tunnel.<figure 2> In addition, there was 
diffuse thickening and increased signal intensity of proximal ulnar nerve in axilla level. 
Surgery was then performed to release cubital tunnel (from ligament of Osborne and 
flexor-pronator aponeurosis distal to arcade of Struthers proximal) of left elbow and 
biopsy of ulnar nerve was done. Histopathological examination of the excised nerve was 
concordant with neurofibroma. <figure 3> After surgery, patient’s pain and paresthesia 
got better, but we found white spot at right axilla area of patients. The patient performed 
medical examination at ophthalmology for evaluation of optic neuropathy such as Lisch 
nodule, and at otorhinolaryngology for evaluation of acoustic neuropathy such as 
acoustic neuroma. There were no abnormal findings secondary to neurofibroma.  
 
Conclusion 
At first, we thought usual tardy ulnar neuropathy as a cubital tunnel syndrome. But, 
several studies including ultrasonography, MRI, and surgical finding showed diffuse 
thickening of almost whole length of ulnar nerve from axilla to distal forearm and 
pathologic evaluation showed neurofibroma. There were symptoms of ulnar neuropathy 



due to mass effect, but considering characteristic of neurofibroma, this was case that had 
to examine other systemic examination to exclude other neurologic disease.  
 

 
figure 1.Ultrasonography on left elbow : A diffuse tortuous thickening with multiple neurofibromas arising 
from individual fascicles of the ulnar nerve so called “bag of worms” appearance in cubital tunnel area  
 

 
figure 2.MRI on left elbow : beaded appearance thickening and increased signal intensity of ulnar nerve 
from distal arm to proximal forearm level and focal decreased diameter of the nerve in cubital tunnel  
 

 
figure 3.Histopathological examination of the excised nerve was concordant with neurofibroma.  
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INTRODUCTION 
Multifocal acquired demyelinating sensory and motor neuropathy (MADSAM or Lewis-
sumner syndrome) is one of the atypical type of chronic inflammatory demyelinating 
polyradiculoneuropathy (CIDP), and extremely rare with less than 100 cases reported 
worldwide. The main symptom of MADSAM is the asymmetric weakness of distal upper 
extremity. Hypoesthesia and reduced deep tendon reflex may be also developed. We 
report a case with MADSAM presented as idiopathic brachial plexopathy.  
 
CASE REPORT 
A 43-year-old man presented with right upper extremity weakness and tingling on the 1st 
to 4th fingers which started 3 years ago. On physical examination, the strength of the 
right shoulder abduction, elbow flexion, wrist flexion was 4 of the Medical Research 
Council (MRC) scale. Mild hypoesthesia was noted on the right lateral forearm. Upper 
extremity reflexes (biceps, brachioradialis, triceps) were not evoked on the right. Nerve 
conduction study was carried out in the bilateral upper and lower limbs.  
1. right median nerve: significantly prolonged & mildly reduced, F-wave (-)  
2. right Ulnar: F-wave prolonged  
3. right musculocutaneous nerve: prolonged and reduced  
4. right tibial nerve: Conduction block  
5. left. upper and lower limbs: normal  
6. right median, supferficial radial, lateral antebrachial cutaneous, sural sensory 
responses, reduced; DUCN  
7. H-reflex: absent These features would be consistent with considered appropriate for 
the diagnosis of “definite CIDP” according to European Federation of Neurological 
Societies/Peripheral Nerve Society Guide line(EFNS/PNS, 2010). Ultrasonography showed 
brachial plexus swelling. Brachial plexus MRI revealed increased signal intensity and 
diffuse swelling of right C5-C8 roots and those distal portion (trunk of the plexus) (Fig. 1). 
Knee MRI also demonstrated significant swelling of the right sciatic and tibial nerves. In 
blood test, Anti-GM1 IgM antibody equivocally increased and Anti-MAG antibody was 
within limit of normal range. Protein level was also normal in CSF test.  
 
CONCLUSION 
Based on clinical features, motor and sensory impairments of unilateral upper limb 
diagnose his disease as brachial plexus neuropathy based on the symptoms of the 
patient’s appeal. When a patient presents with idiopathic unilateral brachial plexopathy 
of demyelinating patterns, MADSAM should be considered as a possible cause. The 
imaging studies such as sonography and MRI would be helpful for screening and 
differentiating MADSAM from other possible etiologies.  
 



 
Brachial plexus MRI showed diffuse swelling with increased signal intensity in the right C5 to C8 roots and 
brachial plexus trunks: T2 coronal view (A) and 3-dimentional reconstruction image (B).  
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Introduction 
Ulnar neuropathy at the wrist (UNW) is not common disease and even pure ulnar sensory 
neuropathy at the wrist is less common. The ulnar nerve goes into Guyon’s canal at the 
pisiform and divide into superficial and deep fibers through the hamate. We report a case 
of pure ulnar sensory neuropathy around the hypothenar area using orthodromic sensory 
inching test.  
 
Case Report 
A 40 years-old female had tingling sensation on the right 4th and 5th fingers 5 months 
ago. Manual muscle testing was normal in the right upper extremity including first dorsal 
interosseous (FDI), abductor pollicis brevis and abductor digiti minimi (ADM) muscles. 
There was hypoesthesia on the right 5th, ulnar side of 4th fingers and distal 2/3 
hypothenar area. Detailed physical examination demonstrated the positive Tinel’s sign at 
the proximal 1/3 of right hypothenar area. Routine median and ulnar nerve conduction 
study (NCS) including ADM and FDI recording was normal. Right antidromic ulnar sensory 
response was of low amplitude (9 uV) compared with the left (43 uV). Right dorsal ulnar 
cutaneous response was normal. For the lesion localization, orthodromic ulnar sensory 
inching test with wrist recording was done on both sides. The ulnar sensory nerve was 
stimulated at 3 points: 3cm, 5cm, and 7cm distal to the pisiform. There was abnormal 
conduction delay (0.6 ms) and definite partial conduction block (81.1%) between 3cm and 
5cm distal to the pisiform (Fig. 1). Ultrasonographic examination demonstrated 
compression of right superficial ulnar sensory branch 3.5cm distal to pisiform and 
swelling of superficial ulnar sensory branch around upper 1/3 hypothenar area (Fig. 2). 



Sonography-guided steroid perineural injection or oral medication including non-steroidal 
anti-inflammatory agents and gabapentin were not helpful for symptom relief. Guyon’s 
canal release and adhesiolysis was performed and sensory symptoms was much 
improved.  
  
Conclusion 
In pure ulnar sensory neuropathy, it is important to localize the lesion site for the relief of 
symptoms or decision of treatment method. Orthodromic inching test of ulnar sensory 
nerve around palm could be useful for localizing its lesion in pure ulnar sensory 
neuropathy. Also, ultrasonography could be helpful for morphologic change of the nerve.  
  

 
Orthodromic ulnar sensory inching test with wrist recording was done. The ulnar sensory nerve was 
stimulated at 3 points: 3cm, 5cm, and 7cm distal to the pisiform. In the right side, abnormal conduction 
delay (0.6ms) and definite conduction block (81.1%) was demonstrated (A). In the left side, no abnormal 
conduction delay and block was showed (B)  
 

 
Ultrasonographic evaluation showed mild compression of right superficial ulnar sensory branch 3.5cm distal 
to pisiform (A). In longitudinal view, compression (thick arrow) of right superficial ulnar sensory branch 
3.5cm distal to pisiform and swelling (thin arrow) of superficial ulnar sensory branch around upper 1/3 
hypothenar area was found (B)  
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Cubital tunnel syndrome is the second most common compression neuropathy in the 
upper extremity. Iatrogenic nerve injuries can result from direct surgical trauma, 
mechanical stress on a nerve due to faulty positioning during anesthesia, the injection of 



neurotoxic substance into a nerve, and other mechanisms As the authors experienced a 
case of iatrogenic cubital tunnel syndrome due to the ulnar nerve block, here we report 
the case.  
 
Case  
A 58 year-old man a history of diabetes mellitus and hypertension, visited our hospital 
complaining of Left 4,5th finger numbness and weakness. He had experienced left 4,5th 
finger paresthesia for 2 months and received ulnar nerve injection therapy in a private 
hospital. After the 2nd injection, he felt aggravation of his left 4,5th finger numbness and 
weakness. 1 month after the injection, he came to our hospital about sustained symptom.  
At the initial physical examination, there were claw finger in his left 4,5th finger and 
hypothenar and First Dorsal Interosseous muscle (FDI) atrophy. Because of weakness of 
ulnar Flexor Digitorum Profundus(FDP) to digits 4 and 5, making a fist resulted in the 
inability to completely flex the distal phalanx of the fourth and fifth digits. There was a 
Tinel’s sign at his left cubital tunnel. Motor Medical Research Council(MRC) scale was 3 
and sensory including pinprick and light touch was decreased in ulnar nerve distribution.  
We conducted electrophysiologic study immediately and the study showed left moderate 
to severe ulnar neuropathy at or around the elbow level at medial epicondyle. Motor 
nerve conduction study showed decreased amplitude and slowing conduction velocity in 
left Abductor Digiti Minimi(ADM) muscle between elbow and wrist level. Sensory nerve 
conduction study showed no response in left ulnar nerve. On needle EMG, there were 
positive sharp wave and fibrillation potential in left ADM, FDI muscle and decreased 
recruitment pattern in left ADM, FDI, FDP, Flexor Carpi Ulnaris(FCU) muscles.  
Elbow magnetic resonance(MR) showed thickening with signal change of ulnar nerve at 
cubital tunnel and subtle signal change at FCU and FDP muscles.  
After conservative treatment including resting, anti-inflammatory agent and physical 
therapy, patient’s symptoms and neurologic signs improved.  
 

 
thickening with signal change of ulnar nerve at cubital tunnel and subtle signal change at FCU and FDP 
muscles  
 



 
thickening with signal change of ulnar nerve at cubital tunnel and subtle signal change at FCU and FDP 
muscles  
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Pseudoaneurysm of vertebral artery is extremely rare and can be caused by penetrating, 
blunt trauma or following neck surgery. The most common mechanism being disruption 
of arterial continuity with extravasation of blood into surrounding tissue. This Results in 
the formation of fibrous tissue capsule, which progressively enlarges because of under 
lying arterial pressure. The most common finding is a cervical mass, which may be 
pulsatile with bruit on auscultation. Color doppler imaging is useful as noninvasive 
imaging modalities. We report a case of pseudoaneurysm of vertebral artery with 
brachial plexus palsy for the first time. A 69-year-old man having hypertension and 
diabetes mellitus for ten years visited emergency medical center and complained 
paralysis of his four limbs, especially left upper extremity after falling down on climbing. 
Retropharyngeal hematoma and fracture of vertebral body of C5,C6 and spinous process 
of C6 and cervical myelopathy in C5-6 level were observed on cervical spine magnetic 
resonance imaging (MRI). The patient was hospitalized with neurosurgery. On the 13th 
day after the accident, rate of recovery of patient’s strength was delayed and a bruit was 
heard on his neck. The cervical MRA revealed approximately 3.6cm multilobulated 
pseudoaneurysm at left vertebral artery at C5-6 level, which was just anterolateral to C5 
vertebral artery and suggestive of arteriovenous fistula [Figure1, Figuere2]. The follow-up 
angiography ensured the pseudoaneurysm, and coil embolization of left vertebral artery 
was performed [Figure3, Figure4]. After the embolization, bruit was disappeared. After 26 
days, Electrodiagnosis showed left incomplete brachial plexus lesion, C5-T1 roots level, 



more severe in C5-6 root combined with peripheral diabetic polyneuropathy. After 33 
days, patient was transferred to rehabilitation medicine department for comprehensive 
rehabilitation. The strength of limbs were improved and he could ambulate 
independently. However, weakness of his left upper limb, especially biceps brachii and 
deltoid was remained as Grade 2 of medical research council scale for muscle strength on 
discharge. We report a patient of pseudoaneurysm of vertebral artery with brachial 
plexus palsy with prolonged weakness of upper limb. In our case, the trauma injury of left 
vertebral artery associated with retropharyngeal hematoma may have led to formation of 
pseudoaneurysm, which progressively expanded. And, brachial plexus palsy was 
suspected due to prolonged weakness of upper extremity and the bruit on auscultation of 
neck was of great service to diagnosis. It was restored 13 days after trauma, and the 
compression to surrounding tissues such as cervical roots would have lasted until that 
time. The bottom line is that we recommend if patient has prolonged weakness of upper 
limb with risk factor such as trauma, infection or neck surgery history, brachial plexus 
injury following pseudoaneurysm on neck should be considered.  
 

 
MRI of the cervical spine. Lobulated shaped 2.3x3.2cm size dark signal ovoid mass at the left C5-6, just 
anterolateral to C5 vertebral artery (white arrow)  
 

 
Multilobulated pseudoaneurysm (white blank arrow) at left vertebral artery (C5-6 level), possibility of 
combined arteriovenous fistula on MRA.  
 



 
Injury of left vertebral artery (C5-6 level) with pseudoaneurysm and arteriovenous shunt (white arrow) on 
angiography. There was but vertebral venous plexus, not arterial flow to distal vertebral artery on early 
arterial phase.  
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Introduction  
The entrapment of the radial nerve or its branches is most common within the proximal 
forearm and at the elbow. Recovery from entrapment may occur quickly over several 
weeks if the compression is reversible and causes only focal demyelination. In contrast, 
entrapment causing significant axonal loss, evidenced by marked decrease in motor and 
sensory amplitudes, will have a longer and less complete recovery. In this study, we 
report the two cases of radial nerve entrapment(focal demyelination dominant posture-
induced radial neuropathy; predominantly axonal type posterior interosseous nerve(PIN) 
palsy with rheumatic arthritis(RA)) as following reason. First, we identified different 
clinical course of two type neuropathies. Second, we experienced a good response with 
less invasive sono-guided steroid injection in patient considering surgery.  
 
Case 1  
A 62-year-old man who had a two-year history of poorly controlled, sero-positive RA 
referred to our hospital due to weakness of right wrist and all finger extensior. On 
physical examination, weakness was on wrist extensor(MRC grade4) and all finger 
extensors(MRC grade2). There was no sensory disturbance. Electrophysiological study 
showed no response on radial motor nerve and denervation of all muscles supplied by 
the PIN. MRI imaging showed massive peripheral thick enhancing soft tissue(pannus) 
surrounds the proximal radius and biceps tendon and infiltrates in to supinator muscles, 
suggesting extension of the synovitis, pannus of elbow joint. And superficial and deep 
branch of radial nerve was displaced and innervated muscle showed acute denervation 



changes(Fig. 1). On the basis of these findings, PIN palsy was diagnosed, and sono-guided 
steroid injection near the radial nerve and pannus formation area was done in several 
times over six months. One year later, there was gradual improvement of all finger 
extensors(MRC grade4).  
 
Case 2  
A 38-year-old man presented to our hospital after 2 weeks later with the right wrist drop 
after sleeping getting drunk. On physical examination, weakness was on wrist 
extensor(MRC grade2) and all finger extensors(MRC grade2). There was sensory deficit on 
radial and dorsal side of his hand and wrist. Electrophysiological study showed 
conduction block of radial nerve at spiral groove. On the basis of these findings, radial 
nerve palsy at spiral groove was diagnosed and oral steroid was prescribed for 3 weeks by 
pulse therapy(20mg–10mg–5mg). After 1month later, there was gradual improvement of 
wrist extensor (MRC grade4) and all finger extensors(MRC grade4).  
 
Conclusion  
Compressive radial neuropathy has a good prognosis within several weeks in 
demyelination . But axonopathy, a more severe stage of injury, needed more time to 
recovery. Surgery is not the only treatment option for managing PIN palsy of severe 
axonopathy in rheumatoid arthritis. If there is no severe deformity of nerve on imaging 
evaluation, repeated non-surgical intervention would be warranted.  
 

 
Fig. 1. Ultrasound imging of radial nerve at at proximal forearm level (S : Supinator, BR : Brachioradialis) 1 : 
Doppler color imaging show increased vascularity around radial nerve 2 : Ultrasound-guided steroid 
injection around the radial nerve (yellow arrow head)  
 

 
Fig. 2. MR imaging at the level of the proximal radio-ulnar joint. (Cor : Coronal, Ax : Axial, PD : Proton 
Density, FS : Fat saturation, R: Radius, U: Ulnar) 1 : Massive peripheral thick enhancing soft tissue (pannus) 
surrounds the proximal radius (white arrow) 2 : Soft tissue of high signal intensity (pannus, white long 
arrow) around the radius is seen pushing out the supinator muscle. The posterior interosseous nerve (white 
arrow head), which passes through the arcade of Frohse (yellow arrow head) on the supinator muscle, was 
entrapped at this level  
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Introduction  
One of the common complications after the treatment of breast cancer is lymphedema, 
with the strongest risk factor for skin infection like lymphangitis. Brachial plexus neuritis 
is a typical clinical syndrome of the peripheral nervous systems and many cases are 
associated with infectious disease or surgery. We present a patient with brachial plexus 
neuritis that occur simultaneously with lymphangitis.  
 
Case  
A 60-year-old female visited the emergency room complaining of sudden right arm 
weakness and swelling. She denied any recent immunizations, preceding trauma or 
infections. 18 months ago, she underwent right modified radical mastectomy for breast 
cancer and received chemotherapy for 5 months. A physical examination revealed 
tenderness, swelling and heatness in the right upper arm and shoulder area. The 
circumference of the right arm showed a girth difference of 1 to 8cm compared to the 
left arm, especially there was significant difference in the upper arm area. Manual muscle 
test revealed severe weakness of the right supraspinatus, infraspinatus, deltoid (Medical 
Research Council [MRC] Grade, 2/5) with mild weakness of the right biceps and triceps 
muscles (MRC, 3/5). Wrist and hand power was almost normal. A sensory examination 
was normal. Laboratory Results revealed leukocytosis (14,520 cells/μL), elevated C-
reactive protein (33.93 mg/dL), and erythrocyte sedimentation rate (120 mm/hr). The 
magnetic resonance imaging (MRI) of the right upper arm showed subcutaneous 
thickening with fluid collection and subcutaneous tissue and superficial fascia showed 
contrast enhancement (Figure 1). There was no abscess-like lesion or muscle involvement. 
Lymphoscintigraphy revealed delayed lymphatic drainage of radiotracer in right upper 
extremity compatible with secondary lymphedema (Figure 2). Based on clinical feature 
and imaging, we diagnosed secondary lymphedema with lymphangitis. We started 
intravenous (IV) antibiotics therapy (ampicillin/sulbactam 1.5g qid). Laboratory studies 
and clinical symptoms except right arm weakness were normalized with IV antibiotics. An 
electrodiagnostic examination was performed about 10 days after the onset of symptoms. 
Electormyography (EMG) of cervical paraspinal muscles and nerve conduction studies 
showed right upper and middle trunk brachial plexopathy but involving the upper trunk 
more severely (Table 1). Needle EMG study showed no abnormal findings in the cervical 
paraspinal muscle. But needle EMG of the right arm muscle could not be performed 
because of infectious condition of soft tissue in the right arm and lymphedema. We 
diagnosed brachial plexus neuritis associated with lymphangitis in the breast cancer 
patients with lymphedema.  



 
Discussion  
To the best of our knowledge, this is the first case of brachial plexus neuritis associated 
with lymphangitis secondary to lymphedema. Lymphangitis can lead to various 
complications, and, as in our case, can also associated with brachial plexus neuritis.  
 

 
Figure 1. (A) Right shoulder MRI shows diffuse swelling of subcutaneous fat layer with small amount of free 
fluid along septi and superficial fascia. (B) Post-contrast T1-weighted image shows reticular enhancement.  
 

 
Figure 2. Lymphoscintigraphy shows delayed lymphatic drainage of radiotracer in right arm with dermal 
backflow.  
 
Table 1. Results of nerve conduction studies 
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Objectives  
Neurolymphomatosis (NL) is a disease entity characterized by infiltration of malignant 
lymphocytes into the peripheral nervous system. It is a rare neurologic manifestation of 
non-Hodgkin lymphoma and leukemia with a poorly defined incidence. The aim of the 
present study was to analyze clinical features, radiologic evaluation, treatment and 
outcomes of patients with NL.  
 
Methods  
We retrospectively investigated 12 patients with NL seen at Samsung Medical Center 
from June 2013 to October 2016. We extracted data including clinical presentations, 
Magnetic resolution imaging (MRI), Positron emission tomography (PET) scans, 
cerebrospinal fluid (CSF) cytology findings, Results of electrodiagnostic studies such as 
electromyography (EMG) and nerve conduction study (NCS), and treatments. We defined 
response of NL to therapy as clinical improvement of neurologic deficits.  
 
Results 
There were 9 men and 3 women, and mean age at onset was 54.5 years. All patients were 
related to non-Hodgkin lymphoma. Of 11 secondary NL, 4 patients were previously in 
complete response with treatment of systemic lymphoma and 7 patients developed NL 
after partial response with treatment of systemic lymphoma. Spontaneous pain (11 
patients) and Weakness (11 patients) was the most frequently reported in NL, followed 
by hyporeflexia and paresthesia. MRI was abnormal in 8 out of 10 patients with 
enhancement of spinal nerve roots (7 patients), plexus (4 patients), and peripheral nerve 
(4 patients). PET was positive in 11 out of 12 patients. CSF cytology was positive for NL in 
1 of 9 patients. NCS demonstrated plexopathy (5 patients), radiculopathy (4 patients), 
demyelinating polyneuropathy (3 patients), mononeuropathy (2 patients), axonal 
polyneuropathy (2 patients). One patient underwent nerve biopsy which confirmed NL in 
the S2 root. Nine patients received systemic chemotherapy, 4 intrathecal chemotherapy, 
and 1 intravenous immunoglobulin. Neurological improvement was observed in 4 of 
patients. One patient who received intravenous immunoglobulin showed residual deficit.  
 
 Conclusions 
The diagnosis of NL is challenging but contemporary imaging tools frequently detect the 
relevant neural invasion. Early recognition and treatment of this rare neurologic 
manifestation of lymphoma and leukemia may improve outcome.  
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Case Description  
We present four cases related with different neuromuscular manifestations in Sjögren's 
syndrome (SjS) each other. The first case is about ganglinopathy associated to SjS. A 31-
year old woman visited our clinic with a 2-month history of right hand hypesthesia and 
clumsiness. Neurological examination showed ataxia and reduced sensation in the right 
upper limb. Her nerve conduction studies showed asymmetric sensory dominant axonal 
neuropathy findings. Rheumatologic review revealed a history of dry mouth. Her FANA, 
anti-SSA and Schirmer’s test were positive. She has been treated withhydroxychloroquine. 
The second case is about lumbar plexopathy associated to SjS. A 53-year old woman 
visited emergency room with a 5-day history of right leg weakness. After she suddenly 
felt sharp pain in her right thigh, hypesthesia and muscle weakness occurred. 
Neurological examination showed motor weakness in right hip muscles and reduced 
sensation in right thigh. Thickening and enhancement in right postganglionic L2-3-4 root 
and plexus are showed in her L-S spine MRI. Lumbar plexopathy findings were seen in 
electromyography and nerve conduction studies. Rheumatologic review revealed a 
history of Raynaud’s phenomenon. Lab findings showed that FANA, anti-RNP and anti-SSA 
were positive. She had an excellent response to prednisolone. The third case is about 
brachial plexopathy associated to SjS. A 47-year old woman visited our clinic with a 20 
days history of right upper arm weakness. Neurological examination showed motor 
weakness and reduced sensation in right upper arm. Her electromyogram and nerve 
conduction studies showed right C5-6 polyradiculopathy. Thickening and enhancement in 
right upper trunk and posterior cord are showed in her brachial plexus MRI. 
Rheumatologic review revealed a history of dry eye and dry mouth. Lab findings showed 
that FANA, anti-RNP and anti-SSA were positive. She had an excellent response to 
prednisolone. Her right upper arm weakness was totally improved. The last case is about 
myopathy associated to SjS. A 63-year old woman referred to our clinic due to general 
weakness insomuch that she could not walk. She had a medical history of interstitial 
pneumonia associated with SjS. Neurological examination showed proximal muscle 
weakness with relatively preserved distal muscle strength. Her electromyography showed 
active myopathy findings. Neuromuscular MRI showed muscles oedema. Muscle biopsy 
will be performed, and then the diagnosis of myopathy associated to SjS will be clear. 
 
Conclusions  
The first three cases show that neuromuscular symptoms can precede the diagnosis of SjS. 
Connective tissue disease including SjS can be considered in patients having 
neuromuscular symptoms. Conversely, neuromuscular manifestations should be 
considered in SjS patients having associated symptoms like the last case.  
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Introduction  
Guillain-Barré syndrome (GBS) is an autoimmune polyradiculoneuropathy. It is the most 
common cause of acute flaccid paralysis in all age groups. Nerve conduction study (NCS) 
plays an important role in diagnosis of GBS. In previous studies, there were no 
relationship between NCS and functional improvement in GBS. We report a case GBS 
patient who had been evaluated which showed correlation between functional 
improvement and serial NCS.  
 
Case Report  
A 76-year-old male with no baseline disease was admitted to the neurological 
department after acute onset of tetraplegia and abnormal sensation on both hands. He 
underwent NCS and was diagnosed as GBS. He was treated with a course of intravenous 
human immunoglobulin (IVIG) 400 mg/kg daily for 5 days. On the 2nd day of onset, he 
was intubated and on the 10th day of onset, he underwent tracheostomy.  
In the NCS Results at the time of onset, latency delay and amplitude reduction were 
observed in all the nerves (Table1). His bilateral motor grades of shoulder flexor, elbow 
flexor, elbow extensor, wrist extensor, finger flexor were 3,2,3,1,1 and hip flexor, knee 
flexor, knee extensor, ankle dorsiflexor, ankle plantar flexor were 1,1,1,1,1 respectively. 
He could not sit by himself and moderate disability was observed in upper extremity 
function in both sides. On 60th day, follow-up NCS was performed. The test Results were 
mildly improved from the previous test Results (Table 1). There was decrease in latency 
delay and increase in amplitude in all the nerves. His motor grades of shoulder flexor, 
elbow flexor, elbow extensor, wrist extensor, finger flexor were improved to 4,4,4,3,3 
and hip flexor, knee flexor, knee extensor, ankle dorsiflexor, ankle plantar flexor were 
improved to 3,3,3,2,2 bilaterally. He started to walk with the help of walker and was able 
to walk more than 20 meters. And by the improvement of distal upper limb function, he 
was possible to use chopsticks. On 90th day, follow-up NCS showed better Results than 
previous test (Table 1). Compared to the previous test, Results showed more decrease in 
latency delay and increase in amplitude. His motor grades of shoulder flexor, elbow flexor, 
elbow extensor, wrist extensor, finger flexor were improved to 5,5,5,5,5 and hip flexor, 
knee flexor, knee extensor, ankle dorsiflexor, ankle plantar flexor were improved to 
4,4,4,2,2 bilaterally. He was able to walk by himself and performed his daily life on his 
own. Tracheostomy was also removed.  
 
Conclusion  
Our case showed the correlation between functional improvement of GBS and serial NCS. 



Our result revealed that recovery of clinical symptoms of GBS precedes improvement of 
NCS results.  
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Introduction  
The spinal accessory nerve (SAN) injury often occur during surgical procedures such as 
cervical lymph node biopsy or neck dissection. The spinal accessory nerve is very 
susceptible to injury at the posterior cervical triangle superficially. We present a rare case 
of SAN injury associated with massage therapy.  
 
Case Description  
A 42-year-old woman visited our outpatient clinic, complaining of painful limited ROM of 
right shoulder after massage therapy at local oriental clinic. 5 days before visit, she was 
treated with manual therapy with thrusting and stretching neck and shoulders. She had 
been treated with massage therapy and acupuncture therapy for posterior neck pain and 
radiating pain with right upper limb at local oriental clinic for five months. There was no 
report of history of shoulder or neck trauma. Physical examination revealed limited active 
ROM of right shoulder joint during abduction and flexion. Lateral edge of the right 
scapula appeared more prominent and to be winged with shoulder abduction. Shoulder 
elevation was impaired causing droopy shoulder, but trapezius muscle did not show to be 
wasted. There was mildly diffuse tenderness to palpation along the right trapezius muscle. 
MRI revealed cervical HNP in C4-5 and C5-6 and ultrasonography of neck and shoulder 
was unremarkable. Needle EMG and NCS were performed. Motor NCS of the spinal 
accessory nerves recorded right upper trapezius muscle showed reduced amplitude over 
50% and delayed onset latency over 30% compared to left side.(Fig. 1) Needle EMG 
studies revealed positive sharp waves, reduced recruitment and discrete interferential 
pattern of MUPs in the right upper trapezius muscle.(Fig. 1) 3 times a week for 2 weeks 
PT sessions were prescribed. Assisted gentle ROM and strengthening exercises were 
performed. Pain relieving modalities including superficial heat and ultrasound were 
applied to reduce the pain resulting from decompensation for weakness. Also electrical 
stimulation therapy on right upper trapezius muscle was performed to avoid additional 
wasting of trapezius muscle. After a total of 6 sessions of PT and modality, the patient felt 
the symptoms improved and could return to work. Over the course of 2 months follow-up, 
the patient experienced resolution of pain and almost recovered shoulder ROM and 
strength as before.  
 
Discussion  
SAN injury related to massage therapy is a rare mechanism of nerve injury. Massage 
therapy is frequently used for treatment of neck pain which is a typical musculoskeletal 
condition. This review suggest that massage therapy has potential risk of nerve injury and 
massage therapy may lead to SAN injury uncommonly. When unusual symptom such as 
motor weakness or disproportionate sensory change occurs, massage therapy should be 
stopped to prevent further injury and close observation should be required whether 
symptom is developed.  
 



 
Fig. 1. Electrodiagnostic study.  
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Introduction 
Swallowing disorder is mainly observed in stroke, brain injury, tumors, and radiation 
therapy etc. Additionally, infection or abnormality of the immune system is reported 
rarely. We aim to report a case of multiple lower cranial neuropathy associated with 
dysphagia after upper respiratory infection.  
 
Case 
A 65-year-old woman was admitted to otolaryngology department due to dysphagia and 
hoarseness. Her medical history was hypertension, DM, and rheumatoid arthritis. She had 
upper respiratory infection before dysphagia and voice change. Left vocal cord paralysis 
with intact airway patency was shown using laryngoscopy (Fig. 1 (a)) Video-fluoroscopic 
swallowing study (VFSS) showed aspiration after swallowing phase due to residue in 
vallecula space and pyriform sinus with cough, and also observed markedly decreased 
pharyngeal peristalsis and velopharyngeal insufficiency in pharyngeal phase (Fig. 1 (b)). 
Inner ear MRI showed asymmetric mild nerve thickening in cisternal segment of left CN 
X/XI, glossopharyngeal sulcus area and pars nervosa of jugular foramen on FLAIR and 
enhanced SPPGR image and prominent venous plexus in root exit zone area of CN IX, X, 



XII. These findings were correlated with inflammatory condition such as neuritis (Fig. 2).  
In nerve conduction study (NCS), cranial nerves (VII, XI), blink reflexes were within normal 
limits. Both upper and lower extremities NCS were normal. On electromyography, 
abnormal spontaneous activities with motor unit changes were noted at left 
thyroarytenoid, sternocleidomastoid, and tongue muscles. (Table 1)  
 
Conclusion 
We have experienced rare multiple cranial neurpathies case presenting dysphasia and 
voice change.  
 
 
 

 
Asymmetric mild nerve thickening in cisternal segment of left CN X/XI, glossopharyngeal sulcus area and 
pars nervosa of jugular foramen on enhanced SPPGR (a) and FLAIR image (b), (c), (d) and enhanced SPPGR 
image and prominent venous plexus in root exit zone area of CN IX,X,XII.  
 

 
 
(a) Laryngoscopy observed left vocal cord palsy with intact airway patency, and Video-fluoroscopic 
swallowing study (VFSS) showed residue in vallecula space, pyriform sinus in AP (b) and lateral view (c)  
 
 
 
 



Nerve conduction study and needle electromyography result 
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Objectives  
Immunoglobulin G4 (IgG4) related disease is an immune-mediated fibroinflammatory 
condition that can affect multiple organs. Idiopathic hypertrophic pachymeningitis (IHP) is 
an inflammatory disorder which causes localized or diffuse thickening of the cranial or 



spinal cord dura mater. Recently, it has been suggested that some cases of previously 
diagnosed as IHP were the dural involvement of IgG4- related sclerosing disease. Here we 
report an unusual case of a man who was suspicious for IgG4–related sclerosing disorder.  
  
Methods  
We report clinical presentations, laboratory findings, immunohistochemical studies, 
Magnetic resolution imaging (MRI), Positron emission tomography (PET) scans, and 
treatments of the case.  
 
Results  
A 41-year-old male presented with sudden pain of left upper extremities for 1 month. 
Magnetic resonance imaging revealed an extramedullary mass encompassing and 
compressing the spinal cord along the C4 to C6 levels, hyperintense on T1-weighted 
image with fat suppression. Positron emission tomography revealed that multiple 
hypermetabolic lesion in pharynx, left cervical lymphatics, C4-6 spines, right clavicle, right 
iliac bone, left 7th rib and 7th intercostal space. The finding tonsil biopsy showed diffuse 
infiltration of lymphoplasma cells, consistent with chronic active inflammation. Two 
months later, he presented with more severe pain and weakness of all extremities, 
psoriasis-like eruptions, voiding difficulties. He underwent operation C4 to C6 
laminectomy and the mass was grossly total resected. Histological examination found 
inflammatory sclerotic lesion with lymphoplasma cell infiltration. Immunohistochemical 
studies showed a mixed population of CD30 (B-cells) and CD3-positive cells(T-cell) and 
IgG4/IgG ratio of 10%. A skin biopsy was interpreted as consistent with perivascular 
lymphatic infiltration. There was no evidence of bacterial, fungal, tuberculous or 
neoplastic infiltration on histology. Laboratory findings showed positive antinuclear 
antibody (1:40), negative anti-SSA(Ro)/anti-SSB(Ra), IgG4 level : 10.8mg/dl. 
Abdominopelvic computed tomography was performed to find other sites of involvement, 
but there were no remarkable findings. We initiated oral prednisolone (30mg/day) then 
he had a near incomplete motor recovery, no pain, and no urinary symptoms.  
 
Conclusion  
Our case shows involvement of multiple organs with lymphoplasmacytic tissue infiltration 
and fibrosis can arise without elevation of serum IgG4 level and IgG4/IgG ratio of > 40%. 
IgG4-related sclerosing diseases often present as a mass-like lesion that can be confused 
with malignancy. The absence of underlying of infective, neoplastic, or systemic 
autoimmune disease favors IgG4–related sclerosing disorders.  
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EMG disease is characterized as having diffusely prolonged insertional activity in forms of 
positive sharp waves in the needle electromyography study with no relevant underlying 
neuromuscular disease. To date, there are only case studies about the disease and none 
reported in children. This case is a description of an 11-year-old girl who presented mild 
toe gait in a hopping pattern which insidiously evolved. On physical exam, the patient had 
tight heel cords and high-arched feet. In the electrodiagnostic study, all studies showed 
no abnormality but the needle electromyography analysis. Right deltoid, biceps, iliopsoas, 
and tibialis anterior were sampled and abundant positive sharp waves were observed in 
all muscles. Quantitative electromyography analysis was normal. This report is the first to 
reveal evidence of EMG disease in a pediatric subject, which electromyographers should 
be aware of to prevent misinterpretation of the study Results in children.  
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Introduction  
The newer antidepressants are more selective in their therapeutic effects and result in 
fewer undesired adverse effects. However, venlafaxine overdose has been reported with 
severe complications such as seizure, ventricular tachycardia (VT), serotonin syndrome 
(SS), neuroleptic malignant syndrome (NMS) and rhabdomyolysis. Here, we present a 49-
year-old Korean female who took an overdose of venlafaxine and subsequently 
developed severe rhabdomyolysis with lumbosacral plexopathy. Previously reported 
venlafaxine-induced rhabdomyolysis cases were found in just several cases. There is no 
domestic report and no cases associated with severe neuropathy worldwide.  
 
 
 
Case report 
She is a 49-year-old female housewife with depressive disorder. She was treated by 
psychiatrist due to depression with suicidal thoughts. She received venlafaxine 75mg per 
day. One day, she took 40 tablets of venlafaxine at a time, with suicidal idea. She was 
found lying 28hours after lying down in bed after taking in the medicine. She visited our 
emergency department due to mental change, seeking medical attention. She was 
hemodynamically stable with blood pressure of 101/77 mmHg, core temperature of 34°C 
and sinus rhythm of 64 beats/min. Her physical and neurologic examination was normal 
other than the lower legs pain, numbness and weakness. Blood analysis showed normal 
blood cell count and severe elevated plasma creatine kinase (CK) level of 34540 UI/L 
(normal range 10–160 UI/L). Elevated liver enzymes with alanine aminotransferase 182 
U/L (normal range 10–35 U/L) and aspartate aminotransferase 244 U/L (normal range 8–
38 U/L) were also noted. Serum creatinine level were normal, but urinalysis revealed 



hematuria. She was admitted to the nephrology ward due to rhabdomyolysis. There were 
no seizures or features of SS throughout her hospital stay. Her renal function remained 
stable throughout. Both sciatic nerve neuropathy, nearly complete axonal injury was 
diagnosised by electrodiagnosic examination at 2017.5.11 and there were no evoked 
somatosensory evoked potentials on both posterior tibial nerve. As time goes by, her legs 
muscle strength has being improved, except both ankle voluntary motion. There were 
slightly evoked somatosensory evoked potentials on both posterior tibial nerve at 
2017.6.22 as follow up study.  
 
Discussion 
The cause of rhabdomyolysis could be venlafaxine toxicity and immobilization. The cause 
of lumbosacral plexopathy could be compressive neuropathy induced by rhabomyolysis 
and drug induced neuropathy, less likely. However, the mechanism by which CK level 
rises as a result of venlafaxine remains to be elucidated. We wll look closely at the 
prognosis of this patient in the future.  
 

 
Figure1. Diffuse increased muscle uptake in back, both buttock, both thigh and calf area on bone scan at 
2017.4.19  
 

 
Figure2. Lt. sciatic nerve swelling and is compressed by myolytic muscle on MRI images at 2017.5.12  
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16 years old girl was referred to outpatient clinic for pulmonary rehabilitation. She 
showed gradually onset of scoliosis and equinus gait (fig1). She complained NYHA class III 
dyspnea and admitted pediatric department and was diagnosed as pulmonary 
hypertension and dilated right atrium and ventricle and right atrium and D shaved left 
ventricle. She was prescribed BiLevel positive airway pressure therapy. After discharge, 
she used BiPAP at night time and remained well tolerable status. Also, she did not show 
sign of puberty that is any breast budding, axillary and pubic hair. On GnRH stimulation 
test, LH and FSH were not stimulated. Her pituitary gland on MRI and uterus on 
abdominal ultrasonography showed normal findings. In her family history, her older 
brother got scoliosis correction operation a few years ago. Based on her symptom of 
scoliosis, pulmonary hypertension and central hypogonadism, genetic disease was 
suggested and whole exom sequencing was recommended. The Results showed FLNA 
gene mutation. Her upper and lower extremity muscle power showed 4/5 degree on MRC 
scale and showed limited range of motion at ankle due to Achilles tendon tightness. 
Electrodiagnostic test was done and nerve conduction study were within normal limits 
but, needle electromyography showed small amplitude polyphasic motor unit action 
potentials with early recruitment patterns in all muscles examined.Based on these 
findings, we diagnosed myopathy that involved upper and lower extremity muscles and 
both proximal and distal muscles. We asked whether any mutation related myopathy or 
not in her whole Exom sequencing test. In her addendum report, LDB3 gene mutation 
was also observed on further analysis of the clinical sign of myopathy. She continued 
pulmonary rehabilitation and now she can walk 240m in 6 minutes and her saturation 
was well continued about 95 to 99% during exercise. FLNA and LDB3 gene mutation is 
extremely rare and in our best knowledge, there is no reported case occurred 
simultaneously. In her case, the myopathy symptom is not very severe, and slowly 
progressed, the exom sequencing that are clinically symptom bound could not detect the 
LDB3 gene mutation. Cytogenetic location of FLNA is Xq28. FLNA gene is related with 
otopalatodigital spectrum disorders, characterized primarily by skeletal dysplasia that 
was variable clinical expression. Optopalatodigital spectrum disorder did not well known 
disease and natural history. Females exhibits variable expressivity from no symptom to 
severe form. Thoracic hypoplasia, scoliosis, bowing of long bone and radial heads related 
to this gene abnormality.The LDB3 protein is found in heart muscle and skeletal muscle. It 
is located 10q23.2 area. It is related familialial dilated cardiomyopathy, left ventricular 
noncompaction and myofibrillar myopathy. We reported very rare genetic mutation case 
that was simultaneously occurred and it showed clinical symptoms that were affected by 
two gene mutation.  
 
 
 



 
Figure1  
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Polymyositis (PM) is defined as an idiopathic myopathy and having as its main feature the 
development of nonsuppurative inflammation in skeletal muscles, which is clinically 
manifested by symmetric and proximal muscle weakness. Progressive muscle weakness is 
usually the initial symptom presented. Two main types of renal involvement have been 
described: acute tubular necrosis related to rhabdomyolysis and glomerulonephritis. 
However, cases of massive proteinuria related to polymyositis have rarely been reported. 
We report the case of a 54-year-old patient who developed massive proteinuria with 
polymyositis.  
  
 A 54-year-old female patient visited the department of emergency medicine due to 
generalized edema and proteinuria. She has diabetes mellitus, hypertension, and 
subclinical hypothyroidism. Urine sediment analysis showed proteins and red blood cells 
(++); 24-hour urine protein was 12,589 mg/day. Initial tests revealed albumin 2.2 g/dL 
(normal up to 3.5-5.2 g/dL), creatine phosphokinase 612 U/L (normal up to 145 U/L). 
Total cholestoerol was 236 mg/dL (0-200 mg/dL), with low density lipoprotein 143 mg/dL 
(0-130 mg/dL), and triglycerides 240 mg/dL (0-150 mg/dL). On the 5th day of 
hospitalization, pulmonary edema occurred and she exhibited general weakness, 
especially proximal muscular weakness. Motor power of both shoulders and hips on 
manual muscle test (MMT) were checked as poor and trace grade, respectively. Whereas 
the MMT of both hands and ankles were checked as good grade. The EMG showed small 



amplitude at left biceps and short duration and polyphasic pattern at right biceps, deltoid, 
left tibialis anterior, and biceps. MRI of left thigh revealed diffuse inflammation of left 
thigh muscles. Biopsy of right vastus lateralis muscle revealed endomyseal inflammatory 
reaction and with atrophic myofibers, presence of degenerating and regenerating 
myofibers.  
 
 
 We report a case of a 54-year-old female with massive proteinuria as initial clinical 
features of PM. This is because of the overflow excretion of urinary myoglobin and low 
molecular weight proteins and the altered glomerular permeability induced by either 
myoglobin or other substances released from rapid destruction of muscles. We report 
that massive proteinuria with rapid destruction of muscles in PM can be presented in 
early course of disease.  
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BACKGROUND  
Neuroleptic malignant syndrome (NMS) is a potentially fatal adverse event associated 
with the use of antipsychotic agents, characterized by fever, mental status alteration, 
muscle rigidity, and autonomic dysfunction. Although the exact pathophysiology of NMS 
remain unknown, NMS can be caused by direct changes in the muscle mitochondrial 
function due to the direct toxic effect of neuroleptics on skeletal muscles. The possibility 
of the occurrence of NMS should be always considered when treating patients with 
musculoskeletal disorders, because the risk of NMS may be high among patients who are 
susceptible to muscle damage.  
 
CASE REPORT  
A 19-year-old female, who was diagnosed with symptomatic DMD carrier,visited the 
emergency room due to right thigh pain as a result of engaging in activities. There was no 
specific laboratory test finding other than increased serum CPK level (2850 IU/L). 
Magnetic resonance imaging (MRI) was conducted to identify other causes of the pain. 
However, there were no specific finding for disease diagnosis in MRI. After receiving 
conservative care, the serum CPK level (1500 IU/L) had decreased. The patient, but 
nonetheless, persistently complained of right thigh pain. Opioid (Pethidine IV) was 
administered to control the patient’s persistent thigh pain. After opioid was administered, 
the patient experienced nausea and abdominal discomfort. To control the symptom, 
metoclopramide was administered. After an hour, the patient experienced perioral 
weakness and hypesthesia. Three hours later, the patient experienced  
drowsiness followed by delirium. When haloperidol (IM) was administered to control 



delirium, the patient appeared to experience severe drowsiness and rigidity in all 
extremities. There was no specific finding except for elevations in aspartate 
aminotransferase (AST, 188 IU/L), alanine aminotransferase (ALT, 78 IU/L), and CPK 
(12586 IU/L) in the laboratory tests. Upon checking the patient’s vital signs, autonomic 
instability was confirmed, including a systolic blood pressure of 120~150 mmHg, a 
respiratory rate of 14~30/min, and a heart rate of 70~130/min. Chest x-ray, 
electroencephalography (EEG), brain MRI, cerebrospinal fluid (CSF) study, blood and urine 
culture were conducted afterward, and there was no specific finding. We diagnosed her 
symptoms as NMS. In order to control the patient’s symptoms, lorazepam, bromocriptine 
and dantrolene were administered. Four days after the onset of her symptoms, the 
patient’s mental status became alert, body temperature went down and the rigidity of 
extremities had gradually improved. She was discharged without any complication.  
 
CONCLUSION  
The risk of NMS must always be kept in mind especially when musculoskeletal patients 
with chronic muscle damage showed symptoms of fever, muscle rigidity, and altered 
mental status. Prompt treatment may be necessary after timely diagnosis to increase the 
chances of a complete recovery.  
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Introduction  
Trigger Point Injections (TPI) is most conventional Methods of treatment for Myofascial 
Pain Syndrome (MPS). But recently, there have been many researches about extra –
corporeal shockwave treatment (ESWT) which has proven to be just as effective in 
decreasing pain with advantage of being non-invasive. Psoas muscle, located in 
retroperitoneal space, is risky place for TPI owing to its location. We report a case of a 
patient who visited our hospital with lower abdominal and back pain. He was compatible 
with diagnosis of psoas MPS, which we successfully treated with ESWT.  
  
Case report  
A 26-year old male patient was referred to our hospital for left lower abdominal pain of 
10 months duration. Visual Analogue Scale (VAS) score was 7, the pain aggravated during 
prolonged sitting and he had a history of botulinum toxin-A injection in left rectus 
abdominis at local clinic with no effect. We tried sono-guided TPI into left rectus 
abdominis twice over two- week period and he showed no improvement in pain. After re-
evaluation, diagnosis of psoas MPS was made, and we decided ESWT would be helpful 
since psoas is a retroperitoneal muscle located deep inside peritoneal cavity and invasive 



treatment may cause complications such as organ damage or infection. At first, 3 sessions 
of ESWT were done from anterior approach at left psoas with pain decreasing from VAS 7 
to 3. After 2 months, the patient came back with aggravated discomfort from VAS 3 to 4-
5. We attempted 3 trials of ESWT from posterior approach, and the patient showed 
improvement in overall pain with VAS score decreasing to 2.  
 
Conclusion  
Psoas MPS could go undiagnosed in patients presenting with lower abdominal pain. 
Conventional invasive therapy such as TPI is dangerous in this case as a consequence of 
profound location in peritoneal cavity. ESWT may be the safe and effective therapeutic 
option for psoas MPS.  
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Background  
Medial tibial stress syndrome (MTSS), commonly known as “shin splints” is defined as 
pain along the inner edge of the shinbone (tibia). It is usually caused by overuse injury or 
repeated trauma to the connective muscle tissue surrounding the tibia. Because MTSS is 
a vague term that implicates pain and discomfort in the lower leg, it should be 
discriminated from various musculoskeletal conditions with similar characteristic such as 
compartment syndrome, tibial stress fracture, myofascial pain syndrome (MPS) of tibialis 
anterior muscle, or other lower leg pain diseases. We report two cases who complained 
of nonspecific lower leg pain due to MTSS.  
 
Case Report  
A 52-year-old female complained of both lower legs pain which started in 2015. The pain 
located along with the bilateral anterior tibia and aggravated during walking. Motor 
power and sensory function were preserved in both lower limbs. Tenderness was noted 
at the gastrocnemius medial head and tibialis anterior muscles and pes anserinus, 
bilaterally. Whole body bone scan showed mildly and linearly increased uptake along the 
both tibial shafts (figure 1). Lower extremity MRI with contrast enhancement 
demonstrated periosteal edema in the anteromedial surface of the bilateral tibial shaft. 
These findings were compatible with MTSS with secondary MPS. The patient was treated 
with NSAID - which is often used for pain control of MTSS, and there has been some 
improvement with pain.  
 
Conclusion  
When a patient presents with an anterior leg pain especially after overusing history, 
MTSS should be considered as a possible cause. The imaging studies such as bone scan, 



sonography and MRI would be helpful for differentiating MTSS from other lower leg 
disease such as MPS or compartment syndrome.  
 
 

 
Bone scan, Suggest mild and linearly increased uptake along the both tibial shafts  
 

 
Lower extremity MRI(CE), Periosteal edema in anteromedial surface of the bilateral tibial shafts  
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Introduction  
Osteoarthritis is a common cause of pain and disability. Severe and end stage 
osteoarthritis can be treated with total joint arthroplasty. However, there is no effective 
treatment for the patients with knee pain that does not disappear even after total knee 
arthroplasty. Abnormal neovessels and accompanying nerves are possible sources of pain. 
Transcatheter arterial embolization (TAE) is used to occlude blood flow by intra-arterially 
infusing an embolic agent through a catheter located at target vessels. On the basis of the 
hypothesis that neovascularization is a physiological process through which new blood 
vessels formation from the pre-existing vasculature, TAE can relieve pain associated with 
knee osteoarthritis.  



 
Case report  
Case 1  
A 62-year old female patient visited the hospital for complaints of the right knee pain 
lasting 2 years. Knee pain is aggravated by stair up and down. She underwent spinal 
interventions and hyaluronidase injections several times at other clinics, but knee pain 
did not improve significantly. Kellgren-Lawrence grading scale was 3 in knee radiograph. 
Visual analogue scale was 6. Under local anesthesia, percutaneous arterial access was 
obtained and the femoral artery was punctured. Digital subtraction angiography was 
performed. We precisely depicted the descending genicular artery, superior and inferior 
lateral genicular arteries, superior and inferior medial genicular arteries, and median 
genicular artery. Abnormal neovessels adjacent to medial condyle were confirmed (Fig. 1). 
Embolic agent using gelfoam was infused until blood flow stagnated. After 1 week and 6 
weeks after the procedure, the VAS score was reduced to 3 and 2 points respectively.  
  
Case 2  
A 63-year old female patient visited the hospital for complaints of the left knee pain 
lasting 52 years. Knee pain is aggravated by standing and walking. She underwent the left 
total knee arthroplasty, but knee pain did not improve significantly. Kellgren-Lawrence 
grading scale was 4 in knee radiograph. Visual analogue scale was 7. Under local 
anesthesia, percutaneous arterial access was obtained and the femoral artery was 
punctured. Digital subtraction angiography was performed. We precisely depicted the 
descending genicular artery, superior and inferior lateral genicular arteries, and median 
genicular artery. Abnormal neovessels adjacent to lateral condyle were confirmed (Fig. 2). 
Embolic agent using gelfoam was infused until blood flow stagnated. After 1 week and 6 
weeks after the procedure, the VAS score was reduced to 3 and 3 points respectively.  
  
Conclusion  
TAE targeting abnormal neovascularization in osteoarthritis is a feasible and safe 
interventional radiology procedure, and it effectively relieves medial knee pain refractory 
to traditional nonsurgical and surgical management.  
 

 
Fig. 1. Angiographic findings before (A) and after (B) transcatheter arterial embolization in a 62-year-old 
woman with severe knee pain. Selective angiography from the descending genicular artery before 



embolization shows abnormal neovessels (arrow) adjacent to the medial condyle (A). A postembolization 
angiogram shows elimination of this abnormal angiogenesis (B).  
 

 
Fig. 2. Angiographic findings before (A) and after (B) transcatheter arterial embolization in a 63-year-old 
woman with severe knee pain. Selective angiography from the inferior lateral genicular artery before 
embolization shows abnormal neovessels (arrow) adjacent to the lateral condyle (A). A postembolization 
angiogram shows elimination of this abnormal angiogenesis (B).  
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Background  
An ischial bursitis may be usually caused by direct trauma or prolonged pressure over the 
bursal structure and it is characterized by the pain and tenderness over it. We report a 
case of patient with unilateral spontaneous hemorrhagic ischial bursitis with no traumatic 
injury who had been on dual antiplatelet therapy.  
 
Case  
An 82-year-old female visited a walk-in clinic with unrelenting pain and tenderness over 
the left ischial tuberosity for three months. The patient had been medicated with aspirin 
and clopidogrel for prevention of stroke since she was diagnosed with severe cerebral 
artery stenosis a few months ago. There was no traumatic history reported. Her pain was 
aggravated when she sat on a chair and alleviated when she stood. After the bursal fluid 
aspiration, we performed further evaluations to figure out main causes. The analysis of 



the aspirates displayed many RBCs, but otherwise non-specific. The lab tests were normal 
on inflammatory markers, cancer markers and blood clotting tests. Pelvic cavity MRI was 
performed for recognizing other etiologies. MRI scan revealed only 3.4 x 3.3 x 5cm 
septate fluid-filled bursa which was identified in ultrasonographic evaluation and no 
evidence of abnormal tendon, soft tissue and nerve. We performed bursal aspirations 
and injections twice and she expressed significant pain relief after those procedures.  
  
Conclusions  
We observed the patient with spontaneous hemorrhagic ischial bursitis on dual 
antiplatelet therapy without trauma history. The patient experienced pain relief after the 
aspirations and anti-inflammatory injections. Ultrasonography can be very helpful in the 
diagnosis and treatment of repetitive hemorrhagic ischial bursitis.  
 

 
Hemorrhagic ischial bursitis in ultrasonographic image  
 

 
Hemorrhagic ischial bursitis in ultrasonographic image  
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Introduction 
Hemangiomas constitute 7-10% of soft tissue tumors. Intramuscular hemangioma is rare, 
accounting for only 0.8% of all hemangiomas. Intramuscular hemangioma may present as 



a cause of persistent pain and swelling, is often difficult to diagnose clinically. However, 
we report a case of intramuscular hemangioma of the vastus lateralis muscle who has 
removed hemangioma which is thought to be a cause of knee pain but has not improved.  
 
Case presentation 
A 31-yr-old man presented with left knee pain that occurred in football game nine 
months ago. He visited other orthopedic clinic 5 months ago and performed knee MRI 
and hemangioma were found around the knee (Fig. 1). The orthopedic surgeon who 
thought that hemangioma was the cause of knee pain underwent removal operation. 
Even after 4 months of surgery, he complained of pain when knee flexion and prolonged 
standing. The patient usually plays soccer once a week and contusion often occurs during 
the game. He knew that the mass lesion was palpated on the left mid-thigh for 4-5 years. 
Physical examination revealed that there was a large mass that felt soft on the left lateral 
thigh. The operation scar was transverse to the distal part of the left vastus lateralis 
muscle about 4 cm. Incisional scar pain was severe and tenderness was present. In 
addition, there was no specific finding in the physical examination of the knee. The pain 
was not associated with any neurologic symptoms or signs. Ultrasonography was 
performed to confirm other abnormalities and hemangiomas were found throughout the 
vastus lateralis muscle that were not restricted to around the knee. When the 
hemangioma was compressed with an ultrasonic probe, it was confirmed that the 
hemangioma were easily pressed (Fig.2). Magnetic resonance imaging (MRI) of the left 
thigh was performed for further evaluation of these abnormalities and a tortuous dilated 
vascular structure was seen over a length of 30 cm in the left vastus lateralis muscle. This 
finding was consistent with infiltrating type, intramuscular hemangioma (Fig. 3). Although 
the patient had already undergone hemangioma excision operation at the knee level, 
there was no improvement in knee pain, so it was difficult to think hemangioma as the 
cause of knee pain. When the knee was flexed, the pain around the operation scar was 
the most severe, and 10 mg of triamcinolone was injected around the scar. After 10 days, 
only 25% of the knee pain remained. Two additional injections were administered. After 1 
month, the knee pain did not occur even with prolonged standing.  
 
Discussion 
In the literature, intramuscular hemangioma is known to be the cause of pain and edema. 
However, there is a risk of misdiagnosing assuming that hemangioma is always the cause 
of pain as in this case. There are various structures around the knee that can cause pain. 
For younger patients who are active in exercise, it is necessary to carefully examine the 
cause of knee pain.  
 

 
Fig. 1. The presence of medium/large vessels is shown on (A) Ultrasound, showing the lesion demonstrating 
vascularity in vastus lateralis muscle, (B) it is easily compressed with ultrasonic probe.  



 

 
Fig. 2. Coronal views of knee magnetic resonance image shows findings consistent with a hemangioma 
involving the left distal vastus lateralis muscle.  
 

 
Fig. 3. Coronal views of thigh magnetic resonance image shows findings consistent with an infiltrating type, 
intramuscular hemangioma involving the left vastus lateralis muscle.  
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BACKGROUND 
Most of the perineurial cysts (PCs) are found incidentally and remain asymptomatic. 
Although enlargement of the PC through a ball-valve mechanism and resultant 
compression of the adjacent neural or bony structures are known to be a source of pain 
in PCs, the reason why asymptomatic PCs become symptomatic is unclear.  
 
OBJECTIVE 
The authors report a case of PC, which was presumed to become symptomatic after 
subarachnoid hemorrhage without enlargement of the pre-existing PC.  



 
METHODS 
The medical records, imaging studies, and electrodiagnostic studies of a patient were 
retrospectively reviewed  
 
RESULTS 
A 47-year-old woman complained of lumbosacral pain after neck clipping for a ruptured 
cerebral aneurysm. Magnetic resonance imaging (MRI) revealed a PC with intracystic 
hemorrhage at the S2 level. In comparison with the size of the PC on computed 
tomography performed 3 years ago, there was no change in the size. Electrodiagnostic 
studies performed 6 weeks after the onset of the pain showed subacute right S2 
radiculopathy.  
 
 
CONCLUSIONS 
Stretching of the nerve root due to hemorrhage or irritation of the nerve root due to an 
inflammatory reaction to blood products can make asymptomatic PCs symptomatic 
without enlargement of PCs.  
 

 
Figure 1A A: Computed tomography of the lumbosacral spine performed 3 years before the onset of 
subarachnoid hemorrhage shows a perineural cyst at the S2 level (arrow).  
 

 
Figure 1B: T2-weighted sagittal magnetic resonance imaging of the lumbosacral spine shows an 18x13x25 
mm-sized perineural cyst with high signal intensity at the S2 level, and a so-called “dark” and bulging disc at 
multiple levels of the lumbar spine.  
 



 
Figure 1C: T1-weighted sagittal magnetic resonance imaging shows mixed high and low signal intensity with 
a fluid-fluid level within the cyst, suggestive of intracystic hemorrhage  
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Background  
Many pregnant woman experience musculoskeletal pain during the course of their 
prengnancy. But many physicians and patients often consider it will spontaneously 
resolve in the postpartum period. Missed opportunities for appropriate diagnostic work 
up during pregnancy can increase risk for undesirable results. Hemangioblastoma(HMB) is 
a benign vascular tumor of the central nervous system. Spinal cord HMB is rare, 
comprising 1.6-6.4% of all spinal cord tumors, and are usually located intramedullary. 
Pregnancy can increase the growth of it, leading to neurologic complication.  
 
Purpose  
To report an unusual cause of neck pain in pregnancy  
 
Case presentation 
We present 32-year-old female patient in her 13th week of pregnancy with a two months 
history of neck pain and numbness of bilateral upper limb. She visited several clinics and 
got a modality therapy, but pain was not improved. Any imaging study was not checked 
before visiting our clinic. Physical examination showed normal upper limb muscle 
strength but paresthesia of C5,6 root distribution. She showed muscle fasciculation in 
bilateral shoulder and upper arm muscles on ultrasound exam. Magnectic resonance 
imaging (MRI) revealed an intramedullary solid and cystic mass from C6 to T2 level and 
severe cord edema below C1 level. She transferred other hospital for surgery. The patient 
successfully underwent tumor resection with T1-2 laminotomy, the pathological diagnosis 
after surgery was hemangioblastoma, WHO grade 1. The patient exhibited significant 



improvement of pain symptom, grade 3 muscle strength and hypothesia in both lower 
extremities. She delivered 1 healthy full term baby by vaginal delivery.  
  
Conclusions 
Spinal cord tumor during pregnancy are rare but may cause critical consequences for 
both the mother and the fetus. Timely diagnosis is essential for the clinical management.  
Although neck pain during pregnancy is common problem, but physicians always consider 
need for further investigation. 
  

 
On T2-weighted sagittal images, intramedullary solid and cystic mass from C6 to T2 level with extensive 
cord edema was detected  
 

 
On T2-weighted sagittal images, intramedullary solid and cystic mass from C6 to T2 level with extensive 
cord edema was detected  
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Introduction  
Vertebral osteomyelitis(VO) is a bone infection, commonly involves two levels of 
vertebrae and the corresponding intervertebral disk. Clinical symptoms begin insidiously 
and usually ambiguous, which make clinicians diagnose VO difficultly. Motor weakness, 
usually symmetric, affects 60 to 85% of VO patients. Also, the infection of spine can be 
spread secondarily to psoas muscles in VO patients. There were some cases of bilateral 
psoas abscess associated with VO in previous studies. However, few cases of unilateral 
psoas abscess associated with VO were reported. So, we present this case.  
 
 
Case presentation  
A 64-year-old woman complained lower back pain, fever, chilling and radiating pain of 
bilateral lower extremities for 3 days. Laboratory blood test were in the normal range 
except for a white blood cell count 13,400/mm3, peripheral blood smear showed 85% 
neutrophil, 7% lymphocyte, C-reactive protein 16.49 mg/L and erythrocyte sedimentation 
rate 72 mm/hour. Lumbosacral magnetic resonance image (MRI) revealed degenerative 
spondylosis, intervertebral disc space narrowing of L3-4 levels and infectious spondylitis 
over the L3-4 levels (Fig 1-A). Streptococcus anginosus was identified in blood cultures, 
and the patient started taking ciprofloxacin intravenously and maintained it. After 3 
weeks, laboratory blood test showed improvements, but the patient complained 
aggravated radiating pain and newly developed proximal weakness of left lower 
extremity. (Hip flexor was poor- and knee extensor was poor in manual muscle testing 
[MMT]). To figure out the cause of the weakness, follow up lumbosacral MRI was 
performed. It revealed aggravation of infectious spondylitis of L3-4 levels with 
prevertebral, both paravertebral and epidural extension with left psoas and anterior 
epidural abscess formation (Fig 1-B). Patient received laminectomy and removal of spinal 
epidural abscess. After the operation, radiating pain was improved, but the weakness was 
remained. Electromyographic findings were compatible with left L3-4 radiculopathy and 
myositis of left iliopsoas muscle that represented short duration, small amplitude motor 
unit action potential, and decreased interference patterns. (Table 1) The patient 
maintained on levofloxacin intravenously and physical rehabilitation therapy to manage 
VO with psoas abscess. Muscle strength was improved after 1 month. (hip flexor was fair-, 
knee extensor was fair in MMT)  
Conclusion  
We report a case of VO with involvement of unilateral iliopsoas muscle that acts as a hip 
flexor. If VO that occurs in the lumbar spine, it is difficult to recognize whether 
neurogenic or myogenic problem induced weakness of lower extremities. Therefore, in 
this situation, it is important to consider not only radiculopathy but also involvement of 
iliopsoas muscles.  
 
 
 
 
 
 
 
 



Table 1. Results of Needle Electromyography Abbreviations, MUAP : motor unit action potential, IA : 
insertional activity, Fib : fibrillation, PSW : positive sharp wave, Fas : fasciculation, CRD: complex repetitive 
discharge, Amp : amplitude, Dur. : duration, PPP : polyphasic potential, PSP : paraspinalis, P : partial IP, P-C : 
partial to complete, C : complete, R. : right, L. : left, Grading of abnormal spontaneous activity : None, +, ++, 
+++, ++++  

 
 

 
Fig.1 A T2-weighted MRI : early infectious spondylitis involvement of L3-4 (green arrow), no evidence of left 
psoas abscess (thin green arrow) B follow up T2-weighted MRI : Aggravation of infectious spondylitis of L3-
L4 level with prevertebral, both paravertebral and epidural extension(red arrow),  
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Introduction  
Spasmodic torticollis is extremely painful disorder that is described by sustained muscle 
contractions causing repetitive tilting movements and abnormal postures of cervical 
spine [1]. In most cases, the cause of this disorder is usually unknown [2]. However, we 
report an unusual case of painless spasmodic laterocollis obviously developed after 
chiropractic therapy, and are to emphasize the risk of chiropractic therapy without 
medical supervision.  
 
Case report  
58-year-old man visited the tertiary hospital complaining of abnormal cervical posture 
without pain. Three years ago, complaining of discomfort around posterior neck, he 
visited a local chiropractic center and received left side neck thrust manipulation during 
the treatment course. After the thrust, left side laterocollis developed, and not corrected 
by time. On the day of admission, the physical exam revealed no weakness, paresthesia 
or hypoesthesia of bilateral upper limbs, and revealed limitation of range of motion of 
neck as follows; neck anterior flexion 15 degree, extension 10 degree, Rt. lateral flexion 
15 degree, Lt. lateral flexion 25 degree, Rt. rotation 40 degree, Lt. rotation 40 degree. 
There was no pathologic reflex as Hoffman sign and Babinski's sign. Initial CT of cervical 
spine showed leftward rotation of atlas over axis causing asymmetry of the lateral 
atlanto-dens interval (LADI) to 5.22mm [3]. MRI of cervical spine showed old fracture of 
the odontoid process and partial tear of transverse ligament of left cruciate ligament of 
atlas. These findings suggest that traumatic injury was occurred during chiropractic 
therapy. These injuries caused atlanto-axial instability along with Rt. C1/2 facet joint 
dislocation. Surgical treatment was excluded for just simple cosmetic purpose considering 
the potential severe complication since there was no sensory-motor symptoms or pain. In 
order to alleviate the abnormal neck posture, cervical traction following sufficient 
relaxation of the paracervical muscles by botulinum toxin injection was planned. The 
patient was administered botulinum toxin injection in bilateral sternocleidomastoid 
(40U/40U), scalenus anterior (20U/20U), scalenus medius (20U/20U), and splenius colli 
(20U/20U). After injection, there was no limitation of motion at neck flexion and 
extension. Also, the limitation of range of motion improved to Rt. lateral flexion 10 
degree, Lt. lateral bending 10 degree, Rt. rotation 35 degree, Lt. rotation 35 degree. We 
decided to check the progress with home traction through outpatient visits after 
discharge.  
 
Discussion  
Chiropractic therapy is frequently applied for the patient with headache, neck, and back 
pain. However, chiropractic cervical manipulation can result in some traumatic injuries 



and consequent functional limitations. To avoid these traumatic events, precise 
treatment plan after the specific diagnosis by a specialized physiatrist should precede 
before actual treatment by specialized physical therapist.  
 

 
Fig 1. Lt. facet joint arthrosis and bony hypertrophy at C2/3.  
 

 
Fig 2. Coronal and axial CT scan of the atlanto-axial region in representative subject with LADI asymmetry.  
 

 
Fig 3. Partial tear of transverse ligament of left cruciate ligament as seen on axial MRI.  
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Background 
Symptomatic postoperative spinal epidural hematoma is rare, yet well-recognized 
complication of spinal surgery. Although rare, it can cause devastating neurological 
consequences, including severe back pain with radiating to the extremities, saddle 
anesthesia, and motor weakness of lower extremities. Especially, delayed postoperative 
lumbar spinal epidural hematoma (DPOLSEH) was defined as neurologic deterioration 



more than 3 days after operation. DPOLSEH should be first considered immediate surgical 
decompression. We present a rare case of successful conservative treatment of chronic 
DPOLSEH.  
  
Clinical presentation 
A 72-year-old woman admitted to our rehabilitation department suffering from severe 
low back and right anterior thigh pain for 2 months. Two months ago, the patient visited 
local clinic presenting with a 2-year history of progressively worsening low back and right 
anterior thigh pain. Evaluation revealed lumbar foraminal stenosis at L2/L3 and L3/L4. No 
weakness or sensory deficits were elicited from the preoperative history or examination. 
The patient underwent decompressive laminectomies and instrumented posterolateral 
spinal fusion with instrumentation from L2 to L4, and the patient had an unremarkable 
postoperative course at local clinic. However, she presented gradually progressing low 
back and right anterior thigh pain a few days after the spinal surgery. Her neurologic 
examination revealed right hip flexor and knee extensor grade 4 by manual muscle test 
and decrease of right anterior thigh sensation. Lumbar MRI demonstrated 3.7 x 2.2 cm 
sized loculated hematoma extending from L2 to L4 in epidural space and hemorrhage in 
subcutaneous tissue (Fig. 1). The patient was consulted to neurosurgery department, 
however, it was decided to be inoperable because of its chronicity. Ultrasound also 
demonstrated consolidation of the loculated lumbar spinal epidural hematoma in 
transition to chronic stage and large amount of anechoic and hypoechoic fluid collection 
in subcutaneous tissue (Fig. 2). Ultrasound guided aspiration was performed and revealed 
8cc of old bloody subcutaneous space fluid (Fig. 3). Additional ultrasound guided 
aspiration was performed 2 times in 10 days and each of bloody subcutaneous space fluid 
was aspirated 5cc and 4cc. After 3 times of ultrasound guided aspiration accompanied by 
normal saline irrigation and cryotherapy, the patient presented markedly reduced low 
back pain. However, radiating pain to right anterior thigh still remained. The patient was 
discharged 2 weeks after hospitalization. Follow-up ultrasound 1 weeks after discharge 
demonstrated well maintenance of scanty fluid collection in subcutaneous space.  
  
Conclusion 
DPOLSEH is a rare entity and an uncommon cause of delayed clinical deterioration after 
spinal surgery. We report successful conservative management of back pain a case with 
chronic DPOLSEH without any additional surgery.  
 

 
Fig 1. MRI findings of the patient’s lumbar spine in sagittal (A) and axial (B) view 2 months after surgery. 
Increased signal intensity on T2-weighted images denotes 3.7 x 2.2cm sized lumbar spinal epidural 
hematoma (triangle) and hemorrhage in subcutaneous tissue (arrow).  
 



 
Fig 2. Ultrasound images of the patient’s lumbar spine. It demonstrated large amount of anechoic and 
hypoechoic fluid collection in subcutaneous tissue (A) and consolidated hematoma in epidural space (B).  
 

 
Fig 3. Ultrasound guided aspiration of hemorrhagic fluid collection in subcutaneous tissue. The needle 
(arrow) was observed as a hyperechoic line (A) and 8 cc old bloody fluid was aspirated (B).  
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Back ground  
Osteomalacia is a metabolic bone disorder characterized by impaired mineralization of 
bone matrix. Main symptoms are generalized or localized bone pain and proximal 
muscular weakness. These symptoms can be confused with other conditions such as 
spondyloarthropathy, polymyalgia rheumatica, polymyositis, osteoporosis. we report a 
patient with axial osteomalacia who developed back pain, ankylosis symptom in lumbar, 
‘bamboo’ like feature of spine in radiologic studies leading to the misdiagnosis as 
seronegative spondyloarthropathy.  
 
Case  
A 43-year-old male was admitted to our rehabilitation center on April 13, 2017 after 
experiencing back pain, gait difficulty and progressive lower extremity weakness. The 
patient felt upper back pain for the first time 8 years ago. Thereafter, kyphoscoliosis, 
chest wall deformity (anterior projection), genu varum progressed gradually. The patient 
had a history of surgical treatment, 4 years ago, because of intertrochanteric hip fracture 
in right femur by falling down. Serum biochemical analysis revealed decreased phosphate, 
vitamin D level of 1.7mg/dl, 25.42mg/dl respectively and elevated alkaline phosphatase 
level of 422U/L. Total calcium and parathyroid hormone level were within normal range. 
T score was –2.8 on bone mineral density. HLA(human leukocyte antigen) B27 was 



nagative.(Table 1) X-ray of l-spine and hip computed tomography revealed pathologic 
change of severe syndesmophytes (bamboo-like feature), ankylosis of the both sacroiliac 
joints, marginal osteophyte with spur along the acetabular rim and coarse trabeculuation 
of skeleton.(Fig 1,2) We diagnosed the patient for hypophosphatemic rickets based on 
clinical pictures (none of morning stiffness, no improvement with exercise), laboratory 
study(hypophosphatemia, normocalcemia, elevation of ALP) and radiograph 
alterations(diffuse osteomalacia, chest deformity, kyphoscoliosis) We treated with 
vitamin D(cholecalciferol) 100,000unit IM injec per 3 month, alendronate 5mg, calcitriol 
0.5mg 1tablet plus calcium carbonate 1.25g, cholecalciferol concentrate powder 10mg 2 
tablet per day orally.  
 
 
Conclusion  
Bone pain and radiologic findings of syndesmophytes and ankylosis of the both sacroiliac 
joint are enough to be suspicious of ankylosing spondylitis. If radiologic findings are 
consistent with ankylosing spondylitis, further evaluation is needed to diagnose rickets. 
Unlike ankylosing spondylitis, rickets can be treated with calcium and vitamin D 
supplementation. It should be kept in mind in differential diagnosis in case of sacroiliitis 
and spondylitis.  
 
Table 1. Laboratory findings in a case with hypophosphatemic rickets mimicking ankylosing spondylitis 

 
 

 
Fig 1. Hip computed tomography showing ankylosis of the both sacroiliac joint(arrow), marginal osteophyte 
with spur(asterisk) and coarse trabeculuation of skeleton(triangle)  
 



 
Fig 2. Magnetic resonance image of whole spine showing kyphoscoliosis and severe syndesmophytes  
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INTRODUCTION  
Caudal epidural steroid injections (CESI) are frequently used in the treatment of 
lumbosacral radiculopathy. However, there are many procedure-related complications 
categorized by the potential causes of adverse events, as followings : direct damage to 
the adjacent anatomical structures including vessels and nerves, intravascular injection of 
the corticosteroids and the local anesthetic, and the local or systemic reaction including 
infection. We report a case of paralytic ileus after CESI which has been rarely described in 
the literature so far.  
 
CASE REPORT 
A 22-year-old woman visited our clinic because of severe back pain for 4 months after 
passenger’s traffic accident. The patient’s plain radiograph and MRI studies of the 
thoracolumbar spine revealed prior fracture with healed state at T5, T6, T7, T8, T11 
bodies, and herniated disc at L4-L5 level. After diagnosing S1 radiculopathy with 
electrodiagnostic study, a single procedure of CESI was performed. During the CESI, the 
patient lay in the prone position, and so that the median sacral crest of the S2 and S3 
levels was midline of the sacrum in fluoroscopic anteroposterior view. After local 
anesthetic agent (4ml of 2% lidocaine) at the injection site, an 18 G needle was inserted 



into the epidural space through the sacral hiatus under fluoroscopic guidance. The needle 
tip was advanced at the upper margin of S3 level. After injection of the contrast dye 4ml 
under the fluoroscopy, we confirmed that the needle tip was not in the intravascular 
and/or intrathecal area, and then injected triamcinolone 80mg mixed with 2ml of 2% 
lidocaine and normal saline (Figure 1.). The procedure was finished without any 
complication. She was discharged from hospital next morning, but on that night she 
revisited emergency unit for nausea and vomiting. Plain radiograph of abdomen was 
performed to identify possible cause and revealed acute paralytic ileus (Figure 2.). She 
received fluid and electrolyte replacement and was discharged with improved status.  
 
CONCLUSION 
It is suggested that the local anesthetics affect enteric neural regulation, resulting in 
paralytic ileus, even though immediately after the CESI procedure. So, we reviewed 
literatures with suggestion of the possible mechanisms of the gastrointestinal 
complication in CESI procedure mainly resulting from local anesthetics, and alert all 
clinicians who engaged in spine intervention about the potential paralytic ileus as an 
adverse effect of caudal epidural steroid injection.  
 

 
Fig 1. Caudal epidural steroid injection  
 

 
Fig 2. Paralytic ileus after caudal epidural steroid injection  
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INTRODUCTION  
A ganglion cyst(ganglion) is a relatively common benign tumor on the wrist. Conservative 
and surgical approaches have been used for its treatment. Various conservative 
treatment Methods have been suggested such as reassurance, aspiration, sclerosant 
injection and direct compression. But there has been no acceptable treatment of choice 
yet because each suggested method has a relatively high recurrence rate.  Sodium 
hyaluronic acid(HA) injection has been used for supplement toward joint space to reverse 
the loss of elastoviscosity, to increase the lubrication and to protect joint tissues. 
However, there has been no case report that sodium HA was used for the treatment of 
wrist ganglion.  1,4-butanediol diglycidyl ether(BODE) bridged sodium HA injection has 
been developed to extend the effect, to lessen the burden of frequent injection. It 
contains a higher molecular weight and more elastoviscous properties comparing to the 
previous traditional sodium HA injectant. We hereby report a case of wrist ganglion, 
relieved in pain and diminished in size after BODE bridged sodium HA injection toward 
wrist ganglion.  
 
CASE PRESENTATION  
A 41-year-old male was transferred to our department on Jan. 2017 for recurrent left 
wrist ganglion. He had already been done multiple aspirations, sclerosant injections and 
steroid injections by other physicians. He reported VAS 4 of intermittent wrist pain while 
bending left wrist. The pain increased when he wipes something or grabs computer 
mouse. A visible soft mass, well tethered in place and felt like a firm rubber ball, was 
observed on his left wrist dorsum. No inflammation signs such as a heat sensation or 
erythema were observed and the tenderness was not prominent.  We injected 20mg/1ml 
of BODE bridged sodium HA injection(Synovian Inj., LG Chem., Seoul, Korea) in left wrist 
ganglion without aspiration. A week later the ganglion diminished in size from 
1.46x1.01cm to 0.53x0.58cm and relieved in pain from VAS 4 to VAS 1(Fig.1)(Fig.2)(Fig.3).  
  
CONCLUSION  
Our patient of ganglion experienced successful conservative treatment by BODE bridged 
sodium HA injection. Although the exact physiological mechanisms that the ganglion 
were poorly understood, that these were initially believed to occur as a result of a 
synovial herniation, and electron microscopy demonstrated that these are most likely 
fibroblasts or some other type of mesenchymal cells appears to be the cells of synovial 
origin.  For that reason, BODE bridged sodium HA injection which contains long-lasting 
effect of viscosupplementation include possible anti-inflammatory and anti-nociceptive 
properties helped to treat ganglion. It appears that this promotes the inflammations and 
catabolic processes, associated with removing damaged matrix constituents, and 



stimulates wound healing mechanisms. Therefore, physicians may consider BODE bridged 
sodium HA injection as the treatment method dealing with intractable ganglion.  
 

 
Comparison of the size of ganglion at rest (Left) pre- and (Right) post-treatment of injection.  
 

 
BODE bridged sodium HA was injected inside of the ganglion at left wrist dorsum.  
 

 
Comparison of the size of ganglion by ultrasonography at rest (Left) pre-(1.46x1.01cm) and (Right) post-
treatment(0.53x0.58cm) of injection.  
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Introduction  
Posterosuperior impingement (PSI) is occurred by the contact between the undersurface 
of the rotator cuff and the posterior superior labrum in the arm abducted and externally 
rotated position. PSI is related to glenohumeral internal rotation deficit and posterior 
shoulder tightness which are common cause of the shoulder injuries of athletes. There is 
controversy about whether the cause of PSI is the posterior capsule or the posterior 
shoulder muscles (posterior deltoid and infraspinatus muscles). In this report, we 
describe 3 cases treating PSI by ultrasonography guided injection around infraspinatus 
tendon to evaluate the cause of PSI.  
CASE 1 37-year-old man complaining right posterior shoulder pain visited to outpatient 
rehabilitation clinic. The visual analogue scale (VAS) was 6. There was tenderness around 
right infraspinatus tendon, shoulder internal rotation range of motion (ROM) was 40°. 
Diagnostic test for PSI such as, posterior impingement test, posterior glenohumeral joint-
line tenderness and jobe’s relocation test, were positive (Fig. 1). Neer’s test, 
Apprehension test, Jerk test, Empty can test, Belly press test and O'Brien test were 
negative. With impression of PSI, ultrasound guided injection with a mixture of 
triamcinolone 10mg and 0.5% lidocaine 1ml was performed around infraspinatus tendon 
(Fig. 2). Modified cross-body stretching exercise was instructed (Fig. 3A). Pain medication 
was not prescribed. 1 month after injection, internal rotation ROM was improved to 60° 
and pain was relived to VAS 0.  
CASE 2 39-year-old man complaining left posterior shoulder pain (VAS 7) with limited 
internal rotation ROM of shoulder (<45°) visited outpatient rehabilitation clinic. Three 
cardinal tests for PSI were positive and other tests were negative. With impression of PSI, 
injection was performed in the same method as case 1 for twice per 2 weeks. Modified 
cross-body stretching exercise was instructed. Pain medication was not prescribed. 3 
months after injection, internal rotation ROM was improved to 70° and pain was relived 
to VAS 2.  
CASE 3 55-year-old woman complaining left posterior shoulder pain (VAS 5) visited to 
outpatient rehabilitation clinic. Internal rotation ROM of shoulder was 30°. Three cardinal 
tests for PSI were positive and other tests were negative. With impression of PSI, 
modified cross-body stretching exercise was instructed but injection could not be 
performed due to patient's refusal. Pain medication was not prescribed. After 2 weeks, 
pain was aggravated (VAS 8) and injection was performed in the same method as case 1 
for twice per 2 weeks. Modified sleeper stretching exercise was instructed (Fig. 3B). 3 
months after injection, internal rotation ROM was increased to 70° and pain was relived 
to VAS 2.  
 



 
Conclusion  
We suggest that infraspinatus tendinitis should be considered as one of the causes of PSI 
and infraspinatus paratendon injection could be a useful treatment in the patients with 
PSI.  
 

 
Fig. 1. Three cardinal tests for posterosuperior impingement (PSI). Posterior glenohumeral joint-line 
tenderness (A), Check whether the patient feels deep posterior pain by compressing the posterior 
glenohumeral joint-line. Posterior impingement test (B), Place the patient’s shoulder into 90 degrees to 110 
degrees of abduction, 10 degrees to 15 degrees of extension, and maximal external rotation. This position 
can reproduce the deep posterior shoulder pain that the patient usually feels. Jobe’s relocation test (C), The 
test is performed with the patient’s supine position. Place the patient’s shoulder into 90 degrees of 
abduction, with the elbow flexed to 90 degrees. The patient feels pain when the examiner externally 
rotates the humerus while pulling the humerus anteriorly. (D) The pain resolves when the examiner 
externally rotates the humerus while pushing the humerus posteriorly. (Arrow: The direction of force 
applied by examiner; Curved arrow: External rotation of shoulder)  
 

 
Fig. 2. (A) The shoulder is flexed and adducted with the hand resting on the contralateral shoulder. (B) 
Longitudinal ultrasound image of the infraspinatus tendon by the in-plane Method. The infraspinatus 
tendon is running below the infraspinatus muscle. (C) Needle is advanced above the tendon and the 
injection is done by peppering technique above the tendon.  
 

 
Fig. 3. Two stretching Methods. Modified cross-body stretch (A), The patient is in sidelying position to 
stabilize the scapula against the table and passive horizontal adduction of shoulder is performed while 
external rotation is restricted using the opposite arm. Modified sleeper stretch (B), The patient is in 
sidelying position with the shoulder flexion to 90 degrees, trunk rolled posteriorly 20 degrees to 30 degrees. 
Passive internal rotation is performed using the opposite arm.  
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Background  
Carpal tunnel syndrome (CTS) is complex of symptoms as a result of compression of 
median nerve as it moves through the carpal tunnel. Pathophysiology is multifactorial. 
We present case of synovial osteochondromatosis (SOC) on hand flexor tendon sheath. 
Synovial osteochondromatosis may indicate symptoms of pain, swelling, limitation of 
motion of affected joint. We report diagnostic and treatment process of carpal tunnel 
syndrome caused by synovial osteochondromatosis within finger flexor tendon.  
  
Clinical presentation  
A 45-year-old woman was presented with tingling sense on right hand over the previous 
4 months. There was no history of trauma. Nerve conduction studies revealed prolonged 
onset latency (4.38msecs) with reduction in the amplitude (11.5uV) of right median 
sensory nerve action potential. Motor conduction studies revealed a prolonged onset 
latency (5.73msecs) across carpal tunnel with reduced amplitude (9mV). Patient was 
diagnosed with carpal tunnel syndrome. She was advised to begin splinting the hand in 
wrist brace preventing prolonged flexion or extension and started on physiotherapy. 
After two weeks the symptoms of tingling have been slightly decreased. Despite the 
treatment, mild swelling and tenderness around 2nd metacarpal bone was not improved. 
Pain was aggravated during wrist and finger flexion. Bone scan represented increased 
uptake on right metacarpal bone requiring differential diagnosis of recent fracture or 
osteomyelitis. MRI was done and showed nodule over proximal metacarpal level with 
synovial thickening, enhancement, calcific shadow near flexor tendon. Ultrasonography 
showed multiple echogenic foci with shadowing over proximal metacarpal level of flexor 
tendon of index finger, which diameter was 11.9 x 9.6mm. (Figure 1.) After confirming the 
presence of osseous nodule with synovial thickening, she subsequently underwent 
surgery. Intraoperative exploration showed the nodule attached to flexor tendon of index 
finger. The flexor tendon sheath appeared to be swollen with adhesion between adjacent 
structure. There was migration of the mass into the carpal tunnel during finger flexion. 
The mass excision with synovectomy of adjacent structure and carpal tunnel release were 
performed. Histologically, the lesion is composed of calcified nodules. Mineralized 
chondroid nodule with covering fibrous tissue was visible. The features were compatible 
with synovial osteochondromatosis. (Figure 2.) She had complete resolution of symptoms. 
At follow-up 2 month after surgery, the patient remained symptom free with no 
recurrence of mass.   
 
 
 



Conclusion  
Synovial osteochondromatosis is rare disease. It predominantly occurs in large joint such 
as knee or hip with nonspecific symptoms. We report a rare case of carpal tunnel 
syndrome caused by synovial osteochondromatosis within finger flexor tendon.  
 

 
Figure 1. Synovial osteochondromatosis of right hand in 45-year-old female presented with tingling 
sensation (A, B) T1-weighted contrast enhanced axial (A) and coronal (B) radiograph showed an synovial 
thickening, osteochondral fragment surround 2nd flexor tendon (B) Image of an osseous nodule at proximal 
metacarpal level. (C) Transverse ultrasound of the right side of 2nd flexor tendon showed multiple 
echogenic foci with shadowing (cross marks). (D) Longitudinal ultrasound showed multiple echogenic foci 
with shadowing (cross marks) beneath flexor tendon. Abbreviation : S, Flexor digitorum superficialis 
tendon ; P, Flexor digitorum profundus tendon ; FPL, Flexor pollicis longus tendon.  
 

 
Figure 2. Images of extra-articular synovial osteochondromatosis. (A) Intraoperative view presented 
osteochondral fragment surround 2nd flexor tendon (B) Specimen was debrided measuring 1.5 x 0.7 x 0.6 
cm (C) Microphotograph shows calcified nodule (Arrow head) and mineralized chondroid nodule (Arrow) 
with covering fibrous tissue (H&E stain, x40).  
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Upper Limb Spasticity Reduction Following Botulinumtoxin and Robot 
Mediated Training 

Young Tae Jeon1*, Eun Young Han1†, So Young Lee1, Bo Ryun Kim1, So Young Lee1 

Jeju National University Hospital, Department of Rehabilitation Medicine1 
 
This study was undertaken to determine successful treatment of Long term, Poststroke, 
Upper-Limb spasticity with botulinumtoxin and Upper Limb assisted robot in two patients.  
  
Two patients who underwent spasticity after stroke were included in this study. The first 
patient, a 37-year-old woman, On HD 76, botulinumtoxin (meditoxin) was injected into 
the Rt. elbow flexors and Rt. wrist flexors. And robot assisted upper extremity (Neuro-X, 
Apsun Inc., Korea) was done with occupational therapist. The second patient, a 51-year-
old man, On HD 174, botulinumtoxin were injected into the Rt. elbow flexors and Rt. 
wrist flexors. And robot assisted wrist passive ROM (ORMED, Artomot-H Inc., United 
Kingdom) and robot assisted upper extremity (Neuro-X, Apsun Inc., Korea) were done.  
  
After training, there are evidences that show specific correlation between the modified 
ashworth scale (MAS) and functional outcomes. The first patient scored from 2 to 1 on 
the MAS for Rt. elbow flexors and Rt. Wrist flexors, Modified Barthel Index(MBI) score 
was from 59 to 82 points and Rt. hand grip power was from unchecked (UC) to 6.9kg by 
dynamometer. Manual function test(MFT) was Rt. upper extremity(U/Ex) (30/32) -> 
(32/32) and Lt. U/Ex (9/32) -> (19/32). The second patient scored from 2 to 1 on the MAS 
for Rt. elbow flexors and Rt. wrist flexors. MBI score was from 2 to 87 points and Rt. hand 
grip power was from UC to 6.0kg by dynamometer. MFT was from (25/32) to (32/32) for 
Rt. U/Ex and from(UC/32) to (15/32) for Lt. U/Ex. 
 
The Results of this study proved that Botulinumtoxin and robot mediated training helped 
to improve spasticity and functional outcome. We suggested that this case report may be 
beneficial for the treatment of spasticity in the future.  
 

 
robot assisted upper extremity training  
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An Intersection Between ECR and Supinator with Painful Elbow Snapping: 
A Case Report 

Hyung Nam Lee1*, Gi-Wook Kim1, Jeong-Hwan Seo1, Yu Hui Won1† 

Chonbuk National University Hospital, Department of Rehabilitation Medicine1 
 
Background  
Intersection syndrome is well known to pain physicians for its characteristic clinical 
manifestations and pathophysiology; a tenosynovitis created by repetitive friction at the 
junction in which tendons of the 1st dorsal compartment (abductor pollicis longus and 
extensor pollicis brevis) intersect the second (extensor carpi radialis muscles). This kind of 
repetitive friction may result in inflammation between the musculoskeletal structures 
such as bursitis or tenosynovitis. We report a case of patient with painful elbow snapping 
at the crossover between extensor carpi radialis(ECR) and supinator which is identified 
with ultrasnographic evaluation.  
 
Case  
An 67-year-old male visited a walk-in clinic with bothersome pain and tenderness over 
the left lateral elbow region since several months ago. His pain was aggravated with his 
elbow joint movements and alleviated with some rests. He was paraplegic because of his 
injured thoracic spinal cord caused by hematoma compression in T6 spine level. He had 
usually propelled his wheelchair by himself and performed his activities of daily living 
(ADL) independently. He complained he could hardly move forward by operating his 
wheelchair due to his left elbow soreness with clicking. On physical exam, we observed 
painful elbow snapping with his left elbow flexed and extended. And there was 
tenderness over the snapping area. With an ultrasonography, we could find a hypoechoic 
lesion in the proximal portion of left ECR muscle which was covering supinator muscle 
and extending to 5-6 cm distally. We also performed a dynamic ultrasonographic 
evaluation that revealed a crossing-over of ECR muscle to supinator muscle with his 
forearm flexed and extended, repetitively. The laboratory tests were normal except his 
slightly increased ESR and CRP. Subsequently, we carried out ultrasonography-guided 
corticosteroid injection at intersection area between ECR and supinator muscle near the 
left elbow region. Several days later, he expressed significant pain relief after the 
procedure.  
  
Conclusions  
We observed a patient with so-called “another intersection syndrome” which is identified 
by ultrasonographic evaluation. Ultrasonography can be very helpful in diagnosing and 
treating the inflammation of musculoskeletal structures created by repetitive friction 
owing to its visualizing ability in a real-time manner.  
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Botulinum toxin type A injection for neuropathic pain in a patient with a 
brain tumor: A case report 

Kyung Eun Nam1*, Seong Hoon Lim1†, Joon Sung Kim1, Bo Young Hong1, Bomi Sul1, 
Hyehoon Choi1, So Yeon Jun1 

The Catholic University of Korea, St. Vincent’s Hospital, Department of Rehabilitation 
Medicine1 
 
Central neuropathic pain is a term used to describe pain caused by a direct insult to 
central nervous system structures. Management options for neuropathic pain are various 
pain medications and neuromodulation therapy, but pain treatment can be very difficult. 
We report clinically meaningful improvement in neuropathic pain related to a brain 
tumor in a patient after subcutaneous injection of botulinum toxin type A (BTX-A).  
We treated a 62-year-old man with a several-year history of neuropathic pain. He who 
had an intracranial chondrosarcoma at the right cerebellopontine angle underwent 
CyberKnife radiosurgery in 2002, and a right suboccipital craniectomy and tumor removal 
due to re-growth of the tumor in 2004 at another hospital. Since then, he has had left 
hemiplegia with a hemisensory deficit, right facial palsy, right cranial nerve VI palsy, and 
dysphagia. He suffered from neuropathic pain, which he perceived as an uncomfortable 
cold squeezing and tightness, with allodynia to light touch in the left hemibody, especially 
the posterior thigh, which was associated with a medial lemniscus and spinothalamic 
tract injury in the brainstem. In 2008, he was referred to the Department of 
Neurosurgery at our hospital and deep brain stimulation (DBS) was performed. However, 
the DBS was discontinued in 2013 because he developed a headache. There was no 
evidence suggesting tumor regrowth on follow-up magnetic resonance imaging (MRI) (Fig. 
1). Although the pain in the left posterior thigh gradually worsened, he could not take 
opioids or more than 1200 mg of gabapentin because of side effects. He has been taking 
the maximum daily tolerable dosage of medication, a combination of gabapentin 1200 
mg, amitriptyline 10 mg, diazepam 4 mg, tramadol 100 mg, and duloxetine 60 mg. 
Regrettably, it was not sufficient to reduce his pain.  
In August 2016, his neurological symptoms worsened, and he developed hoarseness of 
voice, which turned out to be due to a right vocal cord palsy caused by recurrence of the 
sarcoma (Fig. 2). In addition, his neuropathic pain worsened and could not sit on a 
wheelchair. Together with his family and a physiatrist, the patient decided to see if the 
neuropathic pain could be managed with an injection of BTX-A, so that he could sit. BTX-A 
(Botox; Allergan, Irvine, CA, USA) was injected subcutaneously in the most painful area of 
the posterior left thigh (100 units, at 16 points). No immediate side effects were seen 
after the injection. The day after the injection, his pain had decreased from 6/10 before 
the injection to 2/10 on a visual analogue scale (VAS). The pain was well-controlled 12 
weeks after the injection and he was satisfied with the BTX-A injection.  
This case report is the first article to describe the analgesic effect of subcutaneous BTX-A 
in neuropathic pain related to a brain tumor, which is a useful addition for the 
management of central neuropathic pain.  
 



 
Figure 1. T2-weighted magnetic resonance image of the brain shows atrophy of the right brainstem, 
without tumor relapse.  
 

 
Figure 2. T2-weighted magnetic resonance image of the brain (A, axial view; B, coronal view) shows a 1.9 × 
1.4 cm multilobular lesion (arrow) with an intense signal and heterogeneous enhancement of the right 
clivus, jugular foramen, and hypoglossal canal. Computed tomography of the paranasal sinuses (C, axial 
view; D, coronal view) shows a mass (arrow) with soft tissue attenuation involving the right petroclival 
region.  
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Poorly correlated localization of an unusual site of a rib fracture: A case 
report 

Shin Who Park1*, Yong Sung Jeong1, Hyo Sik Park1, Young Jae Seo1, Ja Young Choi1, Kang 
Jae Jung1, Jong Youb Lim1† 

Eulji University Hospital, Department of Rehabilitation Medicine1 
 
Introduction  
 Rib fracture is the most common result of thoracic trauma. Even without direct trauma, 
rib fractures can occur. Usually tender point means the point of rib fracture. We report a 



patient with anterolateral rib tenderness which turned out to be posterior rib fracture.  
  
Case Report  
A 74-year-old female patient, who regularly visits cardiology department of our hospital 
because she received pacemaker insertion about 3 years ago for atrial fibrillation with 
bradycardia, was referred to rehabilitation department. She complained of rib pain and 
upper back pain which developed about 2 weeks ago without trauma history. Pain sites 
were left 9th rib anterolateral area and left T9 parathoracic area, and tenderness was 
present at those sites. Rib level was counted from lowest 12th rib, and thoracic level was 
counted from L5 vertebra. About 12 years ago, she received vertebroplasty at T9 vertebra 
because of compression fracture. She also received tricuspid and mitral annuloplasty, and 
she had asthma and chronic obstructive lung disease, so her chest x-ray was considerably 
hazy and was limited in the evaluation of rib.  
She was prescribed NSAIDs and her motion was restricted with abdominal binder. She 
had undergone whole body bone scan. There were compression fracture in the lower end 
plate of T6 vertebra, and left 6th posterior rib fracture. Posterior rib fracture was just 
adjacent to compression fracture. Left 9th rib was nonspecific. With medication, upper 
back pain was subsided, but pain and tenderness in left 9th rib anterolateral area still 
existed. She denied the presence of pain and tenderness of T6 and left 6th posterior rib.  
Enhanced computed tomography was performed for further evaluation. T6 compression 
fracture was noted. Left 6th posterior rib fracture was relatively subtle in consideration of 
bone scan finding. Just with medication, her left 9th rib anterolateral area pain became 
reduced, and medication and abdominal binder were planned for 3 months.  
  
Conclusion  
Chest x-ray was the most effective method for the diagnosis of rib fractures. But if chest 
x-ray was limited with other diseases, whole body bone scan and chest computed 
tomography should be performed in case of suspicious rib fracture. And one should mind 
that rib fracture site and tender point could be different.  
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Dorsal scapular nerve injury after trigger point injection into the rhomboid 
major muscle 

Jong Bum Kim1*, Min Cheol Jang1†, Dong Gyu Lee1 

Yeungnam University Medical Center, Department of Rehabilitation Medicine1 
 
BACKGROUND AND OBJECTIVE 
 We report the case of a patient who presented with right dorsal scapular neuropathy 
after a trigger point injection into the right rhomboid major muscle. Through a nerve 
conduction study and electromyography, we demonstrated dorsal scapular nerve injury 
in this patient.  
 



 
CASE REPORT 
A 38-year-old man complained that his right shoulder functioned less optimally during 
push-up exercises after a trigger point injection 4 weeks prior. Physical examination 
revealed mildly reduced right shoulder retractor muscle strength compared with the left 
side. We performed a nerve conduction velocity test and electromyography 5 weeks after 
the injection. The compound muscle action potential of the right dorsal scapular nerve 
showed low amplitude (left vs. right side: 5.2 vs. 1.6 mV) and delayed latency (left vs. 
right side: 4.9 vs. 6.8 ms). Positive sharp wave (1+) and mildly reduced recruitment were 
seen on electromyography of the rhomboid major muscle. The findings of the nerve 
conduction velocity test and electromyography indicated partial right dorsal scapular 
neuropathy. The nerve injury seemed to have been caused by the needle inserted during 
trigger point injection.  
 
CONCLUSION 
Clinicians should pay attention to the occurrence of dorsal scapular nerve injury when 
performing trigger point injection into the rhomboid muscle.  
 
Keywords 
peripheral nerve injuries, myofascial pain syndromes, intramuscular injections, lidocaine, 
nerve conduction, electromyography  
 

 
Picture of the levator scapulae, rhomboid muscles, and dorsal scapular nerve. The X mark on rhomboid 
major indicates the location where the needle electrode was inserted for the electromyogram study. The 
dotted quadrangle indicates the area in which the trigger point injection was performed.  
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Neck-to-shoulder pain as an unusual presentation of pulmonary embolism 
in a patient with C-SCI 

Jong Bum Kim1*, Min Cheol Chang1†, Dong Gyu Lee1 

Yeungnam University Medical Center, Department of Rehabilitation Medicine1 



 
Context 
Information on referred pain can be helpful for diagnosing diseases of the visceral organs. 
Here, the authors report a patient with cervical spinal cord injury (SCI) who had referred 
pain at the right side from the neck to shoulder, as a presentation of pulmonary 
embolism (PE).  
 
Findings 
 A 55-year-old man with complete tetraplegia, due to cervical SCI after C5 and C6 
vertebral body fracture, complained of right neck-to-shoulder pain (numerical scale rating: 
6). Despite pain medication (meloxicam 15 mg, gabapentin 400 mg, and propacetamol 
HCl 1 g), the pain was not reduced. Along with right neck-to-shoulder pain, he presented 
mild fever (37.8°C) and mildly elevated respiratory rate (20 breaths/min). D-dimer level 
was also mildly elevated to 6.09 μg/mL (normal value: <0.5 μg/mL). Computed 
tomography pulmonary angiography revealed PE in the right lower lobe pulmonary artery. 
Three days after rivaroxaban administration for managing PE, the patient’s pain 
completely disappeared. Conclusion: This study shows that pain at the neck-to-shoulder 
area can occur following unexpected causes such as PE. Not limited to PE, the evaluation 
of diseases in the thoracic or abdominal organs is recommended if patients with cervical 
SCI present refractory pain in the dermatomes innervated by high cervical nerve roots.  
 
Keywords 
referred pain; spinal cord injury; pulmonary embolism  
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Late-onset post-radiation lymphedema provoked by bee venom therapy: A 
case report 

Young Jae Seo1*, Yong Sung Jeong1, Hyo Sik Park1, Shin Who Park1, Ja Young Choi1, Kang 
Jae Jung1, Jong Youb Lim1† 

Eulji University Hospital, Department of Rehabilitation Medicine1 
 
Introduction 
There were several treatments to manage lymphedema, and combined physical therapy 
(CPT) was more effective than others. For nonresponstive cases, stem cell therapy, 
kinesiotaping, and acupuncture were tried. Effects of acupuncture in decreasing limb 
swelling and improving symptoms were reported. Bee venom is one of the materials used 
for acupuncture. We report a patient with late-onset post-radiation lymphedema 
provoked by bee venom therapy.  
 
Case Report 
A 74-year-old male patient visited vascular surgery department because of recently 
developed left leg swelling. Six days ago he felt left hip pain, and on the next day he 
visited a local clinic and received bee venom therapy at the left groin area. Left leg 



swelling developed on the following day. Vascular ultrasonography and computed 
tomography (CT) with angiography showed diffuse left lower leg swelling but vessels 
were nonspecific. Infection marker was normal. Compression stocking was applied and he 
was referred to rehabilitation department. On physical examination, generalized swelling 
of left whole leg without pitting was noted. Left thigh and calf circumference was 3 cm 
thicker than that of the right side. From medical record, he was diagnosed with prostate 
cancer about 5 years ago and received transurethral resection of the prostate and 
radiotherapy. He regularly visited urology department after complete remission of 
prostate cancer. No newly developed tumor recurrence or distant metastasis were found 
on CT. Prostate specific antigen was normal. Lymphoscintigraphy was done and no lymph 
node activity was found in the left inguinal and iliac chains. Collateral circulation or 
dermal backflow in the left leg were not found. Hypofunction of lymphatic system in the 
left leg was suggested. He received Entelon and outpatient department physical therapy. 
However, the swelling still sustained and the leg circumference difference was 10 cm in 
the thigh and 4 cm in the calf. He was admitted to rehabilitation department and CPT 
with manual lymphatic drainage and intermittent pneumatic compression was performed. 
He also received diuretics. After 10 days, the leg circumference difference decreased to 7 
cm in the thigh and 3 cm in the calf. He was discharged with diuretic medication. 
However after 2 months, lymphedema aggravated and lymph vessel bypass surgery was 
planned.  
Conclusion 
Lymphedema is known to be a common complication of cancer itself or of treatment for 
cancer. This patient was lymphedema-free for 5 years after complete remission. 
Considering fibrotic changes in the left groin area and normal infection marker, poorly-
functional post-radiation lymphatic system had been barely maintained and lymphedema 
did not developed for 5 years. Only maintaining lymphatic system was suspected to be 
injured by bee venom therapy and lymphedema was provoked. Acupuncture, especially 
bee venom acupuncture, should be used in caution, and it may not be suitable for the 
treatment of lymphedema.  
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Benign Symmetric Lipomatosis: A Rare Case Report 

Minsun Kim1*, Kyeong Eun Uhm1, Jongmin Lee1† 

Konkuk University Medical Center and Konkuk University School of Medicine, Department 
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Introduction 
Benign symmetric lipomatosis (BSL), also known as multiple symmetric lipomatosis, 
Madelung’s disease or Launois-Bensaude syndrome, is a rare disease of undetermined 
cause characterized by symmetric deposits of painless, diffuse, subcutaneous adipose 
tissue predominantly on the neck, the shoulder girdle and the upper back, giving the 
patient a pseudo-athletic appearance. The patients are usually middle-aged male 
alcoholics, and liver cirrhosis is commonly present in the medical history. Most patients 



shows rapidly progressive tendency during the initial phase of the disease and remains 
constant for many years thereafter. Herein, we report a rare case of BSL and describe her 
clinical feature and course.  
 
Case Report 
A 35-year-old female, previously diagnosed with alcoholic liver cirrhosis, was consulted to 
the Department of Rehabilitation for edema of both upper arms. She first noticed the 
appearance of the edematous arms a month prior to this presentation. Also, she had 
numbness and tingling sensation on both sides of fingers and toes 3 years ago. Physical 
examinations revealed the diffuse edema on lateral side of both upper arms, and the 
forearms were not involved, looking pseudo-athletic appearance. Edema showed non-
pitting, non-tender and soft feature with no definite margins. Neurologic examination 
had no evidence of sensory, motor or autonomic dysfunction. A radioisotope 
lymphoscintigraphy showed mildly delayed lymphatic flow on left upper extremity 
without significant lymphatic flow obstruction. The ultrasonography showed diffuse 
hypertrophy of subcutaneous fat layer in both upper arms with no another tissue 
component or no abnormal vascularity. Nerve conduction study findings were normal. 
Laboratory examination revealed the abnormal high in liver function tests and triglyceride 
level. The patient was diagnosed as benign symmetric lipomatosis and underwent 
complex decongestive physical therapy with abstinence from alcohol. She showed 
progression of edema during the first one year of presentation despite of treatment, but 
it was stabilized thereafter.  
 
Conclusion 
A rare case of BSL in a female alcoholic cirrhosis patient is described. We should consider 
the BSL as one of the possible causes of edema with atypical feature, especially, in 
chronic alcoholics.  
 
Key words 
Lipedema, Benign symmetric lipomatosis, Multiple symmetric lipomatosis, Launois-
Bensaude syndrome, Madelung’s disease  
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The dramatic effect in forced passive ROM exercise through sedation in a 
patient with CRPS (Type 1) 

Hyun-min Oh1*, Tae-Woo Nam2, Jong-moon Hwang1, Won-Jong Yang2, Ae Ryoung Kim1† 

Kyungpook National University Hospital, Department of Rehabilitation Medicine1, 
Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine2 
 
Objective  
To report on the efficacy of forced passive ROM exercise through sedation in a patient 
with complex regional pain syndrome (CRPS) type I in the right upper extremity.  



  
Materials and Methods  
A 19-year old female was diagnosed CRPS type I in the upper extremity, according to the 
Budapest criteria set. Her MMT marked trace and JTHFT(Jebsen-Taylor Hand Function 
Test) score was zero; the patient’s right hand was practically nonfunctional. Also, the 
circumference of her right hand (measured around the hand at the fullest part, therefore 
adding the length of her palm and the arch of her hand) was 25cm, wrist 19cm, and 
elbow 35cm. The circumference of her left hand, or normal side, was 19.2cm, wrist 16cm, 
and elbow 26.5cm. Afterwards, she received several times of forced passive ROM 
exercise through sedation(propofol) for intractable CRPS type I in the right upper 
extremity.  
  
Results  
Conventional treatments, including Stellate ganglion block, ntravenousimmunoglobulin 
IVIG), anticonvulsants, oral steroid and opioids failed to provide relief from pain and 
edema. After forced passive ROM exercise through sedation(propofol), the numeric pain 
rating scale improved from 9 to 3, the circumference of her right hand decreased from 
25cm to 20cm, her wrist 19cm to 17cm, elbow from 35cm to 29.5cm, and upper arm 
from 37cm to 34cm. In addition, the JTHFT score of the right hand improved from 0 to 43 
points  
  
Conclusion  
Forced passive ROM exercise through sedation was a feasible and effective treatment to 
a patient with intractable CRPS type I in the right upper extremity.  
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Drug induced parkinsonism manifesting gait freezing in a young adult TBI 
patient 

Ho Sang Yoo 1*, Na Young Kim1, Yong Wook Kim 1† 

Yonsei University College of Medicine, Seoul, Republic of Korea, Department and 
Research Institute of Rehabilitation Medicine1 
 
Introduction  
Among neuropsychiatric complications commonly induced by traumatic brain injury (TBI), 
behavioral disorders, such as agitation and aggression, can hinder neurologic recovery 
and deteriorate rehabilitation outcome. Pharmacologic treatment for behavioral 
disorders might be beneficial, caution should be taken to consider the potential adverse 
effects. We describe an exceptional case of drug-induced parkinsonism manifested as 
freezing of gait in a patient with TBI, which improved with comprehensive rehabilitation.  
  
Case report  
A 35-year-old male patient with left fronto-parietal subdural hematoma and left basal 
ganglia hemorrhage after in-car traffic accident was referred to our hospital for 
rehabilitation after 6 months of injury (Figure A). In the initial evaluation, he showed 
masked face, decreased arm swing during gait, and freezing-of-gait without rigidity, 
bradykinesia or resting tremor. His Unified Parkinson’s Disease Rating Scale (UPDRS) part 
III score was 46 out of 108. Gait block occurred at initiation, destination, turning or when 
passing through narrow corridor. He had no history of parkinsonian feature before TBI, 
symptoms had developed after use of medications (Video 1). He was neither aggressive 
nor agitated, his Agitated Behavior Scale (ABS) score was 18 out of 56. Brain F-18 FDG PET 
showed decreased glucose metabolism in bilateral frontal, left parietal, left temporal 
lobes and left basal ganglia (Figure B). He had been on risperidone, escitalopram, 
clonazepam, lorazepam and zolpidem for 3 months to manage behavior disorders.  
Under the impression of drug-induced parkinsonism, we tapered out medications 
gradually over 4 weeks with close observation. Gait training was carried out with visual 
and auditory cues. The patient was trained to walk over the lines on the floor and stride 
according to rhythmic claps given behind him. 5 weeks after admission, freezing of gait 
has improved (Video 2). Masked face and decreased arm swing ameliorated as well, 
UPDRS part III score decreasing from 25 out of 108.  
 
Conclusion  
The use of medications to control disruptive behavior could lead to drug induced 



parkinsonism following TBI. Physiatrist should monitor adverse effect closely and 
establish a treatment plan including cessation of offending drugs and appropriate 
physical therapy.  
 

 
Figure 1. Structural and functional brain imaging on 6 months after traumatic brain injury. (A) The brain CT 
image shows hypodensities on the left fronto-parietal lobe and basal ganglia. (B) The brain FDG-PET image 
demonstrates decreased glucose mtabolism bilateral frontal, left parietal, temporal lobes and left basal 
ganglia.  
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Verbal Auditory Agnosia in Patient with Traumatic Brain Injury: A Case 
Report 

Jong Min Kim1†, Seung Beom Woo1*, Dae Hee Lee1, Kwang Jae Yu1, Ju Young Cho1, 
Donghwi Park1, Zeeihn Lee1 

Daegu Fatima Hospital, Department of Rehabilitation Medicine1 
 
Introduction  
Verbal auditory agnosia, also known as pure word deafness is the selective inability to 
recognize verbal sounds. Individuals with this disorder lose the ability to understand 
language, repeat words, and write from dictation with preserved ability to identify 
nonverbal sounds.  
 
Case  
A 65-year-old right handed male admitted with head injury that occurred from falling. He 
was diagnosed with epidural and subdural hemorrhage in right temporoparietal convexity 
and intracerebral hemorrhage of left temporal lobe. He had no history of previous 
hearing or cognitive impairment. He received conservative treatment without surgery. 
Three weeks after the injury, he was alert and did not show definite motor weakness 
when transferred to the rehabilitation department. However, he did not follow oral 
commands and could not repeat and dictate words. On the other hand, he was able to 
respond to nonverbal sounds. He had fluent and comprehensible speech, and he could 
read and understand written words and sentences. He obtained a score of 5/30 on 
Korean version of Mini Mental State Exam (K-MMSE) with verbal communication. Pure 



tone audiometry and brainstem auditory-evoked potentials were performed to evaluate 
hearing impairment. Both examinations showed very mild sensorineural hearing loss and 
cochlear nerve dysfunction, so the Results couldn’t fully explain the patient’s symptoms. 
Language function test with Korean Version of the Western Aphasia Battery (K-WAB) was 
performed. Although he had severe deficits in auditory comprehension (0/200) and 
repetition (8/100), there showed good spontaneous speech (17/20) and naming (83/100) 
and relatively conserved reading (61/100) and writing (76/100) abilities. According to the 
test, he was diagnosed as a type of Wernicke’s aphasia, but it was not typical. His 
language impairment was different from Wernicke’s aphasia for naming, reading, 
expression and spontaneous writing. Therefore, auditory comprehension subtest was 
performed again by writing, and he obtained a score of 161/200. In addition, He obtained 
a score of 22/30 on K-MMSE and a full scale intelligence quotient (FSIQ) score of 82 on 
Korean Wechsler Adult Intelligence Scale-IV (K-WAIS-IV) with communicating by writing. 
Therefore we concluded he did not have severe cognitive dysfunction and hearing 
impairment, and his language impairment was not Wernicke’s aphasia. He was diagnosed 
as verbal auditory agnosia with mild cognitive impairment due to traumatic brain injury. 
He received speech therapy during his hospitalization, and 10 weeks after the head injury, 
he regained ability to understand almost half of the words if told slowly.  
 
Conclusion  
Verbal auditory agnosia is easily misdiagnosed as hearing impairment, cognitive 
dysfunction and sensory aphasia. Besides the evaluation of language, cognition and 
auditory function, close observation of patients’ symptom is important for accurate 
diagnosis and appropriate treatment.  
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A case of 16p11.2 duplication syndrome with cortical visual impairment. 
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Hyun Park, MD, PhD1† 

The Catholic University of Korea Seoul St. Mary`s Hospital , Department of Rehabilitation 
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Introduction  
16p11.2 duplication syndrome is a type of genetic change which chromosome 16 is 
abnormally duplicated. The Clinical symptoms are related intellectual disability, delayed 
motor development, speech disability, brain structure and function; enlarged ventricles, 
cerebellar hypoplasia, vision problem and other medical problems. We present the case 
of 16p11.2 duplication in a child with delayed development, visual impairment by using 
array-based comparative genomic hybridization (array-CGH), evoked potential and 
diffusion tensor tractography (DTT).  
  
 



 
Case report  
A 16 months-old male visited our rehabilitation clinic with delayed development. On 
prenatal ultrasound examination at 37 week gestation, His mother heard that the 
abnormality of his cerebellum was suspected. He was born at full term by normal 
standard delivery with a weight of 2.85kg. He had small head size and motor milestones 
were delayed; skipped crawling, creeping and unable to sit up and sit to stand at 17 
months. In Bayley Scales of Infant Development at 17 months, it was assessed that he 
had 7 months gross motor, 9 months cognitive functions, 5 months receptive 
communication, 7 months expressive communication, and 9 months fine motor. Total 
score of Gross Motor Function Measure at 17 months was 29.06%. In swallowing and 
feeding assessment, he had poor mastication ability. His visual evoked potential(VEP) 
showed delayed P100 latency of left and disturbed or absent wave pattern of right 
whereas bilateral auditory evoked potential and sensory evoked potential at both median 
& posterior tibial nerves showed no abnormalities. Array-CGH revealed 11.7Mb 
duplication of chromosome 16p12.3 – 16p.11.2 (16899617-28574419) (Fig. 1). Brain 
magnetic resonance imaging (MRI) revealed periventricular leukomalacia with unclear 
causes, suspicious Rathke cleft cyst and thinning of corpus callosum for patient’s age. (Fig. 
2) On DTT, the callosal fibers in mid-body of corpus callosum showed focal defect. Left 
frontotemporal tract in arculate fasciculus was not reconstructed. The volume of 
Cingulum was reduced in both hemisphere and right rostral cingulum was not observed. 
Inferior fronto-occipital fasciculus had reduced volume in right hemisphere and 
diminished projection to occipital lobe. Right optic radiation was not reconstructed. (Fig. 
3)  
 Conclusion  
The genes such as SMG1, METTL9, PLK1, PRKCB and TNRC6A located in 16p12.3 – 
16p11.2 are related with this patient’s symptoms and METTL9 gene is associated with the 
visual impairment. In this report we used some techniques by array-CGH, brain MRI, 
Evoked potential and DTT. The 15 percent patient with 16p11.2 duplication syndrome is 
known for having visual problem. The patient presented in this report demonstrated 
abnormal right optic radiation in DTT analysis and abnormal VEP findings. By using these 
tools, it would be useful to evaluate and to start early intervention the patients with 
developmental delay and associated medical problems.  
 

 
Fig 1. The comparative genomic hybridization for chromosome 16 of the case. Array-CGH revealed 11.7Mb 
duplication of chromosome 16p12.3 – 16p.11.2 (16899617-28574419)  
 



 
Fig 2. Brain magnetic resonance imaging (MRI) of the patient. It revealed periventricular leukomalacia with 
unclear causes, suspicious Rathke cleft cyst and thinning of corpus callosum for patient’s age.  
 

 
Fig 3. Diffusion tensor tractography of the patient. the callosal fibers in mid-body of corpus callosum 

showed focal defect. Right optic radiation was not reconstructed  
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Introduction  
A number of patients admitted to the ICU because of an acute illness, complicated 
surgery, multiple traumas will develop muscle weakness during acute care in ICU that is 



referred to as ICU acquired weakness (ICUAW). ICUAW evoked by critical illness 
polyneuropathy (CIP), by critical illness myopathy (CIM), or by polyneuromyopathy 
(CIPNM). But, physical examination and conventional neurophysiological techniques may 
not distinguish between these entities. The technique of direct muscle stimulation (DMS) 
can be used to differentiate between CIM and CIP (Fig. 1). In both conditions the nerve 
evoked compound muscle action potentials (neCMAP) amplitude is reduced. However, 
the CMAP amplitude obtained by direct muscle stimulation (dmCMAP) is decreased in 
CIM compared to normal in CIP. When weakness due to CIP, the ratio of neCMAP and 
dmCMAP amplitudes (nerve/muscle ratio) can be expected to less than 0.5.  
  
Case report  
Patient 1  
A 71-year-old man with a history of pancreas neuroendocrine tumor has undergone 
several surgeries for tumor and postoperative complications. When discontinuation of 
neuromuscular junction blocking agent, he was noted to have severe weakness (MRC 
sum score 36) during ICU care. Severe atrophic changes of tibialis anterior and intrinsic 
muscles in hands and foot were observed. An electrophysiologic study was performed 3 
months into his hospital course in ICU. The motor nerve conduction study showed 
reduced amplitudes: the right ulnar motor response was 2.9mV, and both peroneal 
motor responses were absent. The right ulnar sensory amplitude was normal at 17.2uV 
and both sural amplitudes were absent. Motor and sensory conduction velocities were 
normal. There was no evidence of conduction block. At this time the DMS was performed 
on the both tibialis anterior muscles. The amplitude of neCMAP was 3.3/3.8mV and 
dmCMAP was 6.7/7.9mV (Fig. 2). The nerve/muscle ratio was 0.49/0.48, which indicates 
that the patient’s weakness was due to CIP.  
  
Patient 2  
A 34-year-old woman with ANCA associated vasculitis and pulmonary alveolar 
hemorrhage treated for 2 weeks at the ICU. After acute care in ICU, she was noted to 
have weakness (MRC sum score 44), especially in the proximal part of the lower limb. An 
electrophysiologic study was performed 3 weeks into hospital course in ICU. The sensory 
nerve conduction study of both lower limbs was normal. The right peroneal motor nerve 
conduction study showed reduced amplitudes at 1.1mV. At this time the DMS was 
performed on the right tibialis anterior muscles. The amplitude of neCMAP was 4.6mV 
and dmCMAP was 6.2mV (Fig. 2). The nerve/muscle ratio was 0.74, which indicates that 
the patient’s weakness was due to CIM.  
  
Discussion  
Increased awareness and early recognition of CIM, CIP, and CIPNM in the ICU may lead to 
earlier treatments and rehabilitation, improving patient outcomes. Early diagnosis of 
ICUAW using DMS technique in ICU will be helpful in predicting the prognosis of acute ill 
patients.  
  



 
Fig. 1 DMS technique applied to tibialis anterior muscle (A. dmCMAP, B. neCMAP). The stimulating 
electrodes were placed in the distal third of the muscle. A monopolar electrode was used as cathode and a 
subdermal needle was placed 0.5–2cm laterally as anode. A recording (concentric) electrode was placed 1-
3cm away from the stimulation electrode.  
 

 
Fig. 2 Patient 1(A to C) A. CMAP of the right peroneal nerve was absent. B and C. The amplitude of neCMAP 
was 3.3 and dmCMAP was 6.7mV. Patient 2(D to F) D. CMAP of the right peroneal nerve was 1.1mV. E and F. 
The amplitude of neCMAP was 4.6 and dmCMAP was 6.2mV. All CMAPs were recorded with supramaximal 
stimulation, and the peak-to-peak amplitude was measured.  
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The Effect of Polydeoxyribonucleotide in Chronic Non-healing Wound: A Case Report 
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Polydeoxyribonucleotide (PDRN) is the combination of purine and phosphodiester bonds 
forming the monometric unit of pyrimidine nucleotide. PDRN has been proved that it 



helps wound healing with improving angiogenesis by increasing the production of 
vascular endothelial growth factor (VEGF) applied to adenosine A2 receptors, and 
improving blood supply and perfusion to wound. Inadequate perfusion is the important 
cause of impaired wound healing. We report the successful treatment for skin 
regeneration of chronic non-healing wound at amputation site by PDRN injection.  
A male patient without any medical history was diagnosed with third-degree burn on 
both lower extremities (10 to 19% of body surface) by the fire of car accident. 
Amputations were performed at his both lower extremities due to necrosis. Below knee 
amputation for left lower extremity and transmetatarsal amputation for right lower 
extremity were conducted. Negative pressure wound therapy(NPWT), human acellular 
dermal allograft and human basic fibroblast growth factor (bFGF) was applied. Even 
though he underwent multiple interventions for wound healing, necrosis and bone 
exprosures occur recurrently. Wound was not healed fully for 8months.  
He visited our outpatient department for wound management of bilateral amputation 
sites and prosthesis fitting. Left stump site was bulbous shape, redness and swelling was 
shown, open wound of 3×2cm on anterior side and 3×2cm inside on medial side without 
sign of infection on wound site. Intradermal PDRN injection around open wounds on 2nd, 
6th, 9th day of hospitalization with daily hydrophilic polyurethane foam dressing. Wound 
epithelization and decreasing of wound appeared with injection. After 14days with 3 
injections, full epithelization and improvement of skin tone were shown (Figure. 1). After 
4 weeks of hospitalization, wounds were improved enough to wear prosthesis and any 
circulation was found after wearing.  
We report the case of wound closure by intradermal PDRN injection on chronic non-
healing wound by burn which had been having no improvement during 8 months. To our 
knowledge, this is the first study to apply PDRN injection at burn wounds which were not 
closed for several months. Application of PDRN could be one of potential treatment for 
the closure of non-healing wound.  
  

 
Figure. 1. Two open wounds were on left lower extremity at 1st visit (A). Intradermal PDRN injections were 
performed on the wound areas. After 2nd PDRN injection (B). After 3rd PDRN injection(C). After 3 times 
PDRN injections, almost epithelization was shown.  
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Purpose 
To examine theeffects of neuromuscular electrical stimulation (NMES) on oropharyngeal 
swallowing function according to 2 types of placement, acting as assistance and as 
resistance, in stroke patients with dysphagia.  
 
Method 
This study randomly assigned patients to the suprahyoid or infrahyoid muscle groups 
(SMG: 18 and IMG: 20, respectively). In the SMG, 2 pairs of electrodes were placed on the 
region between the jaw and the hyoid bone, whereas in the IHG, 2 pairs of electrodes 
were placed on the region below the hyoid for the targeted infrahyoid muscles. Both 
groups received NMES for 30 min/d, 5 d/wk, for 4 weeks and conventional dysphagia 
therapy (CDT). Swallowing function was measured using Videofluoroscopic Dysphagia 
Scale (VDS) and Penetration-Aspiration scale (PAS) based on videofluoroscopic 
swallowing study. Oral dietary intake was measured using the Functional Oral Intake 
Scale (FOIS).  
 
Results 
After intervention, both groups were not significantly different in either the oral or the 
pharyngeal phase of the VDS score between groups (p = 0.183 and 0.777, respectively). 
However, the SMG showed a more improved PAS score compared with the IMG (p = 
0.038). Finally, the FOIS score was not significantly different between groups (p = 0.183).  
  
Conclusions 
This study demonstrated that 2 types of NMES placements have similar effect on 
improvement of swallowing function and oral diet intake in stroke patients with 
dysphagia. Therefore,this study suggests that the placement should be determined 
according to the therapeutic purpose of each patient’s NMES application.  
 
Key words 
Dysphagia, Stroke, Electrical stimulation, Rehabilitation  
 
 
 
 
 
 



 
 
Table 1. Characteristics of participants  

 
 
Table 2. Changes in parameters before and after treatment 

 
 

 
Figure 1. Placement of electrodes  
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Objectives 
We investigated the characteristics of injury of the ascending reticular activating 
system(ARAS) and relation between these injuries and consciousness level in patients 
with Hypoxic Ischemic Brain Injury(HI-BI), using diffusion tensor tractography(DTT).  
 
Methods 
Forty-three consecutive patients with HI-BI and 21 control subjects were recruited. We 
classified the patients into two subgroups according to the preservation of consciousness: 
subgroup A(preserved, 19 patients) and subgroup B(impaired, 24 patients). The level of 
consciousness was evaluated with the Glasgow Coma Scale(GCS) and Coma Recovery 
Scale-Revised(CRS-R). The three parts of the ARAS was reconstructed and the fractional 
anisotropy(FA) and tract volume(TV) were measured.  
 
Results 
DTT parameters (FA and TV) were lower in order of subgroup B, subgroup A and control 
group. DTT parameters were generally the most significantly different in the upper ARAS 
of the three groups(p<0.05). Regarding the difference between subgroup A and B, the 
largest difference was observed in the upper ARAS followed by the lower dorsal ARAS and 
the lower ventral ARAS. Both GCS and CRS-R were strongly positively correlated with the 
FA of the upper ARAS(r≥0.5) and moderately positively correlated with the TV of the 
upper ARAS and the TV of the lower dorsal ARAS(0.3<r<0.5).  
 
Conclusions 
We found the patients with impaired consciousness following HI-BI suffered more severe 
injury of the ARAS(especially, the upper ARAS and subsequently the lower dorsal ARAS) 
than the patients with spared consciousness. The impaired consciousness and injury of 
the upper ARAS and subsequently injury of the lower dorsal ARAS were closely associated.  



 
Figure 1. Brain MR images and diffusion tensor tractography of the three parts of ascending reticular 
activating system in representative patients from subgroup A, subgroup B, and control group.  
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Objective  
To develop the Korean version of the Kessler Foundation Neglect Assessment Process (KF-
NAP), which enables a more functional assessment of unilateral spatial neglect, by first 
translating it into Korean and then statistically standardizing it.  
 
Methods  
Two rehabilitation specialists translated the KF-NAP into Korean. The entire process of 
administering the Korean KF-NAP to 30 patients with brain disease was video-recorded. 
Five occupational therapists from four university hospitals nationwide evaluated the 30 
video-recorded examination cases. We analyzed inter- and intra-reliabilities of the Korean 
KF-NAP by intraclass coefficient and Pearson correlation coefficient. Internal consistency 
reliability of the assessment categories was also examined using Cronbach’s alpha 
coefficient.  
 
Results  
For construct validation study, the Korean KF-NAP was strongly correlated with the Albert 



test and letter cancellation test (r≥0.8, p<0.01). The intraclass correlation coefficients for 
the first and second assessments of the Korean KF-NAP were 0.973 and 0.982, 
respectively, showing high reliability (p<0.01). The intra-rater reliabilities exceeded 0.9 
(p<0.01), and Cronbach’s alpha exceeded 0.8, showing internal consistency reliability.  
 
Conclusion  
The Korean KF-NAP is a reliable and valid instrument for assessing hemispatial neglect 
symptoms of subjects with brain diseases.  
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Objective 
The purpose of this study is to investigate the longitudinal changes in the neural 
correlates of contra-lesional hemisphere among stroke patients with disparate motor 
recovery using functional near-infrared spectroscopy (fNIRS).  
 
Methods 
14 first-ever acute to sub-acute stroke patients and 8 age-matched control subjects were 
recruited for A longitudinal observational study. Patients were evaluated with fNIRS at 
around day 1 (T0) and day 15 (T2) of in-patient rehabilitation program, and 3 months 
after onset of stroke (T3) in their resting state for 7 minutes. Motor evoked potential 
(MEP) in the hemiplegic upper extremity were done initially, and the recovery of patients 
was evaluated using outcome measures such as Fugl-Meyer assessment of upper 
extremity (FMA-UE), Box and block test (BBT), Finger tapping test (FTT) and Brunnstrom 
stage (BS) at each time point. Patients were divided into two groups according to the 
degree of initial motor impairment. Patients with FMA-UE under 25 years of age and 
without MEP were classified as severely impaired(SG) and the remaining patients were 
classified as mild impaired (MG). The sequential changes in neural network in the brain 
were analyzed regarding 6 regions of interest (ROI) which were dorsolateral prefrontal 
cortex (DPC), supplementary motor cortex (SMC), premotor area (PMA), primary motor 
cortex (PMC), primary sensory cortex (PSC) and parietal association area (PAA).  
  
Results 
Among 14 stroke patients, 6 participants were included in the MG. The resting-stage 
functional connectivity analysis regarding the evolution of contra-lesional hemisphere 
showed that global efficiency of the contra-lesional hemisphere increased at T0 and 



remained at T2 in MG. The global efficiency of the contra-lesional hemisphere tended to 
decrease in SG but did not show a statistically significant difference compared to the 
normal control group (figure 1). Clinical indicators did not show a statistically significant 
association with neural network changes on contra-lesional hemisphere.  
 
Conclusion 
The efficiency of resting-state global transfer has increased in contra-lesional hemisphere 
during recovery only in subjects with mild motor impairment.  
 

 
Evolution in resting-stage functional connectivity  
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Aims 
To investigate lower extremity joint contracture progression related to ambulatory 
function in corticosteroid-treated patients with Duchenne muscular dystrophy (DMD).  
 
 



Methods 
We conducted a retrospective cross-sectional study on 120 boys with DMD treated with 
corticosteroid therapy at a tertiary hospital. The Vignos scale was used to grade 
ambulatory function. Correlations between the popliteal and joint contracture angles of 
hip, knee, and ankle plantar flexion and the Vignos scale score were evaluated.  
 
Results 
The Vignos scale score and severities of lower extremity joint contracture were highly 
correlated. In ambulatory patients, the percentage of hip flexion (4.4%) and knee flexion 
contractures (4.4%) was small. However, hamstring shortening, depicted by increased 
popliteal angle and ankle plantar flexion contracture, occurred more frequently, even in 
the early ambulatory period. From the linear regression analysis, the passive stretching 
effect was associated with ankle plantar flexion contracture in ambulatory patients.  
 
Conclusions 
Aggressive stretching exercise, particularly for the ankle, could be emphasized in the early 
stages of this progressive disease. After loss of ambulatory function, additional 
management, such as a standing frame or orthotic management, could be considered to 
prevent or alleviate lower extremity joint contractures.  
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Introduction/Background  
Diabetic neuropathy (DN) is algogenic complications of diabetes and many diabetes 
patients suffer from chronic neuropathic pain, overwhelmingly in the feet. It has been 
known that in DN, metabolic and immune changes lead to peripheral nerve loss and 
altered central nociceptive transmission, which manifested neuropathic pain symptoms. 
A high prevalence of DN has also been observed in individuals with normal glucose 
tolerance and prediabetes. However, exactly how pain is initiated or amplified in DN is 
poor understood. Recently, it has been suggested that macrophage migration inhibitory 
factor (MIF) is implicated in the onset of neuropathic pain as well as diabetes. The aim of 
our study was to determine the expression of MIF in footpad of DN rat, and to assess the 
contributory role of MIF on the locally hyperglycemic skin lesions by performing 
knockdown of the MIF gene in keratinocytes. We then investigated altered 
electrophysiological activity, and determined the expression of MIF in spinal cord of DN 
rat.  



  
Materials and Methods  
DN was made in SD rats by streptozotocin (STZ). Pain threshold was evaluated using von 
Frey monofilaments. On the comparable experiment time after STZ injection, all the 
footpads and spinal cords were excised and prepared for following procedures; TUNEL 
staining, glutathione (GSH) assay, Western blot and immunofluorescence. Extracellular 
electrophysiological recording was performed on the spinal wide dynamic range (WDR) 
neurons in DN rats. Additionally, human keratinocytes were treated with methylglyoxal 
(MG), transfected with MIF/control siRNA, and prepared for qRT-PCR and Western blot.  
  
Results  
As compared to sham group, pain threshold was significantly reduced in DN group, and 
GSH was decreased on the footpad skin, simultaneously, cell death was increased. Over-
expression of MIF, accompanied by low expression of GLO-I and intraepidermal nerve 
fibers (IENF), was shown on the footpad lesions of DN. Intriguingly, siRNA-transfected 
knockdown of the MIF gene in MG-treated keratinocytes increased expression of GLO-I 
and IENF in comparison with control siRNA-transfected cells, which was decreased by 
induction of MG. In the DN group, press- and pinch evoked neuronal excitabilities were 
significantly increased in spinal WDR neurons, and spontaneous activity was increased in 
the 12th week after STZ treatment. Although stimulations were removed, afterdischarges 
were also definitely increased. Especially, MIF production was markedly increased in the 
spinal neurons of DN that we recorded. Likewise, microglia marker Iba-1 was strongly 
expressed, showing immunofluorescent colocalization with MIF. On the other hand, 
neurofilaments were reduced in spinal cords of DN.  
  
Conclusion  
This is to demonstrate MIF expression on the footpad lesions with diabetes and its 
potential role in the correlation with GLO-I and IENF, and to implicate MIF acting on 
microglia and neurons as exacebator of pain in DN.  
  

 
Pain threshold with Von Frey monofilament  
 



 
MIF, GLO-1, IENF expression in hyperglycemic conditions in human HaCaT keratinocytes  

 
Results of in vivo single unit extracellular recording from dorsal horn of rats  
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Objective 
To establish the normal reference values of hand grip power (HGP) among the healthy 
Korean population and to identify the dependent anthropometric variables affecting HGP.  
  
Methods 
Based on the sixth Korea national health and nutrition examination survey (KNHANES VI-2 
and VI-3) from 2013 to 2015, we analyzed the HGP data of 11,406 Korean participants. 
The mean and standard deviation of hand grip strength and 95% confidence interval were 
calculated for each 5-year-old interval starting from 10 years old. And to determine the 
relationship between HGP and anthropometric variables, we performed correlation 
analysis between HGP and height, weight and body mass index.  
 
Results 
The mean age of the subjects was 40.32 years for men and 40.67 years for women, and 
the mean BMI was 23.98 for men and 22.69 for women. Mean HGP of dominant hand 
was 39.27 for men and 24.02 for women. HGP reached its peak at 35-39 years of age and 
then decreased in both genders. And there was a significant correlation between HGP 
and height, weight, or body mass index regardless of gender, and the correlation 
coefficient between hand grip strength and height was the highest among three indices.  
  
Discussion 
This study offered the updated normative HGP data in Korean population. And we also 
identified the correlation between HGP and anthropometric variables. We believe that 
our Results could be used as a useful reference values to investigate sarcopenia, 
sarcopenic obesity and health status of other various diseases.  
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Objectives 
As an aging society, improving the quality of life, such as leisure life in the elderly, is 
emerging as a social interest. Therefore, the desire to increase muscle strength in the 



elderly is increasing. AMPK pathway, PGC1-α, and IL-6 are known to be involved in 
skeletal muscle changes due to aging and exercise. The aim of this study is to find out 
diagnostic markers for senile sarcopenia by comparing the differences in expression of 
gene and protein markers in skeletal muscle between normal young adults and elderly 
people. The other aim of this study is to find out control factors of muscle functions by 
comparing the expression of gene and protein markers in skeletal muscle before and 
after exercise in normal elderly people.  
 
Materials and Methods 
 Among those who agree with this study and are interested in exercise, 11 normal adults 
between 20-40 years of age are enrolled as control group, and 20 normal elderly people 
aged 65-80 years were enrolled as exercise group. The evaluation items were as follows; 
Muscle thickness of quadriceps femoris (by ultrasound), thigh circumference (by tape 
measure), maximal muscle force & endurance of quadriceps femoris (by isokinetic test 
(CYBEX)), distribution of body fat of lower limbs (by body composition analyzer), analysis 
of gene expression in muscle biopsy sample (by RNA sequencing), analysis of protein 
markers and gene expression in serum sample (by biochemistry apparatus and RNA 
sequencing). The elderly in exercise group exercised 3 times a week for 6 months in the 
rehabilitation room in the hospital. The differences between normal young adults and 
elderly people were compared at baseline. For exercise group, follow-up assessments 
took place at 6 weeks, 3 months and 6 months after baseline for comparison of above 
mentioned items before and after exercise.  
 
Results 
The mean age of patients in control group and exercise group was 26.4 years and 70.2 
years, respectively. In terms of thickness of quadriceps femoris, thigh circumference, 
distribution of body fat in lower limbs, maximal muscle force & endurance of quadriceps 
femoris, the control group showed significantly higher values than the exercise group. In 
exercise group, thickness of quadriceps femoris showed a significant increasing trend 
through the 3 visits (6 months). However, all the other parameters, including thigh 
circumference, body fat distribution of lower limbs, maximal muscle force & endurance 
of quadriceps femoris, showed no significant trends between 3 visits. Analysis of 
expression of gene and protein markers is currently under way and the Results will be 
added.  
  
Conclusion 
These Results demonstrated that all parameters, except thickness of quadriceps femoris, 
showed no significant differences through 6 months in exercise group. Through the 
additional analysis with expression of gene and protein markers, control factors of muscle 
functions according to exercise in the elderly will be identified.  
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Objective  
This study was undertaken to determine the potential predictor of participation in 
intensive rehabilitation program after total knee arthroplasty (TKA) in OO regional 
Rheumatoid and degenerative arthritis center.  
 
Methods  
977 patients who underwent a primary unilateral TKA were enrolled in this study 
between Jan, 2013 and June, 2016. Subjects are assigned into rehabilitation group or 
control group according to participation in intensive rehabilitation program. General and 
socioeconomic characteristics including body mass index (BMI), education, occupation 
(hard outdoor labor), age, gender, urban residence, location of residence (same area with 
center versus distant), and national health insurance status were reviewed. Grade of OA 
severity, comorbid diseases (diabetics, hypertension and osteoporosis), grade of OA 
severity and visual analogue scale (VAS) of pain and length of hospital stay (LOHS) were 
assessed.  
  
Results  
Age, gender, BMI, education, national health insurance status, comorbid diseases, 
education, grade of OA severity and VAS did not show significant difference between two 
groups. However, in rehabilitation group, mean LOS (17.6 ± 4.6 days vs 19.0 ± 9.2 days) 
was significantly shorter than that of control group. Urban residence (50.4% vs 42.2%, 
p=0.014), same location of residence with center (76.7% vs 57.3%, p<0.001), and 
occupation of hard outdoor labor (41.4% vs 27.3%, p<0.001) were significantly higher in 
rehabilitation group than those in control group. The participation in intensive 
rehabilitation revealed weak relationship with urban residence (Cramer’s V=0.080) and 
moderate relationship with occupation of hard outdoor labor (Cramer’s V=0.148) and 
location of residence (Cramer’s V=0.210). Binary logistic regression analysis indicated that 
occupation of hard outdoor labor (exp.(B)=1.104, p<0.001) and location of residence 
(exp.(B)=0.323, p<0.001) were significant independent predictors of participation in 
intensive rehabilitation.  
 
Conclusions  
Our result revealed that the participation in intensive rehabilitation after TKA shortened 
LOHS and hard outdoor labor and location of residence were its strong predictors. 
Therefore, we should develop and invigorate the specialized intensive rehabilitation 
program considering hard outdoor labor in each regional Rheumatoid and degenerative 
arthritis center.  
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Introduction  
Recently, depression is emerging as one of the most common psychiatric disease. 
Especially it is known to be common among the elderly people, with a prevalence of 
about 10%. And anemia is emerging as one of the causes of depression. Anemia can 



cause muscle weakness, fatigue, and even cause depression for these reasons. As both 
depression and anemia increases with ages, we need to discuss on the association 
between them and effective plan to deal with them. However, in Korea, there is still 
insufficient data on the prevalence of anemia and depression in the elderly and the 
association between them. The authors are to investigate the depression and anemia in 
the elderly and find out the association between them.  
 
Materials and method  
Total 4949 participants (female : 2894, male : 2055) who answered to the mental health 
section of the 6th National Health and Nutritional Survey. Among the National Health and 
Nutrition Survey(NHNS), the data of hemoglobin (Hb) level, hematocrit level among the 
blood test Results and the presence of anemia were collected. The Depression score, the 
sum of 9 items of the depression screening tool was used for correlation analysis  
 
Results  
The younger group of both genders had significantly higher Hb level than the older aged 
group [Table 1]. In the male group, the younger male group showed significantly higher 
Hb level than the older male. The older group of both genders showed significantly higher 
Depression score than the younger group. When comparing both gender groups, the 
female group showed significantly higher Depression score than the male group.  
The authors compared the Depression score and the presence of anemia [Table 2]. The 
Depression scores were significantly different according to the presence of anemia in 
total participants, the older aged group of both genders, the total male group, the older 
male group, the older female group and the younger female group. In these groups, the 
presence of anemia was significantly related with higher Depression score.  
In total participants, in the older aged group and in the younger aged group of both 
genders, the Hb level and the Depression score showed significant negative correlations. 
[Table3] The older male and older female groups showed negative correlation, but only 
the older female group showed statistical significance.  
 
Discussion  
the lower Hb level was associated with higher Depression score in old age, and the 
negative correlation between them was most prominent in older female group.  
Therefore measuring the Hb level, treating anemia with transfusion, iron supplement or 
diet, and treating other causes of anemia can be helpful for the elderly body and mental 
health care.  
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Objective 
To identify the prevalence of weakness in hand grip among the healthy elderly Korean 
population and to compare with other Asain countries, using the cut-off value of Asian 
Wokring Group for Sarcopenia (AWGS)  
 
Methods 
Based on the sixth Korea national health and nutrition examination survey (KNHANES VI-2 
and VI-3) from 2013 to 2015, we analyzed the hand grip power (HGP) data of 11,406 
Korean participants. The mean and standard deviation of hand grip strength and 95% 
confidence interval were calculated for each 5-year-old interval starting from 10 years old. 
We identified the percentage of low HGP among elderly population aged 65 and older, 
using the cut-off values of Asian Working Group for Sarcopenia and minus two standard 
deviations of HGP in healthy young population.  
 
Results 
Mean HGP of elderly population was 32.22 for men and 20.33 for women. HGP reached 
its peak at 35-39 years of age and then decreased in both genders. According to the 
AWGS criteria, 17.1% and 33.5% were classified as low HGP group in men and women in 
Korean population, respectively. However, using minus two standard deviations of HGP in 
young population (35-39 years old) as cut-off value, 30.7% and 30.9% of the cases were 
classified as low HGP group in men and women, respectively.  
 
Discussion 
The prevalence of weakness in hand grip among Korean elderly population seemed to be 
higher than other Asian countries. And the difference was more obvious when compared 



to the young healthy Koeran male population. It could be associatied with low economic 
staus, poor health condition and malnutrtional status in Korean industrial era.  

 

 

P 2-17 

Physical Performance Factors influencing Gait Speed in Patients Surgically 
Treated for Hip Fractures 

Young Tae Jeon1*, Bo Ryun Kim1†, Kwang Woo Nam2, Eun Young han1, So Young Lee1 

Jeju National University Hospital, Department of Rehabilitation Medicine1, Jeju National 
University Hospital, Department of Orthopedic Surgery2 
 
Objective  
This study was undertaken to determine physical performance factors associative of gait 
speed in patients surgically treated for hip fractures.  
 
Methods  
Fifty eight patients (16 males and 42 females; average age 79.1± 9.1 years) who 
underwent a hip surgery due to hip fractures participated in this study. Patients 
completed 10 meter walk test (10MWT) to assess gait speed. Additional physical 
performance tests included Timed up and go test (TUG), Berg balance scale (BBS), one 
repetitive maximum (1RM) of leg extension, leg curl, hip abduction of surgical and 
nonsurgical sides, and instrumental gait analysis for spatio-temporal parameters.  
  
Results  
In the bivariate analyses, postoperative 10WMT had a significant positive correlation with 
the postoperative TUG (r=0.85, p<0.01), age (r=0.57, p<0.01), swing phase duration 
(r=0.35, p<0.01), gait cycle duration (r=0.49, p<0.01) and significant negative correlation 
with the postoperative BBS (r=-0.69, p<0.01), 1RM of surgical leg extension (r=-0.35, 
p=0.01), 1RM of nonsurgical leg extension (r=-0.40, p<0.01), 1RM of surgical leg curl (r=-
0.44, p<0.01), 1RM of nonsurgical leg curl (r=-0.41, p<0.01), 1RM of hip abduction (r=-
0.32, p=0.02), cadence (r=-0.53, p<0.01), stance phase duration (r=-0.26, p=0.04). In 
addition, a presence of dementia was significantly correlated with 10WMT (44.2 sec vs 
22.4 sec, p=0.02). In the linear regression analyses, the postoperative TUG (β=0.85, 
p<0.01) was a factor associative of the postoperative 10MWT.  
 
Conclusions  
This study revealed that the presence of dementia, the postoperative balance ability, 
muscle strength of surgical and nonsurgical legs were significantly associated with 
postoperative gait speed 1 month after hip surgery due to hip fractures. Therefore, these 
Results could be importance in planning various postoperative rehabilitative programs to 
improve gait speed early after hip surgery due to hip fractures.  
 
  



 



 

 

 

P 2-18 

Comparative inpatient outcome of FIRM in Sarcopenic and Non-sarcopenic 
Patients After Hip Fracture  

Seung-Kyu Lim1*, Sang Yoon Lee2, Jae Won Beom3, Ji Soo Choi1, Jae-Young Lim1† 

Seoul National University Bundang Hospital, Seoul National University College of 
Medicine, Bundang, South Korea., Department of Rehabilitation Medicine1, Seoul 
Metropolitan Government Seoul National University Boramae Medical Center, Seoul, 
South Korea, Department of Rehabilitation Medicine2, Chung-Ang University College of 
Medicine, Seoul, South Korea, Department of Rehabilitation Medicine3 
 
Introduction  
Hip fracture and sarcopenia are critical causes of mortality and loss of function in elderly 
patients, and comprehensive rehabilitation is important for preventing disability and 
maintaining healthy aging. Fragility fracture integrated rehabilitation management (FIRM) 
is the newly developed standardized guideline and the multidisciplinary fragility fracture 



care based on the critical rehabilitation pathway for fragility fracture. This study evaluates 
the effects of FIRM on functional outcome in sarcopenic and non-sarcopenic patients in 
inpatient care following hip fracture surgery.  
 
Methods  
Patients over 65 years who underwent hip surgery for fragility hip fracture at two 
university hospitals in Korea from July 2016 to May 2017 were entered the prospective 
clinical trial. Patients who underwent hip surgery by reason of other than fracture and 
had multiple fracture or cognitive impairment impossible to obey command 2 steps were 
excluded. FIRM consisting of standardized comprehensive evaluations and integrated 
management with advanced physical, occupational therapies and educations were 
provided for 2 weeks during inpatient care. The patients were divided into two groups 
according to the presence of sarcopenia based on Asian Working Group for Sarcopenia 
(AWGS) criteria. The demographic and functional characteristics were analyzed before 
and after FIRM to evaluate the short-term outcome during inpatient care.  
 
Results  
Overall, 55 patients were eligible for the study and patients satisfied the criteria of 
sarcopenia were 22 (40.0%). There were no significant differences in premorbid 
ambulatory status between the groups. Berg Balance Scale (BBS), Modified Rivermead 
Mobility Index (MRMI), Modified Barthel Index (MBI), Korean Instrumental Activities of 
Daily Living (K-IADL) and Mini Mental State Examination (MMSE) were significantly lower 
in patients with sarcopenia at baseline. KOVAL, Functional Ambulatory Category (FAC), 
MRMI, BBS, MBI, K-IADL and MMSE were significantly improved and there were no 
differences in the change between the both groups after FIRM.  
 
Conclusion  
The functional level of hip fracture patients with sarcopenia was lower than that of the 
patients those without sarcopenia. FIRM may be effective for short-term functional 
recovery in elderly patients who suffered fragility hip fracture with or without sarcopenia.  
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Background 
 Antiplatelet agents have been widely used for preventing major ischemic diseases. 
However, taking antiplatelet agents may develop hemorrhagic events. We explored the 
risk of hemorrhagic complications with antiplatelet agents in National Health Information 
Database (NHID) sample cohort database.  
 
Methods 
NHID sample cohort database has included information about the subjects older than 55 
years old who had an annual national health screening from 2004 to 2005. Among 
2,831,735 subjects, 71,056 subjects who had taken antiplatelet agents were enrolled. To 
minimize the differences in underlying covariates between antiplatelet-treated (AT) and 
non-antiplatelet treated (non-AT) groups, we performed the 1:1 propensity score 
matching. A total of 71,081 non-treated subjects were included. The primary outcome 
was composite of the occurrence of cerebral and gastrointestinal hemorrhages (ICD-10 
codes). Subjects had been followed-up until December 2013. Cox proportional hazard 
model was used and both comparison groups were adjusted for age, gender, body mass 
index, hypertension, diabetes, hyperlipidemia, smoking, alcohol, family history and 
income status.  
 
Results 
During the follow-up period, 1,484 (1.04%) subjects developed cerebral or 
gastrointestinal hemorrhages. The AT showed significantly increased cases in cerebral 
and gastrointestinal hemorrhages (P< 0.001). Older age, hypertension, lower BMI and 
smoking groups had significantly increased hemorrhagic events (P< 0.05). Subgroup 
analysis revealed older ages (excluding highest age group: > 84) in both sexes significantly 
increased hemorrhagic events in AT. However, the subjects with hypertension or diabetes 
mellitus in AT did not show significantly increased hemorrhagic events, compared with 
those in non-AT  
 
Conclusions 
Antiplatelet treatment increase significantly cerebral and gastrointestinal hemorrhagic 
events. The old, the subjects with lower BMI and smokers who have been taking 
antiplatelet medication, should be diligently monitored for preventing bleeding 
complications.  
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Objective  
This study was undertaken to identify preoperative physical performance factors 
predictive of stair climbing ability 1 month following total knee arthroplasty.  
 
Methods  
In this prospective cohort study, we assessed a total of 84 patients (8 males and 76 
females; average age 72.0 ± 6.0 years) who underwent a primary unilateral total knee 
arthroplasty (TKA). Before and 1 month after TKA, patients completed physical 
performance tests including stair climbing test (SCT), 6-minute walk test(6MWT), timed 
up and go test (TUG), isometric knee flexor and extensor strength of the surgical and non-
surgical knees, and instrumental gait analysis for spatiotemporal parameters. Self-
reported disease-specific physical function measured by using the Western Ontario 
McMaster Universities Osteoarthritis Index (WOMAC) and self –reported quality of life 
measured by using Euro QOL five dimensions (EQ-5D) questionnaire.  
 
Results  
In the bivariate analyses, the postoperative SCT-ascent had a significant positive 
correlation with the SCT-ascent (r=0.29, p=0.01), SCT-descent (r=0.28, p=0.01), TUG 
(r=0.37, p<0.01), preoperative age (r=0.25, p=0.02), and a significant negative correlation 
with the preoperative 6MWT (r= -0.33, p<0.01), peak torque (PT) extensor of surgical 
knee (r=-0.29, p=0.01), PT flexor of surgical knee (r=-0.26, p=0.02), PT extensor of the 
non-surgical knee (r=-0.26, p=0.02), PT flexor of the nonsurgical knee(r=-0.25, p=0.02). 
The postoperative SCT-descent had a significant positive correlation with the SCT-ascent 
(r=0.28 p=0.01), SCT-descent (r=0.40, p<0.01), TUG (r=0.38, p<0.01), preoperative age 
(r=0.27, p=0.01), WOMAC function (r=0.30, p<0.01), and a significant negative correlation 
with 6-MWT (r=-0.33, p<0.01), PT extensor of surgical knee (r=-0.23 p=0.04), PT flexor of 
surgical knee (r=-0.24, p=0.03), PT extensor of the nonsurgical knee (r=-0.25, p=0.03), PT 
flexor of the nonsurgical knee(r=-0.23, p=0.03). In the linear regression analyses, the 
postoperative SCT-ascent had a significant positive correlation with the preoperative TUG 
(ß=0.28, p<0.01), PT extensor of surgical knee (ß=-0.23, p=0.03) and the postoperative 
SCT-descent had a significant positive correlation with preoperative SCT-descent (r=0.28, 
p=0.01), and the age (ß=0.20, p=0.04). 
 
Conclusions  
This study demonstrated that preoperative physical function influenced on postoperative 
stair climbing ability 1month after TKA. Using variables easily measured before surgery, it 
may be possible to predict with good accuracy for postoperative stair climbing ability. In 
addition, these Results could be of importance in determining variable preoperative 
rehabilitation strategies to improve stair climbing ability, especially focusing on balance, 
endurance and strengthening exercises.  
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Objective  
Maintaining postural balance requires sensorial detection of the body’s movements, 
integration of sensory-motor information into the central nervous system and an 
appropriate motor response. The position of the body in relation to space is determined 
by visual, vestibular and somatic-sensitive functions. Muscle strength is a potentially 
important factor contributing to postural control. The objective of this study were to 
determine whether obesity is associated with decreased postural stability in elderly 
population, and whether postural instability is influenced by the sensory dysfunction and 
muscle strength.  
 
Method  
A total of 258 participants (age 76.7±4.6) were categorized based on their BMI. A subject 
with a BMI ≥ 25 kg/m² was considered obese (N=131; 103 women), while overweight and 
normal weight group defined as a BMI between 18.5 kg/m² and 24.9 kg/m² were 
categorize into control group (N=127; 78 women). The clinical balance tests were carried 
out using the berg balance scale (BBS), timed up and go test (TUG), short physical 
performance battery (SPPB). On Inbody posturography®, participants performed two 
trials of a quiet stance with eyes open and eyes closed on firm floor, two trials on foam 
floor identically. For each trials, total sway distance were calculated. Additionally, 
movement speed to random direction was collected using posturography. Both knee 
extensors strength were measured by dynamometer.  
 
Results  
Obese group had poorer scores in the clinical balance test. There were significant 
differences in BBS (p=0.020), TUG (p=0.001) and SPPB (p=0.003) between the 2 groups. 
On firm and foam floors with eyes closed, total sway distance were significantly greater in 
the obese group than in control group. Movement speed and both knee extensors 
strength were significantly decreased in obese group.  
 
 
Conclusion  
We sought to examine obesity as a factor influencing balance in elderly population as this 
could become an important target for intervention. Our finding also suggested that 
postural instability in obese individuals is associated with decreased lower extremities 
strength and visual compensation plays a significant role in impaired sensitivity.  
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Objective  
Although many studies about sarcopenia have been conducted, there is a lack of 
researches on the relationship between sarcopenia and age-related respiratory muscle 
condition. There are many known tools to evaluate sarcopenia such as body composition, 
limb muscle strength, and physical performance. This study aims to evaluate the effect of 
sarcopenia on relation with not only the limb muscle index, but also the respiratory 
muscle strength, along with each patient’s diaphragm thickness especially in the elderly.  
  
Methods  
Thirty-one healthy volunteers, aged more than 65 years old (6 men and 25 women) were 
enrolled. Appendicular skeletal muscle mass index(ASMI) and skeletal muscle mass 
index(SMI) was measured by bioimpedance analysis(BIA). Upper extremity muscle 
strength was assessed by handgrip strength(HGS), and lower extremity physical 
performance was measured by 4m gait speed. Respiratory muscle strength was 
addressed by maximal inspiratory pressure (MIP), and maximal expiratory pressure (MEP) 
using a spirometer. Diaphragm thickness was measured by ultrasound, and tongue 
pressure(TP) was obtained using the Iowa Oral Performance Instrument. Calf 
circumference(CC) and thigh circumference(TC) were measured by a flexible ruler. The 
relationships between respiratory muscle strength, sarcopenic variables and diaphragm 
thickness were investigated using Spearman’s rank correlation coefficients and multiple 
linear regression analysis adjusted by ASMI, HGS, tongue pressure, and gait speed.  
  
Results  
Among the 31 volunteers, 6 people were men and 25 people were women. Men had 
higher gait speed, HGS, MEP, diaphragm thickness, ASMI, SMI than women (p<0.001, 
p<0.001, p=0.023, p<0.001, p<0.001, p=0.003, respectively) (Table 1). In spearman’s rank 
correlation analysis, both MIP and MEP were positively correlated with ASMI (r = 0.455 
and r = 0.477, respectively; p < 0.01 in both). Diaphragm thickness also showed significant 
correlation with both MIP and MEP(r = 0.677, and r = 0.571, respectively; p < 0.01 in 
both). HGS and TC showed significant correlation with both MIP and MEP (r = 0.560, p < 
0.01, r = 0.556, p < 0.01, and r = 0.359, p < 0.05, r = 0.480, p < 0.01, respectively). 
Although TP and CC was significantly correlated with MIP, gait speed was significantly 



correlated with MEP (r = 0.480, p < 0.01, r = 0.432, p < 0.05, and r = 0.435, p < 0.01, 
respectively) (Table 2). In multiple regression analysis, MIP was significantly related with 
ASMI, diaphragm, HGS, TP, while MEP was associated with ASMI, diaphragm, HGS, gait 
speed (Table 3).  
 
Conclusion  
This study suggests that respiratory muscles are involved by sarcopenia, furthermore the 
possibility that diaphragm thickness was related to sarcopenic variables. The clinical 
significance of MIP and MEP in sarcopenia should be further investigated with 
prospective studies.  
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Introduction  
Pneumonia is a major cause of complications and death, and it is the 5th leading cause of 
death in South Korea, 2015. Community acquired pneumonia (CAP) is defined by a 
syndrome in which acute infection of the lung develops in persons who have not been 
hospitalized recently and have not had regular exposure to the health care system. 
Mortality of CAP is as high as 12~14% despite of the development of antimicrobial 
treatments. Anaerobes infection by aspiration are one of the cause of CAP and it can be 
prevented by screening and management of dysphagia. However, there is no data for the 
proportion of aspiration pneumonia among CAP in South Korea. The aims of our study is 
to identify the proportion of aspiration pneumonia among CAP.  
 
Method  
It is retrospective population study with data from the electronic medical records at a 
tertiary care university hospital (Seoul National Bundang Hospital) from 2016.1.1 to 
2016.12.31. Community acquired pneumonia patient initially identified by the result of 
National Pneumonia Treatment Propriety Assessment Program. Every adult (equal to or 
more than 18 years old) pneumonia patient visiting emergency room or admitting to in-
patient care have to be evaluated by this program. However, aspiration pneumonia are 
not included in this program, so community acquired aspiration pneumonia patient 
initially identified by ICD 10 code J69.*. We only included newly diagnosed pneumonia 
after 2016.1.1, excluded patients diagnosed pneumonia 2 days after admission or ER visit.  
  
Result  
1170 community acquired pneumonia patient identified. 54.3% (635) were male and 
mean age was 65.8 years old (18~103). 258 aspiration pneumonia patient identified and 
126 patients who referred from nursing home or hospital and hemodialysis patient 
excluded. As result, 132 community acquired aspiration pneumonia patients were 
identified. 67.4%(89) were male and mean age was 72.8 years old (23~96). 25 patients 
were counted in both group, so the proportion of aspiration pneumonia among CAP is 
10.3% (132/1277).  
 
Conclusion  
Aspiration pneumonia comprises 10.3% of patients with community acquired pneumonia. 
Patient with community-acquired aspiration pneumonia are older and male patients are 
more affected. Preventive measures such as dysphagia screening and rehabilitation 
should be incorporated in community acquired pneumonia prevention programs.  
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Background 
As the accidents related to fall have been a severe issue among the elderly group, the 
elderly has begun to fear fall. These fears cause negative effects on their daily lives, as the 
elderly feel reluctant to enjoy certain activities. Fall efficacy scale-international (FES-I) is a 
questionnaire that measures fear of falling. It is a short and easy tool that estimates the 
level of concern about falling during social and physical activities inside and outside the 
home. It consists of 16 categories of activities and patients scores each category from 1 to 
4(table 1). FES-I scale, which is shown below, is widely used but the thorough study on 
this scale is lacking. Therefore, this research focuses on whether each category in FES-I 
scale and the cut of value of efficacy sum are closely realated to fall.  
 
Method 
From August 28, 2015 to October 12, 2015, total number of 2012 elderly people living in 
Guro-gu(Seoul), Yeongdeungpo-gu(Seoul), Yangpyeong-gun(Gyeonggi-do), Dalseong-
gun(Daegu) and Jung-gu(Daegu) participated in filling out questionnaire-based surveys 
including FES-I scale. Patients who experienced fall and those who did not were divided 
into two separate groups. Then, logistic regression was conducted on these groups after 
stepwise selection on 16 categories of FES-I scale. Relation between sum of efficacy and 
fall explained by ROC curve(Receiver operating chatacteristic) and AUC(Area Under the 
ROC Curve).  
 
Result 
Excluding missing values among data from 2012 respondents, questionnaires filled out by 
1741 participants appeared to be valid. Among 1741 respondents, 629 patients 
experienced fall within a year and 1112 did not. Evaluating the relevancy of each category 
of FES-I scale and fall, only 6 categories out of 16 showed significant relevance to fall. 
These 6 categories include taking a bath or shower, getting in or out of chair, walking on a 
slippery surface, walking on an uneven surface, walking up or down a slope, going out to 
a social event. The other 10 categories were not significantly related to fall. The efficacy 
sum of ROC curve is stated below (Figure 1). As shown in the graph, criterion above 22 
shows high sensitivity(80.3) and specificity(38.2) but the value of AUC appeared to be low 
as 0.557. Thus, deciding whether patients may have experienced fall or not by studying 
efficacy sum is likely to be invalid.  
 
Conclusion 
This study thoroughly analyzed the efficacy of FES-I in determining the rate of fear of fall 
among elderly patients. Since only 6 categories among 16 of the scale showed relevance 
to fall, modified FES-I scale is necessary. Also, drawing Conclusion in cut-off value of the 



efficacy sum of FES-I scale is almost impossible, so this part need to be modified as well.  
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Background 
In modern society, the overall population of the elderly is constantly increasing and at the 
medical expense spent on this elderly population is strikingly increasing as well. Among 
these medical expenditures, medical cost on a fall injury has the large proportion. Fall is 
the leading cause of injury among the elderly, but the research on the regional state and 
the actual cost spent on the fall accident among the elderly is lacking. Thus, this survey 
was planned to explore the regional status of fall accident of the elderly and the medical 
cost spent on fall.  
 
Method 
This research is based on two resources. For the first resource, a questionnaire-based 
survey was conducted to total 2012 elderly, aged over 60, living in Guro-gu(Seoul), 
Yeongdeungpo-gu(Seoul), Jung-gu(Daegu), Dalseong-gun(Daegu), and Yangpyeong-
gun(Gyeonggi-do). The survey questionnaire includes age, gender, history of accident 
related to fall, and whether they had any fall prevention education in the past. For the 
second resource, the data on insurance coverage for fall-related codes were analyzed by 
requesting data from the Health Insurance Management Corporation(NHIS) in the above 
five regions.  
 
Results 
Among the 2012 questionnaire participants, there are 623(30.96%) respondents aged in 
60s, 978(48.61%) respondents in 70s, 411(20.43%) respondents in 80s. Among 1203 
respondents who are currently living in urban areas: 399 respondents living in Guro-
gu(Seoul), 404 living in Yeongdeungpo-gu(Seoul), 400 living in Jung-gu(Daegu), 
835(69.41%) respondents answered that they had the experience of fall in their life time, 
and 485(58.08%) answered that they had the experience of fall accident within a year. 
Among 804 respondents living in suburban areas: 404 living in Yangpyeong-
gun(Gyeonggi-do), 400 living in Dalseong-gun(Daegu), 637(79.03%) had experience of fall 
in their life time and 432(69.34%) respondents had experienced fall within a year. The 
evident discrepancy between these two groups is significant. In the urban areas, about 
8.33 percent of respondents had fall prevention education, whereas only 0.52 percent of 
respondents in the suburban areas had fall prevention education in the past. Details of 
patient and insurance claims are shown in the chart below (Table 1). Details of Insurance 
claims of areas mentioned above are shown in the chart below(Table2).  
  
Conclusion 
This survey is on the regional status of fall of the elderly and the medical cost spent on 
fall. As shown above, even though more than 70 percent of the elderly had experiences 
of fall, only small portion of this group had fall prevention education. Also, too much 



expense is currently spent on accidents related to fall, so measures to solve these 
problems are urgent.  
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Objective  
Aspiration pneumonia is diagnosed when patients exhibit obvious aspiration or 
symptoms such as sudden onset of dyspnea, cyanosis and/or radiographic evidence of an 
infiltrate in a characteristic bronchopulmonary segment. If the symptoms and 
radiographic evidences are not prominent enough to diagnose with aspiration 
pneumonia, clinicians usually diagnose pneumonia rather than aspiration pneumonia. 
Video Fluoroscopic Swallowing Study (VFSS) is the gold standard method to evaluate the 
swallowing function and important to determine the proper treatment in patients with 
aspiration pneumonia. However, there is a little use of VFSS for patient with pneumonia 
not aspiration pneumonia. We investigate the Results of the VFSS and outcomes in the 



patients diagnosed with pneumonia or aspiration pneumonia and figure out the meaning 
of VFSS in patients with pneumonia  
 
Method  
The medical records of patients diagnosed with pneumonia or aspiration pneumonia that 
received VFSS from April 2016 to February 2017 in our hospital were retrospectively 
reviewed. In patients who underwent two or more test, we analyzed the Results based on 
the last VFSS. We investigated changes of the feeding method after VFSS as well as the 
presence or absence of pneumonia recurrence until June 2017.  
 
Results  
In total, medical records of 94 patients were reviewed. Of the 94 patients, 35 patients 
were diagnosed aspiration pneumonia. Among them, 13(37.1%) patients were removed 
nasogastric tube(NGT) after VFSS, 12(34.3%) patients modified the feeding method with 
maintaining oral feeding after VFSS. 59 patients were diagnosed pneumonia. Among 
them, 11(18.6%) patients were removed NGT, 30(50.8%) patients modified the feeding 
method with maintaining oral feeding after VFSS. In patients with aspiration 
pneumonia(n=35), 14 patients(40.0%) did not recur of pneumonia. 18(51.4%) patients 
lost to follow-up after discharge. 3 patients(8.6%) were hospitalized again due to 
pneumonia recurrence. In patients with pneumonia(n=59), 32 patients(54.2%) were 
maintained without pneumonia recurrence. 22(37.3%)patients lost to follow-up. 3 
patients(5.1%) were hospitalized again due to pneumonia. 
Conclusion  
We assume that even in patients with pneumonia who do not meet the diagnostic criteria 
of aspiration pneumonia may have aspiration pneumonia. We conclude that VFSS is 
important in patients who were diagnosed pneumonia as well as in the patients with 
aspiration pneumonia.  
 
Key Words 
Aspiration pneumonia, Pneumonia, VFSS  
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Objective  
Parkinson’s disease (PD) and osteoporosis are two conditions affecting a substantial 
portion of the elderly population. Furthermore, osteoporosis and osteopenia are very 
common findings in patients with PD. 64% of Parkinson's disease patients experienced 
falling once every 3 months and a fracture occurred in about out of every 4. We 
investigated study the followings: 1. Characteristics of PD patients with femur fracture, 2. 
Relationship between the types of femur fracture and the degree of bone loss, the body 
mass index, 3. Clinical characteristics of osteoporosis management in patients with 
Parkinson's disease. 4. Post surgical rehabilitation  
 
Subjects and Methods 
This study was conducted in a single institution where they receive 311 inpatients. Data 
on patients with PD was collected from Jan, 2002 to Jan, 2017. The data used KCD-6 
(Korean Standard Classification of Diseases) for its diagnostic code and it was obtained 
using G20 for PD. We excluded those individuals who were diagnosed with secondary PD 
(except previous stroke) and previous history of fracture before diagnosed with PD.  
  
Results  
Among 311 patients with Parkinson's disease, 56 patients with femur fractures were 
found and 31 patients were included in this study. The fracture pattern, BMD, BMI, and 
stage of Parkinson 's disease were reviewed. The patient demographics are summarized 
in Table 1. The mean age of the patients was 74.9 ± 7.7 years (10 males) and the duration 
of the disease was 4.9 ± 5.1 years. The most common underlying diseases were 
Hypertension (64.5%) and Diabetes (51.6%). 87.1% of patients with femur fracture had 
osteoporosis. As the PD patients' stages progressed, the degree of bone mineral density 
became worse. In the relationship between the types of femur fracture and the BMD, 
BMI summarized in Table 2. Neck fracture was the most common type of femur fracture 
(51.6%). Neck fracture had a higher proportion of obesity (25% vs. 15.4%) than 
intertrochanteric fracture, and intertrochanteric fracture had higher frequency of 
osteoporosis (76.9% vs 62.5%) than neck fracture. Clinical characteristics of osteoporosis 
management in PD summarized in Table 3. At the time of the fracture diagnosis, only 3.2% 
had taken osteoporosis medicine, postoperative rehabilitation was less than 30%.  
  
 
Conclusion  
We investigated the characteristics of femur fractures, relationship between factors 
(BMD, BMI) and femur fractures in PD and clinical characteristics of osteoporosis 
management. For prevention of disabilities in patients with PD, not only the diagnosis 
and pharmacologic treatment of osteoporosis but also physical rehabilitation should be 
taken into consideration to both medical staffs and patients.  
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Objective 
To investigate the swallowing characteristics in the patients with dysphagia caused by 
anterior cervical osteophytes(ACO) and compare clinical course between surgical 
management and conservative management.  
 
Method 
This is a retrospective study based on medical records. A total of 1371 cases of 
videofluoroscopic swallowing study(VFSS) data were sourced between April 2014 and 
December 2016. Eligibility criteria included 1) VFSS for evaluation of dysphagia signs or 
symptoms, 2) ACO or diffuse idiopathic skeletal hyperostosis(DISH) at the cervical spines 
confirmed by radiologic study. Patients with brain lesion, neuromuscular disease and 
other causes that can explain the dysphagia were excluded. Dysphagia severity, clinical 
swallowing characteristics, radiological findings of ACO and VFSS findings were evaluated. 
Dysphagia severity was measured using the American Speech-Language-Hearing 
Association National Outcome Measurement System(ASHA NOMS) swallowing scale and 
clinical swallowing characteristics was measured using Clinical Dysphagia Scale(CDS) and 
New VFSS Scale. According to further treatment, we divided into three groups, surgical 
treatment group(A), swallowing rehabilitation group(B), and conservative treatment 
group(C). And then we examined clinical course and dysphagia severity in the three 
groups.  
 
Results 
This study group was composed of 18 men and 1 woman with a mean age of 
76.95±7.62years. It took less than a month to undergo VFSS for evaluation of dysphagia in 
12 patients. The most of patients presented with choking. And 11 patients had past 
history of aspiration pneumonia. The most common thickest level of the osteophyte was 
C5-6 in six subjects. The mean osteophyte thickness was 13.5mm. It was significantly 
more thicker in the group A than the other groups(p=0.047). The osteophytes were more 
frequently found at C3-4, 4-5 in the group A(p=0.014). And the C4-5 level was significantly 
more thicker in group A(p=0.023). The type of osteophyte, the number of affected level 
was not significantly different. Furthermore, The ASHA NOMS swallowing scale, the CDS 
and the New VFSS Scale were not significantly different among the three groups at the 
time of the initial VFSS(p=0.257, 0.057, 0.328). However, the pharyngeal phase score of 
the New VFSS Scale was significantly higher in the group A. Factors affecting the 
operation were the thickness of the osteophytes(p=0.048). In the group A, the ASHA 
NOMS swallowing scale improved significantly after operation(p=0.083).  
 



 
Conclusion 
The characteristics of the operated group due to ACO were existence of osteophyte at 
C3-4, C4-5 and more thicker osteophyte. Considering anatomical factors, it may affect the 
swallowing of pharyngeal phase. This was reflected in the pharyngeal phase score of the 
New VFSS Scale. When determining the treatment options in the patients with dysphagia 
caused by ACO, it may be needed to consider the severity of dysphagia at pharyngeal 
phase and osteophyte thickness.  
 

 
 

 
 

 
CDS, Clinical Dysphagia Scale; VFSS, Video Fluoroscopic Swallowing Study; ASHA NOMS, American Speech-
Language-Hearing Association National Outcome Measurement System  
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Objective 
To demonstrate the relationship between mechanography and the Berg balance scale 
(BBS) in the elderly after hip fracture surgery.  
 
Methods 
A cross-sectional study was conducted in university hospitals for ten patients with hip 
fractures. Patients were evaluated by Romberg test and chair rise test (CRT) using the 
Leonardo mechanography® 3 months after hip fracture surgery. Spearman's correlation 
coefficients were calculated for intra-individual comparisons of the BBS, the center of 
foot pressure (COP) during Romberg test, and maximal power (W/kg) during CRT in 
mechanography.  
  
Results 
The mean age of 10 patients was 75.8(70-81) years old, and the mean BBS was 40.1(13-
55). The BBS showed significant correlations with COP area (r=-0.669, p=0.035) and COP 
pathway length (r=-0.650, p=0.042) 3 months after hip fracture surgery. The BBS also 
revealed high correlation with maximal power during CRT (r=-0.847, p=0.016).  
  
Conclusions 
The preliminary study revealed significant correlations between mechanography and the 
BBS for evaluation of balance in the elderly after hip fracture surgery. It can suggest that 
not only the clinical assessment with the BBS, but the objective test with mechanography 
are required for quantitative functional measurement. Future studies with larger sample 
size and consecutive follow-up periods will be needed to confirm the clinical usefulness of 
mechanography.  
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Objective  
Movement disorders are one of the long-term neurological complications that can occur 
after hypoxic-ischemic brain injury (HIBI) and the prevalence is reported up to 40%. 
Various types of movement disorders such as parkinsonism, myoclonus, dystonia, and 
chorea can occur, however, freezing of gait (FOG) after HIBI is rare. The objective of this 
study was to investigate gait characteristic including kinematic, kinetic and 
spatiotemporal parameters with gait variability in patients with FOG after HIBI.  
 
Materials & Methods  
Twelve patients showing FOG after HIBI and 17 patients without FOG after HIBI were 
consecutively enrolled. We performed three dimensional kinematic, kinetic and 
spatiotemporal gait analysis using a computerized gait system (VICON MX-T10 Motion 
Analysis System, Oxford Metrics Inc., Oxford, UK) and quantified the severity of FOG using 
subscore (No.14) of Unified Parkinson Disease Rating Scale. Kinematic outcome variables 
were pelvis and hip joint angle in sagittal, coronal, and transverse plane, and knee and 
ankle joint angle in sagittal plane. The range of motion (ROM) of pelvis and hip joint angle 
in sagittal, coronal, and transverse plane, knee and ankle joint angle in sagittal plane 
during gait cycle were also measured. Kinetic outcome parameters were maximum hip 
extensor moment, hip abductor moment, knee extensor moment, and ankle plantar 
flexor moment. Spatiotemporal outcome variables included cadence, stride time, step 
time, stance time, swing time, single support phase, double support phase, stride length, 
step length, and gait velocity. Variability of each baseline spatiotemporal parameter 
during the gait cycle was calculated using coefficient of variation (CV = SD/mean x 100%). 
The data from each trial for each participant was averaged to calculate an individual 
mean and standard deviation for each variable.  
 
Results 
The FOG group showed significantly decreased joint ROM especially in sagittal plane, and 
3 joint summated ROM including hip, knee, and ankle joint in sagittal plane was 
significantly decreased in FOG group (p<0.05) (Table 1). Spatiotemporal characteristic of 
FOG patients showed increased stance time and double support phase and decreased 
swing time, stride length, step length, and gait velocity compared to patients without 
FOG after HIBI (p<0.05). The coefficient of variation, which reflects the variability of each 
spatiotemporal parameter, demonstrated increased step length variability in HIBI 
patients with FOG (p<0.05) (Table 2). Simple linear regression analysis revealed no 
significant correlation between FOG severity and three dimensional gait characteristics 
including kinematic and spatiotemporal parameters, which showed significant differences 
between two groups.  
 
Conclusions 
Our findings suggest that amplitude regulation disorder and internal gait coordination 
deterioration play a considerable role for pathophysiology of FOG in HIBI patients.  
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Purpose  
Asymmetry of upper limb motion is one of characteristic findings in early Parkinson 
disease. However, there has been unclearness in what anatomical segments mainly 
contributes and in what clinical features are related with. The aims of this study are 1) to 
reveal which segment (shoulder and elbow) has more contribution to the asymmetry of 
upper limb motion and 2) to investigate the relationship between clinical features 
(tremor and akinetic-rigidity) and asymmetry of upper limb motion.  
 
Participants and Methods  
Twenty eight patients with Parkinson disease were included. Of 28 participants, 16 were 
female and 12 were male. Average age was 67.06 years (standard deviation = 6.76). 
Participants performed over-ground level walking in the gait laboratory on 8-meter 
walkway. They repeated self-selected speed walking until minimum of two trials 
exhibiting appropriate force-plate data were obtained. Reflective markers were attached 
to the pelvis, both lower limbs, the trunk, and both upper limbs. Visual3D software was 
used for calculating temporo-spatial, kinematic and kinetic parameters. Magnitude of 
upper limb motion was calculated with anterior to posterior excursion of wrist joint 
center. Range of shoulder flexion-extension was obtained to investigate the contribution 
of shoulder to the asymmetry of upper limb motion. Range of elbow motion was 
calculated with planar angle to avoid the influence of forearm pronation and supination. 
Formula for symmetry index was 100 x (less affected – more affected) / (less affected 
+more affected). Participants with symmetry index more than 10% were classified as 
asymmetric group (vice versa). Participants were classified as akinetic rigid group and 
tremor group including mixed type.  
 
 
Results  
18 participants were classified as asymmetric group and 10 participants as symmetric 
group. 16 participants were akinetic rigid group and 12 participants were tremor group 
(table 1). For asymmetric group, symmetry index of shoulder and symmetry index of 
elbow could explain 81.15% of variance of symmetry index of wrist joint center motion 
(p<0.01). Simple regression for the influence of symmetry index of shoulder explained 
78.65%. Simple regression for the influence of symmetry index of elbow explained 
31.37%. Between asymmetric group and symmetric group, there were no significant 
differences in HY stage, HPDR score, tremor score and non-tremor score (table 2). 
Asymmetric group had lower correlation coefficient between shoulder and elbow in more 
affected limb (r =0.65) than symmetric group (r = 0.80). Compared to akinetic rigid group, 
tremor group showed tendency of larger symmetry index of wrist joint center and 
shoulder (p = 0.08) (table 3).  
 
Conclusion  
Upper limb motion asymmetry in sagittal plane attributes largely to the asymmetry of 
shoulder motion. Clinical phenotype of tremor may have relation with upper limb motion 
asymmetry. Further study with larger sample size should be performed to confirm above 
results.  
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Objective 
 This study is aim to find factors affecting functional mobility outcome in parkinson’s 
disease(PD).  
  
Methods 
We retrospectively reviewed the medical records of 60 patients with PD hospitalized to 
rehabilitation department for a 8-weeks comprehensive intensive rehabilitation between 
January 2014 and December 2016. A degree of association between demographic, clinical 
characteristics and rehabilitation characteristics and functional outcome were analyzed 
by multivariable regression Methods to investigate which factor were associated to 
changes in outcome variables. The outcome measures were: Six Minutes Walking Test 
(6MWT), Timed Up and Go Test (TUG) and Berg balance Scale (BBS). Descriptive statistics 
for continuous variables are reported as median (range). Descriptive statistics for 
categorical variables are reported as percentage frequency. by nonparametric Mann-
Whitney U test, Kruskall wallis test and spearman correlation coefficients were calculated 
to analyze the correlation between functional improvement and subject characteristics.  
  
Results 
Patients with poor recovery tended to have elder age, longer onset duration and more 
advanced motor disturbances (p<0.05). Cognitively impaired patients obtain significant 
benefits after rehabilitation, with no significant correlation with severity. There was no 
dose-dependent effect of dopaminergic therapy on recovery of functional mobility. 



Shorter time from onset to transfer in rehabilitation department was significantly 
correlate with better outcome in parkinson patients. (p<0.05)  
 
Conclusions 
Early rehabilitation intervention in the parkinson patients is crucial for the better 
functional recovery outcome. Interestingly, parkinson patients with poorly cognitive 
function gained benefit through rehabilitation intervention. Further studies with a larger 
sample size are needed for generalized  conclusions.  
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Objectives 
Using diffusion tensor tractography (DTT), we investigated injury of the spinothalamic 
tract (STT) in patients with central pain following whiplash injury. Our primary hypothesis 
is that fractional anisotropy (FA) and tract volume (TV) of the STT in injured people differ 
from non-injured people. Our secondary hypothesis is that the direction of the collision 
Results in a different type of injury.  
 
Methods 
Nineteen patients with central pain following whiplash injury and 19 healthy control 
subjects were recruited for this study. After reconstruction of the STT, fractional 
anisotropy and tract volume of the STT were measured. In addition, different 
characteristics of the STT injury according to the collision direction were investigated.  
 
Results 
The FA value did not differ significantly between the patient and control groups (p>.05). 
ED: Avoid making verbs into nouns and adding on another verb. For example, say “I ran” 
instead of “I performed running.” However, the TV value in the patient group was 
significantly lower than the control group (p<.05). The onset of central pain was 
significantly delayed (13.5 days) in patients who were involved in a frontal collision, 
compared to patients with rear-end collision (0.6 days) (p<.05). In contrast, the Visual 
Analogue Scale was higher in the patients with rear-end collision (p<0.05).  
 
Conclusions 
We found injury of the STT in patients with mild TBI who suffered central pain after 
whiplash injury, using DTT. In addition, we demonstrated different characteristics of the 
STT injury according to the collision direction. We believe that DTT would be a useful 
technique for detection of injury of the STT following whiplash injury.  



 

 
Examples of injury of the spinothalamic tract on diffusion tensor tractography  
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Objectives 
Consciousness is mainly controlled by the ascending reticular activating system (ARAS). 
The ARAS is a complex network which consists of a portion of the brainstem reticular 
formation, nonspecific thalamic nuclei, hypothalamus, basal forebrain (BF), and cerebral 
cortex. In the current study, we investigated the reconstruction method and 
characteristics of the neural tract between the hypothalamus and BF in normal subjects, 
using diffusion tensor tractography (DTT).  
 
Methods 
We recruited 23 healthy subjects for this study. The ARAS between the hypothalamus 
and BF the was reconstructed by two regions of interest (ROIs): 1) seed ROI - the isolated 
green portion for the BF on the color map, 2) Target ROI - the hypothalamus on the axial 
image. Values of fractional anisotropy, mean diffusivity, and tract volume of the ARAS 
between the hypothalamus and the BF were measured.  
 
Results 
Among 46 hemispheres in 23 normal subjects, 24 hemispheres (52.2 %) in 6 subjects 
were identified the ARAS between the hypothalamus and the BF. The ARAS between the 
hypothalamus and the BF originated from the hypothalamus, ascended to the 
bicommissural level and anteriorly through the anterior commissure and then terminated 
into the BF. No significant differences in the DTT parameters was observed between the 
right and left hemispheres (p>0.05).  
 
Conclusions 
Using DTT, we reconstructed the ARAS between the hypothalamus and BF in normal 
subjects. Because the hypothalamus and BF are involved in regulation of sleep and 
wakefulness, our reconstruction method and Results would be useful in research on 
consciousness in terms of sleep and wakefulness.  
 

 
Fig 1. The region of interest (ROI) and Results of diffusion tensor tractography for the ascending reticular 
activating system (ARAS) between the hypothalamus and the basal forebrain (BF). (A) Seed ROI is placed on 
the BF (orange color) which is identified by the lower portion of corpus callosum (lateral boundary) and 
midline (medial boundary) on the anterior commissural level. Target ROI is given at the hypothalamus (red 
color) which is identified by the optic tract (anterior boundary) and mammillary body (posterior boundary) 
on the upper midbrain level. (B) The ARAS between the hypothalamus and the BF is reconstructed in both 



hemispheres (right: green, left: blue). (C) The pathway of the ARAS between the hypothalamus and the BF 
are shown at each level of the axial images.  
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Objectives 
We investigated the anatomical location of the corticofugal tracts (CFTs) from the 
secondary motor area at the internal capsule and midbrain in normal subjects.  
 
Methods 
Thirty four healthy normal subjects were recruited in this study. The CFTs were 
reconstructed using FMRIB software, and diffusion tensor images were acquired at 1.5T. 
The highest probabilistic location of the CFTs and corticospinal tract (CST) were defined 
as the location on an axial slice in two areas of the posterior limb of the internal capsule 
(PL) and cerebral peduncle of midbrain (CP).  
 
Results 
In the PL, the CFTs from the secondary motor area were located almost two third (the 
SMA-CFT: 62.36%, the dPMC-CFT: 67.07) and the CST was located almost three fourth 
(84.11%) in the antero-posterior direction between the middle point at the genu of the 
internal capsule and the posterior end of the putamen. In the CP, the CFTs from the 
secondary motor area and CST were located almost one fourth (the SMA-CFT: 29.93%, 
the dPMC-CFT: 28.91, the CST: 28.76) in the antero-posterior direction between a line 
from the interpeduncular fossa to the lateral sulcus and most anterior point of the CP. In 
the medio-lateral direction, the CFTs from the secondary motor area were located almost 
half (the SMA-CFT: 52.19%, the dPMC-CFT: 54.43) and the CST was located almost two 
third (75.72%) between the medial end and the lateral end of the CP.  
 
Conclusions 
We found the detailed anatomical locations of the CFTs from the secondary motor area 
at the internal capsule and midbrain in the human brain. We believe that the Results of 
this study might be useful for clinicians in the neuroscience field to care for patients with 
limb-kinetic apraxia. 
 



  
Fig. 1. (A) The seed regions of interest (ROIs) are placed on the middle pons (red) and midbrain (yellow), 

and the target ROI is placed on the supplementary motor area (SMA) (blue), dorsal premotor cortex (dPMC) 

(green), and the primary motor cortex (red). (B) The corticofugal from the SMA (blue), corticofugal from the 

dPMC (green), and CST (red) are reconstructed in both hemispheres. (C) Landmarks used in determining the 

location of the SMA, dPMC, and corticospinal tract (CST) on images of a subject (39-year-old male).  
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Objectives 
We investigated the effect of the walnut rolling training for two weeks on the hand 
function and corticospinal tract (CST) in normal subjects.  
 
Methods 
Seventeen right-handed normal subjects performed walnut rolling training with their 
non-dominant (left) hand, with the right hand defined as the control side. The walnut 
rolling training was performed three times daily, for 30 minutes at a time, over two 
weeks. The Purdue Pegboard Test, tip pinch and grip strength were used evaluate the 
change of hand function, and diffusion tensor tractography (DTT) evaluated change of the 
CST and transcallosal fibers for the hand motor somatotopy.  
 
Results 
All of the clinical scores in terms of PPT, tip pinch and GS increased significantly in the 
post-training in the left hand compared with pre-training (p<0.05). By contrast, the 
clinical scores for the right hand did not differ significantly between pre- and post-
training. The fiber numbers of the right CST increased significantly in post-training DTT 



compared with pre-training DTT (p<.05), whereas fractional anisotropy did not change 
significantly. Neither fractional anisotropy nor fiber number of the left CST and 
transcallosal fibers changed significantly from pre- to post-training DTTs.  
 
Conclusion 
We demonstrated improvement of hand function and facilitation of the contralateral CST 
by walnut rolling training in normal subjects. Our Results suggest that walnut rolling 
training can be used for improvement of hand function and facilitation of the 
contralateral CST.  
 
Key Words 
In-hand manipulation, Diffusion tensor tractography, Corticospinal tract, Hand function, 
Walnut rolling training.  
 

 
The change of the neural tracts on pre- and post-walnut training diffusion tensor tractography (DTT) in a 
32-year-old female subject. (A) The right corticospinal tract (CST, fiber number [FN]: 2117) on the post-
training DTT became thicker (arrows) compared with pre-training DTT (FN: 1591). (B, C) the left CST the 
transcallosal fibers for the hand motor somatotopy do not change significantly on pre- and post-training 
DTTs.  
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Although there are a few studies of portions of the vestibular system such as the 
vestibulocerebellar tract and the neural connectivity of the vestibular nuclei (VN), no 
study of the ipsilateral vestibulothalamic tract (VTT) (originating from the VN and mainly 
connecting to the lateral thalami nuclei) has been reported. In the current study, using 
diffusion tensor tractography (DTT), we investigate the reconstruction method and 
characteristics of the ipsilateral VTT in normal subjects. Thirty-three subjects were 
recruited for this study. For the ipsilateral VTT, the seed region of interest (ROI) was 
placed on the VN, which was isolated on the FA map using adjacent structures as follows: 
the reticular formation (anterior boundary), posterior margin of medulla and pons 
(posterior boundary), medial lemniscus (medial boundary) and restiform body (lateral 
boundary). The target ROI was placed at the lateral thalamic nuclei using known 
anatomical locations. The DTT parameters of the ipsilateral VTT were measured. The 
ipsilateral VTTs that originated from the vestibular nuclei ascended postero-laterally to 
the upper pons and antero-medially to the upper midbrain via the medial longitudinal 
fasciculus, and terminated the lateral thalamic nuclei. No significant differences were 
observed in DTT parameters of the ipsilateral VTT between the right and left hemispheres 
(p>0.05). Using DTT, we reconstructed the ipsilateral VTT and observed the anatomical 
characteristics of the ipsilateral VTT in normal subjects. We believe that the methodology 
and Results in this study could be helpful to researchers and clinicians in this field.  
 

 
Fig 1. The region of interest (ROI) and Results of diffusion tensor tractography for the ipsilateral 
vestibulothalamic tract (VTT). (A) Seed ROI is given at the vestibular nuclei (VN, green color) on fractional 
anisotropy map at the three levels from the medulla to the midpons which can be identified by adjacent 
structures as follows: the reticular formation (anterior boundary), posterior margin of medulla and pons 
(posterior boundary), medial lemniscus (medial boundary) and restiform body (lateral boundary). Target 
ROI is placed on the lateral thalamic nuclei with option of the termination. (B) The ipsilateral VTTs are 
visualized three- dimensionally in both hemispheres. (C) The pathway of the ipsilateral VTTs is shown at 
each level of the axial images from the medulla to the thalamus.  
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Introduction  
Degree centrality is a measure of local network connectivity and identifies how much one 
area is connected to other area by counting the number of direct connections to all other 
area. Degree centrality analysis tends to emphasize higher order cortical association 
areas. The hypothesis of this study is that degree of connection of the primary motor 
cortex presiding hand area with other area of brain will affect the fine movement of the 
hand  
  
Materials and Methods  
Thirty one resting state fMRI and flair brain MRI of normal subjects who have no history 
of brain injury and upper extremity abnormality were used for this analysis. We analyzed 
correlation between degree of centrality of bilateral primary motor cortex and bilateral 
hands fine motion. Left and right primary motor cortex on the rostral wall of the central 
sulcus at the “hand knob” formation (Yousry et al., 1997) were used as seed regions for 
the resting-state analysis. Data was preprocessed Standard preprocessing procedures of 
fMRI were done using DPARSFA, which is part of Data Processing and Analysis of Brain 
imaging (DPABI) toolbox version 4.1. Using region of interest of bilateral primary motor 
cortex presiding hand area of his own original space of flair MRI, we measured degree of 
centrality of each bilateral primary motor cortex. For fine motor evaluation, 25 whole 
grooved pegboard test and finger tapping were evaluated on bilateral upper extremity of 
each participant.  
 
Results  
All 31 subjects were right handed. The degree of centrality of left primary motor cortex 
was 2256.95+1318.16 and right primary motor cortex was 2247.55+1292.55. There was 
no statistically significant difference between bilateral primary motor cortex of hand in 
terms of degree of centrality (p>0.05). The Degree of centrality between bilateral primary 
motor cortex is highly correlated each other (p<0.001). However, there is no significant 
correlation of degree of centrality and bilateral hand’s fine motion that was measured by 
pegboard test and finger tapping (p<0.05).  
  
Conclusion  
The degree of connection of the primary motor cortex presiding hand area with other 
area of brain measured by resting state fMRI does not correlated with performance scale 
that were measured by finger tapping and pegboard test. The degree of connection 
between each primary motor cortex and other brain area was highly correlated each 
other.  
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Objective  
The purpose of this study was to find out whether botulinum toxin injection by combining 
functional electrical stimulation(FES) with a wrist splint improves hemiparetic upper 
extremity(UE) motor function among chronic stroke patients with limitation of finger 
extension due to spasticity  
 
Method  
 Eighteen patients with chronic hemiparetic stroke (median 304 days) in National 
rehabilitation center had moderate to severe UE weakness and spasticity.  
Study subjects received a single botulinum injection in flexor digitorum profundus muscle 
and flexor digitorum superficialis muscle of hemiparetic upper extremity.  
 After 2 weeks of injection, patients received intervention that combined functional 
electrical stimulation with a wrist splint for 4 weeks of training in 30-minute sessions, 5 
days per week. Main Outcome Measurements was Box and Block test. Other clinical 
measures of motor impairment, spasticity, and UE functional scores were assessed. (MAS 
Wrist Flextion(Flex), MAS Finger Flex, ROM Wrist Extension(Ex), MRC Wrist Ex, MRC 
Finger Ex, Action Research Arm Test(ARAT)_sum, Repeat finger Ex within 20 seconds, 
Distance from fingertips to mod-palmar crease, Grading of active thumb opposition, 
Quick DASH_sum) Clinical measures of motor impairment, spasticity, and UE functional 
scores were assessed. A follow-up clinical assessment was performed first visit(1st 
baseline), before botulinum injection(2nd baseline), 2 weeks after botulinum 
injection(3rd evaluation) and 2 weeks after intervention (4th evaluation). The pretests 
and posttests were performed before botulinum injection(2nd baseline) and 2 weeks 
after intervention (4th evaluation) and were analyzed using Wilcoxon signed rank test. p-
values are reported for values greater than p=0.05. All analyses were completed using 
SPSS, v.20.0 
  
Result  
Eighteen patients (16 male, 2 female) aged 19-70 (mean 43) years were enrolled. Their 
neurological diagnoses were ICH(10) and more infarction(8) and 16 patients(89%) had 
right lesion side. Right handed subjects(94%) was more than left handed. (Table 1)  
Evaluated all scale of two baselines didn`t change. (P<0.05) The mean spasticity both 
wrist Flex and finger Flex was high at baseline. (MAS Wrist Flex 1.94[1-3], MAS Finger Flex 
2.56[2-4]) Moderate to severe upper extremity weakness was detected by MRC and BB. 
(mean MRC Wrist Ex 2.33[1-4], MRC Finger Ex 1.33[0-2], BB 4.61 [0-20]) (Table 2) .  
UE motor function, spasticity, and functional scores improved after botulinum toxin 
injection and intervention.(BB, MAS Finger Flextion, ROM Wrist Extension, Action 



Research Arm Test(ARAT)_sum, Repeat finger Ex within 20 seconds, Distance from 
fingertips to mod-palmar crease, Quick DASH_sum) (Table3)  
Conclusion  
The combination of botulinum injection and functional electrical stimulation with a wrist 
splint improved UE motor function and spasticity and may offer a promising option for 
the management of the paretic UE in patients with stroke.  
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BACKGROUND 
Recently, resistance expiratory muscle strength training (EMST) has been  
reported as a remedial treatment for dysphagia.  
 
OBJECTIVE 
To investigate the effect of resistance EMST on the swallowing function in stroke patients 
with oropharyngeal dysphagia.  
 
METHODS 
Forty-two stroke patients with dysphagia were randomly assigned to two groups: an 
experimental group (n=13) and a placebo group (n=13). The experimental group 
performed EMST using a portable EMST device, while the placebo group performed EMST 
using a sham EMST device with no loading. The intervention was performed 5 days per 
week for 4weeks, in five sets of 5 breaths through the device for a total of 25 breaths per 
day. Both groups underwent conventional dysphagia treatment for 30 minutes/day, 5 
days/week, for 4 weeks. Videofluoroscopic dysphagia scale (VDS) and penetration-
aspiration scale (PAS) based on a videofluoroscopic swallowing study (VFSS) were 
assessed to analyze the oropharyngeal swallowing function.  
 
RESULTS 
The experimental group showed more improvement in pharyngeal phase of the VDS (p = 
0.018 and 0.006, respectively) and PAS compared to the placebo group (p = 0.014).  
  
CONCLUSIONS 
We suggest that EMST could improve the effects of dysphagia observed in post-stroke 
elderly patients based on swallowing function.  
 
Keywords  
Aspiration, dysphagia, expiratory muscle strength training, subacute stroke  
 
Table 1. Characteristics of participants 

 
 
Table 2. Changes in parameters before and after treatment 



 
 
Table 3. Comparison of variations before and after intervention 
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Objective 
To develop the automatic visual tracking system for kinematic analysis of hyoid bone.  
 
 
Methods 
We present a new method for tracking the hyoid bone in videofluoroscopy Swallowing 
Study (VFSS). When the hyoid bone moves to close to a mandible during the study, 
conventional approaches based on image processing or machine leaning such as tracking-
leaning-detection algorithms did not show good performance for the tracking. In this 
study, the Single Domain-Network algorithm which is one of deep leaning algorithms was 
applied to automatically track the hyoid bone region in the VFSS images. The VFSS 
dataset of 3 dysphagia patients was used to evaluate validity and reliability.  
 
Results 
The total mean error showed 5.36±1.1 pixels in comparing manual trajectory of hyoid 
bone. The intraclass correlation coefficient between the measurements indicated 
excellent reliability in the range of 0.75-0.95.  



 
Conclusion 
Our proposed method is feasible for automatically detecting and tracking the hyoid bone 
in VFSS.  
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Introduction 
The weakness of pharyngeal muscle is a cause of an aspiration. The pharyngeal width 
decided by the strength of pharyngeal contraction muscle might be an indicator of 
aspiration. This study was designed to determine the pharyngeal width as a new index 
indicating aspiration.  
 
Methods 
Lateral cervical spine roentgenograms were obtained from 87 patients complaining of 
dysphagia after stroke (age: 67.6±11.5 years, stroke stage (acute/chronic): 30/57, stroke 
type (ischemic/hemorrhagic): 48/39) and 16 healthy and age-matched controls (age: 
65.4±3.4 years). Pharyngeal width was defined as the mean value of two pharyngeal 
widths measured at mid-oropharynx (A) and lower oropharynx (B) (figure 1). 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 
two physiatrists who did not know the participants’ pharyngeal width. Pharyngeal widths 
were compared between patients and controls and correlations between the pharyngeal 
widths and the scores of PAS and DOSS were examined in patients (1st, in all patients; 
2nd, grouping by stroke stage; 3rd, grouping by stroke type). To determine the optimal 
cutoff points for predicting aspiration, a receiver operating characteristic (ROC) curve 
analysis was performed on pharyngeal width. All statistical significances were defined as 
CI > 95% and p value < 0.05.  
 
Results 
Pharyngeal width was wider in patients compared to controls with significance (patients: 
19.1±6.9 mm, controls: 13.3±5.0 mm, p = 0.002) and not different by stroke stage (acute: 
18.5±6.5 mm, chronic: 19.3±7.1 mm, p = 0.588) and type (ischemic: 18.6±6.0 mm, 
hemorrhagic: 19.5±7.9 mm, p = 0.579). Correlations were confirmed between the 
pharyngeal width and the dysphagia scales in all patients (with PAS: r = 0.341, p = 0.001; 
with DOSS: r = -0.245, p = 0.022), in acute stroke patients (with PAS: r = 0.601, p < 0.001; 
with DOSS: r = -0.426, p = 0.019), and in hemorrhagic stroke patients (with PAS: r = 0.435, 
p = 0.006; with DOSS: r = -0.299, p = 0.065). The cutoff points for predicting aspiration 



were 18.9 mm, 19.9 mm, 20.8 mm, 18.3 mm, and 19.4 mm in all patients, acute stroke 
patients, chronic stroke patients, ischemic stroke patients, and hemorrhagic stroke 
patients respectively.  
 
Conclusion 
The pharyngeal width was wider in patients regardless of the stage and type of stroke. 
Approximately, 19 mm was thought of as a cutoff point of pharyngeal width for post-
stroke aspiration. The pharyngeal width could be an easy and useful indicator for 
predicting aspiration.  
 

 
figure 1 - pharyngeal width  
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Introduction 
Delayed pharyngeal transit time influenced by swallowing reflex and contraction of 
pharyngeal muscle is a cause of dysphagia. The most accurate method for the assessment 
of contraction of pharyngeal muscle is a mamonetry, however, it is somewhat difficult to 
apply to the patients because of its uncomfortable procedure. Therefore, this study was 
designed to determine the pharyngeal width as a new and easy index indicating 
aspiration in patients with dysphagia without neurological and musculoskeletal origins.  
  
Methods 
Lateral cervical spine roentgenograms were obtained from 26 patients (age: 70.4±13.3 
years, range 47~84) suffering from dysphagia and 16 healthy controls (age: 65.38±3.4 
years, range 62~71). Pharyngeal width was defined as the mean value of two pharyngeal 



widths measured at mid-oropharynx (A) and lower oropharynx (B) (figure 1). 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 two 
physicians who did not know the participants’ pharyngeal width. Pharyngeal widths were 
compared between dysphagia group and control group by independent t-test and 
correlations between the pharyngeal width and the scores of PAS and DOSS were 
examined in dysphagia group using Spearman correlation analysis. A receiver operating 
characteristic (ROC) was performed on pharyngeal width and we determined the optimal 
cutoff points for predicting aspiration. All statistical analyzes were performed using IBM 
SPSS 22.0 for windows and statistical significance was defined as CI > 95% and p value < 
0.05.  
  
Results 
The ages of two groups were not different (p = 0.076). Pharyngeal width was wider in 
patients compared to controls with significance (patients: 18.2±3.6 mm, controls: 
13.3±5.0 mm, p = 0.002). Correlations were not confirmed between the pharyngeal width 
and the dysphagia scales in all patients. The cutoff point for predicting aspiration of 
patients was 17.8 mm with sensitivity 0.529 and specificity -0.145.  
 
Conclusion 
The pharyngeal width was wider in patients. Approximately, 18 mm was thought of as a 
cutoff point of pharyngeal width for aspiration, though the sensitivity and specificity were 
not enough for significance. Therefore, the pharyngeal width can be the easy and helpful 
index to predict an aspiration in patients without neurological and musculoskeletal 
disorders.  
  

 
figure 1 - pharyngeal width  
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Objective 
Dysphagia after stroke is a common symptom associated with a serious complication such 
as pneumonia. In stroke patients with dysphagia, one of rehabilitation strategies to 
improve swallowing function is compensatory strategy that can be divided into posture, 
maneuvers, and diet modification. Head turn posture to weaker side has commonly been 
recommended with theoretical basis to improve swallowing function in hemiplegic stroke 
patients. However, there is a lack of clinical evidence for the effect of head turn posture 
on dysphagia. The aim of this study was to identify the effect of head turn posture in 
hemiplegic stroke patients with pharyngeal dysphagia.  
 
Materials and Methods 
Twenty hemiplegic stroke patients with dysphagia participated in this study. Inclusion 
criteria were unilateral stroke patients with dysphagia by American Speech-Language-
Hearing Association National Outcome Measurement System Swallowing Scale (ASHA-
NOMS). Patient with severe impairment of balance, cognition, language function was 
excluded. In addition, we excluded a patient with dysphagia due to an upper esophageal 
sphincter disorder. All participants underwent videofluoroscopic swallow study (VFSS) by 
3 ml liquid diet with each neutral, head turn to weaker or stronger side, and chin tuck 
posture in random order. To assess swallowing function with VFSS, the videofluoroscopic 
dysphagia scale (VDS) and penetration-aspiration scale (PAS) were performed by a 
physiatrist blinded to the participant’s characteristics. The differences among swallowing 
functions in each posture were compared using the paired t-test with Bonferroni’s 
correction. Differences were regarded as significant when P values were <0.05.  
 
Results 
One patient who showed an upper esophageal sphincter disorder in VFSS was excluded. 
VFSS Results of total 19 hemiplegic stroke patients were analyzed. Table 1 presents the 
general characteristics of 19 participants. There was no significant improvement in VDS 
and PAS in head turn posture to weaker or stronger side compared with neural posture. 
However, there was significant improvement in VDS in chin tuck posture compared with 
neutral posture (Table 2, p<0.05).  
 
Conclusion 
These Results revealed that the chin tuck posture could be an effective compensatory 
posture for hemiplegic stroke patients with pharyngeal dysphagia. However, the head 
turn posture as compensatory strategy might be no clinical evidence to improve 



dysphagia in hemiplegic stroke patients. Therefore, a postural compensatory posture 
should be recommended carefully in hemiplegic stroke patients with pharyngeal 
dysphagia (Supported by the National Research Foundation of Korea (NRF) grant funded 
by the Korea government (MSIP) (NRF-2016R1A2B4012054)).  
 

Table 1. General characteristics of participants (n=19) 

 
 
Table 2. Swallowing function assessments by compensatory posture (*P<0.05, compared with neutral 
posture) 
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Introduction  
The movement of hyoid bone has been reported to be related in diagnosing 
oropharyngeal dysphagia. In most clinical setting, it could be evaluated by video 
fluoroscopic swallowing study (VFSS) that induces radiation exposure because it is not 
visible. In contrast with hyoid bone, the thyroid cartilage is easily seen through anterior 
neck surface. Now we hypotheses that the movement of thyroid cartilage correlates with 



that of hyoid bone in various axis and can be used as a parameter for swallowing 
evaluation. The purpose of this study is to investigate if the movement of thyroid 
cartilage and hyoid bone is correlated and to collect basic data for using thyroid cartilage 
as a parameter for swallowing evaluation.  
 
Method  
Total 25 subjects’ VFSS image with normal swallowing function was collected 
retrospectively and it was analyzed by specially developed semi-automatic software. 
Positions of laryngeal prominence and anterior-superior margin of the hyoid were 
automatically extracted during swallowing. Two point sets of the loci during swallowing 
were obtained in all frames of VFSS. X-coordinate showed anterior-posterior axis and Y-
coordinate showed superior-inferior axis. Pearson correlation coefficients for each X- and 
Y- coordinate components were computed respectively.  
 
Result  
X- and Y-coordinates of thyroid cartilage and hyoid bone in all subjects moved in a similar 
pattern although each subjects’ movement differed. Pearson correlation coefficient of X- 
and Y-coordinate components of all subjects was from 0.611 to 0.981 which meant 
movement of thyroid cartilage and that of hyoid bone was strongly correlated 
respectively in anterior-posterior and superior-inferior axis.  
 
Conclusion  
We could analyze the movement of thyroid cartilage and hyoid bone by specially 
developed semi-automatic software and concluded that the movement of thyroid 
cartilage and hyoid bone was strongly correlated in anterior-posterior and superior-
inferior axis during swallowing. The present study implies that analysis of thyroid 
cartilage movement can be used as a parameter for swallowing evaluation such as hyoid 
bone.  
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Objective  
Dysphagia is a common condition after stroke. Dysphagia may cause aspiration 
pneumonia, under-nutrition, and/or a decreased quality of life. Because dysphagia 
complications increase morbidity and mortality, early identification of dysphagia is 
needed in stroke patients. The formal dysphagia screening has been reported to decrease 
the incidence of pneumonia in stroke patients. The aim of this study is to identify the 
effect of formal dysphagia screening test for stroke patients.  



 
Methods  
We retrospectively identified stroke patients who were hospitalized in our neurology 
department in 2011, 2014 and 2015. Stroke patients who were hospitalized in 2011 did 
not undergo formal dysphagia screening test and were assigned into informal dysphagia 
screening group. On the other hand, patients who were hospitalized in 2014 and 2015 
underwent formal dysphagia screening and were assigned into formal dysphagia 
screening group. We excluded patients who met any of the following criteria: (1) formal 
do not resuscitation(DNR) status patient, and (2) patient who was expired during the 
hospitalization period. We collected data from the medical records of our study cases, 
including age, sex, type of stroke, past history, stroke risk factors, National Institutes of 
Health Stroke Scale(NIHSS), abnormal chest x-ray(CXR) finding and clinical pneumonia 
findings such as fever, usage of antibiotics, abnormal lab finding and medical record 
associated with pneumonia. The diagnosis of pneumonia was determined by this clinical 
pneumonia findings. Pneumonia with abnormal CXR was the pneumonia patient whose 
pneumonia finding was additionally confirmed in the CXR.  
 
Results  
A total of 2946 patients were recruited in this study. The clinical characteristics of the 2 
study groups are presented in Table 1. There were significant differences between the 
groups in terms of stroke type and pneumonia with abnormal CXR(p<0.05). There were 
90.3% ischemic stroke patients in the selective dysphagia screening group but 93.5% in 
the formal dysphagia screening group. There were no significant differences found in 
clinical diagnosis pneumonia rate but the rate of the two groups were 5.2% and 4.5%, 
respectively and this finding is in line with trends for lower clinical diagnosis pneumonia 
with abnormal CXR rate in the formal dysphagia screening group(Fig1). The clinical 
characteristics of pneumonia patients are presented in Table 2. There were significant 
differences in age and sex (p<0.05).  
 
Conclusion  
The Results of our study suggest that formal dysphagia screening test is associated with 
reduced risk of pneumonia in stroke patients. Dysphagia screening test should be 
formally offered to all stroke patients. However this study had several limitations such as 
Inaccurate medical record associated with pneumonia because our present study was 
conducted retrospectively.  
 

 
 



 
Comparison of incidence rate of pneumonia in informal and formal dysphagia screening group  
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Introduction 
Patients with dysphagia with risk of aspiration are known to have impaired cough 
sensitivity and weakened cough strength as measured by the peak cough flow (PCF) 
during citric acid induced reflexive cough test. However, the exact cut-off values of these 
weakened cough strength that may help predict aspiration pneumonia have not been 
reported yet. The objective of this study was to determine the predictive value of PCF 
during reflex cough tests associated with aspiration pneumonia in patients with 
dysphagia.  
  
Materials &Methods 
PCF during voluntary coughing (VC) and reflexive coughing (RC) were obtained. Citric acid 
nebulization was performed with a Citric acid concentration of 0.28 mol/L (5% citric acid) 
diluted in 0.9% sodium chloride was administered to all subjects for 20 seconds via a 



mouth mask. An ultrasonic nebulizer was connected via an oral-nasal interface that was 
attached to a peak flow meter to record the cough strength. Receiver operating curve 
(ROC) analysis was performed to determine the predictive value of PCF during RC for 
aspiration pneumonia.  
 
Results 
Of the 159 patients studied, 40% of patients had aspiration pneumonia related to 
dysphagia. With RC related PCF cut-off values of 56 L/min (confidence interval 0.537-
0.687), the cough strength showed significant association with aspiration pneumonia 
(Area under the curve 0.614, P values = 0.0146). With VC related PCF cut-off values of 82 
L/min (confidence interval 0.569-0.717), the VC cough strength showed significant 
association with aspiration pneumonia (Area under the curve 0.644, P values = 0.015).  
 
Conclusions 
Our Results provide cut-off values for PCF during VC and RC that may help screen those at 
risk of aspiration pneumonia. Therefore, spirometer and citric acid induced reflexive 
cough test should be taken into consideration before the beginning of rehabilitation 
process and swallowing training of dysphagic patients. Further validation and reliability 
testing are needed to develop clinical practice guidelines for the prediction and 
prevention of aspiration pneumonia in patients with dysphagia.  
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Objective 
The purpose of this study was to evaluate the temporal variables of hyolaryngeal 
movements during normal swallowing using kinematic analysis of the videofluoroscopic 
swallowing study (VFSS) and to present normal cut-off values of those variables.  
  
Materials and Methods 
Seventy-five healthy volunteers (17 men, 58 women) without swallowing dysfunctions 
were recruited to examine the swallowing of 2-ml diluted barium by VFSS. Kinematic 
analysis was done by digitization of video files for movements of hyolaryngeal structures, 
including vocal cord, hyoid bone and epiglottis during normal swallowing. We measured 
time points and duration of hyolaryngeal structural movements. The time points were the 
start point, maximal point, and the end point of the LE(Laryngeal Elevation), HE(Hyoid 
Excursion), and EF(Epiglottic Folding). Durations of LE, HE and EF were obtained by 



subtracting time of the start point from the time of maximal point. The onset time of LE 
was defined as the reference time point (0 second). We adopted the upper and lower 
limits of 95% confidence interval as normal cut-off values for temporal variables of 
hyolaryngeal movements after transformation to normal distribution. If a transformation 
formula to normal distribution was not found in a variable, we adopted the values of 
2.5~97.5 percentile.  
 
Results 
Table 1 shows the mean and normal cut-off values of timing and duration of hyolaryngeal 
movements during swallowing. Cut-off values of maximal point and end point of LE are 
0.281 to 0.916 second and 0.830 to 2.205 second. Cut-off values of start point, maximal 
point and end point of HE are -0.233 to 0.400 second, 0.320 to 0.874, and 0.889 to 2.055 
second. Cut-off values of start point, maximal point and end point of EF are 0.017 to 
0.483 second, 0.364 to 1.055 second and 0.774 to 1.773 second. Cut-off values of 
duration of LE, HE and EF are 0.281 to 0.916 second, 0.258 to 0.767 second and 0.255 to 
0.787 second.  
 
Conclusion 
This study presented normal cut-off values of temporal variables of hyolaryngeal 
movements during normal swallowing. This study can serve as a basis for classifying and 
analyzing patterns of patients with dysphagia.  
 

 
 

  



P 2-49 

Factors affecting dysphagia in stroke patients 

Joo Young Ko1*, Tae Uk Kim1, Seo Young Kim1, Jung Keun Hyun1,2† 

College of Medicine, Dankook University, Department of Rehabilitation Medicine1, 
Dankook University, Department of Nanobiomedical Science & BK21 PLUS NBM Research 
Center for Regenerative Medicine2 
 
Objective  
To delineate factors affecting initial status and prognosis of dysphagia in post-stroke 
patients  
 
Method  
The patients with hemorrhagic or ischemic stroke at acute or subacute stage were 
reviewed retrospectively and 142 patients who had symptoms suspicious swallowing 
difficulties were selected. All subjects were performed videofluoroscopic swallowing 
study (VFSS) initially and 97 patients were followed up 4 weeks later. American Speech-
Language-Hearing Association National Outcome Measurement System (ASHA NOMS) 
score were also evaluated, and neurological, cognitive, speech, and functional status of 
each subject were reviewed. According to ASHA NOMS at initial and follow-up period, 
subjects were divided into 4 groups; initial tube feeding (score 1 or 2) without change 
(group 1; n=13), initial tube feeding with improvement (group 2; n=30), initial oral feeding 
without change (group 3, n=20), and initial oral feeding with improvement (group 4; 
n=34).  
 
Results  
Tracheostomy was performed in 13 of 43 patients with initial tube feeding (30.2%) 
whereas 4 of 54 patients with initial oral feeding (7.4%) received tracheostomy. Patients 
with initial oral feeding also showed better comprehension-picture subscore in the 
Korean version of Frenchay Aphasia Screening Test (K-FAST) than those with initial tube 
feeding (1.10±1.36 and 0.57±0.81 respectively). Any neurological, cognitive, speech, and 
functional status at initial and follow-up periods of patients who showed any 
improvement during follow-up period (group 2 and 4; n=64) did not different from those 
without improvement (group 1 and 3; n=33).  
 
Conclusion  
Some respiratory and speech problems were prominent in patients with initial tube 
feeding, however, no prognostic factor related to swallowing changes was not found in 
stroke patients  
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Objective  
To assess the efficacy and safety of our 4-week caregiver-mediated exercise (CME) in 
improving trunk control capacity, gait and balance and to examine whether there is a 
decrease in concerns about post-stroke falls when there is an increase in its efficacy.  
  
Methods  
Acute or subacute stroke survivors were assigned to the trial group (n=35) or the control 
group (n=37). Changes in Modified Barthel Index (MBI), Functional Ambulation Categories 
(FAC), Berg Balance Scale (BBS) and Trunk Impairment Scale (TIS) scores at 4 weeks from 
baseline served as primary outcomes measures. Moreover, correlations of primary 
outcome measures with changes in Fall Efficacy Scale-International (FES-I) scores at 4 
weeks from baseline in the trial group served as secondary ones. Furthermore, 
treatment-emergent adverse events (TEAEs) served as safety outcome measures.  
  
Results  
There were significant differences in changes in the MBI scores, the FAC scores, the BBS 
scores, the TIS-T scores, the TIS-D scores, the TIS-C scores and the FES-I scores at 4 weeks 
from baseline between the 2 groups (p<0.0001). There was no significant difference in 
changes in the TIS-S scores at 4 weeks from baseline between the 2 groups (p=0.0755). 
MBI, FAC, BBS and TIS scores had a significantly inverse correlation with FES-I scores in 
the patients receiving CME. There were no TEAEs in our series.  
 
Conclusions  
Our CME protocol is an effective, safe modality in improving the degree of independence, 
the ambulation status, the dynamic and static balance, the trunk function and concerns 
about post-stroke falls in stroke survivors.  
 
Table 1. Efficacy outcomes 

 
 



 
Fig 1. Correlations of MBI, BBS, FAC and TIS with FES-I scores  
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Introduction 
Swallowing difficulty is one of the commonly seen symptoms in post-stroke patients or 
old ages. Although the symptom is frequently observed, predictors for dysphagia are not 
well established, yet. The authors aimed to identify predictive factors for dysphagia in 
stroke and non-stroke patients evaluated by Videofluoroscopic Swallowing Study (VFSS).  
 
Methods 
A total of 80 patients who were newly diagnosed dysphagia by VFSS from 2014 May to 
2016 December and undertook follow-up VFSS within 2 to 6 months were enrolled. The 
patients were divided into two groups, tube-dependent group (n = 20) and oral-intake 
group (n = 60), by the Results of the follow-up VFSS. The patients’ clinical information and 
VFSS findings at the first diagnosis of dysphagia were compared between the two groups.  
 
Results 
The mean age of the enrolled patients was 70 years (SD 13) with 52 men and 28 women. 
The time interval between the first and follow-up VFSS was 2.3 months (SD 1.5). There 
were no significant differences in sex, age, and etiology (stroke versus non-stroke) in the 
two groups (P = 0.265, 0.542, and 0.430, respectively). Among the parameters in initial 
VFSS, only the aspiration in thickened fluid showed significant differences between the 
two groups (P = 0.038) while the aspiration in water and initial decision of non-oral intake 
by the VFSS result showed no significant differences (P = 0.069 and 0.430, respectively). 



The multiple logistic regression analysis showed that the aspiration in thickened fluid is 
an independent predictor for tube-dependency in the follow-up VFSS (P = 0.047) after 
adjustment for sex and age as clinically determined covariates.  
 
Conclusion 
The current study showed that the aspiration in thickened fluid in initial VFSS might 
independently predict the tube-dependency in the short-term follow-up period, while the 
aspiration in water swallowing failed to reveal the significant difference between the two 
groups. The Results illuminate the importance of the exam of thickened fluid in routine 
VFSS and encourage further research to identify strong predictive factors for dysphagia.  
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Background  
Oropharyngeal motor dysfunction and sensory impairment is an important cause of 
dysphagia after stroke. There are some studies about neuromuscular electrical 
stimulation (NMES) therapy as a treatment for pharyngeal dysphagia in stroke patients, 
but there are few studies about NMES effect in oral dysfunction after stroke. So the aim 
of our study was to evaluate effect of NMES on masseter muscle in oral dysfunction after 
subacute stroke.  
 
Methods  
This study was designed as a pilot randomized controlled trial. Among the subacute 
stroke patients who were diagnosed as dysphagia by Videofluoroscopy swallowing study 
(VFSS), those with oral dysfunction were enrolled. Oral dysfunction includes any 
abnormality of lip closure, bolus formation, residue in oral cavity and oral transit time. 
They were randomly assigned to one of the two groups: Study group received NMES 
(Vitalstim○R, Chattanooga group, Hixon, TN, USA) on masseter muscle and suprahyoid 
muscle simultaneously. Control group received NMES only on suprahyoid muscle (Fig. 1). 
The amplitude of the electrical current level was approximately 7mA. The NMES was 
applied 30 minutes, 2 times per day for 20 sessions. Both groups received conventional 
dysphagia therapy for 2 weeks. All enrolled patients were evaluated by VFSS after 2 
weeks. Oropharyngeal swallowing function was evaluated by penetration aspiration scale 
(PAS), functional dysphagia scale (FDS), and American speech-language-hearing 
association-national outcome measurement system swallowing scale (ASHA-NOMS) 
based on the Results of VFSS.  



 
Results  
Five patients were randomly assigned to study group and six patients were assigned to 
control group. There were no significant differences in the baseline characteristics and 
initial evaluation between the two groups (Table 1). After 2 weeks, both groups showed 
improvement in the scores of total FDS and pharyngeal FDS. Additionally study group 
showed improvement in oral phase FDS. The changes in all measurements were not 
significantly different between the two groups (Table 2).  
 
Conclusion  
We found that NMES on masseter muscle have a therapeutic effect on oral dysfunction 
after subacute stroke. Chewing might play an important role as a stimulus in initiation of 
swallowing process. Thus NMES on masseter muscle could enhance chewing process. As a 
result, improvement of oral phase might have facilitated improvement in swallowing 
process. Future studies with a larger number of participants focusing on oral phase 
should be necessary.  
 

 
(A) Study group received NMES on masseter muscle and suprahyoid muscle. (B) Control group received 
NMES on suprahyoid muscle NMES  
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Introduction  
Dysphagia is a symptom which may impact the quality of life and increase the risk for 
medical complication such as aspiration pneumonia or malnutrition. In swallowing 
process, certain amount of time for upper esophageal sphincter(UES) relaxation is 
needed for passage of bolus from pharyngeal cavity into the esophagus, and decline in 
UES relaxation time is a risk factor for development of aspiration. Therefore, obtaining 
exact duration of UES relaxation can reflect patient’s aspiration risk and gives us 
information about swallowing function. There are several Methods measuring UES 
relaxation time such as videofluoroscopic swallowing study (VFSS) and high resolution 
manometry (HRM). VFSS is most widely used test for evaluation of dysphagia, and can 
directly visualize UES relaxation. HRM can provide us objective measure of UES relaxation. 
So far, there is no established standard method to evaluate UES relaxation time. In this 
study, we obtained UES relaxation time measured from VFSS and HRM in dysphagia 
patients and evaluated which can better represent patient’s swallowing function.  



 
Material and method  
We executed VFSS and HRM in patients with clinical symptoms of dysphagia (N=142), and 
evaluated UES relaxation time in VFSS (URTV) and HRM (URTH) and calculated each 
method’s sensitivity and specificity for oral feeding or non-oral feeding by receiver 
operating characteristic (ROC) curve analysis.  
 
Results  
By ROC analysis, optimal threshold value was 0.42 second in URTV and 0.44 second in 
URTH. Regarding URTV, sensitivity for oral feeding was 83.2% and specificity was 51.1% 
(area under curve : 0.721±0.67). Regarding URTH, sensitivity and specificity was 75.8%, 
52.8%, respectively (area under curve : 0.658±0.63). Each exam showed similar positive 
predictive value and negative predictive value for oral feeding (URTV : PPV 0.835, NPV 
0.453; URTH : PPV 0.827, NPV 0.431.)  
 
Conclusion  
UES relaxation time measured by VFSS and HRM similarly represent patient’s swallowing 
function.  
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Objective  
Connectivity-based approaches have been widely used to investigate recovery-related 
brain plasticity and indicators of network structure. However, most of previous studies 
were performed in heterogenous stroke patients in terms of diverse in their initial motor 
impairments. Therefore, we try to determine how plasticity and recovery-related 
indicators in motor networks differ according to initial severity of motor impairment after 
stroke onset.  
 
Materials and Methods  
Thirty stroke patients were divided into the three groups (10 patients per a group) 
according to the severity of their initial impairment; moderate impairment group (MIG, 



FMA 50-84, 7 males, age 57.4±9.0 years), severe impairment group (SIG, FMA 20-49, 3 
males, age 54.4±8.9 years), and extremely severe impairment group (ESIG, FMA <20, 6 
males, age 50.7±16.6 years). There was no significant difference among three groups. All 
patients underwent resting-state fMRI scans twice (2 weeks and 3 months after onset). In 
our study, the regions in the motor network were obtained from a study of meta-
analyses on 54 stroke experimental contrasts. The edge of the network was calculated 
using the Pearson’s correlation between the mean time courses of each of the regions. In 
order to investigate the altered global and local connectivity, matrix distance and 
network efficiency measures were used.  
 
Results  
Higher severity caused greater imbalance between bilateral hemispheric networks. 
Interhemispheric connectivity and network efficiency in the MIG were significantly 
increased during recovery and there were significant group and time interactions. Most 
local connections were increased in the MIG, but half of the changing connections were 
increased in the SIG. In the ESIG, significantly altered connections was much fewer 
compared to other groups. Recovery-related indicator was not discovered during 
recovery in the ESIG. The relationships between strength of single connection and 
improvement of motor function were investigated. A single connection between the 
ipsilesional M1 and PMv (p=6.16e-04, R^2=0.7872) was positively related to motor 
improvement in the ESIG (Fig 1). The stronger the connection, the greater the 
improvement in motor function at 3 months later. The connection strength of ipsilesional 
M1-PMv was positively associated with motor recovery in more severe patients.  
  
Conclusions  
We investigated recovery-related indicators in different severity groups. The 
characteristics of recovery from previous studies coincided with the motor network in the 
relatively low impairment group. In the moderately severe group, the network was 
globally reorganized during recovery, which contributed to motor recovery by involving 
many connections simultaneously. On the other hand, it appears that these 
characteristics were not followed by the extremely severe group. However, recovery was 
contributed by maintaining the few surviving connections or a single cortico-cortical 
connection.  

  
Interactions for ipsilesional M1-PMv and groups. The connections strength of ipsilesional M1-PMv was 

positively associated with motor recovery, the more the severity (p<0.05).  
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Objectives  
Dysphagia is common complication in lateral medullary infarction (LMI). This could be a 
potential cause for aspiration and malnutrition, leading to poor outcomes. In this study , 
our goal is to investigate the kinematic characteristics of dysphagia in patients with 
lateral medullary infarction. Furthermore, we aim to study the relationship between 
penetration-aspiration and kinematic parameters of swallow by analyzing video-
fluoroscopic swallowing studies (VFSS).  
 
Methods 
We retrospectively studied swallowing function in 10 patients with lateral medullary 
infarction and 15 patients with normal swallowing function by video-fluoroscopic 
swallowing studies. We evaluated following measures as kinematic parameters of 
swallowing; maximal extent of vertical and anterior movement of larynx and hyoid bone, 
and maximal velocity of larynx and hyoid bone. Two kinds of boluses were examined for 
laryngeal excursion. The temporal parameters of swallowing; oral transit time (OTT), 
pharyngeal transit time (PTT) and pharyngeal delay time (PDT) were also studied. 
Student’s t-test was used to identify the significant difference of kinematic parameters 
between two groups.  
 
Results 
In Student’s t-test revealed significant difference in the parameters of oral transit time, 
pharyngeal transit time, pharyngeal delay time, and maximal anterior movement of 
larynx between two groups in semisolid swallowing study. There was significant 
difference in the parameters of pharyngeal transit time between two groups in liquid 
swallowing study.  
 
Conclusion 
This study investigated the characteristic of swallowing function in patients with lateral 
medullary infarction. In comparing kinematic parameters with normal swallowing 
function group, patients with lateral medullary infarction have longer oral transit time, 
pharyngeal transit time and pharyngeal delayed time.  
 
 
 
 
 
 



Mean kinematic parameters of swallowing of semisolid in lateral medullary infarction group and normal 
swallowing group  

 
 
Mean kinematic parameters of swallowing of liquid in lateral medullary infarction group and normal 
swallowing group  
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Objective  
To delineate the difference of lateralization in patients with aphasia between traumatic 
brain injury (TBI) and stroke.  
 
Methods  
Seventy six patients with TBI and 125 stroke patients were included retrospectively. The 
location of brain lesion was determined using computed tomography (CT) or magnetic 
resonance imaging (MRI), and impairment of language was evaluated using the Korean 
version of Frenchay Aphasia Screening Test (K-FAST), the Korean version – Western 
Aphasia Battery (K-WAB).  



 
Results  
In patients with TBI, the K-FAST was significantly decreased in the patients with 
intracerebral hemorrhage (ICH) more than those without ICH (p=0.028), but not deviated 
to right or left side of brain lesion. Skull fracture, midline shift, subarachnoid hemorrhage 
(SAH), intraventricular hemorrhage (IVH), or subdural hemorrhage (SDH) did not affect 
the severity of aphasia. In stroke patients, the K-FAST and the K-WAB were significantly 
decreased in the patients with left middle cerebral artery (MCA) infarction or hemorrhage 
(p<0.05, respectively). The patterns of aphasia type were not different between patients 
with TBI and stroke patients.  
 
Conclusion  
The language lateralization was found only in stroke patients, and patients with 
intracerebral hemorrhage showed severe language dysfunction without lateralization in 
those with traumatic brain injury.  
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Objective 
To investigate the comprehensive outcomes including cognitive, swallowing and 
functional status in aphasic patients after traumatic brain injury (TBI) or stroke.  
 
Method 
One hundred seventy three patients including 74 patients with TBI and 99 stroke patients 
were evaluated retrospectively. Computed tomography or magnetic resonance imaging 
of the brain was used to detect the location of brain lesion. All subjects had received the 
Korean Version of Frenchay Aphasia Screening Test and the Korean version of Western 
aphasia Battery (K-WAB) at admission, cognitive and functional assessments including the 
Korean version of Mini Mental State Examination and Functional Independence 
Measurement (FIM) initially and 1 month later. The swallowing function was evaluated 
with videofluoroscopic swallow study initially.  
 
Results 
There was no difference of aphasia type between patients with TBI and stroke patients. 
The volume of intracranial hemorrhage, age, or gender also did not affect the severity of 
aphasia, and no significant correlation was found between severity of aphasia and 



existence of dysphagia in both subjects. Notably, spontaneous speech and repetition 
subscores and total score of K-WAB was positively correlated with changes of self-care, 
transfer and locomotion subscores of FIM in patients with TBI, but not in stroke patients.  
  
Conclusion 
Some functional deterioration was seen in aphasic patients with traumatic brain injury, 
and the presence and severity of aphasia is not a predictor of the cognitive and 
swallowing changes in patients with traumatic brain injury and stroke.  
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Objective  
To investigate the influence of neuroanatomical factors on severity of subcortical aphasia 
after stroke using brain diffusion tensor imaging (DTI) analysis and brain lesion volume 
measurement.  
  
Methods  
 A total of 24 stroke patients (6 with ischemic stroke), who performed aphasia evaluation 
and underwent diffusion tensor tractography, were included in the study. Results of 
aphasia evaluation, demographic and neurological data were collected. In neurological 
data, the fiber number of the arcuate fasciculus, fractional anisotropy (FA), axial 
diffusivity, radial diffusivity and mean diffusivity were measured from DTI analysis. The 
laterality index of FA (FA-LI) was also calculated and divided into four groups: group 0, AF 
was not reconstructed; group 1, FA-LI < -0.034; group 2, -0.034 ≤ FA-LI < 0; group 3, FA-LI 
≥ 0. AF types according to left AF injury were classified and lesion volume was also 
measured. A multiple regression was calculated to predict AQ based on demographic and 
neuroanatomical factors.  
  
Results  
Patients with ‘FA-LI 0’ and ‘FA-LI 1’ scored significantly less AQ and naming score than 
‘FA-LI 3’. In subgroup analysis, stroke lesion volume was significantly larger in hemorrhagc 
stroke patients than ischemic stroke. However, the difference of neuroanatomical factors 
by stroke type was not significant.  
  
Conclusion  
This study demonstrates that severe damage of arcuate fasciculus may have influence on 
severity of subcortical aphasia.  
  
Keywords  
Aphasia, Prognosis, Neuroanatomy, Stroke, Neuroimaging  



 
Table 1. Multivariate linear regression analysis of subjects of subcortical lesion at acute stage following 

stroke 
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Purpose 
We developed a serious speech game (smart speech) for rehabilitation of the patients 
with dysarthria. The smart speech program is a vocal training program to aid in speech 
therapy, which is composed of a three categories such as continuity, pitch, and loudness. 
The purpose of this study was to examine the usefulness of smart speech programs in 
speech therapy of patients with dysarthria by evaluating changes in voice.  
 
Methods 
Fifteen patients with dysarthria and without aphasia suffered from brain diseases were 
enrolled. This study was conducted single case study. The study started with “pre-
evaluation 1, and then, evaluations were repeated pre-evaluation 2 after 6 weeks 
without any treatment in order to generated the control data. After pre-evaluation, a 
smart speech program was used to perform training. Post-training evaluation 1 were 
performed just after treatment. And, after six weeks of daily life, conducted a post-
training evaluation 2 to see if treatment remained effective. The evaluation used the 
multi-dimensional voice program of the computerized speech laboratory to collect voice 
samples—pitch, loudness, fundamental frequency(F0), intensity, phonation time, jitter, 
relative average perturbation (RAP), and the articulation parameters were measured by 
the Urimal Test of Articulation and Phonology(U-TAP) and the 3-Position Articulation Test.  



 
Results 
In the post-training evaluation 1, pitch range(pitch max.-pitch min.), F0, intensity, 
phonation time, jitter, RAP and U-TAP scores of all subjects showed significant Results 
(p<0.05). In the post-training evaluation 2, significant changes were retained in pitch 
range and U-TAP scores, both of which had a long-term effect.  
 
Conclusion 
These preliminary Results suggest that the newly developed serious game for speech 
training has a positive effects on pitch, loudness, and articulation abilities in the patients 
of dysarthria. Therefore, it was found that smart speech was effective in improving 
speech ability and articulation of dysarthria patients.  
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Introduction  
Spinal cord injury (SCI) is a devastating neurological disease. The pathophysiological 
mechanisms of SCI have been reported to be relevant to central nervous system injury 
such as brain injury. In this study, gene expression of the brain after SCI was elucidated 
using transcriptome analysis to characterize the temporal changes in global gene 
expression patterns in a SCI mouse model.  
  
Methods  
 Subjects were randomly classified into three groups: sham control, acute (3 hours-post 
injury) and subacute (2 weeks-post injury) groups. We sought to confirm the genes 
differentially expressed between post injured groups and sham control groups. Therefore, 
we performed transcriptome analysis to investigate the enriched pathways associated 
with pathophysiology of the brain after SCI using Database of Annotation Visualization 
and Integrated Discovery (DAVID), which yielded Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway. Following enriched pathways were found in the brain: 
oxidative phosphorylation pathway, inflammatory response pathways—cytokine-cytokine 
receptor interaction, chemokine signaling pathway—, ER stress related pathways: antigen 
processing and presentation, and MAPK signaling pathway.  
  
Results  
Oxidative phosphorylation was identified at acute phase, while inflammation response 
and ER stress related pathway were identified at subacute phase. Since the following 



pathways—oxidative phosphorylation pathway, inflammatory response pathways and ER 
stress related pathways—have been well-known in the SCI, we suggested a link between 
SCI and brain injury. These mechanisms provide valuable reference data for better 
understanding pathophysiological processes in the brain after SCI.  
  
Conclusion  
Our study provided gene expression patterns in the brain after SCI in pathophysiological 
processes (acute phase and subacute phase). In the brain after SCI, mitochondria 
dysfunction occurred at acute phase, sequentially inflammatory response and ER stress 
aroused at subacute phase. Finally, these stress environments led to activation of MAPK 
signaling pathway at subacute phase compared to acute phase (Fig. 9). These 
pathophysiological process mechanisms have been reported in SCI. These mechanisms 
provideot only a link between SCI and brain injury but also valuable reference data for 
understanding gene expression patterns at acute phase and subacute phase.  
 

 
Summary of transcriptomic changes in the brain after SCI.  
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Introduction  
Transcranial direct current stimulation (tDCS) has been known as a non-invasive brain 
stimulation technique to modulate cortical excitability. In most animal experiments, 
craniotomy and durotomy over the cortex were an inevitable step to record single unit 
activity in the cortex. These procedures hamper a study to evaluate the effect of tDCS on 
cortical activities. To overcome this problem we introduced the new recording method 
that directly measure single unit activity in the cortex during tDCS without the 
craniotomy.  
  
Subjects  
Sprague-Dawley Rat (300-450g)  
  
Methods  
Under urethane anesthesia, a small-sized craniotomy over the ventral surface of the 
brainstem was made in adult rats. Tetrode wire electrodes were inserted into the 
brainstem and then reached to the somatosensory cortex after fixing a tDCS electrode on 
the skull. Single unit in each electrode were isolated extracellular and their activities were 
measured before and after anodal or cathodal tDCS with different currently intensity of 
50 – 200 µA.  
  
Results  
Cathodal tDCS decreased neural firing rates in the somatosensory cortex with dose-
dependent manner. Oppositely, we found significant current intensity-dependent 
increase in single unit activity for about 30 min following anodal tDCS. This up-regulation 
of single unit firing by anodal tDCS was block by pretreatment of glutamate receptor 
blocker.  
  
 
Conclusion  
Using our new recording method, we confirmed modulated neural activities in 
somatosensory cortex of rats vary depending upon the polarity of tDCS.  
  



 
Fig. 1. Recording and stimulating sites of tDCS  
 

 
Fig.2. Changes of Single unit activity depending on time after tDCS. A. Anodal tDCS, B. Cathoal tDCS  
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Objective 
 Many studies have reported on unilateral lesions of the vestibular nucleus which can 
cause the lateral medullary syndrome. However, little is known about injury of the medial 
and lateral vestibulospinal tract (VST) in patients with dorsolateral medullary infarct. In 
this study, using diffusion tensor tractography(DTT), we attempted to investigate injury of 
the lateral VST in patients with typical central vestibular disorder.  
 
Methods 
Seven consecutive patients with lateral medullary syndrome and 10 control subjects were 
recruited for this study.For the reconstruction of medial VST, we determined the seed 
region of interest (ROI) as the medial vestibular nuclei of pons and the target ROI on the 
posteromedial medulla. For the lateral VST, the seed ROI was placed on the lateral 



vestibular nuclei of pons, and the target ROI on the posterolateral medulla. Fractional 
anisotropy (FA), mean diffusivity (MD), and tract volume were measured.  
 
Result 
Reconstructed lateral VST in both side showed significant decrement of FA value in 
patient group compared with that of control group(p<0.05). In addition, tract volume of 
lateral VST in affected side also showed significant decrement compared with that of 
unaffected side and control group(p<0.05). In contrast, no difference in all DTI 
parameters of medial VST observed between patient group and control group(p>0.05).  
 
Conclusion 
In Conclusion, injury of the lateral VST was demonstrated in patients with lateral 
vestibular syndromefollowing dorsolateral medullary infarct. We believe that analysis of 
the lateral VST using DTT would be helpful in evaluation of patients with lateral medullary 
syndrome.  
  

 
 

 



 
 

 
Fig 1.Computed Tomography (CT) and Diffusion tensor tractography (DTT) of the medial vestibulospinal 
tract (VST), lateral VSTin seven patients with dorsolateral medullary infarct and normal control 
subject;lateral VST in the affected sidewere injured due to dorsolateral medullary infarct (yellow arrow).  
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Objectives 
 Loss of consciousness (LOC) is a significant manifestation of traumatic brain injury (TBI), 
because impaired consciousness indicates temporary impairment of the function of the 
ascending reticular activating system (ARAS). In this study, we investigated the relation 
between LOC and injury of the ARAS in patients with mild TBI using diffusion tensor 
tractography (DTT).  
 
Methods 
We enrolled 41 consecutive patients with mild TBI and 33 healthy control subjects. Two 
portions of the lower ARAS were reconstructed: the dorsal lower ARAS between the 
pontine reticular formation and the thalamic intralaminar nucleus, the ventral lower 
ARAS between the pontine reticular formation and the hypothalamus. Patients were 
classified into two groups: group A- presence of LOC, and group B- absence of LOC.  
 
Results 
In the dorsal lower ARAS, group A showed lower FA value compared with group B and 
higher MD value than the control group, and the FA value of group B was lower than that 
of control group (p<0.05). Regarding the ventral lower ARAS, the two TBI groups showed 
lower FA value and higher MD value than the control group (p<0.05). No significant 
correlations were observed between the duration of LOC and DTT parameters of the two 
lower ARAS (p>0.05).  



 
Conclusions 
 Injury of both dorsal and ventral lower ARAS was found in patients with mild TBI whereas 
injury of the dorsal ARAS was more severe in patients with LOC than the patients without 
LOC. It appears that the presence of LOC was related to more severe injury of the dorsal 
lower ARAS following mild TBI.  
 
Key Words 
Mild traumatic brain injury, Loss of consciousness, Ascending reticular activating system, 
Diffusion tensor tractography.  
 

 
Diffusion tensor tractography (A) Regions of interest for the lower ascending reticular activating systems, (B) 
Diffusion tensor tractography for the lower ascending reticular activating systems.  
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ABSTRACT  
  
BACKGROUND 
Electromyographic biofeedback (EMG-BF) is known to have a positive effect on 
rehabilitation of stroke patients. However, there are few studies that apply such therapy 
inpatients with dysphagia. Therefore, the effect is not yet clear.  
  
 
 
OBJECTIVE 
To investigate the effect of neuromuscular electrical stimulation (NMES) using EMG-BF on 
swallowing function in stroke patients with oropharyngeal dysphagia.  
  
METHODS 
This study recruited 7 stroke patients with dysphagia. All subjects underwent NMES using 
EMG-BF in the suprahyoid area at the anterior cervical region. The intervention was given 
for 30 minutes a day, 5 times a week, for 4 weeks.The videofluoroscopic dysphagia scale 
(VDS) and penetration-aspiration scale (PAS) based on a videofluoroscopic swallowing 
study were used to evaluate swallowing function.  
  
RESULTS 
The experimental group showed improvements in the oral and pharyngeal phases ofboth 
the VDS (p = 0.016 and 0.016, respectively) and PAS (p = 0.031).  
  
CONCLUSIONS 
This study demonstrated that NMES using EMG-BF has a potential effect on improving 
oropharyngeal swallowing in stroke patients with dysphagia. However, further studies are 
needed to compare the effects of NMES using EMG-BF with those of conventional NMES  
  
 Table 1. Characteristics of participants 

 
 



Table 2. Changes in parameters before and after the treatment 

 
 

 
Figure 1. Electromyographic biofeedback (EMG-BF)  
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Introduction 
Some stroke patients showed oral phase dysphagia, especially characterized by a 
markedly prolonged oral transit time that hinders oral feeding. The aim of study was to 
clarify the clinical characteristics and lesion responsible for delayed swallowing.  
 
Methods 
We reviewed 90 patients with stroke. The oral processing time plus the postfaucial 
aggregation time required to swallow semisolid food was assessed. The patients were 
divided into 2 groups according to oral transit time and we analyzed the differences of 
the characteristics such as demographic factors, lesion factors and cognitive function. 
Logistic regression analyses were performed to examine the predictors of delayed oral 
transit time. Lesion location and volume were measured on brain magnetic resonance 
images. We generated statistic maps of lesion related to delayed oral phase in swallowing 
using voxel-based lesion symptom mapping (VLSM).  
 
Results 
The group of patients who showed delayed oral transit time had significantly low 
cognitive function. Also, in regression model, delayed oral phase were predicted with low 
K-MMSE (Korean version of mini mental status exam). (Table. 1) Using VLSM, lesion 
location associated with delayed oral phase adjusting K-MMSE score were mainly 
distributed in left frontal lobe, which is thought to be related in praxis. (Fig. 1)  
 
Conclusion 
Delayed oral phase in post-stroke patients was not negligible clinically. Patients’ cognitive 
impairment affects on the oral transit time, and when adjusting it, the lesion responsible 
for delayed oral phase was mainly in left frontal lobe. It might be somewhat related to 
praxis function 
 

 
Figure 1. Lesion patterns associated with oral transit time. Voxel-based lesion symptom mapping analysis 
shows the relationship between continuous oral transit time for semisolid and brain lesions (uncorrected P-



value). The Results controlling age and K-MMSE score as nuisance covariates, are color-coded, ranging from 
red to yellow. Numbers are z-coordinates of the MNI space, with the patient’s left hemisphere on the left 
side of the figure.  

 

.  

 

 

P 2-66 

Comparing the effects of tNMES to abdominal and back muscles on 
postural stability in stroke patient 

Jihoon Kim1*, Seung Yeol Lee1†, Hyun Seok1, Sanghyun Kim1 

Soonchunhyang University Bucheon Hospital, Department of Physical Medicine and 
Rehabilitation1 
 
Objective  
Stable, strong core muscles can improve postural stability. Research has shown that 
exercises of core muscles in the stroke patients improved postural stability. Kim et al. 
reported that tNMES (trunk neuromuscular electrical stimulation) could improve trunk 
stability in acute and subacute stroke patients. However, there are few studies evaluating 
the effects of tNMES to abdominal muscles on postural stability, or comparing the effects 
of tNMES to abdominal and back muscles on postural stability in the stroke patients. 
Therefore, the aim of this study is to compare the effects of the application of tNMES to 
abdominal and back muscles on postural stability in the stroke patients.  



 
Methods  
A total of 20 stroke patients were enrolled in this study and randomly assigned to three 
groups: CME with tNMES on abdominal muscles (group A), CME with tNMES on back 
muscles (group B) and CME alone (group C). Inclusion criteria were as follows: 1) first 
stroke attack (diagnosed within six months); and 2) patients who can maintain static 
standing balance for more than five minutes. All subjects underwent CME for 30 minutes 
per day, 5 days per week for 3 weeks. Exercise intensity was increased gradually 
according to patients’ individual levels of tolerance. tNMES (30–70mA intensity, 250 ms 
pulse width, and 35 Hz frequency for 10 seconds followed by a pause of 12 seconds) were 
applied to the abdominal muscles (group A) and back muscles (group B) during the CME. 
The intensity of stimulation was set to the maximum amount at which patients could feel 
muscle contractions without pain sensation or tiredness. In group A, pads were attached 
1 cm superior to the iliac crest along the midaxillary line, and 2 cm superior and 2 cm 
medial to the anterior superior iliac spine. In group B, electrodes were attached to the 
thoracic erector spinae (5 cm lateral to the T6 spinous process) and lumbar erector spinae 
(2 cm lateral to the L5 spinous process). Group C participated in the CME program only.  
Berg Balance Scale, Trunk Impairment Scale, and balance parameters using Tetrax® 
(Weight Distribution Index [WDI], Stability Index [SI]) were evaluated at pre- and post -
reatment.  
 
Results 
The demographics and baseline characteristics of the three groups did not show 
significant differences (Table 1). After 3 weeks of treatment, there were significant 
improvements of BBS and SI in all 3 groups, TIS significantly improved in both group A and 
C. Only group A showed significant improvement of WDI. However, all result parameters 
did not show significant differences among the groups (Table 2).  
 
Conclusion 
Several parameters for assessing postural stability significantly improved in all groups. 
However, those improvements did not show significant differences among 3 groups. A 
further study with larger sample size will be needed to clarify these results.  
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Introduction 
Impaired gait function after stroke contributes strongly to overall patient disability. 
Recently, it was reported that the sleep disturbance have negative effects on functional 
recovery after stroke. The aim of this study was to investigate the impact of the sleep 
disturbance after stroke adjusting other factors such as the clinical, demographic and 
lesion-related variables to predict the amount of functional gain, especially in aspect of 
balance and gait, after a four-week rehabilitation program in subacute stroke patients.  
 
Materials and Methods 
We retrospectively reviewed 140 stroke patients. The patients were divided into two 
groups according to the presence of sleep disturbances, and we analyzed differences in 
their characteristics, such as demographic information, lesion factors and initial balance 
and gait function. Lesion location and volume were measured on brain magnetic 
resonance images. Linear regression analyses were performed to examine the predictors 
of 10-m gait velocity, Functinoal Ambulation Category (FAC), and Berg balance scale (BBS) 
after 1 month rehabilitation program.  



 
Results 
Of the 140 total patients, 35 patients were determined to have the sleep disturbance 
(25%). the patients with sleep disturbance were older than the patients without sleep 
problem. Functional Independence Measure (FIM), FAC, 10-m gait velocity, Functional 
Reach (FR) and BBS were significantly different between the group with sleep disturbance 
and without sleep disturbance, both at initial assessment and at 1 month follow up 
assessment. The patients who had the sleep disturbance had a poorer balance and gait 
function. 1 month f/u FIM score was greater in participants with a younger age, smaller 
lesion volume, higher baseline BBS and in case of no sleep disturbances. BBS and FAC 
were also predicted by the initial BBS and sleep disturbance. 10m velocity were strongly 
associated with the initial BBS, onset duration, and the presence of sleep disturbance.  
 
Conclusions 
Our study shows that the sleep disturbance negatively affects functional outcome, 
especially in balance and gait function. Post-rehabilitation improvement in balance and 
gait velocity was greater in participants with a higher baseline balance function and 
without sleep disturbance. Therefore, it would be important to control the sleep problem 
in rehabilitation unit to improve the outcome in stroke patients.  
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Background & objective 
Although robotic-assisted gait training (RAGT) is becoming a standard method in stroke 
rehabilitation, its effect on chronic stroke patients is uncertain. This study aimed to 
investigate whether anodal transcranial direct current stimulation (tDCS) enhances the 
effect of RAGT on functional ambulation in chronic stroke patients.  
 
Methods 
Chronic hemiplegic stroke patients with a Functional Ambulatory Category (FAC) score ≤ 4 
were randomly assigned to either the RAGT with anodal tDCS (Anodal) group or the sham 
tDCS (Sham) group. The patients were provided with RAGT for 45 min after allocated 
tDCS on the leg motor cortex in the impaired hemisphere for 20 min every weekday for 2 
weeks. The primary outcome measure was the FAC, and the secondary outcome 
measures included 10-m walking test, 6-min walking test, Berg Balance Scale, Fugl-Meyer 
assessment of the lower extremity, Medical Research Council Scale, and motor-evoked 
potential (MEP) parameters. They were evaluated before treatment (T0), immediately 



after treatment (T1), and 4 weeks after the end of treatment (T2) except MEP, which 
measured only at T0 and T1.  
 
Results 
Twenty-one patients were finally included. The percentage of participants who achieved 
improvement in the FAC score was greater in the Anodal group than in the Sham group, 
and the difference was significant at T2 (66.7% vs. 12.5%, p=0.024). In secondary 
outcome measures, the Anodal group showed greater improvement in the 6-min walking 
test than the Sham group at T2 (56.49 ± 38.87 vs. 23.59 ± 17.00, p=0.038). The changes in 
the MEP parameters were not significantly different between the two groups.  
 
Conclusion 
This pilot study suggested that anodal tDCS on the leg motor cortex in the impaired 
hemisphere may facilitate the effect of RAGT on functional ambulation in chronic stroke 
patients. Larger clinical trials will be needed to confirm the effect of RAGT combined with 
tDCS in chronic stroke patients based on the present study.  
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Objective  
The Brain Motor Control Assessment (BMCA) is a surface EMG-based measure of motor 
output from the central nerve system during a variety of reflex and voluntary motor tasks 
performed under strictly controlled conditions. The aim of this study was to investigate 
whether the pattern of voluntary movements in patients withstroke could be correlated 
with clinical spasticity measurement tools.  
 
Method  
Eight subjects with stroke and eight healthy controls participated in this study. Post-
stroke patients were enrolled according to the following inclusion criteria: (1) patients 
over 18 years of age who experienced their first stroke; (2) patients with ankle plantar 
flexor spasticity of ≥ grade 1 on the Modified Ashworth Scale (MAS); and (3) MMSE ≥ 20. 
All patients were clinically evaluated using the MAS, Penn spasm frequency scale and 
Fugl–Meyer Motor Assessment Scale.  
The surface EMG of 10 muscles (5 muscles from each side) was recorded with pairs of 
surface electrodes. And we conducted BMCA protocol that included the 7 stages. This set 
of values, one for each muscle, comprised the response vector (RV) for each phase of a 
task. These values were used to calculate the similarity index (SI), which compares the 



relative distribution across the set of muscles chosen for the task. A value of 1.0 for the SI 
means that the test participant’s RV had an identical pattern of sEMG activity across 
muscles to the neurologically intact group PRV for that task regardless of the EMG 
magnitude for those muscles. The voluntary response index value (VRI) was computed 
separately for each maneuver and it consisted of a pair of elements.  
The BMCA protocols between the post-stroke spastic group and the normal control group 
were analyzed byusing Spearman correlation coefficients with a level of significance of 
5%, using SPSS 18.0 software.  
 
Result  
All SI values for these tasks were around 1.0 in the control group (SI=0.99, ankle 
dorsiflexion; SI=0.94, ankle plantar flexion), which means that all the participants showed 
a similar pattern of muscle activation during these tasks. In the stroke patient group, the 
mean value of SI was 0.14 for ankle dorsiflexion and the mean value of SI was 0.43 for 
ankle plantar flexion. The SI values were significantly lower in the stroke group compared 
to the control group for hemiplegic ankle dorsiflexion and plantar flexion (p=0.012, ankle 
dorsiflexion; p=0.012, ankle plantar flexion). The base of sEMG activity showed significant 
increases in the stroke group, as compared to the control group, with values of 4.58 and 
3.44, respectively (p=0.036). There was a significant relationship between the sEMG and 
MAS scores.  
 
Conclusion  
This neurophysiological assessment might be useful to provide objective assessment of 
spasticity and to tailor therapeutic strategies for each stroke patient.  
  

 
Voluntary response index values (VRIs) obtained from healthy control and stroke patients group. Two 
maneuvers, one (A : ankle dorsiflexion of hemiplegic side) and the second (B : ankle plantar flexion of 
hemiplegic side) was shown. The VRI has high similarity index (SI) values throughout all maneuvers for 
control group and a variable range of magnitude of response vector (RV). The SI values were significantly 
lower in the stroke group compared to the control group for hemiplegic ankle dorsiflexion and plantar 
flexion. The sEMG magnitudes were also lower in the stroke group, but there was no significant difference.  
 



 
The graph shows changes in base of sEMG activity according to Modified Ashworth Scale (MAS) scores 
changes. There was a significant relationship between the sEMG and MAS scores. The MAS scores were 
scored by setting Grade 1 to 1, Grade 1+ to 2, Grade 2 to 3, Grade 3 to 4, and Grade 4 to 5.  
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Objective  
Spasticity is one of the most common complications in patients with stroke. It is 
important to assess spasticity accurately so as to choose a better treatment option and 
predict the prognosis in each patient. Among them, ultrasonographic (US) evaluation is 
useful for assessing the morphological and elastic change in spastic muscle.The purpose 
of this study is to investigate the possibility of ultrasonography to show muscle stiffness 
in  the post-stroke spasticity, as well as the relationship between ultrasonographic 
findings and clinical spasticity scores in the spastic gastrocnemius muscle (GCM).  
 
Materials and Method  
Eight hemiplegic stroke patients who experienced their first stroke were enrolled. Post-
stroke patients were enrolled according to the following inclusion criteria: (1) patients 
with ankle plantar flexor spasticity of ≥1 grade on the Modified Ashworth Scale (MAS). 
Exclusion criteria included the following: (1) any other neurological or muscular disorders; 
and (2) previous botulinum toxin or neurolytic agent injection in the last 6 months. All 
patients were clinically evaluated using the MAS, Penn spasm frequency scale and Fugl–
Meyer Motor Assessment Scale.  
US measurements were performed at the thickest level of the medial GCM using by the 
ultrasound system with a 9–15MHz linear transducer (GE LOGIQ E9; GE Healthcare, 
China). The parameter of the muscle architecture included muscles thickness, fascicle 
length and fascicle pennation angle. The elasticity index was obtained separately for the 
reference area (E1) and muscle (E2) in the longitudinal plane. The elasticity ratio (E2/E1) 
is automatically calculated. The ultrasonographic evaluation was performed by the 



radiologist who was blinded to the Results of the clinical spasticity scores.  
We compared the US parameters between the hemiplegic leg and the unaffected leg. The 
sonoelastographic data were expressed as mean ± standard deviation. The MAS score 
and radiographic data were analyzed by using Spearman correlation coefficients, using 
SPSS 18.0 software.  
 
Result  
In the muscles architecture parameters, the fascicle length and pennation angle were 
significantly decreased in the medial GCM on the hemiplegic side compared to the 
unaffected side (p=0.012, fascicle length; p=0.012, fascicle pennation angle). The muscle 
thickness on the hemiplegic side was found to be shorter than that on the unaffected side, 
but there was no significant difference (p=0.173). The elasticity index on the hemiplegic 
side were significantly increased in the medial GCM compared with those on the 
unaffected side (p<.05). The elasticity ratio on the hemiplegic side was significantly 
increased (p<0.05). The MAS score was not correlated with the elasticity index and 
elasticity ratio.  
 
Conclusion  
The ultrasonographic evaluation may provide objective assessment of post-stroke 
spasticity. To help accurately assessment and treatment of spasticity, further studies are 
necessary.  
 

 
Ultrasonographic images of medial gastrocnemius muscle of patient with hemiplegic stroke. (A) Muscle 
thickness in the transverse view. (B) The muscle fascicle length and fascicle pennation angle in the 
longitudinal view.  
 

 
Sonoelastographic images of unaffected (A) and spastic (B) medial gastrocnemius in the longitudinal plane. 
Elastogram showed yellow to red coloring in unaffected muscles and green to blue coloring in spastic 
muscles. Elasticity index (E2) and elasticity ratio (E2/E1) is higher in spastic muscles and lower in unaffected 
muscles.  
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Objective :  
 Mental practice(MP) is defined as a dynamic process during which motor action is re-
activated internally without any active body movement.  It would be an attractive 
treatment approach for the post-stroke patients who rarely use their limb and has been 
proposed as a potential adjunct to promote motor restoration. However, the evidence for 
its treatment effect is less clear currently.  In this study, we aim to assess whether 
adjuvant MP is more effective than conventional rehabilitation therapy alone in subacute 
post-stroke patients with severe motor impairments utilizing an inverse video.  
  
Methods  
 Fourteen patients were eligible in this study from January to June, 2017. Among these, 
Eight patient met inclusion and exclusion criteria(Fig.1). After providing informed consent, 
the participants were divided into two groups : the experimental group and the control 
group.  
 The Experimental group(Group A) performed MP for 20 minutes, 5 times a week by 
watching via their smart phone or tablets in addition to following a conventional 
rehabilitation therapy for 30 minutes 5 times a week, over 4 weeks. Meanwhile, the 
control group(Group B) received only the conventional rehabilitation therapy over 4 
weeks.  
The training video consists of 6 tasks related to activities of daily livings as follows: 
grasping, carrying of cubes, peg-board manipulations, pinching, sliding an object across a 
table, holding a cup.  
Primary outcome measure were the Fugl-meyer assessment for the Upper extremity, 
Manual function test and Functional Independence measure.  
 We assessed twice for each, at baseline and after the intervention. Statistical analysis 
were done using IBM SPSS Statistics 22.0. the chosen level of statistical significance 
was .05.  
 
Results  
Demographic data and clinical characteristics of the enrolled post-stroke patients are 
displayed in Table 1. Age(P=.34), Gender(P=.69), Time since stroke onset(P=.34), Stroke 
type(P=1.00)and K-MMSE(P=.34) were not significantly different between 2 groups.  
Intergroup analysis showed no significant differences in FMA-UE, MFT and FIM score 
between 2 groups.  
 Meanwhile, Intra-group analysis showed that FIM scores before and after the treatment 
exhibited statistically significant improvement only in the experimental group(P=.01).  
 Otherwise, there was no significant difference in both groups respectively.  
  
Conclusion  



In this study, the Results of our study showed that adjuvant mental practice has no 
additional positive effect on motor recovery and functions in subacute post-stroke 
patients with severe motor impairment. Though significant improvement in FIM score 
was noted, it might be attributed to small sample size.  
As there is no established protocols including modalities, dosage and intensity as well as 
conflicting Results among the previous studies, Further studies with large samples sizes 
are needed to verify its’ clinical values for post-stroke rehabilitation.  
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Objective 
Lateropulsion or pusher syndrome is a postural preference toward the weak side and 
strong resistance to passive attempts to return the patient to an upright position. The 
purpose of this study was to investigate the effects of robot-assisted gait training for 
recovery of lateropulsion in subacute stroke patients.  
  
Methods 
This study was design as prospective single blinded randomized controlled trial. The 
patients with the score over 2 points of Burke Lateropulsion Scales (BLS) after stroke 
were recruited for 2 consecutive years from March 2015. A total of 36 patients were 
eligible and randomly divided into two groups. Robot assisted gait training with virtual 
reality was performed in patients with the experimental group (n=18), whereas 
conventional rehabilitation therapy was done in control group (n=18). Each intervention 
proceeded equally in both group for 30 minutes, 5 times per week for 3 weeks. BLS was 
evaluated as a primary outcome measurement before (T0) and after training (T1), and 1 
month after cessation of the intervention (T2). In addition, Berg Balance Scale (BBS), 
Postural Assessment Scale for Stroke Patients (PASS), Fugl-Meyer Assessment (FMA) and 
Modified Barthel Index (MBI), and somatosensory evoked potential (SEP) were assessed.  
  
Results 
Mean scores of BLS at T0 did not showed significant differences between robot and 
control groups (12.3 and 12.8 respectively). However, there were significant time and 
intervention interaction effects at T1 and T2 were shown between two groups in BLS 
after post-hoc analysis (p<0.05). In addition, significant time and intervention interaction 
effects were observed in the BBS and PASS (p<0.05). In robot group, significantly higher 
improvements in both BBS and PASS were observed at T1 and T2 compared after post-
hoc analysis (p<0.05). However, there were no significant time and intervention 
interaction effects in the FMA, MBI, and SEP.  
  
Conclusions 
Robot-assisted gait training improved lateropulsion and related balance dysfunction more 
effectively than conventional physical therapy in subacute stroke patients.  
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Objective 
The sit-to-stand (STS) movement is a prerequisite for upright mobility and is an important 
factor for independent living in stroke patients. Difficulty in STS can be problem for stroke 
patients with hemiplegia. In this study, the effect of newly developed hip-assist robot on 
the muscle effort and symmetry of the trunk and lower limb muscles during STS 
movement was investigated in stroke patients.  
  
Materials and Methods 
Ten community-dwelling chronic stroke patients (8 males and 2 females; mean age, 
57.07±6.97) with hemiplegia participated. The wearable hip-assist robot, Gait Enhancing 
Mechatronic System (GEMS, Samsung Electronics Co., Ltd., Korea) was used for 
intervention. A chair without backrest and armrest was set and participant opened his 
legs with shoulder width in front of the chair. During STS exercise, 12-channel surface 
electromyography (sEMG) system (Desktop DTS system, Noraxon, USA) records muscle 
effort and symmetry in two conditions; with GEMS or without GEMS (NoGEMS). The EMG 
surface electrodes were placed on the skin overlying the muscles of the bilateral rectus 
femoris (RF), biceps femoris (BF), tibialis anterior (TA), medial head of gastrocnemius 
(GCM) and the unilateral rectus abdominis (RA), erector spine (ES), hip flexor (HF), 
gluteus maximus (GMAX) of affected side. Center of pressure excursion index (CPEI) and 
symmetry of foot pressure were collected by using an F-Scan mobile system (Tekscan Inc, 
Boston, USA). When a user wakes up in the chair, the GEMS detects the angle and 
velocity of the legs by the two rotational sensors at the hip joints and one IMU sensor in 
the device backpack as in Figure. 1.  
  
 
Results 
During STS exercise, GEMS has been shown to have better symmetry in muscle activation 
than NoGEMS conditions. The back and lower limb extensor muscles (ES, GMAX, RF) and 
ankle dorsi-flexor (TA) in the unaffected side were significantly lesser activated in GEMS 
than NoGEMS condition (p<0.01). In contrast, affected side were significantly more 
activated in GEMS than NoGEMS condition (p<0.01). The GEMS condition also showed a 
smaller CPEI during STS than the NoGEMS condition in foot pressure measurements.  
  
Conclusion 
As a result, this study suggests that a newly developed wearable hip assist robot can 
support STS function of stroke patients.  



 

 
Figure 1. Chair-rising assist algorithm of GEMS. The rotational (a) angle and (b) velocity of the leg frames 
according to user’s motions  
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Objective 
Post-stroke insomnia is associated with physical and mental health-related quality of life 
as well as functional outcomes in stroke patients during rehabilitation. Hypnotics could 
aggravate sleep apnea or delay neurological recovery in post-stroke insomnia, so non-
pharmacologic treatment of insomnia after stroke is needed. Bright light treatment has 
been regarded as effective non- pharmacologic treatment for insomnia in general 
population. However, there has been no study using bright light treatment in post-stroke 
insomnia. The aim of this study is to evaluate the effect of bright light treatment in 
patients with post-stroke insomnia.  
 
Methods 
Randomized, double-blind, placebo- and sham-controlled 4-week trial was performed in 
stroke patients during the early stage of rehabilitation. Data were collected from August 
2016 to June 2017. The post-stroke insomnia was confirmed using actiwatch. If the 
average sleep latency is greater than 30 minutes, the average sleep efficiency is less than 
80%, the total sleep time is less than 6 hours, or the wake after sleep onset is greater 
than 30 minutes being measured more than 2 days in 7 days, post-stroke insomnia was 
defined. People who were found to have insomnia were randomly assigned to a bright 
light treatment group and a sham treatment control group and received light treatment 
for two weeks. After treatment, the effect of treatment was assessed with actiwatch.  
 
 



 
Results 
Of the 67 patients, 33 had insomnia evaluated by actiwatch. A total of 33 stroke patients 
were randomized to bright light treatment group (n=17) and sham treatment group 
(n=16). The mean age of the subjects was 67.7 years, and 18 were male. There was no 
difference in age or the proportion of gender before light treatment. Total sleep time, 
sleep latency, sleep efficiency, the wake after sleep onset, and the number of wake were 
not different between treatment group and control group. The bright light treatment was 
significantly superior to placebo in the improvement of total sleep time and sleep 
efficiency. There was no significantly difference of sleep latency, the wake after sleep 
onset, and the number of wake between bright light treatment group and control group.  
 
Conclusion 
Bright light treatment was effective in the treatment of post-stroke insomnia.  
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Objectives 
Central post-stroke pain (CPSP) is the neuropathic pain owing to cerebrovascular lesions 
at any level of the somatosensory pathway of the brain. It is often refractory to treatment, 
reduces quality of life, and impedes rehabilitation. The pharmacological treatment of 
CPSP is challenging. Duloxetine, a serotonin-norepinephrine reuptake inhibitor, is 
licensed for the treatment of major depression, fibromyalgia, and painful peripheral 
neuropathy. However, the effect of duloxetine on central neuropathic pain has not been 
evolved. The current study describes the efficacy of duloxetine in reducing pain severity 
in CPSP patients.  
  
Subjects and Methods 
CPSP was defined as spontaneous pain within an area of the body corresponding to the 
thalamic lesion that emerged at or after stroke onset. The previously prescribed 
pharmacological agents of the patients was not changed or stopped, and duloxetine 
(30mg/day) was additionally administered to the current treatment. Assessment of pain 
severity was measured at baseline and thereafter at 1 and 3 weeks using Numeric Rating 
Scale (NRS) and Short–form MC Gill Pain Questionnaire (SFMPQ) scores. At the first 
follow-up, scores were reviewed and double the previous dose was given if no 
improvement or adverse effects were observed  
  
 



Results 
There were a total of 37 patients, of whom 7 patients were withdrawn due to adverse 
effects including nausea, agitation and somnolence. Mean age of the patients was 58.76 
± 11.83 years. The mean elapsed time since stroke onset was 2.91 ± 4.11 years (Table 1). 
There was a significant reduction of pain severity measured by the SFMPQ and NRS score 
at baseline and those at the first follow-up (Figure 1).  
  
Conclusions 
Our findings suggested that duloxetine is useful for the control of CPSP.  

 
Figure 1. Mean Short-form McGill Pain Questionnaire and Numeric Rating Scale scores before and after 
duloxetine treatment  
 
Table 1. Patient Characteristics 
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Objectives 
The integrity of the thalamocortical tract correlates with development of central post-
stroke pain (CPSP). However, specific changes of white matter tracts and its relationship 
with clinical manifestations have not been clearly elucidated. On this, we investigated the 
structural changes in thalamocortical tract for CPSP in patients with thalamic 
intracerebral hemorrhage (ICH) using probabilistic diffusion tractography.  
  
Subjects and Methods 
Patients with thalamic ICH were consecutively recruited from a tertiary inpatient 
rehabilitation hospital from 1 February 2010 to 31 December 2016. Each patient 
underwent clinical examination including medical history, stroke severity, sensorimotor 
impairment, pain characteristics, and depressive mood. We classified the patients into 
two groups according to the presence of the CPSP. Five cortical regions of interest (ROIs) 
were defined as 1) frontal, 2) motor and premotor, 3) somatosensory, 4) parietal and 
occipital and 5) temporal cortex. Probabilistic tractography from the seed region 
(thalamus) to the target cortical regions was performed separately for each hemisphere 
(Figure 1). Fractional anisotropy (FA) and tract volume were measured. All MRI data 
processing was performed using programs in the FMRIB Software Library (FSL) version 
5.0.9. A laterality index (LI) was measured to determine asymmetry of parameters 
between the hemispheres.  
  
Results 
24 patients with thalamic ICH were enrolled in this study. There were no statistically 
significant differences between patients in the CPSP and non-CPSP group in age, gender, 
duration since stroke onset, injured side, NIHSS, FM motor, FM sensory, MMSE, GDS, and 
MQS scores (Table 1). The LI for FA of the thalamo-temporal and thalamo-occipitoparietal 
pathways in the CPSP group were significantly lower than that of the non-CPSP group (p < 
0.05, Table 2). Among the patients with CPSP, the LI for tract volume of the thalamo-
temporal pathway was negatively correlated to pain intensity ratings (Spearman’s rho = -
0.710, P = 0.032)  
  
Conclusions 
Our findings suggested CPSP is accompanied by a disruption of structural integrity which 
related to the sensory-discriminative areas of insular/secondary somatosensory cortex, 
rather than primary somatosensory cortex.  
  



 
Figure 1. Examples of probabilistic fiber-tracking results. The right thalamo-prefrontal pathway, the right 
thalamo-motor pathway, the right thalamo-somatosensory pathway, the right thalamo-temporal pathway, 
and the left thalamo-occipitoparietal pathway are shown in red, green, blue, violet and yellow, respectively  
 
Table 1. Clinical characteristics of patients with thalamic intracerebral hemorrhage. 

 
 
Table 2. Group comparison of the laterality index for individual thalmo-cortical pathway 
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Objective  
In post-stroke patients, edema often occur at limbs on the side of paralysis. The purpose 
of this study was to investigate the effect of early?performing passive range of 
motion(PROM) exercise on foot edema reduction of post-stroke patient.  
  
Methods  
A retrospective review of medical records was performed for group of 36 patients with 
acute or subacute stroke, had been consulted or transferred to the departments of 
rehabilitation medicine, with ankle dorsiflexion less than 3 grade who cannot stand 
independently. Patients were into 2 groups according to starting PROM exercise within A. 
immediately as possible after admission less than 7 days after stroke onset (n=20), or B. 1 
month or later after onset (n=16). The passive-exercise protocol consisted of 20 minutes 
of flexion-extension movements for both lower limbs simultaneously for 8 weeks.  
The volume of foot was measured with water displacement volumetry initially and after 8 
weeks. Edema was defined as the volume difference between unaffected and affected 
foot is more than two standard deviation. Additionally we investigated other 
measurements of lower limbs which include spasticity (modified ashworth scale) and the 
level of ADL dependency (Korean version of modified barthel index) at the start of the 
rehabilitation and after 8 weeks.  
  
Results  
The mean age of group A was 68.2 years old and group B was 71.5 years old. And the 
mean of days after onset of group A was 3.7 days and group B was 32.7 days (table 1)  
After treatment, all groups showed increase in the scores ADL dependency and decrease 
in the grade of spasticity, Butoccurence of foot edema was significantly decreased in 
group A statistically. (table 2)  
  
Conclusions  
Our Results suggest that early passive range of movement can be helpful for foot edema 
reduction of acute stroke patient.  
  
 
 
 
 
 
 
 



Table 1. Patient characteristics ¹modified ashworth scale, ²Korean version of modified barthel index  

 
 
Table 2. Differences between two groups, time start passive range of movement exercise. Mean values and 
standard deviations(SD) were calculated. ¹ Measured with volumeter, volume difference between 
unaffected and affected foot is more than two standard deviation ²modified ashworth scale, ³Korean 
version of modified barthel index * significantly decreased (p<0.05) 
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Objective 
Cerebellar stroke(CS) is uncommon, but may result in complication of motor dysfunction. 
CS have not been studied about their functional change as regards rehabilitation. The 
objective of study was to analyze the clinical symptoms as well as their motor 
dysfunctions of CS associated with the territories affected.  
 
Method 
We retrospectively analyzed 49 patients with diagnosed cerebellar infarction (CI) or 
cerebellar hemorrhage(CH). We studied the clinical features and compared them based 
on the location of the ischemic lesion and its distribution in superior cerebellar artery 
(SCA), anterior inferior cerebellar artery (AICA) territories and the posterior interior 
cerebellar artery (PICA). Motor power was tested according to MRC (medical research 



council). Motor function score was also calculated from sum of motor power of each 
extremities.  
 
Results 
In cerebellar infarction, PICA was the most commonly affected territory at 77.3%, 
followed by SCA at 13.6% and AICA at 9.1%. Nine patients out of 49 CS had intracerebellar 
hemorrhage; 8 of 49 CS had combined with cerebral lesion. Motor fuction score was 
20.0/30 in CH lower than 26.2/30 in CI, higher than 7.3/30 in the basal ganglia infarction. 
In the cerebellar infarction, dizziness(77.3%) was the most common symptom, in order of 
frequency, Tandem(54.5%), spinning(45.5%), nausea(40.9%), vomit(40.9%), 
Romberg(36.4%), nystagmus(27.3%), dysarthria (27.3%), ataxia(22.7%), vertigo (18.2%). 
Modified Barthel index (MBI) was 91.38 in the cerebellar infarction and 75.7 in the 
cerebellar hemorrhage. The mean age in our series was 65.2 years, with most being male 
(68.5%).  
 
Conclusion 
In the cerebellar infarction, PICA infarction is the most frequent than SCA or AICA 
infarction. Moreover, motor dysfuction was more severe in CH than CI. Dizziness, Tandem, 
spinning, nausea and vomit are more frequent symptoms. MBI scores are better in CI 
than CS. We recommend to consider these factors for planning more effective 
rehabilitation program.  
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Objective 
To evaluate the association between the manual function test score(MFTs) of non-paretic 
limb and post-stroke functional improvement.  
  
Method  
A total of 71 subjects’ medical records were retrospectively reviewed. Hemiplegic 
patients were included in this study, who have been diagnosed with acute hemorrhagic 
or ischemic stroke. We included (1) patients who are able to obey command 2 step with 
more than 10 points of Mini-Mental State Exam(MMSE) score, (2) patients who take a 
MFT and functional independence measure (FIM) at admission and 1 month after 
admission and (3) patients who develop an stroke within 30days. And we excluded (1) 
patients who have Parkinson's disease or Musculoskeletal disease and (2) patients who 
have bilateral lesion or subarachnoid hemorrhage. The parameters of functional outcome 
after stroke were measured with the total score of FIM(tFIM) and the self-care sub-score 
of FIM (sFIM). And age, initial MMSE score(iMMSE), initial MFTs of paretic limb(pMFTs), 



initial MFTs of non-praetic limb(nMFTs), the difference of MFTs of paretic limb between 
at admission and 1 month later(△pMFTs) and the difference of MFTs of non-paretic limb 
between at admission and 1 month later (△nMFTs) were shown to be independent 
variables.  
  
Results 
Table 1 and 2 show that initial nMFTs is a significant predictor for follow up sFIM 
score( p<.0001) and tFIM score ( p<.0001). Also, Table 3 reveals that initial nMFTs is a 
significant predictive value for follow up sFIM score (p=.003) and tFIM score( p<.0001). 
The △nMFTs is a significant predictive value for follow up sFIM score( p=.046, β=.226) and 
tFIM score (p=.004, β=.273) only in multivariable linear regression.  
  
Conclusion 
This study demonstrated that initial MFT score of non-paretic side have a significant 
correlation with functional outcome. Therefore, it is important to conduct MFT on non-
paretic side as well as paretic side. And this can be used for the predictor for functional 
outcome. Furthermore, it is necessary to take a rehabilitation therapy on non-paretic side.  
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Objectives  
Care-givers of chronic stroke patients can experience a variety of emotions, including 
grief, sadness, depression, anxiety, and guilt. In addition, They often experience the care 
as burdensome. They often feel guilt over their feelings. The complexity of these 
emotional reactions underscores the importance of ongoing counseling, support, and 
care for the family caregivers.  The objective of this study was to evaluate the effect of 
support program for care-givers of chronic stroke patients.  
  
Method  
18 care-givers of 18 stroke patients were included at 3 public health center. Mean age of 
care-givers was 66.2 year. and men, women. Mean onset duration of stroke patienits was 



14.3 year.  Support program composed of 6 sessions(Introduction, Recognition resources, 
Expression difficulties, Sharing emotional difficulties, Caring relationships with disabled 
family, Finding resources & Wrap-up). Support program sessions were conducted twice a 
week for three consecutive weeks at each public health center. Each program session 
lasted 90 minutes. All participants were evaluated by Korean Beck Depressions Inventory, 
Care-giver Burden scale, Stress Response Inventory, and Scale for Suicidal Ideation(SSI-
Beck) before and after program.  
  
Result  
Significant improvements on Korean Beck Depression Inventory, Care-giver Burden scale, 
and Stress Response Inventory were observed after support program compared with the 
baseline assessment (p<0.05). The Scale for Suicidal Ideation(SSI-Beck) was decreased 
after support program but there is no statistical significant (p=0.078).  
  
Conclusion  
Many care-givers of chronic stroke patients have their psychological problems. The 
support program for care-givers of chronic stroke patients is suggested to increased 
Quality of Life of stroke family. Therefore, Support program for care-givers of chronic 
stroke patients help solve their psychological problems.  
  
 
Table 1. Comparison of Psychological assessment of stroke family before and after program 

 
 

 
Fig 1. Comparison of Psychological assessment of stroke family before and after program  
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Introduction  
Stroke leads to muscle abnormalities with a malnutrition, an immobilization, a stress, a 
combination of denervation, disuse, remodeling and spasticity that may account for a 
complex pattern of phenotype shift and atrophy. Material properties of muscles are 
clinically important parameters for evaluating altered muscle function. Echo intensity (EI) 
observations include higher echo intensities in various lower extremity muscles of older 
adults compared to younger adults as well as muscles of children with myopathic and 
neuromuscular disorders compared to muscles of typically developing children. 
Ultrasound elastography, an imaging method for measuring tissue elasticity has been 
used for measuring muscle hardness. Hemiplegia is routinely immobilized immediately 
after stroke, which can lead to reduced longitudinal tension and it can involve muscle 
atrophy, loss or shortening of sarcomeres, accumulation of connective tissue and fat. 
Anterior muscle group especially recuts femoris (RF) of the proximal leg may be useful in 
providing an earlier diagnosis for site specific muscle loss or dysfunction. But quadriceps 
muscle weakness develops during the first week after stroke in the unaffected leg and 
correlates with both weight loss and stroke severity. For effective rehabilitation it is 
important to estimate whether weakness occurred in the lower limb on the unaffected 
side. Thus, our aim was to determine changes in muscle hardness and composition by 
measuring echo intensity of the B-mode ultrasound images and ultrasound elastography 
of affected and unaffected RF in subacute stroke patients without sarcopenia.  
 
Method  
Assessed by dual-energy X-ray absorptiometry (DXA) to confirm the presence or absence 
of sarcopenia and excluded if diagnosed with sarcopenia (9 in stroke patients, 2 in 
healthy control). Performed UE and EI of the unaffected rectus femoris of twenty patients 
(male 11, female 9) between 2 weeks and 12 weeks and 32 healthy age-matched controls 
(male 12, female 20)  
 
Result  
Our main Results show that there were significant difference in mean UE [F(2,68)=4.678, 
p=0.012] and ER [F(2,68)=3.715, p=0.029] among affected (G1), unaffected RF (G2) and 
healthy control (G3). The thickness of RF [F(2,68)=0.462, p=0.632] and the EI 
[F(2,68)=1.184, p=0.312] were not significant difference.  
  
Conclusion  
There was significant difference in UE and ER between unaffected RF and healthy control 
while there was no significant difference between affected and unaffected RF. EI was not 



significantly difference. This study showed that elastography is a potential tool for 
investigating the muscle properties before the change in EI between affected and 
unaffected RF for subacute stroke patients  
  

 
 

  
RFT; the thickness of the rectus femoris, RFEI; the 
echo intensity of the rectus femoris, RFUE; the 
ultrasound elastography of the rectus femoris, 
RFER; the elastoghy ratio of the rectus femoris, 
blue : stroke with sarcopenia group red : stroke 
without sarcopenia group green : control group  

A and C; affected rectus femoris, B 
 and D; unaffected rectus femoris  

 
 

  



P 2-82 

Measurement of Sarcopenia at post-stroke rehabilitation outcome 

Yongjun Jang1*, Yong-Min Choi2, Donggyun Sohn1, Sun Im1, Geun-Young Park1† 

The Catholic University of Korea Bucheon St. Mary's Hospital , Department of 
Rehabilitation Medicine1, Keimyung University Dongsan Medical Center, Department of 
Rehabilitation Medicine2 
 
Introduction  
Sarcopenia, defined as loss of skeletal muscle mass and strength, occurs frequently 
among geriatric population.These changes can rather occur earlier after illness. Reduction 
in the motor unit number begins within 4 hours post stroke and the muscular weakness 
can hinder functional recovery process. However, the ideal assessment method that best 
reflect post stroke sarcopenia has not been determined yet.  
  
Objective  
To prospectively explore whether stroke patients in the subacute recovery stages 
manifest with abnormal Skeletal Muscle Mass Index (SMI) obtained from the DEXA scan 
or hand grip strength (HGS), and to determine whether those with suspected sarcopenia 
present with unfavorable outcomes at follow-up.  
  
Method  
A total of 72 subjects (36 healthy control + 36 first ever stroke patients) who met the 
inclusion criteria were prospectively enrolled. For stroke patients, both DEXA scan and 
HGS from the nonhemiplegic hand side were performed at 8 weeks from onset. Their 
values were compared to a healthy control group. SMI and (HGS) were collected from all 
included participants and were used as criterion of sarcopenia (SMI: Male < 7.26kg/m2, 
Female <5.5kg/m2 or HGS Male <30kg, Female <20kg). Primary outcome measure was 
change in Modified Barthel Index(MBI) score from initial evaluation to the final evaluation. 
Secondary outcome measures included grip strength, Berg Balance Scale(BBS), and 
laboratory parameters. Functional evaluations were done at 8 weeks, 12 weeks, 16 weeks 
from the first onset of stroke. Statistical analyses were undertaken with Mann-Whitney 
test, Kruskal-wallis test, and Spearman correlation coefficient by using SAS 9.4.  
  
Results  
Data from 36 controls and 25 stroke participants were available for final analysis. Based 
on the SMI, the prevalence of sarcopenia was higher among stroke particapants 
compared to the control group(12(48%) vs 5(13.9%)). Based on HGS, 15(60%) stroke 
participants were categorized as sarcopenia whereas there were no participants defined 
as sarcopenic in the control group. At baseline, no functional difference was observed 
between the sarcopenia and non-sarcopenia patients (FAC 2(5-2) vs 2(5-2), p=0.68, MRS 
2(1-4) vs 2(1-4), p=0.17). With the criterion set by the HGS, sarcopenia patients had 
worse initial functional ability (MBI (54(9-100) vs 72.5(27-100), p=0.01), BBS (26(3-56) vs 
46(3-56), p=0.03) and these trends persisted until 16 weeks follow-up. No group 
differences in the outcome measures were found when stroke patients were allocated by 
the SMI criterion.  



  
Conclusion  
Based on our results, DEXA failed to effectively reflect functional outcome during the 
follow-up period in subacute stroke patients. The HGS seemed to better reflect recovery 
of functional ability of stroke patients. Sarcopenia defined by the HGS at 8 weeks post-
stroke may lead to poor functional outcome in stroke patients. Further long-term studies 
using SMI and sarcopenia in subacute stroke patients are warranted.  
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Objective 
Antiplatelet drugs are used for the secondary prevention of stroke because antiplatelet 
therapy has been proven to have a large benefit than risk. However, the effect of 
antiplatelet in primary prevention of stroke has been controversial, and a recent cohort 
study in Japan showed that antiplatelet did not show any net benefit for the primary 
prevention of stroke in elderly patients. Therefore, the objective of this study was to 
evaluate the effect of antiplatelet on the risk of stroke in the Korean populations.  
 
Materials & Methods 
A retrospective nationwide propensity score–matched cohort study was performed using 
The National Health Information Database of the National Health Insurance Service data 
aged above 55 years on 2004 and 2005. The antiplatelet group (N=71,302) was composed 
of patients who (1) received antiplatelet more than 1 year, (2) showed a rate of 
prescription compliance above 80%, (3) and took antiplatelet at least 50 days before 
onset of stroke. We selected a comparison group from the database, who were matched 
to the antiplatelet group using propensity score matching. Cox proportional hazard 
regression analyses were performed to identify hazards associated with stroke using 
Hazard Ratios (HRs) and 95% confidence intervals (CIs). The overall stroke-free rate was 
estimated using the Kaplan–Meier method, and the log-rank test was used to determine 
differences in stroke occurrence. A threshold of P=0.05 was selected for statistical 
significance. The statistical software SAS System for Windows, version 9.2 (SAS Institute 
Inc, Cary, NC) was used to perform the statistical analyses.  
  
Results 
There were no significant differences in characteristics of study population including age, 
sex, comorbidities (hypertension, diabetes, and dyslipidemia), family histories 



(hypertension, diabetes, stroke, and cancer), BMI, smoking history, alcohol history, and 
household income, because these variables were used for sample matching. Only family 
history of cardiac problem was significantly different between two groups. Table 1 
showed that subjects with antiplatelet group were significantly associated with the 
prospective development of stroke (HR, 2.193; 95% CI, 1.877-2.547). According to age 
group, there was age-related increase of prospective development of stroke (65-74: HR 
1.380, 95% CI 1.142-1.688, 75-84: HR 2.298, 95% CI 1.850-2.855, >84: HR 4.527, 95% CI 
3.177-6.451). Comorbidities, such as hypertension (HR, 1.188; 95% CI, 1.015-0.391) and 
diabetes mellitus (HR, 1.208; 95% CI, 1.019-1.432) were significantly associated with the 
prospective development of stroke.  
 
Conclusions 
In current cohort study, subjects with antiplatelet group have a high risk for the 
prospective development of stroke. However, clinically, patients who have more risk 
factors for stroke have higher tendency to take antiplatelet. Thus, clinicians should 
interpret these Results on the consideration of medical status of each patient and clinical 
situation.  
 

 



 
 

figure 1. Stroke-free survival rate for the 
antiplatelet group and the comparison gro
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Background 
Exowalk is an exoskeletal walk-robot designed for over-ground walking exercise. It is 
developed for any patients with gait difficulty to do gait training by providing a proper 
walking pattern. It has a unique walk-robot design which applies the exoskeletal system 
and actualizes the over-ground walking for the patient with stroke, spinal cord injury, and 
etc. The purpose of robot design is easy to apply for the patients who can at least stand 
by himself.  
 
Aim of the study 
This study was conducted to assess the effects of robot-assisted gait training with 
Exowalk on gait ability of stroke patients which is measured with the leg muscle power, 
balance and gait velocity and capacity. Design, subjects and setting: Forty subjects with 
chronic stroke were randomly assigned to two groups: the experimental group (n=20) 
and the control group (n=20). They could ambulate with or without physical assistance, 
obey verbal commend and have moderate spasticity. The patient with ataxia and severe 
osteoarthritis on hip and knee were excluded. We provided the same duration of gait 
training with robot (experimental group) or physical therapist (control group) by 30 
minutes gait training, 5 days a week for 4 weeks. The change of functional ambulatory 



category (FAC) before and after gait training was the primary outcome, and the changes 
of mobility, walking speed, walking capacity, daily activity and balance were the 
secondary outcomes to evaluate the efficiency.  
 
Results 
The change of FAC was 0.31±0.70 in control group and 0.53±0.61 in experimental group 
which were not different statistically. When we exclude the chronic stroke patient by 
onset duration over 1 year, the change of FAC was 0.38±0.77 and 0.89±0.60 each which 
were different statistically (P<0.05). The change of Berg balance scale was greater in 
experimental group (P<0.05) while the other outcome scales were not. No adverse events 
were noticed during the training in both groups.  
 
Conclusion 
Exowalk is as efficient and safe as conventional gait training by physical therapist, 
especially for stroke patient with onset less than 1 year. Because of over-ground walking 
system without harness, it provides better balance function for ambulating stroke patient.  
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Purpose 
Fatigue is a confounding condition caused by multifactorial impacts such as demographic 
status, comorbidities, and psychiatric/physical status, which may affect the outcomes in 
post-stroke patients. This study purposed to verify the closely related factors to the post-
stroke fatigue and its impact on the functional recovery or quality of life.  
 
Methods 
A total of 70 post-stroke patients (42 males, mean age 70.6 years, mean rehabilitation 
period 25.6 days) were enrolled. Post-stroke fatigue was measured by standardized 
Fatigue Severity Scale (FSS, presence of fatigue ≥36 [PSFyes] vs. none <36 [PSFno]). Cross-
sectional data of demographic status such as age, obesity (Body mass index, 
BMI<18.5kg/m² [underweight] vs. 18.5 kg/m² ≤BMI<23 kg/m² [Normal] vs. BMI≥23 kg/m² 
[overweight]), comorbidities (presence of pneumonia, UTI, heart disease, rheumatoid 
disease), psychiatric level (Beck Depression Inventory [BDI], presence of depression ≥19 
[DPSyes] vs. none <19 [DPSno]), physical functional level (Motricity Index [MI] of affected 
side, Modified Barthel Index [MBI]), and initial severity of stroke (National Institutes of 
Health Stroke Scale [NIHSS], Mild<6 vs. Severe≥6) were assessed. In terms of outcome 
data, changes of functional recovery (Δ MI, Δ MBI and Δ NIHSS), quality of life (Δ Index of 
EuroQol 5D 3 level, EQ-5D-3L), and discharge destination (Home vs. Facilities) were 
evaluated.  
 
Results 
Multivariate logistic regression analysis revealed that PSFyes was significantly associated 
with DPSyes (OR = 8.58, P = 0.01), and underweight (OR = 5.54, P = 0.03). Independent t-



test showed that post-stroke fatigue is associated with low Δ Index of low EQ-5D-3L 
(0.21± 0.05 vs. 0.04± 0.02, P = 0.004), but did not show the significant association with 
the functional recovery (Δ MI, Δ MBI and Δ NIHSS) and discharge destination (R²= 0.21, P 
> 0.05 by Chi-square analysis).  
 
Conclusion 
Post-stroke fatigue was associated with psychiatric condition such as depression and low 
body weight, and showed significant impact on the quality of life of post-stroke patients, 
without influences on the functional or neurologic recovery. To improve the quality of life 
in post-stroke patients, related factors such as depression and low body weight should be 
controlled as a suggestion of the necessity of coping and preventive strategies for the 
post-stroke fatigue at initial stage rehabilitation.  
 
Table 1. The association between the post-stroke fatigue and demographic data inferred from univariate 

and multivariate logistic regression analyses 

 
 



 
Table 2. Analysis to show the impact of functional recovery, quality of life and discharge destination 
regarding the post-stroke fatigue 

 
 

 
Figure 1. Inclusion flowchart  
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Objective 
It is widely known that the most of motor function recovery occurs during 6 months after 
stroke onset, and the functional recovery of upper extremities reaches a plateau at 3 
months after the onset in hemiplegic patients due to middle cerebral artery (MCA). 
However, most of previous reports were analyzed using a relative small number of 
participants. The objective of this study was to investigate the motor recovery pattern in 
patients with MCA infarction from acute phase to one year after onset with large number 
of participants.  
  
Materials and Methods 
This study is the interim Results 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 Aug. 2012 to June 2014) were recruited. We analyzed 
data of 1,643 patients with acute first-ever MCA infarction. Motor function was assessed 
using the Fugl-Meyer assessment (FMA) at 7 days, 3, 6, and 12 months after stroke onset. 
The FMA was divided as FMA-upper limb (FMA-UL), FMA-lower limb (FMA-LL), and total 
FMA (FMA-T). All patients were divided into 3 subgroups by the FMA-T score at 7 days 
after the onset, to analyze recovery patterns according to the severity of infarction: mild 
(FMA-T: 85~94), moderate (FMA-T: 50~84), and severe impairment groups (FMA-T: 0~49). 
Repeated measures ANOVA were performed to assess recovery patterns by each time 
point.  
  
Results 
FMA-T scores of total patients were significantly improved during the first 6 months 
(p<0.05) and reached plateau at 6 months after stroke onset. In addition, FMA-UL 
showed significant improvement during the first 6 months (p<0.05). However, FMA-LL 
reached plateau at 3 months after the onset. In the mild impairment group, FMA-T, FMA-
UL and FMA-LL reached plateau at 3 months after the onset. In the moderate impairment 
group, both FMA-T and FMA-UL reached plateau at 6 months after the onset, while FMA-
L reached plateau at 3 months. In the severe impairment group, all of FMA-T, FMA-U and 
FMA-L reached plateau at 6 months after the onset.  
  
Conclusions 
The Results showed that there were different recovery patterns according to the severity 
of motor impairment at acute phase in patients with MCA infarction. Therefore, these 
Results can contribute to develop appropriate rehabilitation strategies for patients with 



MCA infarction by predicting the recovery pattern of motor function according to their 
severity.  
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Objective 
Cerebral white matter hyperintensities (WMHs) are a common finding on magnetic 
resonance imaging (MRI) in elderly persons and patients with cerebrovascular diseases. 
The pathogenesis of WMHs has known to be closely related with ischemic pathogenesis. 
Previous studies have shown that WMHs are related to cognitive function, severity of gait 
and motor compromise and global functional decline in neurologically healthy individuals. 
The purpose of the present study was to determine whether functional improvement is 
associated with severity of WMH in patients with ischemic stroke.  
 
Method 
80 middle cerebral artery territory ischemic stroke patients were enrolled. WMHs was 
evaluated by the Fazekas scale and the Scheltens scale. All participants were divided into 
two groups based on the severity of WMH according to Fazekas scale. Mild WMH group 
was defined as patients with Fazekas scale 0,1 and severe WMH group was defined as 
Fazekas scale 2,3. Functional status was assessed by the modified barthel index Score 
(MBI) and functional gains were determined by using absolute and relative Methods 
calculated from the MBI score. The absolute functional gain is the MBI score gain and the 
absolute functional efficiency reflects the absolute functional gain per day. General 
characteristics and functional improvement were compared between the groups. 
Spearson correltation analysis was performed between scheltens scale and absolute 
functional gain, absolute functional efficiency.  
 
Results 
Mean age of patients was 67.80±11.81 years. Initial MBI score was 20.83±11.88 in mild 
group, 15.63±10.02 in severe group and there was no significant differences between the 
two groups. Length of stay, initial NIHSS score and MMSE also showed no significant 
differences. However, absolute functional gain and absolute functional efficiency in the 
mild WMH group (23.96±13.05, 0.87±0.53) were significantly higher compared to the 
severe WMH group (9.21±6.67, 0.28±0.24, p<0.05). There was a significant correlation 
between scheltens scale and absolute functional gain, absolute functional efficiency. 
(p<0.05)  
 



 
Conclusion 
In our study the severity and extent of WMHs are significantly correlated with poor 
functional improvement in patients with ischemic stroke. The WMHs could be considered 
as one of many factors that can influence functional recovery during rehabilitation of 
stroke patients with WMH.  
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Introduction 
The influence of weight change on functional outcome after stroke is unclear. The aim of 
this study was to investigate whether the weight change in acute period could influence 
the functional outcome, length of stay and mortality.  
 
Method 
A total of 193 patients with acute ischemic stroke were enrolled in this study from August 
2012 to March 2015, who transferred to rehabilitation ward just after acute management. 
The body weight was assessed on the admission and transfer day. The weight loss was 



defined as loss ≥5% of body weight on admission. The subjects were grouped into weight 
loss group and weight stable group. The NIHSS, FIM and MBI were assessed at transfer 
day, 3 and 6 months after stroke onset. The duration of acute management, hospital stay 
and mortality rates were also surveyed. Differences in outcomes between two groups 
were compared by independent t-test and Chi-square test.  
 
Result 
Among the 203 patients, weight loss more than 5% of baseline body weight was found in 
30 (14.78%) patients during acute management period after stroke. Compared with the 
weight stable group, the weight loss group showed the significant higher NIHSS, lower 
FIM and MBI score after acute management and at 3 months after stroke (p<0.05), but 
not significant at 6 months after stroke. The weight loss group showed significant longer 
length of stay for acute management and total length of stay compared with weight 
stable group (p<0.05). However, the mortality rates were not significantly different 
between two groups during 3month and 6 month follow up.  
 
Conclusion 
This study suggests that weight loss in acute period may affect the functional outcome, 
length of hospital stay. Therefore monitoring of body weight in acute period may be 
useful to predict the outcomes in post-stroke patients.  
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Introduction 
The aim of this study was to investigate differential plastic changes of tract-related 
diffusion tensor image (DTI) parameters in corticospinal, intrahemispheric and 
interhemispheric corticocortical, and alternative corticofugal motor tracts from 2 weeks 
(T1) to 3 months (T2) after stroke onset according to Brain-derived neurotrophic factor 
(BDNF) genotype in patients with ischemic stroke. We also investigated the relationship 
between motor outcome and tract-related DTI parameters in various white matter tracts 
both patients with absence and presence Val66Met polymorphism.  



  
Materials and Methods 
Sixty-one patients with subacute ischemic stroke were enrolled. Motor functional 
assessment by Fugl-Meyer Assessment (FMA) score and DTIs were acquired at T1 and T2. 
We used template tracts, which were reconstructed from probabilistic tractography in 
healthy controls. Tract-related DTI parameters were calculated with fractional anisotropy 
(FA) in corticospinal tract (CST), intrahemispheric corticocortical tract from primary motor 
cortex to ventral premotor cortex (M1PMv), corpus callosum (CC) and alternative 
corticofugal motor fibers (aMF). Patients were classified according to BDNF genotype into 
either the Val or Met group. The repeated measures ANOVA were performed to analyze 
the interaction between the change of white matter tract with the ipsilesional (FAi) and 
the contralesional FA (FAc) and the BDNF genotype. The partial correlation analysis 
adjusted by age and volume of stroke lesion was also done with motor impairment and 
DTI parameters between two groups at T1 and T2.  
  
Results 
There was no difference in FMA score and the values of FA in CST, M1PMv, CC and aMF 
over time between Val group (Val/Val genotype, N=17) and Met group (Val/Met and 
Met/Met genotype, N=44). In patients with severe motor impairment, there were 
significant time and BDNF genotype interaction effects in FAi and FAc of CST, M1PMv and 
aMF, respectively (p < 0.05). The changes from T1 to T2 in FAi of M1PMv and aMF were 
significantly lower in the Val group than in the Met group (p < 0.05). In addition, the 
change of motor impairment from T1 and T2 was negatively correlated with FAc of 
M1PMv at T2 (r = -0.554, p = 0.040) in the Val group, whereas it was positively correlated 
with FAi of CST (r = 0.429, p = 0.006) and M1PMv (r = 0.350, p =0.029) and CC (r = 0.403, p 
= 0.011) in the Met group.  
  
Conclusions 
There were different patterns in changes of white matter tract integrity according to 
BDNF genotype in ischemic stroke patients with severe motor impairment at subacute 
phase. BDNF genotype should be considered as one of influencing factors to 
neuroplasticity in stroke patients.  
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Purpose 
Recently, it had been reported that virtual reality (VR), defined as computer hardware 
and software system which generates simulations of imagined environments can improve 



upper extremity function in patient after stroke. However, previous VR training had some 
limitations because patients underwent comprehensive rehabilitation by using visual 
information and interaction, not using real instruments. In our study, we developed VR-
combined real instrument to interact real movements and environments. The aim of this 
study is to investigate VR-combined with real instrument training (Joystim) can be 
efficient translation intervention for improvement of functional ability in upper extremity 
after stroke.  
 
 Methods 
Thirty patients being diagnosed of stroke randomly divided two groups of subjects group 
by Joystim and conventional occupational therapy for upper extremity (control group). 
Each group underwent assessment of motor strength by manual muscle test (MMT) and 
hand grip power test, functional impairment scale of upper extremity by Fugl-meyer 
assessment score (FMA), coordination by box and block test and 9-hole peg test, and 
spasticity by modified ashworth scale (MAS). The criteria for patients are included if they 
met all criteria below: 1) chronic stroke patient with unilateral disability >6 months after 
onset of stroke (first episode); 2) base FMA score > 18, Exclusion criteria were listed as 
follows: 1) recurrent or bilateral stroke; 2) base K-MMSE < 19, 3) history of other 
neurological disease and psychiatric disorder.  
 
Results 
In grip power test (Kg), lateral pinch and tip pinch power showed significant increases in 
Joystim training group (2.41→3.50, P=0.031 and 1.06→2.06, P=0.004, respectively). Box 
and block test (N) was significantly increased in Joystim training group (16.88→20.44, 
P=0.027), moreover, 9-hole peg test (sec) was significantly attenuated (79.00→70.11, 
P=0.038). On the other hand, FMA score, especially shoulder/elbow/forearm, and grip 
power (Kg) were significantly increased in both Joystim training and traditional 
occupational therapy groups (23.69→24.56, P=0.036 and 23.78→24.86, P=0.037, and 
18.63→26.81, P=0.031 and 24.36→30.57, P=0.023, respectively).  
Conclusion 
VR-based training to improve functional ability of upper extremities after stroke provides 
the opportunity to encourage in motivating training with a variety of challenging tasks 
and purposeful, task-oriented exercises are regarded as most beneficial for upper 
extremities motor function. Our Results suggested that VR-combined with real 
instrument training (Joystim) training has beneficial effect for recovery of functional 
ability in upper extremities and can be innovational translation intervention in 
comprehensive rehabilitation after stroke.  
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Background 
Repetitive transcranial magnetic stimulation (rTMS) is a method applying a strong 
magnetic field in certain regions of the brain to induce changes in regional neural 
functions. According to the recent published rTMS guideline, low-frequency (LF) rTMS 
was effective in the subacute phase of stroke with motor weakness. Many studies 
demonstrated that aftereffects ranged from 15 to 70 minutes post-TMS. The purpose of 
this study was to investigate the effects of hand training within the aftereffect period of 
rTMS on hand function in patients with subacute stroke.  
  
Method 
This study conducted from March, 2014 to December, 2016. During the study period, 32 
subacute stroke patients with hand weakness were enrolled. Sixteen patients were 
assigned randomly to the each group. Patients in the intervention group (Group 1) 
underwent hand training within aftereffect period which is immediately after receiving LF 
rTMS treatment. Patients in the control group (Group 2) underwent hand training 2 hours 
after the LF rTMS treatment. In both groups, hand training was done in morning session 
and occupational therapy (OT) without hand training was performed at any time in 
afternoon session. All groups received combined therapy of hand training, OT and LF 
rTMS for 2 weeks. After 2 weeks of combined therapy, the patients received conventional 
OT twice a day, 5 times a week for 2 weeks. Hand training consisted of gross motor 
training, motor training of hand dexterity, and training of coordinated movement. 
Stimulation site of rTMS was the motor cortex of unaffected hemisphere where motor 
evoked potential was obtained from the abductor pollicis brevis (APB) muscle. 110% 
intensity of resting motor threshold, 1 Hz frequency for 20 min, 1200 stimuli of rTMS 
were done. Manual function test (MFT) of 'grasp and pinch' and ‘hand activities', manual 
muscle test (MMT) of grasp, release and abductor pollicis brevis (APB) and modified 
ashworth scale (MAS) of finger flexion were measured before and immediately after 
combined therapy, and 2 weeks after.  
  
Results 
There were no statistical differences between two groups in dermographics (Table 1).  
Group 1 patients showed more improvements in MMT of Grasp and APB, between before 
and immediately after combined therapy. However, the changes in all measurements 
showed no significant differences between two groups at 2 weeks after combined 
therapy (Table 2). In both groups, changes in grasp MMT, release MMT, APB MMT and 
MFT of 'grasp and pinch', and ‘hand activities' significantly improved between before and 
2 weeks after combined therapy (Fig.1).  
  
Conclusion 
Combined therapy of hand training and rTMS may be a good treatment option for 
patients with subacute stroke. Since there is no statistical significance between the hand 
training group and control group, hand training is effective at any time regardless of the 
aftereffect period of low frequency rTMS.  
 



 
 

 



 
 

 
Fig. 1. Changes in hand function during 4 weeks treatments. (A) Changes in grasp MMT during treatment. (B) 
Changes in finger release MMT during treatment. (C) Changes in abductor pollicis brevis MMT during 
treatment. (D) Changes in manual function test of ‘grasp and pinch’ during treatment. (E) Changes in 
manual function test of hand function during treatment. MMT, manual muscle test; MFT, manual function 
test.  
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Introduction  
One of the major usual complications from stroke is dysphagia. And this is reportedly 
caused by the dysfunction of the pharyngeal muscle and the absence of coordination due 
to the central nervous system’s reduced ability to adjust. Accordingly, many departments 
of rehabilitation medicine are involved in evaluating and treating dysphagia. And our 
hospital also engaged in the practices has cared for such patients for years and found that 
the patient groups registered difference in dysphagia depending on the site of stroke. 
Thus, we compared dysphagia as showing with pontine stroke patients and supratentorial 
stroke patients.  
  
Method  
Single center, retrospective, admitted Jan. 2014 – Dec. 2015  
Total 48 patients were divided into 24 pontine stroke patients and as manysupratentorial 
stroke patients.  
VFSS test performed within a week from hospitalization.  
Results : Amount of pharyngeal remnant, PAS (penetration aspiration scale)  



 
Results  
(Table 1) - There was no significant difference between the general characteristics of the 
two groups.  
(Table 2) - Both pharyngeal remnant and PAS score were measured at significant high 
levels in pontine stroke patients.  
  
Conclusion  
 Both pharyngeal remnant and PAS score registered higher levels from the VFSS test with 
the pontine stroke patients than with the supratentorial stroke patients. This suggests 
greater chances of problems occurring with chewing and swallowing, the major functions 
of pons, and so, the rehabilitation patients with pontine lesions need active dysphagia 
evaluation and treatment.  
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Introduction  
In previous study, only a minority of acute stroke patients with lower extremity paralysis 
will regain walking function. It is important to predict walking ability after severe stroke 
such as complete hemiplegia. The aim of this study was to look for consistent prognostic 
indicators in stroke patients with initial LE paralysis who regained walking function.  
  
Method  
The 7881 patients in the Korean Stroke Cohort for Function and Rehabilitation (KoSCo) 
from August 2012 to May 2015 were enrolled. Of the 470 patients who did not have 
unilateral lower extremity voluntary movement and functional ambulatory category (FAC) 
was 0, 1, or 2, they were evaluated walking ability and motor recovery using FAC, 
modified rankin scale (mRS), fugl-meyer assessment (FMA) at 3, 6, and 12 months after 
the stroke onset. According to walking ability after 3 months of stroke onset, patients 
were classified into two groups, walking group (FAC 3,4,5), non-walking group (FAC 0,1,2). 
The characteristics of the two groups were compared. The logistic regression analysis was 
used to analyze the factors affecting the possibility of walking.  
  
Result  
Of the 470 patients enrolled with complete hemiplegia of lower extremity (Table 1), 324 
were followed up after 3 months of onset. At 3 months, 23.5% of patients were able to 
walk independently, and there was a significant difference between NIHSS, FMA, and FAC 
in age, sex, and one week of walking and non-walking groups (Table 2). In addition, 
increasing age and FMA, NIHSS after 1 week stroke onset increased the risk of non-
walking in regression analysis. 283 and 264 patients were followed up at 6 months and 12 
months, respectively. Of these, 31.4% and 36.7% of patients were able to independently 
walk with FACs of 3, 4 and 5, respectively (Figure 1) .  
  
Conclusion 
The purpose of this study is to predict walking ability by follow-up with long-term walking 
ability in a complete hemiplegia patient, to provide information to the patients and their 
caregivers, and to make a rehabilitation plan. 23.5% at 3 months, and 36.7% at 1 year 
after the stroke onset, they regain walking ability and this was predicted by age and FMA, 
FAC after 1 week stroke onset.  
  
 



 

Table 1. Baseline Characteristics of subjects 

 

Table 2. Comparative analysis of walking and non-
walking group 

 
 

 
Figure 1. Recovery of walking ability  
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Objective  
To investigate clinical usefulness of sonoelastography in evaluating stiffness of spastic 
gastrocnemius(GCM) muscle in subacute(<6 months) and chronic(≥6 months) stroke 
patients.  
  
Method  
16 patients were enrolled in this study from April 2017 to June 2017. Inclusion criteria 
were (i) first onset of stroke with unilateral involvement, (ii) duration from stroke onset>6 
weeks, and (iii) passive ankle dorsiflexion beyond neutral position. Exclusion criteria were 
(i) history of lumbar radiculopathy or peripheral polyneuropathy, (ii) history of botulinum 



toxin injection or nerve block within 6 months, and (iii) other musculoskeletal or 
neurologic disorder. Strain sonoelastography and B-mode ultrasonography were 
performed to paretic and non-paretic GCM muscle of participants with Logiq E9(GE 
healthcare, Milwaukee, WI, USA) with linear probe(ML6-15D, 4-15MHz). Elasticity index, 
elasticity ratio, pennation angle and fascicle length were obtained from the thickest level 
of GCM muscle while participants were prone position with their feet hanging off the 
table(Fig.1). The mean differences in image findings between paretic and non-paretic 
GCM muscles were compared with Wilcoxon signed rank test. The relationship between 
sonoelastographic findings of hemiplegic side and clinical, ultrasonographic finding were 
analyzed with Pearson correlation coefficient and Kruskal-Wallis test.  
  
Results  
Table 1 shows differences between paretic & non-paretic GCM muscles in 
ultrasonographic and sonoelastographic findings. There were no significant differences in 
imaging finding between paretic & non-paretic GCM muscles in subacute group. However, 
elasticity index(p=0.03) and elasticity ratio(p=0.02) of paretic GCM were significantly 
higher than non-paretic GCM muscles in chronic stroke patients. Table 2 shows that there 
was no significant relationship between sonoelastographic finding of paretic GCM 
muscles and clinical, ultrasonographic features except duration of stroke in total group. 
However, there was tendency that patients with higher MAS also had higher elasticity 
index and elasticity ratio in chronic stroke group.  
  
 
Conclusion  
In this study, sonoelastography is useful diagnostic tool for evaluating stiffness of spastic 
GCM muscles in chronic stroke patients. Because our study has a few participants, the 
more extensive clinical trial would be needed to support clinical usefulness of 
sonoelastography in subacute group.  
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Objective  
The traditional and computerized cognitive remediation (CCRT) have been widely used 
for patients with post-stroke cognitive deficits. Many evidences support the effectiveness 
of these two cognitive training, however few randomized trials have compared CCRT and 
traditional cognitive remediation. Additionally executive function, which is the most 
commonly affected cognitive function after brain injury has not been proven to improve 
more by CCRT than traditional training. The aim of this study is to evaluate the efficacy of 
CCRT compared with traditional cognitive training, especially on the executive function in 
stroke patients.  
  
Methods  
Thirty-one post-stroke patients aged 49.4±12.2 years, (22 male, 9 female) were randomly 



allocated to either the CCRT or active control group, and received thirty-four 30min 
sessions over 8 weeks. CCRT group received computerized training with ACTIVATETM 
cognitive program which tasks were designed to be game-like, and task difficulty is 
automatically adapted to the performance of the participant, whereas the control group 
received traditional cognitive training with paper and pencil.  
Assessment took place before, during, immediately, and 1 month after intervention. The 
outcome measure, the National Institutes of Health Toolbox Cognitive Battery (Flanker 
test, Go/No-Go test, and Working memory test), Trail Making test (TMT), Stroke Impact 
Scale, Geriatric Depression Scale, Korean Activities of Daily Living, and Korean 
Instrumental Activities of Daily Living were administered.  
  
Results  
Both CCRT and control group improved tasks performance demanding executive function 
during, immediately, and 1 month after intervention. Especially CCRT group showed 
better training effects on the executive function task (Trail Making Test) than active 
control group, and these effects remained significant at follow-up one month after 
treatment ended. Control group showed better improvement of two SIS domains 
(Activity of Daily Living and hand function).  
  
Conclusion  
To our knowledge, this is the first randomized controlled trials that used an active control 
group, which showed better improvement of executive function after CCRT than control 
in the post-stroke patients.  
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Stroke is a common, leading cause of balance and locomotor disorders that may lead to 
chronic physical disabilities. One of the most significant challenges for patients who 
survive a stroke is relearning basic motor tasks such as walking. Almost two-thirds of 
stroke survivors have initial mobility deficits, and more than 30% of survivors cannot walk 
independently for 6 months after the onset of stroke. Thus, restoration of the gait 
function constitutes a major portion of stroke rehabilitation. The present clinical 
investigation was to ascertain whether the effects of robot-assisted locomotor training on 
balance, gait and motor recovery were superior or similar to the conventional locomotor 
training in patients with hemiparetic stroke . The purpose of this study was to confirm the 
effect of robot-assisted gait training with virtual reality on the balance and gait ability of 
stroke patients who were dependent ambulators.We enrolled 21 stroke-induced 
hemiplegic patients who can walk dependently .  
Patients were grouped into two group. Group 1 (11 patients) were received robot-
assisted gait training with virtual reality for 4 weeks. Group 2 (10 patients ) received 
conventional physical therapy including gait training.  
The Berg Balance Scale(BBS), gait parameter (cadence, stride, foot rotation), attention, 
satisfaction, static posturography and SF-8 were assessed before and after the 4-week 
program  
Statistical analysis was performed using SPSS 18.0 with the statistical significance defined 
as p < 0.05 Cadence and stride shows significantly improved in Group 1 . And berg 
balance scale and SF-8 were increased in Group 1, compared group 2 with statistically 
significance. Virtual reality and robot-assistive gait training shows obvious therapeutic 
effects that is safely applicable to hemiplegic stroke patients who are dependent 
ambulators.  
It is not only was efficacious in improving balance and gait performance but it was also 
verified to be conductive to improving the satisfaction and attention compared with 
conventional gait training. And robot-assisted gait training with virtual reality was safe, 
and could be used clinically for the hemiplegic gait training.  
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Objective 
The recovery of walking ability has been recognized as a major goal of stroke 
rehabilitation. Over the years, researchers have studied that Partial body weight support 
treadmill training (PWTT) leads to better walking outcomes for individuals recovering 
from a stroke than a comparable dose of exercise and over-ground gait training. Virtual 
reality treadmill system for gait training was effective in improving walking speed and the 
ability to learn to walk in chronic stroke patient. This study investigated the effects of 
PWTT with virtual reality on gait function, balance and muscle strength in subacute stroke 
patients.  
  
Methods 
8 subacute stroke patients were randomly assigned to either the Partial body weight 
support treadmill training with virtual reality (PWTTVR) group (n = 4) or the control group 
with PWTT (n = 4). Both groups participated in a standard rehabilitation program; 
addition, the PWTTVR group participated in PWTT with virtual reality (VR) for 30 min per 
day, five times per week, for 4 weeks, and the control group participated in PWTT 
without VR for same as above. The inclusion criteria were hemiparesis resulting from a 
single stroke for less than 4 weeks after first time ischemic or hemorrhagic stroke; able to 
understand and follow simple verbal instructions (Korean version of Mini-Mental State 
Examination score >15); able to standing with and without the use of an assistive device; 
No significant therapeutic gait practice before start of study; 18–85y of age. Exclusion 
criteria for the study were orthopedic and other gait influencing diseases such as 
arthrosis or total hip joint replacement; pre-existing neurological disorders; severe heart 
disease or uncontrolled hypertension; weight greater 120kg. The Berg Balance Scale (BBS) 
were used for measurement of balance ability. For measurement of lower extremities 
muscle strengthening, we use hip flexor and knee extensor manual muscle testing (MMT). 
We measured the root mean square (RMS) on vastus medialis for activity of lower 
extremities muscle. For measurement of lower extremities functional scale, we use Fugl-
Meyer assessment (FMA). The gait parameters recorded were velocity, cadence.  
  
Results 
A summary of the general characteristics with subacute stroke who fulfilled the inclusion 
criteria for the study is shown in Table 1. No significant differences in terms of baseline 
values were observed between the PWTTVR and PWTT groups. Table 2 shows the values 
of all outcome measures. Significant differences in the time factor for BBS, RMS and gait 
speed (P < 0.05) were observed in the PWTTVR and control group, with the exception of 
MMT and cadence. For the group significant improvements BBS, RMS and FMA (P < 0.05).  
  
 
Conclusion 
Findings of this study demonstrated that the virtual reality has an effect on balance, 
muscle activity and lower extremities functional activity in subacute stroke patients when 
added to treadmill walking.  
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Background 
Neglect is a frequent consequence of right-hemisphere cerebral vascular accident. 
Previous studies suggested that robot-assisted rehabilitation improved hemispatial 
neglect symptoms in sub-acute stroke patient. And several studies reported that low-
frequency repetititve transcranial magnetic stimulation(rTMS) over the contralesional 



posterior parietal cortex significantly improved visuospatial neglect in patients with sub-
acute stoke. So, we hypothesized that combined therapy of both robot and low-
frequency rTMS therapy would be more effective in neglect symptoms.  
The aim of this study was to investigate the effect of upper limb rehabilitation combined 
of robot with low frequency rTMS on unilateral spatial neglect in stroke patients.  
  
Method 
We enrolled sub-acute stroke patients who had hemispatial neglect as a result of right 
hemisphere stroke. All patients were randomly divided into rTMS group, robot group and 
combined group. All groups received the same conventional neglect therapy(30 min 10 
times per week for 2 weeks) and received additional treatment for each group. rTMS 
group received rTMS therapy (20min 5 times per week for 2 weeks)and robot group 
received robot therapy (20min 5 times per week for 2 weeks) and combine group 
received both therapy (40min 5 times per week for 2 weeks). During rTMS therapy, each 
session included 900 stimuli applied over contralesional posterior parietal cortex at an 
intensity of 95% motor thresholds and a frequency of 0.9 Hz. During robot therapy, 
monitor was setteld on the left side of the patients to keep their attention to the left side. 
And robot therapy allowed to subjects exercise the left side upper limb. The combined 
group received both rTMS and robot therapy. The effect of therapy was assessed with 
Motor-free visual perception test (MVPT), line bisection test, star cancellation test, 
Catherine Bergego scale (CBS), Mini-mental state examination (MMSE), and the Korean 
version of modified Barthel index (K-MBI). These measurements were taken before and 
after treatment.  
  
Results 
Each group were recruited 4 patients. There were no significant differences in the 
baseline characteristics and initial values among the three groups (Table1). Two weeks 
after the therapy, all groups showed significant improvement in MVPT, line bisection test, 
star cancellation test, CBS, MMSE, and K-MBI (Table 2). But the changes in all 
measurements showed no significant difference among each group (Table 3).  
  
Conclusion 
In stroke patients with unilateral spatial neglect, combined therapy of rTMS and robot 
showed similar benefit as rTMS or robot therapy alone. Further well-designed studies in a 
larger population are required to better elucidate the differential roles of combined 
therapy rTMS and robot on neglect symptom.  
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Objective  
Recovery from the dysarthria following a stroke is an important factor for quality of life. 
Previous studies proved repetitive transcranical magnetic stimulation (rTMS) had a 
treatment effect on the dysarthria caused by a stroke. And other studies showed that 
simultaneous exercise of the target muscle which was stimulated by rTMS had a better 
effect than only rTMS did. Thus, we hypothesized that if patients practice speech 
simultaneously during rTMS session, the patients would have better outcome. The aim of 
this study is to evaluate whether simultaneous speech practice with rTMS has an 
additional effect on improving dysarthria in stroke patients.  
  
Method 
This study is a prospective, randomized, controlled trial. We enrolled 16 stroke patients 
with dysarthria. We found hot spot, which will be stimulated during rTMS sessions, by 
searching for the evoked motor potential of the orbicularis oris muscle on the non-
affected side. And all patients got rTMS treatment at a low frequency, 15 minutes per day 



for a total of 10 times. In simultaneous group, the patient practiced speech of Korean 
vowels and consonants during rTMS sessions. But only rTMS group, the patients did 
nothing during rTMS sessions. The patients in both groups received speech therapy for 20 
minutes, 3 days a week for 2 weeks. The speech therapist measured alternative motion 
rate (AMR), sequential motion rate (SMR), maximal phonation time (MPT), Urimal test of 
articulation and phonology (UTAP) accuracy before and after intervention.  
  
Results 
Sixteen patients were enrolled in this study, and three patients were excluded due to old 
ischemic history and the patient's denial. Among 13 patients, 7 patients were allocated to 
simultaneous speech practice group (Simultaneous group) and other 6 patients were to 
only rTMS group. There were no significant differences in the baseline characteristics and 
initial values between the two groups (Table 1). After interventions, both groups showed 
improvement in all measurements. And in Simultaneous group, there were significant 
differences between before and after treatment in AMR of Pa, AMR of Ta, SMR (Table 2). 
And in Only rTMS group, there were significant differences between before and after 
treatment in AMR of Ta, SMR, MPT (Table 2). But the changes in all measurements 
between groups had no significance (Table 3).  
  
Conclusion 
Even though the Results showed that the changes after intervention between 
Simultaneous group and Only rTMS group in AMR, SMR, U-TAP accuracy and MPT had 
statistically no significance, we found the tendency that Simultaneous group had a better 
outcome than Only rTMS group in AMR and SMR. So, further study in a larger population 
is required to confirm this tendency.  
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Introduction  
Cancer-related coagulation disorders, tumor embolism or adverse effects from 
oncological treatment could be a trigger for ischemic stroke. In an autopsy study from 
1985, 14.6% of cancer patients suffered from ischemic stroke (Graus et al.) while the 
global incidence of stroke is 0.002% (Bonita et al.). Understanding the potential risk 
factors of cancer patients is important for stroke prevention and effective treatment. The 
purpose of this study was to investigate the incidence and characteristics of stroke 
patients with different types of cancer.  
  
Methods and Outcome Measures.  
 We retrospectively identified all previously diagnosed cancer patients who developed 
first onset ischemic stroke (IS) between 2012 and 2016 using medical record review from 
a single medical center. The following patients were excluded: patients who were 
diagnosed with ischemic stroke prior to cancer diagnosis, brain tumor patients and the 
patients with omitted initial assessment records. The types of cancer that led to IS, 
infarction patterns, cerebrovascular risk factors, stroke severity and initial functional 
assessments, and experience of chemotherapy and radiation therapy and death rates 
were reviewed in the enrolled patients. Stroke severity was also compared between the 
patients who received chemotherapy and those who did not.  
 
Results.  
We identified 151 patients with IS and cancer of whom 78 of them were excluded and 63 
patients were enrolled in the study which was 0.16% of the total cancer patients from 
2012 to 2016 in the center. The most frequent cancer type in our IS patients were lung 
(26.9%), stomach (14.3%) and colorectal (12.7%) while the most frequent cancer type in 
this center from 2012 to 2016 was thyroid (14.6%), colorectal (11.2%) and stomach 
(9.0%). The in-hospital death rate of cancer group was 11.7% while the cancer and IS 
comorbid group was 20.6%. Among the enrolled patients, 30 (47.6%) patients turned out 
to have single territorial lesion, 16(25.4%) with multiple vascular territories, 9(14.3%) 
with scattered lesion and 8(12.7%) with border zone infarction. For the cerebrovascular 
risk factors, hypertension (60.3%) was the most common, followed by dyslipidemia 
(41.3%), and diabetes mellitus (38.1%). The mean NIH stroke scale (NIHSS) and Modified 
Rankin Scale (mRS) was 6.42 and 3.15 respectively. (Table 1.)  
  
Conclusion.  
As previous literatures stated, our study showed that ischemic stroke risk is higher in 
cancer patients. The comorbid patients also showed higher in-hospital death rate 
compared to both stroke only and cancer only patients. Based on our study, patient 
groups with more risk factors and certain types of cancer can be more effectively 
monitored and guided. Further studies with larger patient group and well controlled 
cohort study could support the proposal.  
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Objective  
The prevalence of malnutrition after stroke varies widely and the reported frequency of 
malnutrition ranged from 6.1% to 62%. Evaluation of nutritional indicators in acute stroke 
patient is important to prevent malnutrition which was related to increase hospitalization 
period and decrease functional improvement during rehabilitation. The aim of our study 
is to check whether nutritional status was influenced by feeding method and age in 
patients with acute stroke.  
  
Participants and Methods  
Participants included in the current study were reviewed retrospectively the electronic 
medical records. Inclusion criteria were as follows: (1) All the subjects were diagnosed by 
Magnetic Resonance Image(MRI) or Computed Tomography(CT) (2) completed the 



videofluoroscopic swallowing study(VFSS) between 2010-2016 (3) conducted both 
albumin level test at the day of onset and 2month after onset We excluded patients who 
had a history of another neurologic disorder could be cause of dysphagia such as 
Parkinson disease, brain tumor, advanced dementia, multiple sclerosis, inflammatory 
myopathies, myasthenia gravis and muscular dystrophies. A total 68 patients were 
divided into three groups according to functional oral intake scale (FOIS), penetration-
aspiration scale (PAS), and ages. FOIS and PAS were determined based on VFSS results. 
And we analyzed differences in their clinical characteristics and albumin level that 
indicates nutritional status. Kruskal-wallis and Mann Whitney-U test was performed.  
  
Results  
Albumin level at 2month after onset were decreased compared to albumin level at the 
day of onset in all groups regardless of feeding method and age. (Table. 1) According to 
the feeding method, albumin value differences between at admission time and 2 months 
later were larger in the tube feeding(p = 0.007) and dysphagia diet group (p = 0.009) 
compared to normal diet group. In aspect to age, albumin value differences between the 
day of onset and 2 months later were larger in older group (age> 75) (p=0.006). (Table. 1) 
However, in subgroup analysis for the age, there were statistically significant decrease in 
albumin level in elderly (≥65 years) patients who intake normal diet and normal group by 
PAS classification (Table 2 and 3).  
  
Conclusion  
These Results suggest that the nutritional indicator change measured in admission and 2 
month after are associated with feeding method and age. Tube feeding or diet 
modification prescribed for stroke patients may impair nutritional status. And even in 
patients who intake normal diet, we should pay attention to the nutritional support, 
especially in elderly patients.  
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Objective  
To investigate the evidence regarding the amount of restraint time and rehabilitation 
time of modified constraint-induced movement therapy (mCIMT) for the paretic upper 
extremity activity in stroke patients.  
 
Method  
- Participants : A total of 12 patients with unilateral stroke determined by brain imaging, 
with no serious cognitive deficits, were recruited for this study. The mCIMT group 
participants were admitted to the rehabilitation department. The inclusion criteria were 
(a) more than one months post onset, (b) able to lift 2 fingers on the table or able to 
extend the wrist at least 10°, (c) able to follow a 2-step command. Exclusion criteria were 
(a) modified ashworth scale > 2, (b) history of stroke, (c) who did not agree to participate.  
- Intervention : They received conventional occupational treatment with therapist and 
robotic rehabilitation using the Rapael smart glove (Neofect®). In addition, they also 
performed individualized task-specific program which was designed by a physician based 
on goal setting or functional level of participants. The total rehabilitation time was 
recorded by participant and therapist.  
They wore gloves at least 4-hour per day for two weeks with recording of restraint time.  
- Measurement : The primary outcome measures were improvements in arm function 
[the Wolf-Motor Function test (WMFT)], the upper extremity motor subsection of the 
Fugl-Meyer Assessment (FMA), patient’s self-perceived arm use in functional tasks [the 
Motor Activity Log (MAL)] and daily task performance [Functional Independence Measure 
(FIM)].  
All participants were examined after inclusion, and after the 2-week treatment period.  
- Statistics : The partial correlation analysis was used to evaluate the influence on 
outcome measurements by IBM Statistical Package for the Social Sciences, version 22.  
 
Results  
A total of 3 of the participants dropped out of the study; 2 patients were early discharged, 
and 1 patient had a new stroke. Of the 12 mCIMT participants available for posttreatment 
assessment (Table 1). At the 2-week follow-up, all of subjects showed significant 
improvements in arm function, impairment or use in daily activities (Table 2). Changes in 
outcome measures at 2 weeks were compared with the restraint time and total 
rehabilitation time by calculating partial correlations, adjusting age, post-onset duration, 
and initial MRC (Medical Research Council scale for muscle strength). As a result, total 
rehabilitation time was correlated to MAL (Table 3, r = 0.782, p < 0.013).  
 
Conclusion  
This study provides preliminary evidence which is the correlation of total rehabilitation 



time with functional outcome of upper extremity after mCIMT in subacute stroke patients. 
Although there was no significant correlation between the outcome measures and 
restraint time, further larger study will be necessary to confirm efficacy regarding 
restraint time and total rehabilitation time for mCIMT protocol.  
 
Table 1. Characteristics of Participants 

 
 
Table 2. Improvements after Modified Constraint-induced Movement Therapy 

 
 
Table 3. Influence of Restraint Time or Total Rehabilitation Time on Outcome measurements 
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Objective 
Basal ganglia (BG) is connected to frontal lobe forming a frontal- subcortical loop, the 
patient who have BG stroke can present abnormal executive function, which is known as 
prefrontal lobe function. Executive function is high-order cognitive processes that are 
necessary for complex, goal-oriented behavior. There are a few studies about this on 



abroad, but it is difficult to find this kind of study in Korea. So the aims of this study were 
to estimate executive function in stroke patient with BG and to determine relationship of 
K-FAB (Frontal assessment battery) and functional outcome.  
 
Subjects and Method 
Stroke subjects with BG lesion which is confirmed by brain MRI or brain CT between 2010 
and 2016 are included. Subjects were eligible if they were older than 18 years old. We 
excluded subjects with a history of stroke or with multiple brain lesions. At entry to the 
study, when subjects are transferred to rehabilitation department, subjects measured K-
MMSE (Korean-Mini Mental state Examination), K-FAB, K-BBS (Korean-Berg Balance scale), 
K-MBI (Korean-Modified Bathel Index) by rehabilitation team including physiatrist. At the 
time of discharge, the same team using MBI evaluated all participants again. The 
reference values of K-MMSE are defined using normative study of K-MMSE1 with 
consideration of age. K-FAB higher than 12 are used as normal. Comparison between the 
initial K-FAB and initial K-MMSE were assessed by the T-test. Correlations between initial 
assessments (initial K-FAB, initial K-MMSE, initial K-BBS, initial MBI) and discharge MBI 
were made using spearman correlation coefficient.  
 
Result 
Ninety-one stroke patients with BG lesion were included. Mean age for the whole sample 
was 62.21 (range 27–86ears, 42 male). Of these, 33 were diagnosed with BG hemorrhage 
and 58 were diagnosed with BG infarction. 44 patients (48.4%) have normal initial MMSE 
and the rest 47 of them (51.6%) have abnormal initial K-MMSE. Initial K-FAB score reveals 
normal in 40 patients (44.0%) and abnormal in 51 patients (56.0%). Impaired initial K-FAB 
with normal initial MMSE was seen in 18 patients (19.8%), and abnormal initial K-MMSE 
with normal initial K-FAB was seen in 1 patients (1.1%). (Figure 1) Initial FAB significant 
correlation in initial MMSE (r=0.88), discharge MMSE (r= r=0.77), Discharge MBI (r=0.51). 
(Table 1) and there was no difference that the efficiency of improved MMSE and FAB in 
admission day.  
 
Conclusion 
Impairment of executive dysfunction in BG patient is caused by frontal-subcortical circuit. 
We experienced patients with BG stroke have dysfunction in frontal-subcortical circuit. In 
this study, the executive function has a decisive effect on functional outcome. We 
recommend assessing K-FAB as well as K-MMSE in stroke patients with BG lesion.  
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Objective 
This study aimed for investigating the effect of newly developed rehabilitation system, 
the Rapael Smart Glove (NEOFECT, Yongin, Korea), on functional recovery of upper 
extremity in subacute stroke patients with hemiparetic upper limb.  
  
Materials and Methods 
Fourty-one hemiparetic subacute stroke patients (24 females; mean age 60.4±13.3 years) 
with impairment of upper limb function were enrolled from two medical centers in this 
prospective, single-blind, randomized controlled study. All patients were treated with 40 
therapeutic sessions during 4 weeks, five times a week, an hour per day. In the 
experimental group, each session consisted of training using the Smart Glove for 30 mins 
and conventional OT for 30 mins. The control group received conventional OT for 60 mins 
per day. The Smart Glove provided several tasks focusing on upper extremity movement; 
grasp/release, wrist flexion/extension, pronation/supination, and radial/ulnar deviation. 
Functional assessment was conducted before the intervention (T0), immediately after the 
intervention (T1), and 1 month after the intervention (T2). The upper extremity function 
was assessed with Fugl-Meyer Assessment (FMA), Jebsen-Taylor Hand Function Test 
(JTHFT), 9-hole pegboard test, and Box and Block test. In addition, activity of daily living 
(ADL), cognitive function, and sensory function were evaluated. The repeated-measures 



ANOVA was used to evaluate the group and time interaction effects. The level of 
significance was set as p < 0.05  
  
Results 
Seventeen of 19 participants and 17 of 22 participants completed interventions in the 
experimental group and the control group, respectively. No serious complication was 
reported after intervention in both groups. There was no significant difference in general 
characteristics and behavioral function at T0 between both groups. The repeated-
measures ANOVA demonstrated that the total scores for FMA upper-limb parameters 
were significantly improved in the experimental group (p < 0.05) compared to the control 
group. Also, all subtest scores of JTHFT except writing were improved in the experimental 
group compared to the control group (p < 0.05). However, changes in other assessments 
including ADL, cognitive function, and sensory function showed no significant difference 
between the groups.  
  
Conclusions 
The Results of this study revealed that the Rapael Smart Glove combined with OT was 
more effective to improve upper limb motor function than conventional OT alone in 
subacute stroke patients. The Rapael Smart Glove training might have a therapeutic 
potentials for improving hand function of stroke patients.  
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Background  
ReJoyce is an upper limb rehabilitation workstation developed for patients with impaired 
upper limb function due to neurological or surgical problems.  
  
Aim of the study  
The aim of this study was to investigate the effects of upper limb rehabilitation therapy 
based on ReJoyce, one of workstation-based rehabilitation therapy devices, on the 
recovery of upper limb functions and activity of daily living of subacute stroke patients.  
  
Design, subjects and setting  
This study was designed at prospective, single-blinded, randomized controlled trial. 
Subjects were 20 subacute stroke patients. The average of age was 56.2±14.85 and time 
from stroke was 53.35±14.58 days.  



  
Method  
The treatment group(ReJoyce n=10, Control n=10) of 20 subacute stroke patients 
participated in a 30-minute session of workstation-based rehabilitation therapy and 
another 30-minute session of conventional upper limb rehabilitation therapy once a day 
and five times a week over total four weeks. The control group received two 30-minute 
sessions of conventional rehabilitation therapy a day during the same period. We were 
used assessment tool that Fugl-Meyer Assessment-upper extremities(FMA-UE), Jebsen-
Taylor hand function test(JTHFT) and Modified Bathel Index(MBI) for assessment to 
before and after the therapy and in therapeutic effects between them. The findings were 
as follows.  
  
Result 
There were a significant improvement in upper limb functions(p<0.05) and activity of 
daily living(p<0.05) both in the workstation-based treatment group and the conventional 
rehabilitation therapy group of subacute stroke patients. Specifically, workstation-based 
treatment group was a significant improvement in FMA-UE, MBI and JTHFT(4 items of 7 
items), and conventional rehabilitation therapy group was significant improvement in 
FMA-UE, MBI and JTHFT(7 items of 7 items). However, there were no significant 
differences in therapeutic effects to between the two groups(p>0.05).  
  
Conclusion 
The Results of this study suggest that workstation-based rehabilitation is effective in 
improving the upper limb function of subacute stroke patients, as compared with 
conventional rehabilitation. On this basis, various rehabilitation approaches using a 
workstation or a computer-based rehabilitation system that can motivate rehabilitation 
and motivate voluntary movements along with traditional rehabilitation should be widely 
applied.  
 

 
Figure 1. Flowchart of the study  
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Introduction  
 Robotic-Assisted Gait Training (RAGT) is widely used for impaired walking ability in stroke 
patients. However optimal parameter for RAGT still remains unclear. The purpose of the 
study is to evaluate the difference in guidance force (GF) of RAGT device affect motor 
function recovery and activities of daily livings (ADLs) in patients with stroke.  
  
Methods  
 We conducted a randomized, single-blinded study of 26 patients diagnosed as ischemic 
or hemorrhagic stroke. The patients were assigned randomly to either the 60% GF RAGT 
or the full-GF RAGT group. The Walkbot™ was utilized as RAGT device. The first group had 
treated with conventional physical therapy (CPT) for 30 minutes and sequentially treated 
with full-GF RAGT for 30 minutes on weekdays for 4 weeks. The second group had 
treated with CPT for 30 minutes and sequentially treated with 60% GF RAGT for 30 
minutes on weekdays for 4 weeks. Both groups had additional 30 minutes of CPT for 4 
weeks. All subjects were evaluated using Isokinetic Knee Strength Test (IKST), Functional 
Ambulation Category (FAC), Berg Balance Scale (BBS), Korea-Modified Barthel Index (K-
MBI) before training, and at the time of 4 and 8 weeks after treatment started.  
  
Results  
 Within 26 patients, 14 patients in 60% GF RAGT group and 12 patients in full-GF RAGT 
group completed the training without falls, pain or sudden blood pressure decrease. 
There was no significant difference in IKST, FAC, BBS, and K-MBI before the study 
between two groups. The Results showed significant differences in IKST, FAC, BBS, and K-
MBI between two groups after 4 and 8 weeks of training. The 60% GF RAGT group 
showed more improvements in IKST, FAC, BBS, and K-BMI compared with full-GF RAGT 
group.  
  
Conclusion  
 Based on these results, findings indicated that 60% GF RAGT combined with CPT seems 
to be more effective in improving knee strength, walking ability, balance function, and 
ADLs compared to full-GF RAGT. This study implied that increasing active portion during 
RAGT would have beneficial effect in rehabilitation.  
 



 
Fig. 2. Study flowchart  
 
 

 
Fig. 3. Changes in mean scores of Isokinetic Knee Strength FAC, Functional Ambulation Category; BBS, Berg 
Balance Scale; K-MBI, Korea-Modified Barthel Index at post-training and follow-up. Asterisk (*) indicates 
significant main effect between the two group (p<0.05).  
 
Table 1. Scores of each evaluation scale at pre-training, post-training and follow-up 
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Introduction  
Impairment of the upper extremity is frequent after stroke, and functional recovery of 
upper extremities is a core element of stroke rehabilitation needed to maximize 
outcomes and reduce disability. The purpose of this study is to investigate the effect of 
digital smart glove system for functional recovery of upper extremity in patients with 
chronic stroke.  
  
Methods  
This study was designed at prospective, single-blinded, randomized controlled trial. We 
used RAPAEL Smart glove® by NEOFECT for digital smart glove system to apply to subjects. 
Twenty six chronic stroke patients with upper extremity impairment were enrolled. The 
subjects were randomly assigned to 2 groups. In the RAPAEL Smart Glove® group, 15 
subjects were treated with a 30-minute session of RAPAEL Smart Glove® therapy and 
another 30-minute session of conventional occupational therapy (OT) once a day and five 
times a week over total four weeks. In the conventional rehabilitation group, 11 subjects 
were received a 30-minute session of conventional OT and additional 30-minute session 
of conventional OT a day during the same period. Functional assessment was conducted 
before the intervention (T0), immediately after the intervention (T1), and 1 month after 
the intervention (T2). The upper extremity function was assessed with Fugl-Meyer 
Assessment (FMA) and Jebsen-Taylor Hand Function Test (JTHFT). In addition, activity 
daily living (ADL), cognitive function, and sensory function were evaluated.  
  
Results  
In both groups, there was a significant improvement in upper extremity functions (p<0.05) 
and activity of daily living (p<0.05). However, No statistically significant differences of the 
total scores for FMA upper-limb parameters and all subtest scores of JTHFT were found 
between the RAPAEL Smart Glove® group and the conventional rehabilitation group. 
(Fig.).  
  
Conclusion  
The Results of this study demonstrated that digital smart glove system was effective to 
improve upper extremity functions in patients with chronic stroke. In addition, digital 



smart glove system would be cost-effective, because it does not require additional 
personnel and can provide programs that train a variety of movement without any other 
equipment. To verify the non-inferiority of digital smart glove system compared to 
conventional rehabilitations, further studies should be required.  
 
Table 1. Demographic and clinical characteristics of subjects (n=26)  

 
 
 
 
 
 
 
 
 
 
 



Table 2. Results before and after intervention and significance between groups  
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Introduction  
Dysphagia is common complication in approximately 50 percent of stroke patients, which 
commonly improves over time. But some patients have prolonged dysphagia and need 



eventually PEG tube placement. There are risk factors for longstanding dysphagia such as 
high National Institutes of Health Stroke Scale (NIHSS) score and bihemispheric infarcts. 
The elderly have impairments swallowing performance and abnormal respiration 
patterns during swallowing. Therefore, the reduced swallowing function of elderly person 
can disrupt the improvement of dysphagia in stroke patients. The object of this study was 
to investigate the aging effect on the improvement of dysphagia in stroke patients.  
  
Material and method  
This is 38 months follow-up study of stroke patients in Department of Physical and 
Rehabilitation Medicine from 2014 to 2017. This experiment included the patients (1) 
who had first stroke, confirmed by MRI or CT and (2) who were observed swallowing 
ability during more than one month by a videofluoroscopic swallowing study (VFSS). The 
swallowing function was evaluated by Dysphagia Outcome and Severity Scale (DOSS). The 
confounders such as sex, the period of observation, the time interval from onset of stroke 
to initial evaluation, initial DOSS, etiology and lesion of stroke were collected. 
Relationship between age and change of DOSS was statistically analyzed by the IBM SPSS 
Statistics 24. The multiple linear regression adjusted by the confounders were used to 
this analysis. In addition, The Log rank test and The Cox proportional hazard (PH) 
regression which deal with time duration until patients have normal swallowing function 
(DOSS 6 or 7) were done to assume the effect of age more than seventy four.  
  
Results  
Eighty five patients were included for the study and Table 1 shows the characteristics of 
them. The aging effect was negatively associated with improvement of DOSS in first 
stroke patients (β=-0.029 (95% CI: -0.048, -0.009; p=0.005)). In addition, the initial DOSS 
and the interval from onset to initial VFSS was negatively correlated with change of DOSS 
(initial DOSS; β=-0.622 (95% CI: -0.821, -0.422; p<0.001), interval from onset to initial 
VFSS; β=-0.008 (95% CI: -0.014, -0.002; p=0.014)). The result of multiple linear regression 
is written in Table 2. In additional analysis, the improvement of dysphagia up to normal 
swallowing function (DOSS 6 or 7) was lower in the elderly more than seventy four years 
old (Log rank test, χ2 4.274, p=0.039), (Cox PH regression, Exp(β)=0.283, (95% CI: 0.098, 
0.819; p=0.020)). Table 3 and Figure 1 show the result and the one minus survival plot of 
the Cox PH regression, respectively.  
  
Conclusion  
The Aging is negatively associated with improvement of DOSS in first stroke patients. 
Additionally the elderly more than 74 years old take more time to recover swallowing 
function as normal range.  
 



 
 

 
 

 
Figure 1. One minus survival plot of Cox PH regression  
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Objectives 
The Korean version of modified Barthel Index (K-MBI) and the modified Rankin Scale 
(mRS) are commonly used scales that measure disability or dependence in activities of 
daily living (ADL) of stroke patients in Korea. However, there is little agreement on how to 
assess outcome in stroke patients using these scales. Furthermore, lack of consensus in 
cutoff value for severity in K-MBI caused confusion in interpreting stroke outcomes. In 
this study we investigated sensitivity and specificity of K-MBI cutoff scores in relation to 
mRS to obtain the optimal corresponding BI and mRS scores. Our goal was to identify the 
optimal corresponding K-MBI and mRS scores and to classify the severity of K-MBI.  
  
Materials and Methods 
This study is the interim Results 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 were recruited. K-MBI and mRS scores of 3 months after 



onset were collected from 5,758 stroke patients in KOSCO data. Sensitivity and specificity 
were calculated for K-MBI cutoff scores from 0 to 100 with scales of 5 in mRS score 1 to 4. 
We also plotted receiver operator characteristic (ROC) curves with sensitivity and 
specificity and obtained the area under the curve (AUC).  
  
Results 
The cutoff scores for the K-MBI with the highest sum of sensitivity and specificity were 95 
(sensitivity 78.0%; specificity 91.2%), 90 (sensitivity 88.8%; specificity 90.0%), 75 
(sensitivity 94.3%; specificity, 94.3%), and 55 (sensitivity 98.0%; specificity 93.1%) for mRS 
1, 2, 3 and 4, respectively. The AUC for ROC curve was 0.906 (95% CI, 0.899 to 0.914) in 
mRS 1, 0.959 (95% CI, 0.953 to 0.964) in mRS 2, 0.984 (95% CI, 0.981 to 0.987) in mRS 3, 
and 0.988 (95% CI, 0.885 to 0.990) in mRS 4.  
  
Conclusion 
The optimal cutoff scores for the K-MBI were 95 for mRS 1, 90 for mRS 2, 75 for mRS 3, 
and 55 for mRS 4. For future stroke trials that assess stroke outcome with the K-MBI and 
mRS, we recommend the use of these K-MBI cutoff score(s) with the corresponding mRS 
cutoff score(s), to assist classifying stroke patients by their dependence of ADL.  

 

 

P 2-110 

The relationship between the Berg Balance Scale and mechanography in 
stroke: A preliminary study 

Sang Ho Oh1*, Jaewon Beom1, Kyung-Mook Seo1, Don-Kyu Kim1† 

Chung-Ang University Hospital, Department of Physical Medicine & Rehabilitation1 
 
Objective 
To demonstrate the relationship between the Berg Balance Scale (BBS) and 
mechanography, developed for evaluating patients with balance problems.  
  
Subjective & Methods 
A cross-sectional study was carried out for 10 stroke patients. Patients were assessed by 
chair rising test using the Leonardo mechanography® 43.6±14.6 days after stroke. For 
intra-individual comparisons of the BBS and the mechanography, Spearman's correlation 
coefficients were calculated. We also assessed the functional ambulation categories (FAC), 
and the Korean version of Modified Barthel Index (K-MBI).  
  
Results 
The BBS of 10 stroke patients was 41.8±11.3. The maximal force and power of 
mechanography did not show significant correlation with the BBS, FAC, and K-MBI in 
stroke patients.  
  
 



 
Conclusion 
This preliminary study did not reveal significant correlation between the BBS and 
mechanography for evaluation of balance in stroke patients. However it may suggest that 
not only the clinical assessment, the BBS, but also the objective test, mechanography are 
required for quantitative functional measurement. Further study with larger sample size 
will be needed to confirm the usefulness of mechanography in subacute and chronic 
stroke patients.  
  
Key Words 
stroke, Berg balance Scale, mechanography, balance  
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Objective 
The purpose of the present study was to investigate the effect of newly developed 
wearable hip-assist robot on locomotion function in stroke patients.  
  
Methods 
Twenty seven stroke patients (experimental group: n=14; control group: n=13) were 
enrolled and randomly assigned to experimental or control group. The Gait Enhancing 
Mechatronic System (GEMS, Samsung Electronics Co., Ltd., Korea), which functions as a 
wearable hip-assist robot was used. All participants received 30-minute gait training (5 
sessions: treadmill gait training; 5 sessions: over-ground gait training) with GEMS in the 
experimental group or without GEMS in the control group, for 10 sessions during the 
consecutive 4 weeks. Muscle efforts were acquired and analyzed using the 12-channel 
surface electromyography (sEMG) system (Desktop DTS system, Noraxon, USA) at 
preferred speed. Spatio-temporal parameters of gait were determined by 3D motion 
capture system (Motion Analysis Corporation, USA). Center of pressure excursion index 
(CPEI) were collected from a Tekscan insole system (Tekscan Inc, Boston). In addition, 
cardiopulmonary metabolic energy consumption measurements were obtained during 6 



minutes of treadmill walking using portable cardiopulmonary metabolic system (COSMED 
K4B2, Rome, IT).  
  
Results 
The experimental group showed significantly more improvement in spatio-temporal 
parameters than the control group. The experimental group demonstrated lesser 
muscular effort and smaller CPEI during gait than the control group. Furthermore, 
metabolic energy consumption during 6 minutes treadmill walking was significantly lower 
in the experimental group than the control group (Figure 1).  
  
Conclusion 
The Results of this study suggest that a gait rehabilitation program with the GEMS could 
improve gait function and cardiopulmonary metabolic efficiency in the stroke patients.  
 

 
Figure 1. Cardiopulmonary metabolic energy consumption reduction in intensive gait training with GEMS.  
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Objective  
Recovery prediction helps clinicians make individually-tailored rehabilitation plans and 
allows patients to set realistic goals after stroke. Brain systems have features of complex 
networks. Neural damage after stroke can diffuse through the brain network and 



influence the functions of distant regions even though a lesion is focal. In this study, we 
proposed a predictor that can be used in combination with initial motor function 
(baseline) in stroke patients. We hypothesized that the less the impact of the lesion on 
the whole brain network, the more favorable would be the conditions to recover from 
stroke damage, resulting in better motor recovery.  
  
Materials and Methods  
Sixty-four ischemic stroke patients (36 males, 45 with supratentorial lesions, age 
57.9±12.6 years) were enrolled. All patients underwent MRI data acquisition and 
behavior assessment at 2 weeks after stroke onset (T1). Motor impairments were 
measured using the Fugl-Meyer assessment (FMA) on the same day as MRI data 
acquisition and again at 3 months after stroke onset (T2). Sixty-four healthy subjects (26 
males, age 50.0±16.5 years) were also recruited and underwent a resting-state fMRI scan. 
We focused on second link-step connectivity from lesions (next link-step connectivity of 
directly connected connectivity by a lesion). The connectivity is not directly damaged by a 
focal lesion and will become an active participant during recovery period. During recovery, 
the lower the impact of the lesion on the connectivity, the higher the cost-effective 
reorganization for recovery in the whole brain network was noticeable. We extracted 
second link-step connectivity and used as a predictor of motor recovery by quantitatively 
measuring the impact of a lesion on the whole brain network (Fig 1).  
  
 
Results  
Linear regression model was used to investigate the factors significantly influencing on 
the recovery of motor function. Proposed predictor had predictability in patients with 
supratentorial lesions (r=0.588, p=2.15e-05, R^2=0.346). The combined model 
(predictor+baseline) was investigated using multiple linear regression model. The 
combined model was powerful for predicting motor function after 3 months (p=1.13e-14, 
R^2=0.753). Multivariate analysis was also performed including patient characteristics of 
initial motor function, age, and lesion volume. The best prediction was shown [FMA 
(T2)~1+Predictor+baseline+Age+log(Lesion volume), p=3.79e-16, R^2=0.788). Cross-
validation was used to assess the performance of the prediction model (p=2.08e-14, 
R^2=0.746, RMSE=13.15) (Fig 2).  
  
Conclusions  
This study proposed a meaningful model that can be used to predict later motor function 
recovery at an early period after stroke. The model showed higher performance for 
predicting motor function at three months post-stroke. We expect that this model can be 
used in clinical setting to develop individually-tailored rehabilitation programs for 
patients suffering motor impairments after stroke. 
 



 
Framework to extract second link-step connectivity from a lesion.  
 

 
Validation results. Relationship between predicted motor function (predicted FMA (T2)) and actual motor 
function at 3 months post-stroke (FMA (T2)).  
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Purpose 
To explore possible alterations in functional connectivity (FC) between the anterior insula 
and the fronto-cortical and sub-cortical brain regions in post-stroke depression (PSD), and 
to determine whether these alterations are associated with depression severity.  



 
Materials and Methods 
Resting state FC was estimated between the anterior insula and the fronto-cortical and 
sub-cortical brain regions in 13 patients with severe PSD, 12 patients with minimal PSD, 
and 13 age- and sex-matched controls without PSD. The patient-reported outcome 
included the Beck Depression Inventory (BDI)-II.  
 
Results 
 Compared to patients with stroke with minimal PSD and healthy controls, patients with 
stroke with PSD showed much higher positive FC scores between the anterior insula and 
fronto-cortical regions (P < 0.05). Furthermore, FC alterations in fronto-cortical regions 
were highly correlated with depression severity, as measured with the BDI-II (P < 
0.001)(Figure 1, 2) .  
 
Conclusion 
The marked positive functional connectivity between the anterior insula and fronto-
cortical regions in patients with stroke with PSD is strongly associated with depression 
severity, suggesting that this FC alteration could be used as an imaging biomarker for PSD.  
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Objective   
Transcutaneous electrical nerve stimulation(TENS) is known to improve not only the 
hemiplegic patient's pain, but also motor performance. Previous study showed that TENS 
excites large diameter Aα and Aβ afferent neurons. The signal evoked by TENS reaches 
the motor cortex as well as sensory cortex. The purpose of this study was to investigate 
that TENS improve balance ability in stroke patients.  
 

Methods   
Twenty hemiplegic subacute stroke patients(14 mens and 6 womens) were enrolled. 
Patients who can standing for more than 5 minutes and were showed abnormal finding in 
tibial somatosensory evoked potential exam were included. Patients who were unable to 
maintain standing due to musculoskeletal disorder and those who could not be examined 



due to cognitive impairment were excluded. Patient were randomized divided into TENS 
and control groups. TENS was applied on the hemiplegic sole(fore foot – 2pad, lateral mid 
foot – 1pad, hind foot - 1pad) for 1 hour a day for 2 weeks. Patients stood for one hour 
with TENS applied. The intensity of stimulation was the minimum value that the patient 
could feel. 2 weeks before and after, we checked the balance ability using I-balance 
S®(Cybermedic, korea). The mean center of gravity(COG) sway velocity, total distance, 
reaction time and movement velocity were measured.  
   

Results   
Mean COG sway velocity, which showed the amount of motion fluctuation, was improved 
from 1.15 ± 0.79˚/s to 0.36 ± 0.11˚/s in the TENS group and from 0.34 ± 0.13˚/s to 
0.13 ± 0.10˚/s in the control group, but not significant change. The total distance in which 
the patient showed fluctuation of motion through the total distance of motion decreased 
from 1172 ± 70mm to 732 ± 509mm in the TENS group, but increased from 700 ± 451mm 
to 708 ± 362mm in the control group. The reaction time to show the response rate to the 
instruction decreased from 0.93 ± 0.21s to 0.73 ± 0.25s in the TENS group but increased 
from 0.65 ± 0.31s to 1 ± 0.45s in the control group. The movement velocities of the 
body's center of gravity from the center to the target were not significant changed in 
both groups.  
   

Conclusion   
Applying TENS to the hemiplegic soles may help reduce motion fluctuation and reaction 
time in hemiplegic patients.  
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Objective 
In post-stroke patients, gait dysfunction is common as a result of impairment in cerebral 
gait mechanism. Recently, functional near-infrared spectroscopic (fNIRS) imaging 
technique allows measurement of cortical activities during walking in human. The 



purpose of this study was to investigate the modulating effect of GEMS on cortical 
activation during gait in patients with chronic stroke.  
 
Materials and Methods 
A wearable-type robot, Gait Enhancing Mechatronic System (GEMS, Samsung Electronics 
Co., Ltd., Korea), which was developed by the Samsung Advanced Institute of Technology, 
was used in his study. Twenty chronic stroke patients (Thirteen males and seven females; 
mean age, 59.8±6.93 yrs) with gait impairment (Functional Ambulation Category: 
4.2±0.83; range, 3 to 5) participated in this study. Each patient performed treadmill 
walking task at self-selected speed either with assistance of GEMS (GEMS) or without 
assistance of GEMS (NoGEMS). The experiment began with a fixed standing condition (60 
s), followed by one of the 2 walking conditions (90 s) and then a resting condition (60 s) 
for five repetitions. For analyzing the cortical activation, a task period was divided into 
the early and late phase; The period between 1 and 30 seconds after task onset was 
defined as the early phase to reflect the immediate hemodynamic response. The period 
between 31 and 70 seconds after task onset was defined as the late phase to assess 
continuous brain activation during gait. Cerebral oxygenation was measured using the 
fNIRS imaging system (NIRSport, NIRx Medical Technologies LLC, Glen Head, NY, USA) in 
the bilateral prefrontal cortices (PFC), premotor cortices (PMC), supplemental motor 
areas (SMA), and sensorimotor cortices (SMC).  
 
Results 
We observed significantly increased cerebral oxygenation in the lower limb SMC, SMA, 
and PMC during walking in the early phase of gait with GEMS and NoGEMS conditions. 
This increment is, however, relatively lower in the condition with GEMS than NoGEMS. In 
the other hand, there was significantly increased cerebral oxygenation in the PFC during 
the late phase of gait with GEMS than NoGEMS conditions.  
 
Conclusion 
Less activation in the lower limb SMC, SMA, and PMC during gait with GEMS indicate that 
GEMS reduces the cortical participation of stroke gait by producing rhythmic hip flexion 
and extension movement and allows a more coordinate and efficient gait patterns. This 
may also contribute to facilitate a role of subcortical neural substrate for producing 
automatic and symmetric gait pattern as normal gait, which needs further clarification in 
future study.  
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Objective  
Cognitive Perceptual Assessment for Driving (CPAD) that Korea National Rehabilitation 
Center has developed and tested can evaluate cognition and perception of brain injured 
patients for driving. CPAD was constructed with 8 tasks of depth perception, sustained 
attention, divided attention, Stroop test, digit span test, field dependence, trail making 
test A, and trail making test B. ( Score; pass group ≥ 53, borderline group > 42 and < 53, 
fail group ≤ 42 ) Pass group and borderline group except severe condition will get driver 
retraining that can be done using driving simulator or real automobile equipped with 
adaptive devices. The others can recheck CPAD and don`t recommend driving.  
 Many other rehabilitation centers don`t have CPAD program and commonly have used 
Clock Drawing Test(CDT) and mini mental state examination (K-MMSE) for cognitive 
perceptual function. The purpose of this study was to find out whether CDT and K-MMSE 
can predict CPAD results.  
  
Method  
 Medical records of 150 stroke patients (man 133, woman 17) who evaluated CDT, K-
MMSE and CPAD from July, 2016 to June, 2017 in National rehabilitation center were 
reviewed retrospectively. Clinical characteristics and K-MMSE score were analyzed using 
Mann-Whitney U-test. p-values are reported for values greater than p=0.05. All analyses 
were completed using SPSS, v.20.0.  
  
Result  
Mean age of 150 stroke patients was 53 and males were 133(89%). More than the half of 
them was highly educated. (above college 78(52%)) (table1)  
Based on CPAD, 82 were at pass group, 57 at borderline group and 11 at fail group. Pass 
CPAD group was significantly highly educated and younger than moderate to fail CPAD 
group. High CDT and K-MMSE score were significantly associated with pass 
group.(p<0.001) (Pass vs. borderline to fail CDT score 7 vs. 6, K-MMSE 29 vs. 27)  
As in the first form above, those who passed the CPAD were highly educated and younger 
than who failed and accepted borderline. Pass CPAD group get more one point of CDT 
score than other two groups. (Pass vs. borderline and fail CDT score 7 vs. 6) (p<0.001) K-
MMSE score was increased through fail to pass CPAD group.(fail vs. borderline vs. pass 
score 26 vs. 27 vs. 29) (p<0.001) (table2, Figure1)  
There was no significant difference in sex with any other groups.  
 
Conclusion  
The pass group of CPAD have higher chance of getting high CDT and K-MMSE score than 
borderline and fail group and have higher education level and younger age than other 
two groups. Thus we can apply CDT and K-MMSE for prediction of CPAD results.  
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Introduction 
We investigated the recovery pattern and prognostic factors on language recovery during 
the first year after onset in the first-ever ischemic stroke patients  
  
Methods 
This study is the interim Results of the Korean Stroke Cohort for Functioning and 
Rehabilitation (KOSCO) designed as 10 years long-term follow-up study of stroke patients. 
In patients with acute ischemic first-ever stroke in the left hemisphere of 3 hospitals in 
KOSCO, we analyzed data of 296 ischemic stroke patients who completed all Korean 
Version of Frenchay Aphasia Screening Test (K-FAST) at 7 days, 3 months, 6 months, and 1 
year after stroke onset. Repeated measures ANOVA was used to investigate changes of 
language function among 7 days, 3 months, 6 months, and 1 year evaluation period. For 
subgroup analysis, subjects were divided into 3 groups with mild (20 to 25 points), 
moderate (11 to 19 points) and severe (0 to 10 points) according to K-FAST score at 7 
days. To assess the influencing factors of the language function recovery at 1 year, 
multiple regression analysis was performed for demographic data, post-stroke functional 
status, co-morbidity, and stroke severity at 7 days.  
  
Results 
K-FAST scores assessed at 7 days, 3 months, 6 months, and 1 year after onset were 15.5 ± 
7.6, 19.8 ± 8.1, 21.1 ± 7.8, 22.0 ± 7.6, respectively. Significant differences were noticed 
between each time points of K-FAST scores (p<0.05). These Results represented that the 
recovery of language function underwent continuously until one year after stroke onset. 
In the subgroup analysis, moderate and severe group showed significant differences of K- 
FAST score between all assessment time points (p<0.05). However, mild group showed 
significant difference of K-FAST score between 7 days, 3 months, and 6 months after 
stroke, but no difference between 6 month and 1 year. Significant independent 
prognostic factors to K-FAST at 12 months were age and K-FAST score at 7 days (p<0.05).  
  
Conclusion 
These Results revealed that the recovery of language was persisting until one year after 
onset in stroke survivors with severe and moderate aphasia. Moreover, even in mild 



aphasia patients recovery of language function continues until 6 months. Therefore, long-
term language rehabilitation should be provided to obtain maximal functional recovery in 
stroke survivors with aphasia regardless of their initial severity.  
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Background 
The predictive factors of eating and swallowing disability in stroke patients has not been 
fully clarified. The purpose of this study was to analyze the factors predicting recovery of 
dysphagia in stroke patients 6 months after a first-ever stroke. 
 
Method 
This study was an interim analysis of the Korean Stroke Cohort for Functioning and 
Rehabilitation Study, designed to include 10 years of follow-up for first-ever stroke 
patients. Inclusion criteria was the stroke patient whose score of American Speech-
Language-Hearing Association National Outcome Measurement System Swallowing Scale 
(ASHA-NOMS) was less than 5 at 7 days after stroke onset. A total of 794 patients were 
included and divided into 2 groups based on whether or not the ASHA-NOMS score is less 
than 5 at 6month after stroke onset. Demographic data and Functional Independence 
Measure (FIM), ASHA-NOMS, National Institutes of Health Stroke Scale (NIHSS), and 
Glasgow Coma Scale (GCS), Korean version of Modified Barthel Index (K-MBI), Korean 
version of Mini-Mental State Examination (K-MMSE), Korean version of Frenchay Aphasia 



Screening Test (K-FAST), Functional Ambulation Category (FAC), modified Rankin Scale 
(mRS), Geriatric Depression Scale (GDS), Euro Quality of Life-5D (EQ-5D) on acute phase 
were compared between groups using chi-squared test and independent t-test. We 
evaluated the factors predicting recovery of dysphagia using a multiple logistic regression 
analysis.  
 
Results 
Five hundred ninety-two patients recovered to oral feeding group (ASHA-NOMS ≥ 5), 
whereas 202 stayed in tube feeding group (ASHA-NOMS < 5) at 6 month after stroke 
onset. Mean age, initial NIHSS and initial mRS were higher, and Initial K-MMSE, K-FAST, 
ASHA-NOMS and FAC were lower in tube feeding group (p<0.05) (Table 1). In the multiple 
logistic regression analysis, age, initial NIHSS, FIM score and etiology of stroke (ischemia 
or hemorrhage) were significant independent factors predicting recovery of dysphagia. 
The regression coefficients of age, NIHSS, FIM, etiology of stroke were -0.05, -0.071, 
0.048 and 0.543, respectively (Table 2).  
 
Conclusion 
Stroke patients with dysphagia with a high FIM, low NIHSS, hemorrhagic stroke and 
young age tended to recover oral feeding in 6 month after a first-ever stroke.  
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Objective 
The Fugl Meyer motor assessment (FMA) scale is a stroke-specific measure for motor 
impairment severity and has been widely used clinically and research-wise. However, 
characteristics in impairment are different according to lesion location in that motor 
control and sensory deficit is more common and motor weakness is less evident in 
infratentorial (IT) stroke compared to supratentorial (ST) stroke which implies the clinical 
significance of FMA scale could be different between IT and ST stroke. The aim of this 
study is to investigate the construct validity in patients with ST and IT stroke.  
  
Methods 
This retrospective study was carried out with 102 patients with a first-ever stroke 
confirmed by brain MRI or CT. Fifty-three patients had ST and 49 patients had IT stroke. 
Subjects were divided into 2 groups according to FMA score at admission; mild 
impairment group if FMA scale was 160 or higher and severe impairment group if FMA 
score was lower than 160. We used modified Barthel Index (MBI), modified Rankin Scale 
(mRS), and Functional Ambulation Categories (FAC) which were concomitant with FMA 
evaluation as functional measures. Pearson's correlation coefficient was used to analyze 
the correlation of FMA score and other functional parameters.  
  
Results 
FMA scale score was significantly higher in subjects with IT (178.65±28.64) stroke than 
those with ST stroke (148.26±41.52, p<0.05). However, there was no significant 
difference in other functional parameters between IT and ST groups. FMA scale score was 
significantly correlated with MBI, mRS, and FAC in both IT and ST groups (p<0.05). In mild 
impairment group with higher FMA scale score, subjects with IT stroke were significantly 
less independent in ambulation (FAC, p<0.05) and showed a tendency of poorer global 
function (mRS, p=0.077) than ST group.  
  
Conclusion 
The construct validity of FMA scale for evaluating functional outcome is poorer in 



patients with IT stroke than in those with ST stroke. The clinical features specific in IT 
stroke needs to be considered for proper evaluation and prognostication.   
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Objective 
Dysphagia is a common symptom among patients with acute ischemic stoke. Damage to 
the brainstem has long been known to affect swallowing. This is particularly true of 
medullary strokes, which affect the ninth and tenth cranial nerve nuclei resulting in 
incoordination of the pharyngeal muscles involved in swallowing. As we have previously 
shown, there is a greater incidence of aspiration among patients with brainstem strokes 
compared with patients with hemispheric strokes. The aim of this study was to examine 
the association between brainstem lesion location and specific videofluoroscopic 
variables.  
 
Method 
Patients admitted between 2011 and 2017 having an acute ischemic stroke in brainstem, 
as documented by means of diffusion-weighted magnetic resonance imanging were 
included. Brain lesions were classified by midbrain, pons and medulla groups. For the 
identification of dysphagia, 3-ounce water swallow test was carried out. Also, the 
videofluoroscopic swallowing study (VFSS) was performed, and aspiration or penetration 
below the true vocal cords and amount of residue in the piriform sinuses or the vallecula 
were checked.  
 
Results 
Sixty-two patients with acute brainstem infarctions who has showed positive result of 3-
ounce water swallowing test were included in this study. Mean age was 67.09 years and 
female was 51.6%. No significant difference between groups was found for age, sex, K-
MBI and NIHSS value at hospital admission. Pons infarction and medullary infarction 
groups were associated with aspiration or penetration. Also, there was significant 
relationship between medullary infarction and residue in pyriform sinus. The unadjusted 
odds ratio of residue in piriform sinus in group of stroke affecting medulla was 5.23 
(P=0.022). No statistically significant differences were found between lesion location and 
other specific videofluoroscopic variables, such as the presence of pharyngeal delay and 
vallecular stasis.  
 
Conclusion 
Among brainstem strokes showing dysphagia at initial swallowing screening test, 
medullary strokes are at the greatest risk of pyriform sinus stasis in VFSS parameters.  
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Objective  
Methylphenidate is a catecholaminergic drug considered as “amphetamine-like” and as a 
central nervous stimulant, widely and successfully used to treat attention deficit 
hyperactivity disorder. By inhibiting noradrenaline and dopamine reuptake, 
methylphenidate increases the synaptic concentration of these neurotransmitters. We 
hypothesized that methylphenidate is able to amplify cerebral motor and cognitive 
recovery after stroke. This study was aimed to evaluating functional outcomes of 
administration of methylphenidate in the treatment of stroke patients.  
 
Subjects & Methods  
Medical records of 122 stroke patients admitted to rehabilitation department from 
January, 2015 to December 2015 were reviewed retrospectively. We included patients 
treated with methylphenidate and donepezil or only donepezil at least 15 days. We 
collected modified rankin scale (mRS), Functional ambulation category(FAC), Berg balance 
scale(BBS), Mini mental state examination(MMSE) and Modified barthel index(K-MBI). 
Functional and cognitive outcome assessments were performed at baseline and at 
discharge. Patients were assessed at baseline and before discharge. For data analysis, we 
used SPSS version 22.0 for Windows. Chi-square tests were used for categoric data and t 
tests or analysis of variance for continuous data. Descriptive statistics were used to 
compare patient characteristics, methylphenidate administration and outcomes for 
between 2 groups (methylphenidate and donepezil vs donepezil).  
 
Results  
Among total 122 patients, 70 patients were received methylphenidate and donepezil, 52 
patients were received donepezil. No significant differences were found within the two 
groups for: Demographic variables, stroke related parameters, and length of stay. There 
was no significant difference between 2 groups (methylphenidate + donepezil vs 
donepezil) in modified rankin scale, Functional ambulation category, berg balance scale, 
modified barthel index and mini mental state examination. No effect linked to lesion 
location was found in the functional outcomes. But supratentorial group compared to 
infratentorial group elicited a functional improvement in mini mental state 
examination(p<0.05). In comparison of functional and cognitive outcome depending on 
type of stroke, hemorrhage group received methylphenidate and donepezil statistically 
improvement in modified rankin scale and mini mental state examination(p<0.05).  
 
Conclusions  
There was no satistically significant difference with modified rankin scale (mRS), 



Functional ambulation category (FAC), Berg balance scale (BBS), Modified barthel 
index(K-MBI) and Mini mental state examination(MMSE). But Improvement of clinical 
outcome with methylphenidate administration can be considered differently depending 
on the type of stroke. Further studies are necessary to determine a direct relationship 
with improving motor and cognitive function in the treatment of patients with stroke.  
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Objective 
To investigate the relationship between three instruments for evaluation of dysphagia, 
and four instruments for evaluation of dysarthria, in patients with stroke.  
 
Methods  
Twenty patients with cerebral infarction were evaluated in this study. All patients were 
assessed their dysarthria using U-TAP(Urimal Test of Articulation and Phonation), 
AMR(Alternate Motion Rate), SMR(Sequential Motion Rate), MPT(Maximum Phonation 
Time) and their dysphagia using PAS(Penetration-Aspiration-Scale), ASHA(The American 
Speech-Language hearing Association National Outcomes Measurements System 
Swallowing Scale), VFS Scale. The relationship between instruments of dysphagia and 



those of dysarthria as well as subsets of VFS scale and dysarthria was statistically 
analyzed using SPSS version 20.0 (IBM SPSS Inc., Armonk, NY, USA).  
 
Results 
There was a significant correlation between some of the dysphagia-inducing factors and 
dysarthria; ‘triggering of pharyngeal swallow’ and ‘laryngeal elevation and epiglottic 
closure’ were those factors of dysphagia having significant correlation to dysarthria.  
There was a significant correlation between the word-level vowel evaluation of U-TAP, a 
subtest of dysarthria and PAS and ASHA, subtests of Dysphagia(p<0.05). There was a 
statistically significant correlation between ‘Laryngeal elevation and epiglottic closure’ 
factor of VFS scale and word-level vowel evaluation of U-TAP (p<0.01), a subtest of 
dysarthria. In addition, there was a statistically significant correlation between ‘triggering 
of pharyngeal swallow’ factor of VFS scale and MPT (p<0.05), a subtest of dysarthria. 
However, there was no significant relationship between dysphagia and dysarthria in 
other subtests of each category.  
 
Conclusion 
 Dysarthria may be associated with the pharyngeal phase among various factors that 
induce dysphagia. Therefore, improving the function of the pharyngeal phase during 
speech therapy may be helpful for the improvement of dysphagia. Further studies with 
bigger patient population will be needed.  
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Introduction 
The purpose of this study was to compare social participation and quality of life (QOL) 
between ischemic and hemorrhagic stroke.  
 
Method 
Korean stroke cohort (KOSCO)is a large, multi-center prospective cohort study for all 
acute first-ever stroke patients admitted to participating hospitals in nine distinct areas of 
Korea. This study is designed as a 10-year, longitudinal follow-up investigating the 
residual disabilities, activity limitations, and quality of life issues arising in patients. A 
complete post-enumeration survey was performed through a review of the medical 
records for first admission. In addition, structured self-administered questionnaires and a 
face-to-face interview were performed assessing reintegration to normal living index, 
quality of life. The reintegration to normal life and quality of life were compared between 
ischemic and hemorrhagic stroke patients. The parameters associated with social 
participation included Euro QOL five dimensions questionnaire (EQ-5D), Reintegration to 
normal living index (RNLI), and Family support index (FSI). All of the parameters were 
measured at 3 months, 6 months, 12 months after stroke onset.  
 
Results 
One thousand and nine hundred ninety-nine patients (Ischemic stroke: 1549, 
Hemorrhagic stroke : 400) were reviewed excluding stroke patients who didn’t agree this 
study and decreased cognitive function (MMSE≤25). Distribution of general, clinical 
patient characteristics and functional parameters are summarized in Table 1. In the 
repeated-measures ANOVA with EQ-5D , FSI and RNLI measures , all two groups improved 
significantly over time ( EQ-5D : p = 0.00, RNLI : p = 0.00, FSI : p = 0.039). And RNLI result 
in larger improvements in patients with hemorrhagic stroke compared to patients with 
ischemic stroke (p = 0.001). But the EQ-5D and FSI did not result in larger improvements 
compared to either of the group (EQ-5D : p = 0.328, FSI : p=0.194). (Table 2.) And Multiple 
linear regression analysis was conducted using RNLI(12months after stroke onset) as 
dependent measure and NIHSS (National Institutes of Health Stroke Scale), MBI (Modified 
Barthel Index), FIM (Functional Independence Measure) and FMA (Fugl-Meyer 
Assessment of Motor Recovery) as independent predictors. Among several measurement, 
the change in RNLI in ischemic stroke group significantly correlated with the initial NIHSS 
and FMA. And in hemorrhagic stroke group, initial FMA is significantly correlated with the 
RNLI.(Table 3.)  
 
Conclusion 
Over the first year after stroke, the process of community reintegration and QOL were 
marked improved in both stroke groups. We need to encourage stroke survivors to live in 
the community and make achievable goal setting according to level of functional ability. 
These Results provide useful information for establishing comprehensive and systematic 
care for stroke patients.  
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Objectives 
Maintaining independence in activities of daily living (ADL) is an important factor for the 
quality of life of stroke survivors. In this study, we investigated the factors associated with 
improvement of functional independence from 6 months to 12 months after onset in the 
first-ever stroke patients.  
 
Materials and Methods 
This study is the interim Results 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 were recruited. We analyzed data of total 1,203 first-ever 
stroke patients who showed K-MBI scores from 5 to 95 at 6 months. Multi-facet 
assessments including Korean Frenchay Aphasia Screening Test (K-FAST), and Korean 
Mini-Mental Status Examination (K-MMSE) were performed at 6 months in all patients. 
Patients were divided into four groups according to Korean modified Barthel Index (K-MBI) 
scores at 6 month; slight disability group with K-MBI score above 90, moderate disability 
group with K-MBI score from 89 to 75, moderately severe disability group with K-MBI 
score from 74 to 55, and severe disability group with K-MBI score below 54. Patients 
were additionally classified into three subgroups by changes in their K-MBI scores 



between 6 to 12 months after onset; improved group (IG) with scores increased 5 points 
or more, stationary group (SG) with K-MBI score changes ranging from - 4 to + 4 points, 
and declined group (DG) with K-MBI scores decreased 5 points or more. One-way ANOVA 
were used to analyze the characteristics among 3 subgroups.  
 
Results 
Among these patients, 533 patients (44.3%), 451 patients (37.5%) and 219 patients 
(18.2%) were classified into the IG, SG, and DG, respectively. In the slight disability group 
(90≤K-MBI at 6 months≤95), K-FAST score at 6 months showed a significant difference 
among the IG, SG, and DG (p<0.05). In the moderate disability group (75≤K-MBI at 6 
months≤89), K-FAST and K-MMSE scores 6 months showed significant difference among 
IG, SG, and DG (p<0.05). In the moderately severe disability group (55≤K-MBI at 6 
months≤74), K-FAST score at 6 months showed a significant difference among IG, SG, and 
DG (p<0.05). In the severe disability group (5≤K-MBI at 6 months≤54), no significant 
difference was noticed. Within all disability groups, the IG showed the highest K-FAST and 
K-MMSE scores compared with the SG and DG.  
 
Conclusion 
The Results of this study reveal that almost a half of stroke patient still recover the ADL 
function even after 6 month. In addition, we found a tendency of relatively high language 
and cognitive function at 6 months in patients who showed improvement of ADL function 
during chronic stroke phase. These finding suggest that rehabilitation therapy in stroke 
patients should be continued even after 6 month, considering language and cognitive 
function at 6 months.  
 

 
 
 



P 2-125 

The Dose-response Effect of Daily Treatment Time on Functional Gains in 
Stroke Patients. 

Hanbit Ko1,2*, Yeongwook Kim1,2, Sungju Jee1,2, Min Kyun Sohn1,2† 

Chungnam National University, School of Medicine, Department of Rehabilitation 
Medicine1, Chungnam National University Hospital, Regional CardioCerebroVascular 
Center2 
 
Introduction  
To evaluate the effect of daily rehabilitation treat time on functional gains and balance 
improvement in moderate to severe stroke patients.  
  
Study design and method  
We conducted a retrospective study, in which 57 patients admitted department of 
rehabilitation in 2016 were recruited. Patients with first-ever stroke, moderate to severe 
in National Institutes of Health Stroke Scale (5 ≤ NIHSS < 20), and unilateral lesion were 
included.  
Patients with comorbidities known to impair exercise, short length of stay (< 7 day),and 
poor cooperative (< 2 step cooperation) were excluded. Patients data were grouped by 
daily treatment time, which were < 3 hours per day group, and ≥ 3 hours per day group.  
Outcome measurements were Korean Version of Modified Barthel Index (K-MBI), Fugl-
Meyer Assessment of upper extremity (FMA-UE), Trunk Impairment Scale (TIS), Berg 
Balance Scale(BBS), which were collected at admission, and at discharge.  
Statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) 
for Windows. The differences between the functional gains of two groups were 
calculated with independent t-test, and pearson correlation coefficients were calculated 
to reveal the relationship between variables.  
  
Result  
A mean age, initial K-MBI and daily treatment time were 75.0 years, 28.47 and 151.4 min, 
respectively. (Table 1.) The mean daily treatment time of each group was 197.7min in ≥3 
hours per day group, and 130.0min in <3 hours per day group. Compared with <3 hours 
per day group, ≥3 hours per day group showed significant improvement in K-MBI, FMA-
UE, TIS, BBS. (Table 2.) Pearson correlation coefficients were calculated to reveal the 
relationship showed dose-response relationship between daily treatment time and 
functional gains in K-MBI, TIS, BBS.  
  
Conclusion  
This study showed a significant positive relationship between daily treatment time and 
functional gains, balance improvement in moderate to severe stroke patients.  
Intensive rehabilitation treatments seem to lead to clinically meaningful improvements in 
stroke patients.  
  
 
 



Table 1. Baseline characteristics of the study sample (n=57) 

 
 
Table 2. Functional gains of each group 

 
 
Table 3. The relationship between variables and functional gains 
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Introduction  
Hemiplegic stroke leads to muscle abnormalities due to combination of denervation, 
disuse, abnormal metabolic function, remodeling and spasticity that may account for a 
muscle atrophy in affected extremities. Bioelectrical impedance analysis (BIA) is easy-to-
use, portable, inexpensive and non-invasive method for measuring human body 
compositions. The purpose of this study is to analyze the differences of body composition 
between affected and unaffected extremities in the patients with hemiplegic stroke using 
BIA.  
  
Methods  
We enrolled in-patients with hemiplegic stroke. They received conventional physical and 
occupational therapy after onset. Body compositions were assessed by BIA and muscle 
mass, body water and extra-cellular water ratio were analyzed at each segments of body. 
They were divided into 3 groups according to the period of onset; acute (0~1 month), 
subacute (1~6 month), and chronic phase (after 6 month). Independent t-test was 
performed to evaluate the difference of body composition between affected and 
unaffected extremities in patient with hemiplegic stroke.  
  
Results  
In the study, we enrolled a total of 173 subjects (106 men, 167 women; 61.0±10.5 years). 
We divided subjects in three groups; acute (58, 33.5%), subacute (75, 43.3%), and chronic 
group (40, 23.2%). The ischemic stroke was 94 and hemorrhagic stroke was 79 patients. 
Of all subjects, 91 have been a right hemiplegia. There was no significant difference in 
segmental lean body mass between affected and unaffected upper and lower extremities 
in all groups. Also, the segmental body water was no significant difference between 
affected and unaffected extremities in all groups.  
  
Conclusions  
Our Results show there was no significant difference in body composition between 
affected and unaffected upper and lower extremities in acute to chronic stroke by BIA. 
These Results expect that patients with hemiplegic stroke who received rehabilitation 
therapy maintain body composition in affected side and a longitudinal large study was 
needed. Rehabilitation therapy may be useful strategies to preventive effect of muscle 
wasting and restore physical capacity and mobility in patients with stroke.  
  
 
 
 



Table 1. Clinical characteristics of the subjects 

 
 
Table 2 Comparison segmental lean mass and body water between affected and unaffected extremities 

 
 
 

 
Figure 1. Segmental lean mass and body water in upper and lower extremity. SLM; segmental lean mass, 
SBW; segmental body water  
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Introduction 
Noninvasive brain stimulation (NBS) using the repetitive transcranial magnetic 
stimulation (rTMS) or the transcranial direct current stimulation (tDCS) was recently 
adopted to improve the motor function of stroke patients. In this study, we investigated 
the effect of simultaneous dual-mode stimulation with low-frequency rTMS (LF-rTMS) 
and anodal tDCS compared with single LF-rTMS for motor recovery in subacute stroke 
patients. In addition, the effect of the NBS on brain activation was assessed using 
functional near-infrared spectroscopy (fNIRS).  
 
Methods 
Twenty-three subacute supratentorial stroke patients were enrolled in a single blind, 
randomized parallel study. In the dual stimulation group, the simultaneous dual-mode 
stimulation was applied with 1 Hz rTMS over the contralesional primary motor cortex (M1) 
and the anodal tDCS over the ipsilesional M1 for 20 minutes. The single-simulation group 
underwent 1 Hz rTMS over the contralesional M1 with sham tDCS over the ipsilesional 
M1. Ten daily sessions were conducted for two consecutive weeks. We assessed each 
participant’s motor function using Fugl-Meyer assessment (FMA) before intervention 
(Pre-stimulation; T0), immediately after the interventions for two weeks (Post-
stimulation; T1), and two months after the interventions (Follow-up; T2). To measure the 
improvement of motor impairment, the change of FMA scores was calculated at each 
time point (T1 and T2) compared with the baseline (T0). The cortical activation in twelve 
patients was also measured with fNIRS. fNIRS data was acquired from bilateral motor 
regions using 29 channels system (NIRscout®, NIRx Medical Technologies, LLC.) with 8 
emitters and 12 detectors during the resting-state.  
 
Results 
There was no serious adverse effect in all participants. The total and upper FMA scores 
were significantly improved over time in each single and dual stimulation group (p < 0.05). 
The improvement in total and upper FMA scores at T1 was significantly higher in the dual 
stimulation group than the single stimulation group (p < 0.05). However, there was no 
significant difference in total and upper FMA scores at T2 between two groups. In fNIRS 
measurement, oxyhemoglobin concentration was increased in ipsilesional motor regions 
at T1 in the dual stimulation group. On the other hand, the concentration of 
deoxyhemoglobin was increased in each group at T1, mainly in the contralesional M1 



where LF-rTMS was applied (Figure). However, there was no significant difference in 
concentration of oxyhemoglobin and deoxyhemoglobin at T2 between two groups.  
 
Conclusions 
These Results revealed that simultaneous application of LF-rTMS and anodal tDCS over 
bilateral M1s was safe and superior to LF-rTMS alone to improve motor function 
immediately after NBS. However, the long-term effect of dual-mode stimulation on 
motor recovery of subacute stroke patients was not sufficient in this study, that invite 
further research in future.  
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Objectives 
We investigated injury of the fornix and relation between change of injured fornix with 
change of memory impairment in post-concussion syndrome(PCS) patients with memory 
impairment after mild traumatic brain injury(mTBI) using serial diffusion tensor 
images(DTIs).  
 
Methods 
We recruited 22 PCS patients with memory impairment(global memory of Memory 
Assessment Scale[gMAS]<95) after mTBI. MAS and DTI were performed twice(first: 3~6 
months, second: 9~18 months after onset). The patient group was classified into two 
subgroups according to change of gMAS on the second evaluation; the subgroup A-gMAS 
≥ 95, the subgroup B–gMAS < 95.  
 
Results 
Fractional anisotropy(FA) and fiber volume(FV) in the fornix of the patient group on the 
first and second DTIs were lower than the control group(p<0.05). GMAS in the patient 
group was positively correlated with FA and FV in the fornix on the first and second DTIs 
of the patient group(p<0.05). FA and FV in the fornix in the subgroup A increased on the 
second DTI compared with the first DTI(p<0.05), whereas those values did not change in 
subgroup B(p>0.05). GMAS was positively correlated with FA and FV of the fornix in 
subgroup A(p<0.05).  
 
Conclusions 
We found axonal injury of the fornix, the degree of axonal injury of the fornix, and 
recovery of injured fornix were related memory impairment and recovery of memory 
impairment. Our Results suggest that DTI can be used as a biomarker for axonal injury of 
the fornix in PCS patients with memory impairment after mTBI.  
 



 
Difference of diffusion tensor imaging parameters of the fornix between the first and the second 
evaluations in two patient subgroups.  

 

 

P 2-129 

Traumatic axonal injury of the spinothalamic tract, diagnostic sensitivity of 
diffusion tensor image 

Jong Bum Kim1*, Sung Ho Jang1†, Sung Ho Kim1, Hyuk Kyu Kwon1 

Yeungnam University Medical Center, Department of Rehabilitation Medicine1 
 
Objectives 
Using diffusion tensor tractography (DTT), we investigated the diagnostic sensitivity of 
traumatic axonal injury (TAI) and reliability for DTT parameters of the spinothalamic tract 
(STT) in patients with mild traumatic brain injury (TBI).  
 
Methods 
Thirty-five patients with central pain following mild TBI and 30 healthy control subjects 
were recruited for this study. After reconstruction of the STT, we analysed the STT in 
terms of configuration (narrowing and tearing) and parameters (fractional anisotropy and 
tract volume) of DTT. In addition, intraclass correlation coefficients for reliability of DTT 
parameters of the STT were calculated.  
 
Results 
Thirty-three (94.3%) patients revealed a decrement of more than one standard deviation, 
and 20 (57.1%) more than two, for at least one DTT parameter compared with the control 
group. All 35 patients showed abnormality of the STT (tearing and/or narrowing) on DTT. 
Excellent reliability for the reconstructed STT was observed in both intra- and inter-rater 
intraclass correlation coefficient in terms of fractional anisotropy (0.8<) and tract volume 
(0.9 <).  
 
Conclusions 
We found high diagnostic sensitivity of TAI and excellent reliability for DTT parameters of 
the STT in patients with mild TBI. We believe that DTT for the STT is useful for diagnosis of 
TAI in patients with mild TBI, and our DTT protocol for the STT provides reliable Methods 
to quantify of DTT parameters in STT.  



 
Key words 
Sensitivity, Reliability, Spinothalamic tract, Mild traumatic brain injury, Diffusion tensor 
tractography  
  

 
Results of diffusion tensor tractography for the spinothalamic tract (STT) in the patient group. Narrowing 
(red arrows) and tearing (blue arrows) of the STT are defined as abnormal compared with a normal control 
subject  
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Objective 
Stroke and traumatic brain injury is highly correlated with executive cognitive function 
deficits and early detection of executive dysfunction is crucial to develop rehabilitation 
strategies. Mini-Mental State Examination (MMSE) is the most common cognitive 
evaluation tool, however it does not specifically test executive function. The Frontal 
Assessment Battery (FAB) is a simple tool for assessment of frontal lobe functions, and 
there are few studies have been applied to patients with stroke and traumatic brain 
injury. The aim of this study is to evaluate the value of FAB compared with Mini-Mental 
State Examination (MMSE) for detecting frontal lobe dysfunction and evaluate the 
correlations between FAB and neurocognitive function test.  



 
Method 
Medical records of 146 stroke and 6 traumatic brain injury patients underwent cognitive 
assessment including the FAB and MMSE were retrospectively reviewed and the patients 
divided into lesions related with frontal lobe function group and other lesion groups 
based on their MRI images. We compared the FAB and MMSE scores, especially frontal 
lobe function domain between the two groups, and further analyzed correlations 
between FAB and MMSE in patients divided according to the median MMSE scores.  
 
Results 
Patients related with frontal lobe lesion had significantly lower total FAB and MMSE score 
compared to other lesions. (Table 1) In correlation with neurocognitive function test, FAB 
scores were more correlated with measures of high cognitive function and memory tests, 
such as trail making test A, card sorting test, digital span and visual span, than MMSE. 
Even after controlling MMSE scores, FAB scores were correlated with trail making test A, 
digital span and visual span tests. (Table 2) In scatterplots showing the score distribution 
relationships between MMSE and FAB, there was a positive correlation between them. 
When divided group by median MMSE score, high MMSE score group showed lower 
correlation with FAB compared to low MMSE score group. (Figure 1)  
 
Conclusion 
FAB and MMSE showed good correlation with clinical brain lesions. FAB showed better 
correlation with other frontal lobe function tests than MMSE, especially executive and 
memory functions domains. The FAB scores were proportional to MMSE scores and this 
correlation was more prominent in low MMSE score group. In patients with high MMSE 
scores, there may also be frontal dysfunction that cannot be detected with the MMSE 
score, therefore additional FAB testing should be performed. The FAB has screening value 
for frontal lobe function added to MMSE and can be used in clinical to detect cognitive 
impairment more specifically.  
  

 
Figure 1. Scatterplots for FAB and MMSE scores of brain lesion patients. FAB, Frontal Assessment Battery; 

MMSE, Mini-Mental State Examination When divided group by median MMSE score (MMSE = 23), high 

MMSE score group (Pearson’s correlation coefficient r=0.542; p<0.001) showed lower correlation with FAB 

compared to low MMSE score group (Pearson’s correlation coefficient r=0.759; p<0.001). 
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Objective 
Traumatic brain injury (TBI), a wide spectrum of disease and disease severity is the most 
common cause mortality and morbidity. Nowadays, increasing attention was paid to 
amantadine as a therapeutic agent in TBI. We aimed to monitor the effect of amantadine 
in patients with traumatic brain injury (TBI) with positron emission tomography (PET) of 
dopamine transporter, F-18 fluorinated-N-3-fluoropropyl-2-b-carboxymethoxy-3- b-(4-
iodophenyl)nortropane (FP-CIT).  
 
Methods 
Six patients of traumatic brain injury were enrolled in this study. PET/magnetic resonance 
imaging scans were done before and after the treatment with amantadine. Regions of 
interests (ROI) of each caudate nucleus, and putamen for 6 patients were drawn to 
calculate the specific binding ratio (SBR) of F-18 FP-CIT (Fig. 1).  
 
Results 
Mean age of patients was 53.8 years(range 28-75 years). Two of 6 patients were female 
(33.3%). Mean time interval from injury to PET 1 was 65.2 days and mean time interval 
between PET 1 and PET 2 was 29.8 days(Table 1). SBRs of caudate nucleus and putamen 
increased significantly after treatment with amantadine (p=0.0080) (Fig. 2).  
 
Conclusions 
The availability of dopamine transporter in caudate nucleus and putamen was 
significantly increased after treatment with amantadine in TBI. This might explain the 
mechanisms of amantadine in patients with TBI.  
  

 
Figure 1. Study protocol  



Table 1. Patients’ characteristics and Correlation between SBRs of striatum and mental status 

 
 

 
Figure 2. SBRs of caudate nucleus and putamen before and after treatment with amantadine (p=0.0080)  
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Objectives 
Most of patients with stroke and traumatic brain injury (TBI) suffer from lack of persistent 
and appropriate rehabilitation after discharge. Thus, it is needed to develop the hospital 
and community-linked education contents for community reintegration after discharge. 
The objective of this study was to investigate perspectives of health professionals in 
rehabilitation field to decide appropriate items in hospital and community-linked 
education content in patient with stroke and TBI.  
 
 
 
Subjects and Method 
In this study, health professionals in rehabilitation field were participated (n = 188). An 
electronic survey was performed to decide education items for community reintegration 
of patients with stroke and TBI. To quantify the required degree of several items which 
can be included, Likert 5 point scale was used and a rating average for responses of each 
item was calculated.  
 
Results 
In this study, respondents strongly agreed safety management, functional maintenance 
and improvement, emergency management, and prevention of secondary disorders as 
appropriate items of education for community reintegration in patients with stroke and 
TBI. However, human right and discrimination, leisure activity, cause and symptom of 
disability, and sexuality were not highly ranked as items of hospital and community-linked 
education contents.  
 
Conclusions 
The present Results provides fundamental information which be needed to develop 
hospital and community-linked education program for persistent rehabilitation in 
patients with stroke and TBI. Further studies are needed to reach a consensus of 
professionals or patients about specific items included in the education content.  
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Objective  
Traumatic brain injury (TBI) is one of the major public health problems. The 
characteristics of TBI can vary depending on the population characteristics or traffic laws 
in certain society. Additionally, the average inpatient days of TBI patients in rehabilitation 
department can lead to medical cost issues. Although there is no statistical data 
regarding medical expenses of TBI in Korea, based on the data from the United States, 
the costs are is expected to increase in the near future. This study investigated the 
predictive factor of direct home discharge in TBI patients who survived and received 
inpatient care at the Department of Rehabilitation Medicine.  
  
Methods  
Patients diagnosed as TBI that were admitted to Department of Rehabilitation Medicine 
from January 2011 to June 2016 were included in this study. Patients who were 
diagnosed as stroke except TBI were excluded. We investigated general characteristics 
and the hospital courses of all TBI patients based on the hospital records. Factors 
affecting home discharge rates, severity and functional outcome were investigated 
through multiple logistic regression method.  
  
Results  
A total of 115 patients were included in the study and 54 of them were elderly.The 
median intensive care unit days was 18 days and there were 25(21.7%) patients who 
received rehabilitation and home discharged. (Table 1.)  
As the result of multivariate logistic regression, hematoma removal operation and 
combined fracture are the predictive factors for lower GCS(<8) (Exp(B)=3.260 p=0.013, 
Exp(B)=4.601 p=0.001, respectively). GCS and hydrocephalus are predictive factors for for 
longer length of ICU stay (Exp(B)=0.612 p=0.000, Exp(B)=4.604 p=0.028, respectively). 
GCS and MMSE are the predictive factors for higher MBI (Exp(B)=1.565 p=0.003, 
Exp(B)=1.175 p=0.000, respectively). Additionally MBI and Mechanism of injury are the 
predictive factor for home discharge from rehabilitation hospital. (Table 2.)  
  
Conclusion  
Rehabilitation programs based on further analysis of predictive factors in TBI survivors 
could improve earlier discharges of the patients, inturn reducing medical expenses.  
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Objective  
To identify the demographic characteristics and functional outcomes of patients with 
moderate to severe TBI in a comprehensive rehabilitation hospital.  
  
Method  
 A retrospective analysis using the clinical data warehouse. We reviewed the electronic 
medical records and analyzed the functional rehabilitation outcomes (K-MBI, MMSE-KC, 
and Berg balance scale) of 134 patients with TBI for the period of about 2 years.  
  
Results  
The mean age was 44 years (9 to 84 years old) and 109 were male (81.3%). Two distinct 
causation groups; 102 road traffic injuries (76.12%) and 32 falls (23.9%). Discharge to 
acute care hospitals (20.1%) was not uncommon because of trauma-related 
complications and/or scheduled surgical procedures. On the K-MBI, MMSE-KC, and Berg 
balance scale, scores improved by the average of 11.1, 3.6, and 6.8 with comprehensive 
rehabilitation, respectively. All the functional outcome measurements indicated 
significant recovery within 2 years after injury.  
  
Conclusion  
Young, male, or road traffic injury victims may take the majority of moderate to severe 
TBI patients at the comprehensive rehabilitation stage in Korea. A fifth of patients who 
discharge to the acute care hospital may suffer from the interruption of rehabilitation. 
Lastly, Functional recovery with comprehensive rehabilitation may go on until about 2 
years after injury.  
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Objectives 
 Although hospital and community-linked rehabilitation is important for community 
reintegration in patients with stroke and traumatic brain injury (TBI), a rehabilitation 
system related to it has not been developed yet. The objective of this study was to 
investigate feasibility of the hospital and community-linked rehabilitation system (HCRS) 
for community reintegration in patients with stroke and TBI.  
 
Subjects and Method 
Thirteen patients with brain injury were randomly allocated to either the HCRS group (n = 
8) or the control group (n=7). In the HCRS group, referral letters for patients were sent to 
community based rehabilitation institutes after discharge, and then received feedback on 
their status from community institutes (Figure 1). HCRS was applied for 3 months. In the 
control group, HCRS was not applied. Before and after intervention, stroke recovery, 
acceptance of disability, depression, quality of life, and family burden were assessed by 
using stroke impact scale (SIS), acceptance of disability scale revise (AD-R), center for 
epidemiologic studies depression scale (CES-D), the World Health Organization Quality of 
Life Quality (WHOQOL)-BREF, and the Korean Version of Burden Assessment Scale (K-
BAS), respectively.  
 
Results 
After applying HCRS, the group did not show any significant changes of SIS, AD-R, CES-D, 
and WHOQOL-BREF, but significantly decreased family burden assessed by K-BAS. The 
control group did not significantly change for all assessment Results compared with those 
of pre-values.  
 
Conclusions 
The findings of this study suggest that HCRS may be used for community reintegration by 
reducing family burden in patient with stroke and TBI. However, to conclude general 
consensus of the use of HCRS for community reintegration, a further study with a larger 
sample size should be performed.  
 



 
Figure 1. A diagram of hospital and community-linked rehabilitation system  
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Objective  
To document demographic characteristics targeting Asian population with disorders of 
consciousness (DOC) in the comprehensive rehabilitation hospital setting, to develop 
predictive models of recovery, and to characterize the rehabilitation dynamics and 
outcome of patients who regained consciousness to support the clinical decision-making 
for rehabilitative therapy.  
 
Methods  
A retrospective analysis using the clinical data warehouse, in which demographic 
information, injury history, neuroimaging data, JFK Coma Recovery Scale-Revised (CRS-R) 
scores at admission and monthly follow-up, and rehabilitation outcomes (MMT, MMSE-
KC, and K-MBI) of patients who were diagnosed as being in a vegetative state (VS) or 
minimally conscious state (MCS) upon admission after acquired brain injury were 
collected.  
 
Results  
Out of 50 patients who admitted at mean lag days of 204 days (range 35~1113 days) after 
brain injury onset, 46% emerged from MCS and 32% achieved at least minimal 
independence after a mean inpatient rehabilitation of 107 days (range 10~373 days). 
Multivariate regression analysis identified delayed transfer time and intra-axial lesion as 
strong negative prognostic factor for emergence from MCS. Optimal cut-point of lag time 
from brain injury onset to rehabilitation hospitalization was 528 days. Marginal structural 
cox model found significantly stronger correlations between consciousness recovery and 
scores of arousal, communication and auditory subscale than scores of oromotor, visual, 
and motor subscales. In a subgroup that emerged from MCS, motor and communication 
subscale scores showed divergent emergence probabilities as they accumulated through 
the course of recovery. At 180 days post injury, 37% of patients denoted emergence in 
motor area while 32% showed emergence in the communication subscale. The 
emergence in communication subscale rose to a steeper cumulative probability than the 
motor subscale, reaching 93% at 2 years post-injury while 88% of patients reached 
functional object use in the motor subscale. After restoring consciousness, the strongest 
factors that determine activities of daily livings were motor functions of proximal joints 
such as shoulder and hip, followed by motor functions of distal joints, and the cognition.  
 



 
Conclusion  
A considerable portion of patients with DOC admitted to comprehensive rehabilitation 
hospital achieve functional improvements or at least emerge from MCS. In this study, 
chronic DOC of lag time within 528 days has a significant potential to recover 
consciousness after inpatient rehabilitative therapy. To maximize the potential for 
recovery and to set proper rehabilitation goals, it is important to be aware of the fact that 
initial auditory and communication subscales have greater impact on emergence from 
MCS, while recovery of communication appears later than the motor function.  
 

 
Fig 1. Best cut-point value of transfer time determined by maximally selected log-rank statistics  
 

 
Fig 2. Cumulative probability score to reach emergence from MCS in CRS-R : Motor score  
 

 
Fig 3. Cumulative probability score to reach emergence from MCS in CRS-R : Communication score  
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Introduction  
Traumatic brain injury (TBI) is caused by a variety of causes. After trauma, patients 
experience various clinical symptoms, and these clinical symptoms can cause major 
disabilities in daily life. The purpose of this study was to analyze the causes and 
demographics of mild-to-moderate traumatic brain injury and to present the degree of 
clinical symptoms that may appear in patients after the traumatic event through the 
Rivermead post-concussion symptom questionnaire (RPCSQ).  
  
Methods  
Patients who were diagnosed with mild or moderate TBI from Sep. 2016 to Jun. 2017 in 
the outpatient clinic were enrolled in this study. The criteria for differentiating mild TBI 
(mTBI) from moderate TBI were the criteria of the American Congress of Rehabilitation 
Medicine (ACRM), which is the most widely accepted diagnostic criteria of TBI. RPCSQ is 
known to be a reliable tool for evaluating post-concussion symptom, which we used in 
the present study.  
  
Results  
A total of 49 patients (24 male) were enrolled in this study. Among 49 patients, we 
counted 30 mTBI patients (12 male) and 12 moderate patients (9 male). The age 
distribution is as follows; 42.57 ± 16.53 years for all the patients, 40.50 ± 15.20 years for 
mTBI patients, 48.17 ± 20.46 years for moderate TBI patients. There was no significant 
difference between mTBI and moderate TBI groups in the age and gender distribution, 
even though in the moderate TBI group, the proportion of males and elderly were 
relatively higher than those of mTBI group. The most common cause of moderate TBI was 
traffic accident (58.3%). The 'collide with object', which was not the cause of moderate 
TBI, accounted for 20% of the mTBI group. The distribution of RPCSQ is as follows; 37.60 ± 
12.28 for all the patients, 36.18 ± 13.06 for mTBI patients, 44.67 ± 10.02 for moderate TBI 
patients.  
  
Conclusion  
In moderate TBI, the ratio of male, proportion of elderly, and RPCSQ were higher than 
mild TBI, albeit without significant differences.  
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Objectives 
Neuromuscular electrical stimulation (NMES) is a popular rehabilitative modality to 
improve motor function of the extremities and trunk. In this study, we investigated 
changes of hand function and the contralateral corticospinal tract (CST) with treatment 
by NMES on the finger extensor muscles for two weeks, using serial diffusion tensor 
tractography (DTTs).  
 
Methods 
Thirteen right handed normal subjects were recruited. Treatment was applied to the left 
hand (the NMES side), and the right hand was the control side. NMES was applied for 
30min/day, seven days per week, for two weeks. Hand motor function was evaluated 
twice at pre-NMES and post-NMES training using grip strength (GS), Purdue pegboard 
test (PPT), and tip pinch. The fractional anisotropy (FA) and tract volume (TV) of the CST 
in both hemispheres were measured using DTT.  
 
Results 
On the control side, the clinical scores did not differ significantly between pre- and post-
NMES training (p>0.05). However, on the NMES side, PPT and tip pinch improved 
significantly (p<0.05), although GS did not. TV of the right CST increased significantly at 
post-NMES training (p<0.05) whereas FA did not differ significantly (p>0.05). By contrast, 
FA and TV on the left CST did not change significantly (p>0.05).  
 
Conclusion 
We demonstrated facilitation of the contralateral CST with improvement of fine motor 
activity by two weeks of NMES training of peripheral muscles in normal subjects. We 
think our Results can be applied to the normal subjects and patients with brain injury to 
improve the fine motor function of the hand and facilitate the normal CST or healing of 
the injured CST.  
 
Key Words 
Neuromuscular electrical stimulation, Diffusion tensor tractography, Corticospinal tract, 
Hand function  
  



 
(A) Diffusion tensor tractography for the right corticospinal tract (CST). The right CST on post-
neuromuscular electrical stimulation (NMES) training become thicker compared with pre-NMES training in 
a subject (21-year old female). (B) Comparison of diffusion tensor tractography parameters for the right CST 
of pre- and post-NMES training.  

 

P 2-140 

Test-retest and inter-rater reliability for stretch reflex measurements using 
isokinetic device 

Won-Seok Kim1*, Minki Sin 2, Kyujin Cho 2, Sungmin Cho 1, Nam-Jong Paik 1† 

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1, 
Seoul National University/IAMD, School of Mechanical and Aerospace Engineering2 
 
Objective  
To investigate whether the use of the isokinetic device is useful to improve the reliability 
of elbow stretch reflex measurements in stroke patients with mild to moderate spasticity.  
 
Methods 
A customized isokinetic device was developed for the accurate measurements of catch 
angle during the elbow extension. The standardized experiment to investigate the effect 
of motion standardization using the isokinetic device was performed. The elbow was 
extended from maximal flexed position with the isokinetic velocity of 150°/s. Three sets 
of isokinetic passive motion were performed with a 2-minute rest period between the 
sets, for each rater. After 5-minute rest period after the isokinetic MTS measurement, the 
rater extended subject’s elbow manually while the subject still attached to the robotic 
device, three times with a 2-minute rest period. The EMG signals were recorded during 
the motion and the catch angle was calculated by EMG analysis. The torque change 
during isokinetic motion was also calculated. Seventeen subjects with elbow flexor 
spasticity (MAS 1, 1+, 2) were enrolled and intraclass correlation coefficient (ICC) was 
calculated for intra- and inter-rater reliability.  



 
Results  
Inter-rater reliability for the manual motion was excellent but the ICC was 0.788, which 
was near the lower limit of the excellent range. Isokinetic motion improves the inter-rater 
reliability to the ICC of 0.890 (95% CI, 0.685-0.961) based on EMG and to the ICC of 0.931 
(95% CI, 0.685-0.961) based on torque. Catch angle measured by EMG signal or by torque 
during isokinetic motion showed the significantly high correlation in both rater 1 (Pearson 
correlation coefficient=0.937, p<0.001) and 2 (Pearson correlation coefficient=0.957, 
p<0.001).  
 
Conclusion  
Isokinetic device is useful to improve the reliability to measure the stretch reflex in stroke 
patients with spasticity.  
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Introduction  
Survivors of a stroke/ICH have an increased risk of recurrence, which is a major source of 
increased mortality and morbidity. Recommendations have focused on the management 
of risk factors, especially hypertension and diabetes.  
Recently, the application of mobile device showed improvement in various metabolic 
indicator.  
  
Objectives  
The current study was designed to evaluate the effect of self-measurement frequency in 
blood glucose, blood pressure decrement.  
  
Materials and Methods  
From January 1, 2017 through June 30, 2017, 128 patients (68 male & 60 female adults) 
were recruited from the outpatient of the Seoul Medical Center. All patients were 
prescribed hypertensive/diabetes medication and enrolled in chronic disease 
management project and downloaded ‘Seoul Medical Center Smartcare’.  
‘Seoul Medical Center Smartcare’ refers to an mobile phone application in which 
recorded data were automatically transfered to a hospital-based server. All patients 
received a portable automatic blood pressure monitor or a glucometer and instructions 
on self-measurement in practice.  
Fasting blood glucose and blood pressures at the highest frequency of measurement 
were included. 1st measured blood pressure/glucose was considered as initial and blood 
pressure/glucose mean and rate of change was calculated.  



ΔBG=(Mean BG-Initial BG)/(Initial BG), ΔSBP= (Mean SBP-Initial SBP)/(Initial SBP), ΔDBP= 
(Mean DBP-Initial DBP)/(Initial DBP)  
*BG, blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure  
Independent t-test was used to analyze the differences in rate of change with the 
frequency of measurement. Results are presented as mean±SD. The p-values of less than 
0.05 were considered as being significant.  
  
Results  
Rate of change in blood glucose was significantly increased in those measured more than 
6 times compared to those who did not.(P<0.05) But, no significant changes were 
observed in systolic/diastolic blood pressure regardless of the number of measurements.  
  
Discussion  
This result is not intended for patients with cerebral lesion, so future study will be 
required for post-stroke/ICH patients who are discharged home.  
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Introduction  
Brain tumors leave severe disabling sequelae. Motor dysfunction including motor 
weakness, loss of complex movement execution, and cognitive impairment including 
decreased perception, memory, judgement, and aphasia can occur during any stages of 
brain tumor. Although previous studies shown that rehabilitation in brain tumor patients 
as beneficial in improving motor, cognitive function, and/or in achieving independent 
activities of daily living (ADL), intensive rehabilitation in post-brain tumor surgery patients 
remains controversial. This study aims to elucidate the effect of rehabilitation in brain 
tumor patients by comparing to that of stroke patients.  
  
Methods  
For this retrospective comparison study, patients with recent brain tumor surgery 
(duration < 4 months), or recent stroke (onset < 4months) who were admitted to 
rehabilitation center of University hospital between January, 2014 and May, 2017 were 
included. Exclusion criteria were 1) combined neurodegenerative disease, 2) persistent 
minimally conscious state or vegetative state of consciousness. Primary outcomes were 
changes in the Mini Mental State Examination (MMSE), Modified Barthel Index (MBI), 
Fugl-Meyer Assessment (FMA) and Manual Function Test (MFT), Berg Balance Scale (BBS), 
Rivermead Mobility Index (RMI), Trunk Impairment Scale (TIS), and Functional 
Ambulation categories (FAC) after rehabilitation. In all patients, the first evaluation was 
performed in inpatient rehabilitation setting and the second evaluation was performed 
after 4 weeks of intensive inpatient rehabilitation program. To assess the rehabilitation 
potential of patients despite malignancy, the prognosis of the brain tumor was estimated 
by WHO grade. Student t-test was used to compare both groups.  
  
Results  
Data from 158 patients (119 stroke and 39 brain tumor) were collected. There was no 
inter-group difference in age, sex, laterality indices, geriatric depression scale, and initial 
motor, cognition, and ADL parameters (Table). Both groups showed significant 
improvements after 4 weeks of intensive inpatient rehabilitation in all of the evaluated 
parameters (Figure 1). There was no significant difference in all evaluation parameters 
between the stroke and brain tumor groups (Figure 1). Also, there were no significant 
difference between the benign (WHO I, II) and malignant (WHO III, IV) groups (Figure 2).  
  
Conclusion  
The Results of this study suggest that intensive inpatient rehabilitation in patients with 
recent brain tumor surgery is beneficial on motor, cognitive function, and ADL. These 



beneficial effects were comparable to those of acute stroke patients. Together with the 
Results of previous studies on rehabilitation in acute stroke patients, this finding suggests 
that intensive inpatient rehabilitation in patients with recent brain tumor surgery appears 
justifiable. However, as short-term follow-up limits the interpretation of the difference, 
further study with long term follow-up is necessary.  
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Introduction  
Dysphagia is a common issue with patients who suffer from neurological diseases such as 
stroke. It may cause severe symptoms such as reflux, aspiration, coughing, and eventually 
causes serious complications such as pneumonia, malnutrition, and dehydration. Among 
these patients, cricopharyngeal dysfunction(CPD) is main cause of dysphagia and several 
treatments have been attempted to treat dysphagia. Surgical method such as myotomy, 
or non-surgical Methods like balloon dilatation and Botox injection could be used to treat 
CPD. And Conventional dysphagia treatment is know to be effective in mild to moderate 
dysphagia, but it is not that effective in patients with severe dysphagia. Therefore, there 
has to be some other method for patients who have severe dysphagia that are not 
responsive to conventional treatment. The purpose of the study is to see whether balloon 
dilatation is more effective than conventional dysphagia treatment for patients of CPD 
caused by brain lesions.  
 
Methods  
We studied 30 patients with CPD caused by brain lesions, who admitted to the 
Department of Rehabilitation Medicine between February 2014 and June 2017. VFSS 
which is performed in the early days after the patients’ hospitalization divides those 
eligible for swallowing rehabilitation therapy into those patients who have underwent 
balloon dilatation treatment (balloon dilatation group) and those patients who receive 



conventional dysphagia treatment (control group). For balloon dilatation group, balloon 
dilatation was performed for patients who underwent conventional dysphagia and 
showed severe CPD, minimum once and up to three times if minor improvement was 
shown, in consultation with the Department of Gastroenterology. For control group, a 30-
minute ordinary type of swallowing rehabilitation treatment proceeded each day. The 
evaluation of the treatment effects was conducted through VFSS one day after balloon 
dilatation treatment for balloon dilatation group, while control group undergoes a 
quantitative evaluation 2 and 4 weeks after baseline measurement. The Results are 
evaluated by comparing them in a) pharyngeal transit time, b) pharyngeal remnant, c) 
balloon swallowing size, d) functional dysphagia scale, and e) penetration-aspiration scale.  
 
Results  
Both balloon dilatation group and control group showed significant improvement in 
Pharyngeal remnant, Pharyngeal transit time & FDS. But balloon dilatation group showed 
more improvement and had significant change than control group  
 
Conclusion  
The Results of this study suggest that double balloon dilatation provides greater benefit 
for severe CPD patients due to brain lesion than conventional dysphagia treatment.  
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Background & Objective 
The importance of role of patients while planning rehabilitation strategy has been 
increasingly emphasized since their opinion can be considered as a substantial asset 
when it comes to client centered approach. In addition, rehabilitation therapy should be 
provided in a individualized way, in which characteristics of each client have to be taken 
into consideration. While the participation of clients during the process of healthcare 
service with considerations of individual differences is increasingly recognized, 
engagement to the given rehabilitative training in the rehabilitation process is also 
gaining attention. Despite the fact that researchers have tried to discover effective ways 
to rehabilitate patients from certain disabilities resulting in a considerable number of 
therapy program developments, what may affect the engagement to rehabilitation 
programs is not well understood. Therefore, this study aims to discover relationships 
between moods and engagement, which is operated as electromyogram.  



  
Method 
Four electromyography (EMG) sensors were placed on extensor carpi radialis longus, 
flexor carpi radialis, first dorsal interosseous muscle, and biceps brachil of non-dominant 
arm to measure level of engagement of participants. The methodology to induce moods 
was autobiographical recall, which lasted for five minutes. Both positive and negative 
moods were induced respectively and each mood was induced in a counter-balanced way 
to address order effect. Each participant was required to rate their mood before and after 
mood induction using self-assessment manikin (SAM). The participants performed 
manual dexterity task, Minnesota Manual Dexterity Test (MMDT). Paired-t test was used 
to confirm mood change and to compare muscle activities depending on different moods. 
Significant level α was set at 0.05.  
  
Results 
Mean differences for valence and arousal after positive mood induction 2.2 and 1.6 
respectively. While difference of score for valence was statistically significant (t=3.773, 
p=0.02), this was not true for arousal (t=1.554, p =0.195). Muscle activities tended to be 
greater after negative mood induction, except a participant who showed the opposite 
behavior. Statistical significance was found in EMG scores for wrist flexor. MMDT 
completion time was longer when the participants were having positive feelings.  
  
Conclusion 
Findings of this study indicate that autobiographical recall is effected to induce both 
positive and negative moods. In addition, muscle activities are likely to be lower and 
completion time to complete manual dexterity task is slower suggesting an inverse 
relationship of engagement with muscle activities and completion time of manual 
dexterity task. Although there seem to be certain relationships between moods and 
engagement, it need further investigation due to small sample size. Moreover, it is 
reasonable to include a method to measure subjective mood in a rather objective way.  
 

 
Figure 1. Experimental setting (a) and EMG sensor placements (b) 
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Introduction  
High frequency (HF) wave has been used in the management of musculoskeletal pain. 
However; there has been no study about the effect of HF on the muscle contusion and 
the biological changes of the tissues after the application of the HF. The aim of this study 
was to establish the biological changes of the tissues after the application of the HF and 
to find the therapeutic effect of HF on the muscle contusion.  
 
Methods  
Twenty male Sprague-Dawley rats (300-370 g) aged 10-11 weeks were used for this study. 
For muscle contusion model, SD rats were anesthetized and hair s on both hind limbs 
were removed. To produce contusion, 300g of weight was dropped into a pipe which was 
secured above the right thigh of SD rat. After making contusion, the thickness and the 
circumference of the right thigh and the left thigh (negative control) were measured (day 
0). One day after contusion, 10 rats were randomly selected as HF treatment group. 
Treatment group received 3 days of HF stimulation for 20 minutes at medium intensity, 2 
sec on / 2 sec off pulse mode on contusion area using Healing machine® (HIPER-500, JS-
on Corporation, Seoul, Korea). After each treatment, the thickness and the circumference 
of both thighs were measured. Histologic changes were assessed on muscle at contusion 
site through Hematoxylin and eosin stain and Immunohistochemistry. Mann-Whitney U 
test was used to analyze difference of the thickness and the circumference of thigh 
between HF treatment group and sham group at day 1, day 2, and day 3.  
 
Result  
Swelling measured by circumference of thigh showed significant decrease in HF 
treatment group on day 3 compared to sham group (p<0.05). Thickness of thigh muscle 
which represents muscle swelling also decreased significantly on day 1 (p<0.05). H&E 
stain revealed gathering of inflammatory cells between the muscle fibers in the sham 
group. On the other hand, in the HF group, the inflammatory response was reduced to 
almost the same level as the sham group. Evaluation of IL-1β level, the inflammatory 
cytokine, through IHC showed marked localization of IL-1β in muscle fibers in sham group. 
However, significantly low deposits of IL-1β were observed in muscle of HF treatment 
group.  
 
Conclusion  
From our study, application of the HF showed therapeutic effect of the muscle contusion 
by reducing the swelling of the muscle. This effect might be caused by the anti-
inflammatory action of the HF which evoked the energy to the injured muscle tissues.  
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Introduction  
Osteoarthritis is the most common form of arthritis, affecting millions of people 
worldwide. Although osteoarthritis can damage any joint, the disorder most commonly 
affects joints in knees. Individuals with osteoarthritis experience pain, stiffness, and 
decreased range of motion of the joints, which may significantly limit an individual’s 
ability to walk. There are many studies covering the early detection of knee osteoarthritis 
with gait analysis. Although camera-based system is commonly used today, it carries 
drawbacks in its costly equipment and lack of its professional manpower.  
The purpose of this study is to verify the difference between knee osteoarthritis patients 
and controls applying the gait analysis by simpler and more economical method, IMU, 
festination and inertia sensor.  
  
Methods  
84 knee osteoarthritis patients and 97 normal subjects were selected for this study. Total 
of 181 subjects were classified using machine learning by IMU-based kinematic 
parameters, which was calculated from 72-dimension base segmentation by saggital, 
frontal, transverse plane at hip, knee, ankle joint areas and 4 different time periods in gait 
cycle. Data-set was organized based on the kinematic parameters, and 72-dimension 
based classification was applied using kNN(k-Nearest Neighbor) and SVM(Support Vector 
Machine) classifier. The training consisted of 80% of training set and 20% of validation 
with cross-validation 5 fold.  
  
Results  
When classified with kNN, it showed 74.6% of accuracy, but with SVM classifier, it 
showed 89.5% of accuracy.  
  
Conclusion  
IMU-based system shows the critical difference in gait kinematic parameters between 
non-patients and knee osteoarthritis patients. With the wider arrange of sample size 
study, the parameter ranking by the patient’s severity classification is expected to make it 
possible to learn the main joint to be rehabilitated.  
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Introduction  
Heart rate variability(HRV) is a noninvasive method used to quantify fluctuations in the 
time interval between normal heart beats. No studies have analyzed 24-hour HRV in 
patients with burns after their burn scars had been re-epithelialized. The purpose of this 
study was to compare the autonomic nervous system functioning of patients with burns 
to healthy participants.  
  
Methods  
The authors prospectively performed 24-hour HRV monitoring in patients with electrical 
burns, those with other major burns, those with other minor burns, and healthy 
participants. Analysis of HRV in the time and frequency domain was performed. A total 60 
patients and 10 healthy participants were enrolled.  
  
Results  
The difference in sympathetic nerve function (standard deviation of all NN 
intervals[SDNN], total power[TP] and low frequency[LF] band) and parasympathetic nerve 
function(root mean square successive difference [RMSSD]) in patients with electrical 
burns was significantly decreased during the daytime, but the difference in 
parasympathetic nerve function(RMSSD, number of interval differences of successive NN 
intervals greater than 50ms[NN50], percentage of differences between following NN 
intervals greater than 50ms [pNN50] and high requency[HF] band) was more significantly 
decreased during the nighttime compared with measures of HRV in healthy participants. 
The difference in sympathetic nerve function (SDNN, TP and LF) and parasympathetic 
nerve function(RMSSD , NN50, pNN50 and HF) in patients with other burns were 
significantly decreased compared with measures of HRV in healthy participants during 
the daytime and the nighttime. The groups of other burns showed significantly lower HRV 
than the electrical burn group indexed by very low frequency(VLF) measure and TP during 
the daytime. These Results were more predominant in burn patients with other major 
burns.  
  
Conclusion  
We hypothesized that HRV is a surrogate for autonomic nervous system dysfunction in 
patients with burns. We systemically investigated differences in autonomic nerve activity 
indexed by time and frequency domain measures of HRV. The patients with burns were 
observed a sympathetic predominance during daytime and a decreased parasympathetic 
activity during nighttime instead of observing a relative increase in parasympathetic 
activity as occurs in healthy participants. These Results of patients with other major burns 
were more predominant compared with the Results of patients with other groups.  
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Introduction  
Pruritus sensation is reduced by cooling the skin. Post burn Pruritus has been viewed as a 
form of neuropathic pain and pruritus is common, chronic, disabling, often difficult to 
effectively treat. Pruritus is mediated by histamine, which is stored in mast cells and 
released locally during injury or inflammation. Neuronal message is conducted along the 
large A and small C afferent fibers to the spinal cord. In this study, we investigate the 
effect of Ice tuce (Ice Tube, German Thermal Control Technology R) on burn scar pruritus.  
  
Methods  
25 subjects were recruited to participate in this study. The Subjects had complaints of 
severe pruritus that rated at least 5 on visual analogue scale (VAS) despite treatments 
including antihistamines and gabapentin. Each therapy patient was given 60 minute, 
three times daily treatment. Numerical rating scale (NRS), 5D Itching Scale, Leuven Itch 
Scale and perfusion unit by using laser doppler image were evaluated before Ice Tube 
therapy , immediate after 30min, after 2 weeks treatment and after 4 weeks treatment  
  
Results  
In all 25 patients, NRS(numeral rating scale for itching) showed the value of 7.7 ± 1.25 in 
pre, 5±1.73 after 2 weeks, 4.4 ± 2.15 after 4 weeks. The changes compared with pre 
scores were significantly different. Pruritus severity and consequences scores of Leuven 
Itch Scale were improved after Ice tube therapy compared to before treatment. Degree, 
Direction and Disability scores of 5-D itching scale were significantly different (p<.05). The 
measurement of perfusion using Laser doppler perfusion imager showed that the 
perfusion value decreased.  
  
Conclusion  
Cooling therapy by using Ice Tube is non-invasive, non medicinal modality that 
significantly reduced burn pruritus. Ice tube therapy should be considered as a treatment 
option for burn survivors who has severe pruritus.  
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Background 
Abdominal curl is often recommended as part of a rehabilitation program to strengthen 
the abdominal muscles and stabilize the lumbar region. However, many patients suffer 
neck pain while doing the traditional curl up, because the head and shoulders are raised 
off the floor during neck flexion; this position activates the superficial cervical flexors 
such as the sternocleidomastoid muscle.  
 
Objective 
The purpose of this study was to evaluate the effect of using elastic bands to reduce 
sternocleidomastoid activation while maintaining abdominal muscle activation during 
curl up exercise.  
  
Methods 
We conducted a case-control study to compare the sternocleidomastoid and abdominal 
muscle activity during curl up exercises with the traditional technique, with neck flexion 
restriction, and with an elastic band. Twenty-two healthy men participated in this study. 
All subjects performed curl up exercises in the three ways described above. Surface 
electromyography signals during exercise were recorded in the sternocleidomastoid, 
rectus abdominis, and external oblique muscles. A one-way analysis of variance test was 
used to determine significant differences.  
  
Results 
The curl up technique with elastic band had significantly lower root mean square value of 
sternocleidomastoid activity (50.77 ± 23.79) than the traditional curl up (40.20 ± 23.82, p 
< 0.000) and the curl up with neck flexion restriction (12.59 ± 6.45, p < 0.021). There was 
no significant difference in the root mean square values of rectus abdominis or external 
oblique activities among the three techniques (Rectus abdominis; p = 0.294, External 
oblique; p = 0.097).  
  
Conclusion 
The Results of this study suggest that the curl up technique using elastic bands can 
reduce activation of the superficial cervical flexors while maintaining activation of the 
abdominal muscles in healthy subjects compared to traditional curl up or curl up with 
neck flexion restriction.  
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Objective 
This study aimed to examine the changes in physiological indicators occurring during the 
recovery period in ultramarathoners following extreme long-distance running.  
  
Method 
The subjects in this study were healthy middle-aged athletes (n=21, 52.5±4.1yrs). In order 
to examine the runners’ physiological indicators for inflammatory response, skeletal 
muscle, and liver metabolism, blood samples were collected and analyzed before running 
(pre), after completing a 100-km course, and after 1, 3, and 5 days of recovery. All factors 
before running (pre), after completing a 100-km course, and after 1, 3, and 5 days of 
recovery were compared.  
  
Results 
Creatine kinase and Lactate dehydrogenase are significantly higher for 100km, 1 day, 3 
days , and 5 days compared to Pre and lower for 5 days than for 100km, 1 day, and 3 days 
(p<.05). aspartate aminotransferase and alanine transaminase are significantly higher for 
100km, 1 day, 3 days and 5 days compared to Pre and were significantly lower for 3 days 
than for 1 day (p<.05). WBC was significantly higher for 100km and 1 day compared to 
Pre and also significant lower for 1 day and 3 days than for 100km, and was significant 
lower for 5 days than for 100km, 1 day, and 3 days (p<.05). high sensitive C-reactive 
protein was significantly higher for 100km,1 day , 3 days , and 5 days than for Pre, and 
was significantly lower for 5 days than for 100km, 1 day, and 3 days (p<.05).  
  
Conclusions 
100-km ultramarathon causes temporary deterioration of liver function and an acute 
inflammatory response due to severe muscle damage. In addition, muscle and liver 
enzymes and indicators of inflammation showed blood levels higher than the URL up to 3 
days of recovery, and returned to within the reference range after 5 days of recovery. 
Therefore, at least 5 days of recovery are required after a 100-km ultramarathon for the 
physiological recovery of impaired muscle and liver function and the inflammatory 
response.  
  
Keywords 
Ultramarathon, Creatine kinase, Lactate dehydrogenase, Aspartate aminotransferase, 
Alanine transaminase, High sensitive C-reactive protein  
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Introduction  
Proper physical activity can reduce the incidence of chronic diseases such as hypertension 
and diabetes. Therefore, appropriate physical activity can be a great help for a healthy 
life and increases work efficiency in the workplace. In this study, we tried to measure the 
amount of physical activity of workers in St. Vincent’s hospital using the Actigraph 
wGT3XBT. Actigraph wGT3XBT is a small tool which measure physical activity objectively 
by recording acceleration of bodily movement. The purpose of this study is to identify the 
relationship between physical activity and several factors such as, type of work, 
commuting method, marital status, and gender.  
 
Materials and Methods  
We included doctors and nurses who work at the hospital and agree to the study. 
Participants are excluded if they have a disease that is deemed inappropriate for this 
study or causes severe limitation of functional activity and after all, 22 subjects were 
recruited. Subjects wore Actigraph wGT3XBT in a non-dominant hand for one full day 
during the day except for bath time. We measured physical activity for 7 days and 
completed with a simple questionnaire including personal health status. Statistically, the 
independent T-test and the Mann-Whitney test were used. All patients enrolled in this 
study are shown on the Table1.  
 
Results  
A total of 22 participants were recruited. Among them, 12 were doctors and 10 were 
nurses. There were 9 men and 11 participants were married. The patients were 
categorized as two groups according to the Methods by which the patients communte: 
public transportation or a private car (15 patients) and walking within 10 minutes (7 
patients). There was no significant difference in average kcals consumed per hour, 
number of steps, the physical activities intensity between occupations (doctors vs nurses) 
and sexes (male vs female). The intensity of physical activities was significantly higher in 
people who use public transportation, than the others. But there were no significant 
differences in average kcals per hour and step number. Interestingly, there was no single 
patient reporting vigorous degree of exercise intensity, suggesting the general lack of 
physical activity in people working at the hospital.  
 
Conclusion  
We found there was no significant difference in physical activities of the workers in the 
hospital according to the occupation category and gender. But the intensity of physical 
activity was higher in the group using the public transportation and the married group. 
However, high intensity exercise was found to be insufficient for all subjects suggesting 
that workers in the hospital need to increase their physical activities.  



 

 
Characteristics of participants  
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Introduction  
Sudomotor dysfunction is known to be common in patients with amyotrophic lateral 
sclerosis (ALS). The main symptoms include decreased response of sweating, drooling, 
impaired control of fluctuation in heart rate and constipation. There has been lack of 
studies in quantifying this phenomenon. Q-Sweat (Quantitative Sweat Measurement 
System; WR Medical Electronics Co., Stillwater, Minnesota) is modeled on quantitative 
sudomotor axon reflex test which is estimated by the latency to the start of sweat 
secretion and the amount of sweat. The aim of this study is to figure out correlation 
between sudomotor dysfunction and functional status in patients with ALS.  
  
Methods  
Medical records of 17 patients with ALS were reviewed. Functional status of subjects was 
scored using amyotrophic lateral sclerosis functional rating scale (ALS-FRS). Volume of 
sweat at 4 different points of body (i.e. both forearms and thighs) was detected at Q-
Sweat. We obtained mean value of volume measured in both upper and lower limbs, 
respectively, and subtracted the age-adjusted normal lower limit from those values. The 



difference value was called ‘SCORE’ of upper limbs and lower limbs each. In case that the 
SCORE measured in a patient was in normal range, it was recorded as 0 point, what 
means normal response of diaphoresis.  
  
Results  
Age, gender and duration from onset to the time of the test were not statistically 
associated with degree of sudomotor dysfunction. Negative linear correlation between 
ALS-FRS and SCOREs of upper (r=-0.485, p=0.049) and lower limbs (r=-0.509, p=0.037) 
were elicited, respectively. There was no significant difference between bulbar-dominant 
type and limb-dominant type groups in ‘SCORE’ in both upper and lower limbs.  
  
Conclusion  
In this study, it is shown that the sudomotor dysfunction represented by Q-Sweat is 
statistically correalated with functional status of patients with ALS. Sudomotor 
dysfunction is common in patients with ALS, and it tends to be overlooked because 
patients are bedridden state for a long time in advanced stage. Actually, patients have 
decreased function of regulating sweat responses as the disease progresses and are 
susceptible to skin damage or aspiration by saliva. Sudomotor dysfunction can 
deteriorate functional status of patients and the degree of this issue can be easily 
quantified by Q-Sweat.  
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Influence of normal aging on muscle activation sequence during 
swallowing : a surface EMG analysis 

Jin Young Ko1*, Hayoung Kim1, Ju Seok Ryu1† 

Seoul National University Bundang Hospital, Department of Rehabilitation Medicine1 
 
Object  
Age-related muscle weakness due to atrophy and fatty infiltration in orofacial muscles 
may be related to swallowing deficits in older adults. An important component of safe 
swallowing is the sequential activation pattern of suprahyoid and infrahyoid muscles. The 
first goal of this study is to survey normal physiologic activation sequence of pharyngeal 
muscles related to swallowing. The second one is explore the impact of aging on muscle 
activation pattern.  
  
Methods  
This study is prospective, experimental study. 20 non-dysphagic healthy elderly 
individuals and 20 young controls were recruited. 6 channel surface electrodes were 
placed over the bilateral suprahyoid (SH), thyrohyoid (TH), sternothyroid (StH) and 
bilateral constrictor (Con) muscles. After the electrodes were placed, electromyography 
signals were recorded two times for each patient during 5cc thin fluid swallowing. 
Latency, duration and amplitude by RMS variable were calculated for quantitative 
measurement of muscle activation.  
  
Result  
From the perspective of sequential activation of pharyngeal muscles, the activation 
patterns were the same in the order of SH, Con, TH and StH in both group. In addition, 
when the muscle activation patterns were broadly classified, two patterns were found in 
each group. The first pattern was characterized by monophasic (composed of one peak) 
shape of electromyographic graph. The second one was biphasic pattern. A peak reflects 
pre-contraction preceding the main peak (main effect of the swallowing reflex) was 
observed. Thus, to determine the effect of aging on swallowing, we compared the two 
groups by dividing each group into type 1 and type 2 patterns. In type 1, there were no 
statistically significant differences between the groups. On the other hand, in type 2, 
duration and RMS value of pre-contraction period were significantly higher in elderly 
adult group (p<0.05).  
  
Conclusion  
At first, we could confirm the two type of muscle activation patterns of normal 



physiologic swallowing. This is expected to help us develop a neuromuscular 
electrostimulation therapy protocol in patients with dysphagia later. Second, the 
characteristics of elderly swallowing were that the pre-contraction duration and RMS 
value were increased. These may be related to upper esophageal sphincter relaxation 
difficulty at swallowing initiation.  
  

 
Figure 1. These figures show the typical two type of sequencial activation patterns during normal 
physiologic swallowing. (A) Type I, short duration reflect monophasic activation pattern without preceding 
contraction. (B) Type II, long duration reflect biphasic activation pattern with preceding contraction. One 
important point is that the main activation pattern except a preceding contraction of Type II is similar to 
type I.  
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Swallowing Kinematics in Post-stroke Dysphagia Patients with Penetration-
Aspiration 

Yeo Hyung Kim1*, Byung-Mo Oh2†, Hyung Seok Nam2, Han Gil Seo2, Tai Ryoon Han2 

Uijeongbu St. Mary's Hospital, Department of Rehabilitation Medicine1, Seoul National 
University Hospital, Department of Rehabilitation Medicine2 
 
Objective 
 The goal of this study was to describe the characteristics of swallow in post-stroke 
aspirators in detail at the level of the swallow rather than the patient. Additionally, we 
aimed to find the spatiotemporal parameters associated with the recovery of swallowing 
function among aspirators.  
 
Method 
38 stroke patients showing penetration or aspiration during 2-ml liquid barium swallow 
(58 swallows) were included. Kinematic spatiotemporal variables were obtained by two-
dimensional motion analysis or calculated by using the result of the motion analysis. To 
investigate the hyolaryngeal incoordination of stroke patients, we analyzed the sequence 
of hyolaryngeal structural movements.  
 
Results 
Among the 58 swallows analyzed, 13 swallows (22.4%) showed the penetration-
aspiration events before swallowing. The penetration-aspiration events during 



swallowing were observed in 45 swallows (77.6%). The penetration-aspiration after 
swallow was not detected. Five subjects showed both of before and during swallow 
penetration-aspiration at different times. The penetration-aspiration timings of 6 
swallows (10.3%) by regular reading of VFSS images were not in agreement with those by 
kinematic frame-by-frame analysis. Among 45 swallows showing penetration-aspiration 
during swallowing, 26 (57.8%) swallows exhibited the abnormal sequence of hyolaryngeal 
structural movements compared with healthy subjects. Delayed horizontal hyoid 
excursion after the onset of epiglottic tilt was observed in these swallows of the 
abnormal sequence. Among the 7 patients who showed improved swallowing function 
measured by American Speech-Language-Hearing Association National Outcome 
Measure System swallowing scale, 3 patients (42.9%) showed change from an abnormal 
sequence to a normal sequence of hyolaryngeal movements. The maximal horizontal 
distance of hyoid was significantly increased in follow-up evaluations in patients showing 
improvement of swallowing function (P=0.018).  
 
 
Conclusion 
The timing of penetration-aspiration can be classified as before, during, or after the 
swallow by the kinematic method at the level of each swallow. The horizontal excursion 
of hyoid is the most important factor associated with penetration-aspiration timing and 
improvement of swallowing function in stroke patients.  
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Functional Neural Plasticity using Mixed-reality Cognitive Training in Mild 
Cognitive Impairment 

Eunhee Park1*, Yu-Sun Min1, Min-gu Kang1, Ju-hyun Kim2, Hyunsil Cha 3, Eunji Kim3, 
Moojin Yang3, Yongmin Chang4,5, Tae-Du Jung1† 

Kyungpook National University Chilgok Hospital, Department of Physical Medicine and 
Rehabilitation1, Kyungpook National University Hospital, Department of Physical 
Medicine and Rehabilitation2, Kyungpook National University, Department of Medical and 
Biological Engineering3, Kyungpook National University Hospital, Department of 
Radiology4, Kyungpook National University School of Medicine, Department of Molecular 
Medicine5 
 
Objective 
The mixed-reality (MR) technology, encompassing both augmented reality and 
augmented virtuality in the merging of real and virtual world, has now emerged as a 
promising tool in various domains of rehabilitation therapy. In this study, we investigated 
the effects of MR-assisted cognitive rehabilitation (MR group) compared with computer-
assisted cognitive rehabilitation (control group) on patients with mild cognitive 
impairment.  
 



 
Material and Methods 
Twenty-one subjects who aging older 65 years old and suffering from memory 
impairment were recruited. All subjects were diagnosed as a mild cognitive impairment 
using The Korean version of the Consortium to Establish a Registry for Alzheimer's disease 
(CERAD-K) and random-ordered divided into two groups, such as MR group (N=10, 
70.5±4.2 years old) and control group (N=11, 72.6±5.3years old). In the MR group, thirty-
minute training based on basic and instrumental activities of daily life was provided 3 
times a week for 6 weeks, total of 18 times using head mount display. In the control 
group, the same amount of computer-assisted cognitive rehabilitation (Comcog®, 
Maxmedica, South Korea) was conducted as the MR group. The functional MRI with 2-
back verbal working memory tasks, cognitive function (CERAD-K; Mini-Mental State 
Examination-Korean, MMSE-K), mood status (Beck Depression Inventory, BDI) and 
functional outcome (the Korean Version of Modified Barthel Index, K-MBI) were 
measured before and after cognitive training.  
 
Results 
There were no significant differences in the age, gender, education level and the baseline 
score of MMSE-K and CERAD-K between two groups. Changes in the CERAD-K, MMSE-K, 
BDI, and K-MBI were not significantly different two groups between before and after 
training. However, change in the accuracy of 2-back working memory performance in the 
MR group was significantly better than the control group. After training in the MR group, 
the left inferior frontal gyrus, the left cerebellum, the right caudate nucleus, and both 
superior and inferior parietal areas were more activated than before training 
(uncorrected P<0.01, cluster 64, Fig. 1). Both middle frontal and superior parietal areas 
were more activated compared to the control group (uncorrected P<0.01, cluster 64, Fig. 
2).  
 
Conclusion 
MR-assisted cognitive rehabilitation could be used for a training tool to improve working 
memory function and to induce functional neural plasticity of cognitive function in 
patients with mild cognitive impairment.  
 



 
Figure 1. Changes of activated brain areas after training. left panel: Mixed-reality assisted cognitive 
rehabilitation; right panel: Computer-assisted cognitive rehabilitation (uncorrected P<0.01, cluster 64)  
 

 
Figure 2. The comparison of activated brain areas between Mixed-reality assisted cognitive rehabilitation 
(left panel) and Computer-assisted cognitive rehabilitation (right panel) (uncorrected P<0.01, cluster 64)  
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Inter- and intra-rater reliability level of the FEES-Tensilon Test  

Youngjun Jang1*, Tobias Warnecke2, Rainer Dziewas2, Geun-Young Park1, Sun Im 1† 

Catholic University of Korea, Bucheon St. Mary's Hospital , Department of Rehabilitation 
Medicine1, University Hospital of Münster, Department of Neurology2 
 
Background and purpose 
Despite the clinical gravity of swallowing impairment in myasthenia gravis (MG) there are 
yet no current standard protocols that can reliably diagnose dysphagia in MG. Flexible 
endoscopic evaluation of swallowing (FEES) combined with tensilon application, known as 
the FEES-Tensilon Test, was developed to improve diagnostic accuracy. The test 
incorporates the use of nasoendoscopy simultaneously with intravenous tensilon 
application during swallowing. This study aimed to investigate inter and intra-rater 
reliability levels of the FEES-Tensilon Test and describe the main endoscopic findings.  
 
Methods 
Four experienced raters reviewed a total of 20 videos in randomized order. The video 
clips were separated into two sections. The first section consisted of the tensilon-off 
stage, with images thought to be representative of apparent fatigue and most 
pathological findings recorded right before 60-90 seconds of the first tensilon application, 
selected for interpretation. The second part consisted of the tensilon-on stage with, 
images recorded 60 seconds after the last tensilon application selected for interpretation. 
The raters were asked to grade the severity of residues at 4 different pharyngeal spaces 
from a 5-point ordinal rating scale before and after Tensilon administration. All 
interpretations were performed twice by the same raters 4 weeks apart. Intra-rater test-
retest reliability and inter-rater reliability levels were calculated.  
 
Results 
A total of 20 FEES-Tensilon tests, with 8 positive (FEES+) and 12 negative (FEES-) Results 
were retrieved for analysis. Among the 8 FEES + subjects, 5 were tested positive for the 
acetylcholine receptor (n=-5), with 1 subject also being positive either for MUSK 
antibodies and 2 subjects also being positive for titin antibodies. Three MG patients were 
tested negative for any antibody during the further diagnostic workup. The reliability 
level in the interpretation of the FESS-Tensilon test was excellent regardless of the raters’ 
profession or years of experience with the FEES. All 4 raters showed high inter and intra- 
reliability levels in interpreting the FEES-Tensilon Test based on residue clearance 
improvements (kappa=0.922, 0.981). Degree of residue normalization in the vallecular 
space after tensilon application showed the highest inter and intra-rater reliability level 
(kappa=0.863, 0.957) followed by the epiglottis (kappa=0.813, 0.946) and pyriform 
sinuses (kappa=0.836, 0.929).  
 
Conclusion 
These Results indicate that interpretation of the FEES-Tensilon Test based on residue 
severity and degree of clearance after tensilon application, especially in the vallecular 
space, is consistent and reliable. Our Results support the interpretation of the FEES-



Tensilon Test with objective clear endpoints based on residue normalization, to be a 
reliable test to be used as part of the diagnostic work-up in those with suspected bulbar 
MG.  
 
 

 
Reliability of the FEES-Tensilon Test  
 

Characteristic findings of FEES Tensilon positive 
test  
 

Characteristic findings of FEES Tensilon negative 
test  
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Usability of a folding prototype powered wheelchair 

Bum-Suk Lee1†, Jung Ah Lee2*, Han Ram Pak3, Hyun Choi2, Eun Joo Kim1, Sung-Phil Yang1, 
Jae-hyuk Bae2, Sung Moon Yoo4, Seung-Hyun Kwon1 

The Korea National Rehabilitation Center, Department of Rehabilitation Medicine1, The 
Korea National Rehabilitation Research Institute, Department of Clinical Research on 
Rehabilitation2, The Korea National Rehabilitation Research Institute, Department of 
Rehabilitative and Assistive Technology3, The Korea National Rehabilitation Center, 
Department of Public Rehabilitation Service4 
 
Objective  
The powered wheelchair is a mobility assistive device that helps people with disabilities in 
their daily lives. It can bring about positive changes for the disabled in terms of social 
participation and quality of life. However, powered wheelchairs are usually too heavy and 
bulky, making them difficult to use for a long-distance travel. In this study, a folding type 
powered wheelchair was developed and its usability was evaluated by experts. Based on 
the Results of this usability test, we have improved the prototype wheelchair.  
  
Method  
10 experts who were engaged in occupational therapy, rehabilitation engineering, and 
orthotics engineering were recruited. The usability test consisted of 3 evaluation areas 
(i.e., safety, operation, and satisfaction) with 19 items. The 6 items of safety were 
regarding risk of falling from the seat, risk of swaying at flatland driving, safety of frame 
strength, and risk of hand injuries while folding, assembling, and dissembling. The 6 
operation test items were regarding operations of controller such as pressing buttons, 
and changing directions, operations of attached devices including seat belt, brake, foot 
rest, and arm rest, also operations of folding wheelchair, dissembling, and assembling 
wheelchair. The rest 7 items were regarding satisfaction including motor power, speed, 
design and weights and sizes of the whole wheelchair and its parts. Each item was 
measured on a 5-point scale (1 – highly dissatisfied ~ 5 highly satisfied). We examined the 
reasons for the scores below 3 point and used them for improvements.  
  
Results  
The items of safety below 3 point were the risk of injuries during the times of folding, 
assembling and dissembling. To resolve this problem, we changed the shape of switch to 
a ring type and, thus reducing injury risks, and made the spring more rigid to give a louder 
coupling sound as feedback. The items of operation below 3 point were folding, 
assembling and dissembling. To deal with the problem, we attached a handle to assist the 
operations. Also, we put stickers on the parts of the wheelchair to help users understand 
how to assemble and dissemble it. The satisfaction items with scores below 3 point were 
total and partial weights. In this regard, we are considering a lighter frame replacement, 
and smaller attached components. In addition, we adjusted control sensitivity, checked 
front wheel verticality, and made the attached devices adjustable for each user.  
  



 
Conclusion 
This study was conducted to evaluate usability of a folding prototype powered 
wheelchair. The usability test was proven to be an essential process in developing such a 
product as wheelchair. The modified folding powered wheelchair will be used by people 
with disabilities and their caregivers.  
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Finding of Videofluoroscopic swallow study in old age esophageal 
dysphagia (Presbyesophagus) 

Jae Won Kim1*, Won Ihl Rhee1, Hye Jung Park1†, Sun Jae Won1, Mi Jeong Yoon1 

Yeouido St. Mary’s Hospital, Department of rehabilitation medicine1 
 
Introduction  
Dysphagia is common in older individuals and many individuals are affected by 
oropharyngeal dysphagia. However, several causes of esophageal dysphagia occur more 
commonly in the aged. Soregel et al. originally described ‘Presbyesophagus’ to occur in 



those aged over 90 years. The concept of presbyesophagus was proposed to explain age-
related decreases in esophageal peristaltic pressure, abnormal contractions in 
esophageal body, incomplete lower esophageal sphincter (LES) relaxation, and dilation of 
the esophagus in barium examination in old aged patients. We present a case of a patient 
diagnosed with presbyesophagus through VFSS finding.  
  
Case description  
A 82-year-old female with hypertension presented with a 3-year history of dysphagia that 
she swallow and vomit all consistency of diet, after her son died. Gastroduodenoscopy 
performed at the gastroenterology clinic did not reveal any abnormalities. At the 
neuropsychology clinic, she was diagnosed with depressive episode and took some 
medicine, but there was no improvement in vomiting.  
She visited our outpatient clinic and admitted for evaluation of recurrent vomiting. 
Physical examinations including neurologic examinations showed nothing of note. A brain 
magnetic resonance imaging (MRI) was unremarkable.  
Videofluoroscopic swallowing study (VFSS) showed intermittent esophageal dilation after 
passage of diet and regurgitation from esophagus immediately after swallowing. (Fig.1) 
Chest CT was performed to evaluate any obstructive cause compressing esophagus and 
revealed no specific finding, except 5.5cm Lt. adrenal mass. Manometry measuring 
esophageal pressures and movement showed ineffective esophageal peristalsis. Finally, 
esophagography revealed that lower esophageal sphincter was not properly relaxed, 
leading to reflux. (Fig.2) She was diagnosed with presbyesophagus.  
  
Discussion  
Traditionally VFSS have focused on the oral cavity, oropharynx, and pharyngoesophageal 
regions to evaluate complaints of dysphagia or suspected aspiration. This case may be 
helpful to evaluate the VFSS finding of presbyesophagus in the esophageal disorder of old 
patient.  
  
 

 
Regurgitation of water in VFSS  
 



 
Esophagography shows that lower esophageal sphincter was not properly relaxed  
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Successful Treatment with Edaravone in Patients with advanced 
Amyotrophic Lateral Sclerosis  

Eun Young Kim1,2*, Mi Ri Suh1,2, Bitnarae Kim2,3, Won Ah Choi1,2, Seong-Woong Kang1,2† 

Gangnam Severance Hospital, Yonsei University College of Medicine, Department of 
rehbailitation Medicine and Rehabilitation Institute of Neuromuscular Disease1, Gangnam 
Severance Hospital, Pulmonary Rehabilitation Center2, Graduate School of Yonsei 
University, Department of Physical Therapy3 
 
Introduction  
Edaravone has shown efficacy in patients with Amyotrophic Lateral Sclerosis (ALS) in 
delaying the disease. However, the former clinical trials have been performed on patients 
in less advanced status only (Japan ALS severity classification grade 1-3; forced vital 
capacity (FVC) in ratio to normal predicted value (FVCPred%) of ≥60%). Thus we included 



patients with more advanced disease, whose FVCPred% was less than 60%, to explore the 
possible efficacy of Edaravone in these patients.  
  
Case Report  
Edaravone treatment was consisted of 6 cycles of 60mg of Edaravone for 10 days (14 
days in first cycle) followed by 14-day drug-free period. We checked ALS functional rating 
scale (ALSFRS), manual muscle test, FVC, peak cough flow, maximal inspiratory pressure 
and maximal expiratory pressure at initial and after 6 cycles of treatment. We also 
performed speech evaluation and video-fluoroscopy guided swallowing test at baseline 
and after 6 months. The regular laboratory tests were performed to screen drug-related 
adverse outcomes. Since June of 2016 to June of 2017, 17 patients were enrolled in the 
Edaravone treatment. Six patients finished the treatment of 6 cycles, 5 patients were 
dropped out and 6 patients are still continuing the treatment. Among the 6 patients who 
finished the total 6 cycles, 4 patients (M:F=1:1, mean age = 60.0±11.2 years) had FVCPred% 
of < 60% at initial. Four patients started the treatment approximately 1.9±0.3 years after 
symptom onset and 0.8±0.8 years after diagnosis. The mean ALSFRS score was 31.0±12.5 
at initial and 26.7±10.4 after 6 months. The average change in ALSFRS score from baseline 
was -4.3±2.1. The mean baseline FVC Pred% in sitting position was 46.2±9.7 and 
52.3±25.1 after therapy. The mean baseline FVC Pred% in supine position was 44.8±14.8 
and 44.5±25.6 after 6 months. There were no major drug-related side effects.  
  
Conclusion  
The average change in ALSFRS score in patients with more advanced ALS shows fairly less 
decline compared to the value reported in previous clinical trials. We can carefully 
conclude that Edaravone can be successfully treated in patients with ALS whose FVCPred% 
is less than 60%.  
  

 
Changes of ALSFRS score at each cycle of Edaravone therapy. Four ALS patients with forced vital capacity 
(FVC) in ratio to normal predicted value (FVCPred%) of < 60% finished the Edaravone treatment of total 6 
cycles. ALS functional rating scale scores of each patient at each cycle depicted in the figure (mean±SD 
change in ALSFRS score from baseline to after therapy was -4.3±2.1).  
 



 
FVC and ALSFRS score in each patient under Edaravone therapy. Abbreviation : FVC:forced vital capacity; 
ALSFRS:Amyotrophic lateral sclerosis functional rating scale  
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Indocyanine Green Lymphography in Early Stage Breast Cancer 
Lymphedema Patients 

Jin A Yoon1†, Tae Wan Kim1*, Ho Eun Park1, Myung Jun Shin1, Yong Beom Shin1†, Keun 
Young Kim2 

Pusan National University Hospital, Department of Rehabilitation Medicine1, Pusan 
National University Hospital, Department of Nuclear Medicine2 
 
Introduction  
Early diagnosis and precise evaluation are necessary to minimize the progression of 
secondary lymphedema. Indocyanine green (ICG) lymphography, a new technique for 
imaging lymph vessels, is known to successfully identify lymphatic abnormalities at an 
early stage, prior to obvious swelling. In this case report, we present a patient with 
secondary lymphedema diagnosed early with ICG lymphography. 
 
Case report  
A 44-year-old female patient visited our hospital presenting with swelling of her left 
upper extremity for 2 weeks after left total mastectomy and lymphatic dissection one 
year previously. At her first visit, physical examination revealed an enlargement of the 
circumference of her left upper extremity by +1.6 cm and +1.2 cm above and below the 
elbow, respectively, and by +0.1 cm at the wrist and hand, compared to the right 
side.Lymphoscintigraphy (GE Medical Systems) showed normal lymph flow and axillary 
lymph node activity revealed a lack of definite evidence of lymphedema (Fig. 1).  
For further evaluation, ICG was injected subcutaneously (0.2ml into left interdigits) for 
ICG lymphography to image the superficial lymphatics and dermal back flow pattern. 
Images of left arms were acquired using a charge-coupled device (CCD) camera 5, 30, 60, 
120, 180, min and 24hr after injection. In ICG lymphography, several splash pattern, 
tortuous lymphatic channels indicating early stage mild-damaged lymph flow was 
observed at left dorsum of hand within few minutes after injection(Fig. 2) . In addition, 
stardust pattern due to extravasation of lymph fluid was observed in left forearm and 



mixed splash and diffuse pattern was noted at more proximal part indicating severely 
damaged lymph flow (Fig. 3).  
After confirming abnormal lymphatic flow and dermal back flow pattern with ICG 
lymphography, we decided it as clinically evident lymphedema indicating a critical time 
point to start treatment. 1 month after treatment, circumference difference of the upper 
extremity decreased to 0.5 cm above and below elbow and the patient was able to 
continue her treatment with good compliance.  
 
 
Discussion  
In our case report, early stage lymphedema was diagnosed with ICG lymphography and it 
played an important role in managing the patient by allowing the patient to select the 
management at appropriate time.  
ICG lymphography is a useful tool evaluate lymphatic circulatory condition by dermal 
backflow stage and lymph pump function by lymph transportation quantification.In 
particular, it can detect abnormal conditions of the lymphatic circulation before edema 
becomes clinical evident. Like our patient, this splash pattern are indicative of reversible 
lymphatic disorder, it would indicate a critical time point at which to start appropriate 
management.  
With further effort, ICG lymphography could play an important role in the clinical 
diagnosis tool for early lymphedma diagnosis and staging.  
  

 
Fig. 1. No lymphatic flow at the right axillary lymph node in Lymphoscintigraphy.  
 

 
Fig. 2. ICG lymphography image obtained one minute after injection.  
 



 
Fig. 3. Splash and stardust patterns of ICG lymphography in right upper extremity.  
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Comparison of Robotic Ankle Prosthesis and Conventional Prosthesis in 
Below Knee Amputatee 

Sehi Kweon1*, Soo Kyung Bok1†, So Young Ahn1, Bong-Ok Kim1, Woo, Hyun Soo 2 

Chungnam National University, School of Medicine , Department of Rehabilitation 
Medicine1, Korea Institute of Machinery and Materials, Department of Medical Assistant 
Robot2 
 
Objective 
 To compare gate pattern between robotic ankle prosthesis and conventional prosthesis 
in patients with below knee amputation  
 
Methods 
 Patients with below knee amputation underwent gait analysis with wearing robotic 
prosthesis and conventional prosthesis. Inclusion criteria were ; 1) Aged 20-60, 2) No 
other concurrent disease. Gait analysis was done by VICON 3D motion analysis system 
(Oxford Metrics, Oxford, England). Kinetics and kinematics data of cadence, speed, stride 
time, step time, single-support time, stride length and step length during walking were 
assessed. Also rotational angle and moment of hip, knee, ankle joint were assessed.  
 
Results 
Wearing conventional prosthesis, during walking flat floor, excessive gluteus maximus, 
tensor fascia lata activation was observed. When walking a ramp, excessive rectus 
femoris activation was observed due to lack of ankle motion and to compensate, 
excessive motion of hip, knee joint was assessed. However, wearing robotic ankle 
prosthesis, excessive hip abduction and external rotation was decreased. Also the weight 
shift between both side decreased due to increased trunk stability.  
 
Conclusion 
In this study, robotic ankle prosthesis showed more normal gait pattern than 
conventional prosthesis. It will be useful to improve quality of life in individuals with 
amputation.  
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Functional Improvement after applying Electrical Prosthesis in a Patient 
with Forearm Amputation  

Won-Jong Yang1*, Jae-won Huh2, Youn-Soo Cheong2, Min-gu Kang1, Tae-du Jung1† 

Kyungpook National University Chilgok Hospital, Department of Rehabilitation Medicine1, 
Kyungpook National University Hospital, Department of Rehabilitation Medicine2 
 
Objectives 
This case report described the first experience to use of Electrical Prosthesis (Bebionic 
small) for a forearm amputation patient.  
 
Methods 
When a 19-year-old soldier was holding a hand grenade() during training, the hand 
grenade exploded and he was injured such as forearm amputation and fragments of his 
limbs, head and skull, but there were no internal cranial hemorrhage (Figure1). He 
underwent surgery on the day of the trauma and began rehabilitation 15 days later. 
Considering his young age, we were concerned about choosing a prosthesis to improve 
his functional ability on living of daily life. Finally, we chose the electrical prosthesis called 
Bebionic Small (Otto Bock company, Germany) (Figure 2).  
He started functional rehabilitation after wearing the prosthesis(Figure 3), and we 
performed a functional assessment 1 week and 1 month after rehabilitation with the 
prosthesis. We assessed Box and Block Test (BBT) and modified Orthotics and Prosthetics 
Users' Survey (OPUS) as functional assessments, and Beck Depression Inventory (BDI) and 
Trinity Amputation and Prosthesis Experience Scales-Revised (TAPES-R) as psychosocial 
assessments.  
 
Results 
At 1 month after rehabilitation, the scores of BBT, modified OPUS, BDI and TAPES-R were 
improved compared with 1 week after rehabilitation (Table 1). He was not complained 
any medical complications. However, it was limited to a battery that could only be used 
for about two hours.  
 
Conclusions 
Functional improvement and activities of daily life could be made easier by applying the 
electrical prosthesis for the forearm amputees. It could be helpful to provide 
rehabilitation training so that electrical prosthesis could be better used for a amputation 
patient.  
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Change of Femoral Anteversion Angle in Children with Intoeing Gait 
Measured by 3D-CT Reconstruction 

Minsik Kong1*, Hongsik Jo1, Chang Han Lee1, Se-Woong Chun2, Chul ho Yoon1, Heesuk 
Shin1† 

Gyeongsang National University Hospital, Department of Rehabilitation Medicine1, 
Gyeongsang National University Changwon Hospital, Department of Rehabilitation 
Medicine2 
 
Objective: To evaluate femoral anteversion angle (FAA) change in children with intoeing 
gait depending on age, gender, and initial FAA using three-dimensional computed 
tomography (3D-CT).  
  
Methods 
3D-CT data taken between 2006 and 2016 were retrospectively reviewed. Children with 
symptomatic intoeing gait aged between four and ten years with follow up interval of at 
least one year without active treatment were enrolled. Subjects were divided into three 
groups based on age: group 1 (4 ≤ Age < 6), group 2 (6 ≤ Age < 8), and group 3 (8 ≤ Age < 
10). FAAs at initial and follow up were measured using 3D-CT. Mean changes in FAAs 
were calculated and compared.  
  
Results 
A total of 200 lower limbs of 100 children (48 males and 52 females, mean age of 6.1±1.6 
years) were included in this study. The mean follow up period was 18.0±5.4 months. 
Average initial and follow up FAAs in children with intoeing gait were measured at 
31.1±7.8° and 28.9±8.2°, respectively. The initial FAA of group 1 was measured the 
greatest at 33.5±7.7°. Follow-up FAA of group 1 was significantly reduced to 28.7±9.2° (p 
= 0.000). FAA changes in group 1, group 2, and group 3 were -6.5±5.8°, -6.4±5.1°, and -
5.3±4.0°, respectively. These changes of FAA were not significantly (p = 0.355) different 
among the three age groups. However, FAA changes were higher (p = 0.012) in females 
than those in males. In addition, FAA changes showed difference depending on initial FAA. 
When initial FAA was smaller than 30°, mean FAA change was -5.6±4.9°. When initial FAA 
was more than 30°, mean FAA change was -6.8±5.4° (p = 0.019).  
  
Conclusion 
FAA initial in children with intoeing gait was the greatest in age group 1 (4-6 years) among 
the three age groups. This group also showed significant FAA decrease at follow up. FAA 
changes were greater when the child was a female, younger, and had greater initial FAA.  



 
 
 

 
 
 

 
① The reference axes of femoral anteversion angle measurement are femoral neck axis (A) and axis 
between medial and lateral condyles (B). ② The femoral anteversion angle measures the angle measures 
the angle between long axis of femur neck (A) and transcondylar axis of the distal femur (B) from 3-
dimensional CT reconstruction image.   
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Purpose  
The aim of this study was to investigate clinical effectiveness and parents’ perspectives of 
cranial molding orthotic treatment.  
 
Methods  
Medical charts were reviewed in 82 infants treated for plagiocephaly with a cranial 
molding orthoses in our clinic from April 2012 to July 2016 retrospectively. Infants who 
clinically diagnosed with positional plagiocephaly and were had cranial vault asymmetry 
index (CVAI) more than 3.5% were included. Parents' perception of good outcome 
(satisfaction) was evaluated with the Goal Attainment Scale (GAS). The GAS score was 
assessed how much the parent felt his or her initial goal for correcting skull asymmetry 
was achieved after the treatment; the score 2 (much greater than expected outcome), 
the score 1 (greater than expected outcome), the score 0 (expected outcome after 
intervention), the score -1 (less than expected outcome) and the score -2 (much less than 
expected outcome).  
 
Results  
The mean age at initiation of cranial molding orthotic treatment in the subjects was 
24.3±8.4 weeks. The mean duration of the cranial molding orthotic treatment was 
157.1±54.8 days. The mean hour of putting on the cranial molding orthoses per day was 
21.2±2.7. The compliance of cranial molding orthoses was 90.2% (74 of 82 infants). There 
were 53 infants, 65% of the subjects (82 infants), had adverse events of cranial molding 
orthoses during the study. Heat rash was found in 29 cases (35.4%) and was the most 
common adverse events. Pressure sores were found in 21 cases (25.6%). The mean GAS 
T-score was 51.9 ±10.2. The GAS T-score of 0 or more was identified in 71.6% of parents. 
It means that the goals of cranial molding orthotic treatment were achieved at over 70%. 
The GAS T-score was significantly related to the age (p< 0.001). The initial CVAI and the 
difference of CVAI during the treatment (p< 0.001) were significantly related to the GAS 
T-score. The difference of CVAI from the initiation to the termination of the treatment 
was significantly related to the age (p< 0.003) and the initial CVAI (p< 0.001). When the 
treatment was initiated at 24.5 weeks of age, the area under the ROC-curve was 0.282 (CI 
0.144-0.421) indicating that infants who had started cranial molding orthotic treatment 
younger than 24.5 weeks showed a higher parents satisfaction (p = 0.007). When the 
cranial molding orthoses were applied to infants who had an initial CVAI less than 8.50%, 
the area under the ROC-curve was 0.631 (CI 0.471-0.790) indicating that infants had the 
initial CVAI less than 8.50% were more likely to achieve a higher parents satisfaction (p-
value n.s.).  



 
Conclusion  
Parents’ satisfaction was correlated with the anthropometric improvement in cranial 
molding orthotic treatment in infants with plagiocephaly. High percentage of parents felt 
that cranial molding orthotic treatment met their initial goals in spite of high occurrence 
of adverse events.  
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Introduction & background  
Nowadays, early diagnosis and intervention in children with cerebral palsy (CP) has 
become an important issue. In terms of neuroplasticity, interventions at an earlier age 
might be beneficial, and for motor learning, both intensity and repetition is important. 
However, there are few studies comparing early intensive therapy and conventional 
therapy. In this study, we attempted to figure out if early intensive rehabilitation therapy 
is beneficial on gross motor function compared to conventional therapy in children with 
CP.  
  
Methods  
Eighteen children with CP and who had gross motor delay were enrolled. Due to ethical 
problem, we designed prospective cross-over study. All underwent intensive therapy and 
conventional therapy for 8 weeks. In each therapeutic period, gross motor function 
measure (GMFM-88 and GMFM-66) was checked before and after therapy. Comparison 
of the difference in GMFM-66 and GMFM-88 score before and after therapy in each 
therapy was performed. Additionally the mean difference of GMFM-66 and GMFM-88 
score was analyzed before and after each therapy according to GMFCS level.  
  
Results  
For both of two therapies, there was a significant change of GMFM-66 and GMFM-88 
score between the 1st and the last week of therapeutic period. But, the difference of 
GMFM-66 and GMFM-88 score in intensive therapy was significantly greater than 
difference in conventional therapy [Fig. 1]. The mean difference of GMFM-88 score in 
each GMFCS level group was not same [Fig 2]. There was a significant difference between 
GMFCS level 3 and 5 in GMFM-88 score change before and after intensive therapy.  
  
Conclusion  
During the 8 weeks of two therapies, conventional and intensive therapy, children 



showed significant gross motor function improvement during 8 weeks of therapy. And, 
the extent of improvement was greater during the intensive therapy than that of 
conventional therapy.  
  

 
Change of GMFM-88 score during intensive therapy and usual(conventional) therapy  
 

 
Change of GMFM-66 score during intensive therapy and usual(conventional) therapy  

 
Change of mean GMFM-66 and GMFM-88 score according to GMFCS level during intensive therapy and 
usual(conventional) therapy   
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Background 
Recently, clinical trials have been performed to evaluate the efficacy of extracorporeal 
shock wave therapy (ESWT) in patients with cerebral palsy (CP). However, each study 
adopted different clinical scales that were insufficient to draw a definite Conclusion about 
the efficacy of ESWT in reducing spasticity after cerebral palsy.  
  
Hypothesis 
The purpose of this meta-analysis was to assess the effects of ESWT on reducing 
spasticity after application of ESWT in patients with CP.  
  
Study Design 
Meta-analysis & Systematic review  
  
Methods 
We searched PubMed, TCL, Embase, and Scopus from their inception dates through 
November 2016. The key words “muscle hypertonia OR spasticity” were used for 
spasticity, and the key words “shock wave OR ESWT” were used for ESWT.  
  
Results 
Five studies were ultimately included in the meta-analysis. The Modified Ashworth Scale 
(MAS) grade was significantly improved immediately after ESWT compared with the 
baseline values (standardized mean difference [SMD], −0.64; 95% confidence interval [CI], 
−1.00 to −0.27). The range of motion after ESWT was also significantly improved 
compared with the baseline values (SMD, 17.91; 95% CI, 8.22 to 27.60).  
  
Conclusion 
ESWT has a significant effect on improving spasticity in children with CP. Further 
standardization of treatment protocols including treatment intervals and intensities 
needs to be established and long-term follow up studies are needed.  
  
Keywords 
Spasticity, Extracorporeal shock wave therapy, Cerebral palsy, Hypertonia, Muscle tone  



 
Fig 1. The Modified Ashworth Scale (MAS) grade was significantly improved immediately after ESWT 
compared with the baseline values (standardized mean difference [SMD], −0.64; 95% confidence interval 
[CI], −1.00 to −0.27).  
 

 
Fig 2. The range of motion after ESWT was also significantly improved compared with the baseline values 
(SMD, 17.91; 95% CI, 8.22 to 27.60).  
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Purpose  
We proposed a new clinical scale, “Feeding and Swallowing Scale for premature 
infants(FSSPI), based on videofluoroscopic swallowing study(VFSS) findings. Contents of 
the FSSPI are as table 1. The scale score is represented by a 9 points scale from 0 to 8. A 
higher score indicates poor feeding and swallowing skills. In previous study, the FSSPI was 
well correlated with clinical characteristics including prognosis-related factor such as 
corrected age(CA) at the time of performing VFSS, CA at the time of achieving full oral 
feeding and weight gain. So The FSSPI is considered to reflect the development of feeding 
and swallowing skill in preterm infants. In this study, as follow up study, we analyzed 
correlation between FSSPI score and Results of VFSS  
 



 
Method 
In this retrospective study, we reviewed seventy-two preterm infants. In previous study, 
these preterm infants were evaluated by FSSPI. Each VFSS were evaluated for oral phase 
abnormality and pharyngeal phase abnormality: 1)weak sucking power, 2)decreased 
sustained sucking, 3)delayed swallowing reflex 4)degree of insufficient epiglottic 
inversion, 5)degree of insufficient laryngeal closure, 6)presence of residue, 7)presence of 
penetration, 8)presence of aspiration. Each items are rated as none, mild and severe. And 
correlations between FSSPI score and severity of each items were analyzed.  
 
Result 
Of seventy-two preterm infants included, thirty-four were boys and thirty-eight were girls. 
The mean gestational age was 27.8±2.97 weeks. The mean CA at the time performing 
VFSS was 27.8±2.97 days. There was significant correlation between the FSSPI score and 
weak sucking power(spearman correlation coefficient(CC) 0.321, p<0.01). Further 
significant correlation was observed between the FSSPI score and decreased sustained 
sucking(spearman CC 0.365, p<0.01). Additionally, there was significant correlation 
between the FSSPI score and delayed swallowing reflex(spearman CC 0.283, p<0.05). But 
there were no significant abnormality between the FSSPI score and other abnormality of 
VFSS.  
 
Conclusion 
The FSSPI showed a significant correlation with oral phase abnormality of VFSS. However, 
VFSS is still needed to confirm presence of penetration and aspiration.  
 

 
Note a : non-nutritive sucking, b : Nutritive sucking, c : sucking-swallowing-breathing, d : sucking-
swallowing, * : short burst of 3 to 5 sucks, ** : medium burst of 5 to 10 sucks, *** : long burst of 10 to 30 



sucks, I : nutritive sucking repeated more than 10 times without breathing, II : frequent breathing with 
alternation of longer sucking bursts with desaturation and shorter bursts with stable saturation. III : ratio of 
SSB is 2~3:1:1 with 10~20 sucking bursts and mild incoordination, IV : ratio of SSB is 1~2:1:1 with 20~30 
sucking bursts, V : the rhythm of feeding and swallowing is regular  
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Purpose 
To investigate the relationships between the severity of oropharyngeal dysphagia (OPD) 
and communication function and other functional profiles in children with cerebral palsy 
(CP).  
  
Methods 
This study recruited 151 children with CP aged from 3 to 18 years. The Eating and 
Drinking Ability Classification System (EDACS) and the dysphagia scales of Functional Oral 
Intake Scale (FOIS), Swallow Function Scales (SFS), and Food Intake Level Scale (FILS) were 
used. The Communication Function Classification System (CFCS) and Viking Speech Scale 
(VSS) were employed to classify communication function and speech intelligibility, 
respectively. The Pediatric Evaluation of Disability Inventory (PEDI) with the Gross Motor 
Function Classification System (GFMCS) and the Manual Ability Classification System 
(MACS) level were also assessed.  
  
Results 
The EDACS level presented strong to very strong associations with the dysphagia scales. 
The EDACS presented strong associations with MACS, CFCS, and VSS, a moderate 
association with GMFCS level, and a moderate to strong association with each domain of 
the PEDI. In multivariable analysis, eating and drinking ability l was significantly related 
with gross motor and communication functions.  
  
Conclusions 
EDACS was strongly related with the dysphagia scales. Gross motor function and 
communication function were significant determinants of EDACS level in children with CP.  
 
 
 



 
Table 1. Cross-tabulations of the dysphagia scales at each level of EDACS 

 
 
Table 2. Cross-tabulations of the level of functional profiles in each level of EDACS 

 
 
 
 



 
Table 3. Logistic regression analysis of factors associated with eating and drinking abilities 
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Purpose 
The Communication Function Classification System (CFCS) and Viking Speech Scale (VSS) 
are useful systems for describing the broad communication function and speech 
intelligibility, respectively, of children with cerebral palsy (CP). The aims of this study 
were to determine the reliability and validity of the Korean version of the CFCS and also 



to investigate the association between the CFCS and the VSS and other functional 
classifications for children with CP.  
  
Materials and Methods 
Participants were 50 children with CP (33 males, 17 females; mean age 7.2 years, range 
4–16 yr) recruited from a rehabilitation hospital. We analyzed the inter-rater and intra-
rater reliabilities of the Korean version of the CFCS and VSS between parents, a 
physiatrist, and a speech language pathologist (SLP). The social function domain of the 
Pediatric Evaluation of Disability Inventory (PEDI) was assessed to examine the 
concurrent validity of the CFCS and VSS. The Gross Motor Function Classification System 
(GMFCS) and the Manual Ability Classification System (MACS) level were also determined 
to investigate the relationships among functional classifications.  
  
Results 
The intra-rater reliabilities of the CFCS and VSS were excellent in a physiatrist (ƙ=0.92, ƙ= 
0.94, respectively) and an SLP (ƙ=0.98 or 0.98) and very good in parents (ƙ=0.87 or 0.89). 
The inter-rater reliability of the CFCS and VSS was very good between the physiatrist and 
SLP (ƙ=0.87, ƙ=0.89) and good between parents and the SLP (ƙ=0.63, ƙ= 0.78) and 
between parents and the physiatrist (ƙ=0.61, ƙ=0.76). The CFCS and VSS were strongly 
related with the social function domain of PEDI. In addition we found very strong 
associations between the VSS and CFCS and moderate to weak associations between the 
CFCS and GMFCS and MACS.  
  
Conclusions 
The Korean version of the CFCS is a valid and reliable tool to classify communication 
ability and is strongly associated with the VSS, a reliable tool to classify speech 
intelligibility.  
  
Table 1. Inter-rater reliability of the Communication Function Classification System 

 
 



 
Table 2. Intra-rater reliability of the Communication Function Classification System 

 
 
Table 3. Correlation between CFCS and VSS, GMFCS, and MACS 
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Purpose 
Since 2011, FDNA (Facial Dysmorphology Novel Analysis) has started to develop a 
technology called the Face2gene which is a suite of phenotyping applications that 
facilitate comprehensive and precise genetic evaluations. The Face2gene has been 
collected and studied mainly in USA and Europe, and it is limited to application to Asian 
people. Therefore, this study was conducted to evaluate the usefulness of the Face2gene 
in Korean patients who were already molecularly diagnosed.  
 
Methods 
The study was carried out at four university hospitals. After obtaining the consent of the 
patient's parents, the photographs were taken and analyzed by the Face2gene. The 
inclusion criteria were molecularly diagnosed children and syndrome characterized by 
facial dysmorphology. 
 
Results 
A total of 46 patients were recruited and reviewed. The patients were affected by 12 
syndromes. In 43/46 (93.4%) patients, the confirmed diagnoses were listed in the top 
30th. In 13/46 (28.2%) patients, the diagnoses were listed for the top 1st. Down 
syndrome had the highest positive matching rate (33%) within the top 1st ranking.  
 
Conclusion 
The Face2gene system has a high possibility to match the molecularly confirmed 
syndrome by only analyzing facial gestalts of the patients. The Face2gene system can be 
used as an assistant tool in the developmental medicine and genetic clinic.  
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Objective  
Hip displacement and dislocation are common in children with cerebral palsy (CP) and it 
has been thought that these abnormal forces induced various abnormal deformities of 
the hip and femur such as excessive femoral anteversion and coxa valga, which resulted 
in hip displacement and dislocation. The aim of this study was to determine factors 
affecting hip and femoral deformities of children with spastic CP.  
  
Methods  
Medical records of 709 children with spastic CP who underwent thorough baseline 
physical examination and functional assessment between 2 to 6 years old were 
retrospectively reviewed. Fifty-seven children (31 boys and 26 girls) who had both plain 
radiography of the hip and femur, 3D CT of the lower extremities at least 5 years after 
baseline examination were included in this study.  
  
Results  
The mean age at physical examination was 3.6 years and the duration of follow-up 
imaging after baseline examination was 68.4 months. Coxa valga was defined the 
increased femoral neck and shaft angle (FNS) which was larger in the non-community 
ambulatory group in our study and a linear relationship was found between hip adductor 
hypertonicity and FNS angle. These Results implied that reduction of hypertonicity of the 
hip adductor muscles could prevent the coxa valga deformity. Femoral anteversion (FA) 
was measured by 3D CT of the lower extremities and our study did not find any 
correlation between FA and clinical assessment. Hip displacement was quantified by 
migration percentage (MP). MP was greater in the non-community ambulatory group 
than the community ambulatory group, which meant that gross motor function could 
affect hip displacement. Only the R1 angle of hip abduction with knee flexion, which 
reflected the dynamic spasticity of one-joint hip adductor muscles, correlated with MP in 
this study. However, we could not find the relationship between coxa valga, femoral 
anteversion and hip displacement.  
  
Conclusion  
Hip subluxation and coxa valga deformity correlated with both dynamic spasticity and 
shortening of hip adductor muscles. However, we found no correlation between femoral 
deformities such as femoral anteversion, coxa valga, and hip subluxation.  
  



 
Measurement of Migration Percentage (MP). MP = A/B * 100. Hilgenreiner’s line and Perkins line are 
marked as “H” and “P”.  
 

 
a : Neck-shaft angle measurement, performed in standard anterior-posterior X-rays of the proximal femur 
or pelvis, was generated by the intersection angle between the femoral neck axis and proximal femoral 
shaft axis  
 

 
b : The femoral anteversion is defined by the angle created by femoral neck axis and posterior condylar axis.  
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Botulinum toxin A (BoNT) is considered an important tool to control spasticity in children 
with cerebral palsy (CP). Several factors are known to affect the efficacy of BoNT, such as 
dosage, appropriate muscle selection and application, age, and accompanying therapy. A 
multi-centre, double-blind, randomised, prospective phase III clinical trial of BoNT for 
treatment of dynamic equinus in children with CP was performed to compare the 
efficacies of letibotulinumtoxin A and onabotulinumtoxin A. Secondary analyses were 
performed to evaluate factors that affected the outcome, focusing on the number of 
times injections were repeated. Effectiveness was defined as a change of 2 or more in the 
physician’s rating scale (PRS). Multivariate regression analyses were performed with age, 
sex, baseline PRS and GMFM-88 scores, GMFCS level, type of CP (unilateral vs. bilateral), 
and previous injection history (yes vs. none, > 1 vs. 1 or none, > 2 vs. 2 or less). The first 
injection of BoNT significantly improved GMFM-D scores at 3 months compared to 
repeated injections (P < 0.05). After 6 months, patients who had one injection or none 
before the study showed significantly better outcomes than those who had more than 
one injection in terms of observational gait scores.  
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Introduction  
Clonus, a typical symptom of spastic Cerebral Palsy (CP), is an oscillatory movement. For 
spastic clonus, Modified Tardieu Scale (MTS) measures initial angle of clonus (IAOC) with 



fast stretch velocity, and evaluate the severity of clonus by using clonus duration 
(fatigable/unfatigable). However, the reliability of MTS for ankle joint in CP was poor to 
moderate because of non-objective IAOC that comes from irregular passive stretch 
velocity and inaccurate goniometric measurement. Hence, we applied a novel MTS 
assessment using inertial sensor (iMTS) to detect the clonus and its duration in ankle joint.  
  
Method  
The iMTS for clonus consists of two functions: joint angle calculation and clonus duration 
measurement. We assumed that ankle is a joint between two rigid bodies (foot and shank) 
which only move in sagittal plane. Two inertial measurement units (shimmer3, the 
shimmer, Ireland) were used to obtain joint angle using accelerometer and gyroscope. 
While the rater performs fast stretch, the resistance that appears at the initial phase of 
clonus Results in minimum angular acceleration of ankle joint during the stretch period, 
as illustrated in Fig. 1, and thus we were able to estimate IAOC. After the resistance, the 
oscillatory movement occurs, and we estimated the clonus duration can be estimated 
from the time of IAOC to the time when the angular acceleration approaches zero by 
using the following condition (Fig. 1):  
  
Result  
Inter-rater reliability of conventional MTS and iMTS was summarized in Table I. Table II 
shows the agreement of the clonus duration between the proposed method (7.02 s) and 
EMG (7.09s), there are small error (-0.07s).  
  
Conclusion  
This study was performed to overcome the limitations of MTS by propsing iMTS for 
clonus in order to improve the accuracy and to improved the reliability. Inter-rater 
reliabilities of the proposed iMTS were significantly improved compared with classic MTS 
assessment  
  

 
Fig. 1. Clonus measurement of iMTS at ankle joint  
 
 
 
 
 



Table 1. Inter-rater reliability between CMTS and IMTS 

 
 
Table 2. Clonus duration 
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Objective 
Children with unilateral cerebral palsy present with impaired upper limb (UL) function 
and require effective rehabilitation. This study aims to review the efficacy of Constraint 
Induced Movement Therapy and Bimanual Training for children with hemispheric 
cerebral palsy.  
  
Methods 
We searched PubMed and Embase from their inception dates through June 2017. The key 
words “Constraint induced movement therapy” was used for CIMT, “Bimanual training” 
was used for BT, “child OR pediatric OR adolescent” were used for children, and the key 
word “cerebral palsy” was used for cerebral palsy. Among the studies, the researches 
that satisfied the condition 'outcome measure within 2 months', 'AHA score as a primary 
outcome', 'age under 18’, were included.  
  
Results 
Three studies were ultimately included in the meta-analysis. The studies examined the 
AHA score, the measurement of bimanual performance with good evidence of validity 
and reliability, as a primary outcome in both CIMT and BT groups within 2 months. The 
AHA score of both group were significantly improved after each treatment compared 
with baseline values (CIMT group: standardized mean difference [SMD], 1.061; 95% 



confidence interval [CI], 0.348 to 1.773; p 0.004 / BT group: standardized mean difference 
[SMD], 1.150; 95% confidence interval [CI], 0.163 to 2.137; p 0.022).  
  
Conclusion 
There is modest evidence that intensive activity-based, goal-directed interventions such 
as constraint-induced movement therapy or bimanual training are effective management 
in improving upper limb activity with individualized bimanual functional outcomes.  
Further standardization of treatment protocols including treatment dosage and duration 
needs to be established, and long-term follow up studies are needed.  
  
Key words 
Child, Cerebral Palsy, Constraint induced movement therapy, Bimanual training, AHA 
score  
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Introduction  
In Korea, the number of premature infants and low birth weight infants, which are the 
risk factors of neural developmental diseases including cerebral palsy, are increasing due 
to the increase of late marriage and aged childbirth. Early diagnosis is needed for these 
high-risk children, and it is necessary to start rehabilitation as soon as possible. In the 
rehabilitation of children including neurodevelopmental disorders, there is a need for a 
long-term, step-by-step rehabilitation medical delivery system capable of receiving 
continuous medical support in conjunction with the child's growth and development 
along with early detection and early rehabilitation of the disease. However, to date, 
rehabilitation medical system in Korea has not yet established the rehabilitation delivery 
system in 'community'. The purpose of this study was to investigate the current state of 
imbalance of regional rehabilitation services through analysis of domestic rehabilitation 
treatment and to find an alternative for a stable supply of effective rehabilitation services.  
  
 



 
Materials and Methods  
The National Health Information Database (NHID) of the National Health Insurance 
Corporation was used. In all cases where the number of rehabilitation activities number 
(physical therapy, occupational therapy, veterinary treatment) was billed from 2002 to 
2014 among children under the age of 18. The study was conducted by defining the place 
of residence registered in the child's eligibility information as the actual residence and the 
area where the code of the act number was most requested as the main treatment area.  
  
Results  
Table 1 shows the ratio of cases where the main treatment area is Seoul based on the 
actual residence. In most of the regions, the ratio of the main treatment area to Seoul 
was decreasing, but in Gwangju, it gradually decreased and then increased again after 
2009. In the case of Gangwon, Chungbuk, and Chonnam, it is shown that they maintain a 
constant ratio regardless of the year. When the ratio of the actual residence area to the 
main treatment area is taken into consideration, the ratio of the main treatment area in 
the actual residence area is increasing as the number of the residence area and the main 
treatment area are increased. However, in a case of Gwangju, it increased until 2008, 
then slightly decreased, and Ulsan and Gyeongbuk maintained a constant ratio. In the 
case of Gangwon, the proportion of the number of cases has decreased as the number of 
cases has increased recently (Figure 1).  
  
Conclusion  
As a result of this study, although the imbalance between regions has been decreasing 
recently, it is still possible to confirm the disproportionate behavior in Seoul, Chungbuk, 
Gangwon, and other regions. It will be necessary to balance their needs and supply so 
that all children receiving domestic pediatric rehabilitation receive appropriate treatment 
services and are able to grow in their communities.  
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Objective 
Speech disorder such as articulation disorder is a problem with voice or with producing 
speech sounds correctly or fluently, and language disorder is a problem with 
understanding others (receptive language) or with sharing thoughts, ideas, and feelings 
completely (expressive language). Especially in children, many cases have articulation and 
language problem together. In Korea, Urimal Test of Articulation and Phonation (U-TAP) 
and Assessment of Phonology and Articulation for Children (APAC) have been used for 
articulation evaluation for children, and Preschool Receptive-Expressive Language Scale 
(PRES) and Receptive and Expressive Vocabulary Test (REVT) have been used for language 
evaluation of children. The purpose of this study is to analyze correlations among values 
of these speech and language tests in children with articulation disorder.  
 
Method 
34 children aged 3-6 years who had no auditory, cognitive, neurological, and 
psychological problems and whose word-level percentage of correct consonant in U-TAP 
(U_PCCw) was less than –2 SD were recruited. In this children, APAC or PRES or REVT 
were performed with U-TAP simultaneously. U-TAP includes word-level percentage of 
correct vowel (U_PCVw), U_PCCw, sentence-level PCV (U_PCVs), and sentence-level PCC 
(U_PCCs). APAC includes PCCw (A_PCCw), PCCs (A_PCCs), and understandability. PRES 



includes receptive language age (RLA), expressive language age (ELA). REVT includes 
receptive vocabulary raw score (RVS) and expressive vocabulary raw score (EVS).  
 
Results 
U_PCCw was significantly correlated with A_PCCw (p=.000, ρ=.892) and A_PCCs (p=.000, 
ρ=.906). U_PCCs was significantly correlated with A_PCCw (p=.000, ρ=.824) and A_PCCs 
(p=.000, ρ=.837). RLA was significantly correlated with U_PCVw (p=.009, ρ=.490), U_PCCw 
(p=.000, ρ=.638) and U_PCCs (p=.022, ρ=.625). ELA was significantly correlated with 
U_PCVw (p=.001, ρ=.597), U_PCCw (p=.000, ρ=.777), U_PCVs (p=.025, ρ=.558), U_PCCs 
(p=.000, ρ=.886), A_PCCw (p=.018, ρ=.598) and A_PCCs (p=.009, ρ=.672). RVS was 
significantly correlated with U_PCVw (p=.000, ρ=.731), U_PCCw (p=.000, ρ=.734), U_PCVs 
(p=.035, ρ=.546), U_PCCs (p=.001, ρ=.785). EVS was significantly correlated with U_PCVw 
(p=.005, ρ=.572), U_PCCw (p=.002, ρ=.600), U_PCVs (p=.038, ρ=.540), U_PCCs (p=.001, 
ρ=.795). Understandability was significantly correlated with U_PCVw (p=.030, ρ=.542), 
U_PCVs (p=.016, ρ=.629), A_PCCs (p=.047, ρ=.520), RLA (p=.048, ρ=.537), ELA (p=.044, 
ρ=.545) and EVS (p=.014, ρ=.659).  
 
Conclusion 
This study showed that U-TAP was correlated with APAC. Also, in children with 
articulation disorder, this study suggested that articulation could be associated with 
language ability and that understandability could be associated with articulation and 
language ability. These findings suggested that various articulation tests and language 
tests might be necessary for children with articulation disorder.  
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Introduction  
Torticollis is a fixed or dynamic tilt, rotation, or flexion of the head and/or neck. Causes of 
torticollis include congenital muscular torticollis (CMT), congenital spine abnormalities, 
and toxic or traumatic brain injury. The asymmetric head location off the midline may act 
as an additional constraint on the kinesthetic axis which is crucial in the development of 
postural control and movement. Therefore, it is important to identify the developmental 
stage of children presenting torticollis. In case of CMT, many studies revealed that CMT 
did not affect long-term outcome of motor development. However, there are hardly any 
reports on the developmental outcome of torticollis children not diagnosed as CMT. As 
identification of the clinical features is important in proper diagnosis and establishment 



of treatment principle, this retrospective review is to find out the clinical characteristics 
and developmental outcome of torticollis children without CMT.  
  
Methods  
For this retrospective comparison study, children who visited a university hospital for 
torticollis between December, 2014 and February, 2016 were selected. Patients 
characteristics included were initial age, sex, cervical range of motion, labyrinthine 
righting reaction, Alberta Infant Motor Scale (AIMS), Gross Motor Function Measure 
(GMFM), Bayley Scales of Infant Development-II (BSID-II). The Results of neck 
ultrasonography assessed at the time of initial visit were used for analysis. For infants 
without CMT on sonography, through medical records review was performed to 
determine the cause of torticollis and the developmental outcomes. For statistical 
analysis, student t-test was used to compare both groups.  
  
Results  
Data from 66 patients were collected (33 patients for CMT group and 33 patients for non-
CMT group). There was no inter-group difference for baseline age, sex, developmental 
assessments, limited cervical range of motion, and age at the last evaluation. The A/N 
(abnormal/normal) ratio from neck ultrasonography was significantly different between 
groups (Table).  
In contrast to CMT group, non-CMT group showed significantly lower Mental 
Developmental Index on the last evaluation (p=0.017) (Figure). There was no inter-group 
difference in the last evaluation of Psychomotor Developmental Index, GMFCS level, and 
GMFM scores.  
  
Conclusion  
The non-CMT group in our study had significantly lower mental developmental index 
compared with the CMT group at follow-up age of 18 months. Non-CMT torticollis seems 
to contribute to the delay in cognitive development especially for children of less than 18 
months. However, as short-term follow-up limits the interpretation of the observed 
difference, further study with long term follow-up is necessary.  
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Objective 
To evaluate and compare the reorganization of corticospinal pathways to upper 
extremity muscles in cerebral palsy (CP) patients.  
 
Methods 
32 cases (17 male, 15 female) of hemiplegic CP were enrolled. The mean age was 
7.5±4.6(2~17) years. The transcranial magnetic stimulation (TMS) was applied to the 
unaffected and the affected motor cortices in turn and bilateral electromyography 
recordings were made from the 1st dorsal interossei (FDI), the biceps brachii (BB) and the 
deltoid muscles during resting. The onset latency, central motor conduction time (CMCT) 
and peak-to-peak amplitude of motor evoked potential were measured for each muscle 
on both sides.  
 
 



 
Results 
The TMS on affected and unaffected hemispheres evoked contralateral motor response. 
The TMS on affected side showed tendency of prolonged latency and reduced amplitude. 
The amplitudes of evoked potential were increased by age while the latencies were 
relatively constant.  
 
Conclusion 
These Results suggest that the corticospinal pathways to proximal and distal muscles of 
upper extremity present different maturation and reorganization pattern. These Results 
implicate that the evaluation of the TMS suggests the evidence of brain plasticity in 
hemiplegic CP children.  
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Purpose  
To know the prevalence of pelvic malalignment syndrome of children with congenital 
muscular torticollis (CMT) and which parameters could contribute to develop pelvic 
malalignment syndrome.  
  
Methods  
A retrospective cohort design was used. Medical records of 130 pediatric patients who 
diagnosed with CMT for the first time before the age of 4 years and long-term follow-up 
for more than 2 years, from January 2011 to June 2017 were reviewed. All patients 
actively participated in the physical therapy. Patients with congenital anomalies of the 
cervical spine, spasmodic torticollis, and other forms of neurogenic, ocular, and organic 
torticollis with premorbid or comorbid musculoskeletal problems were excluded from the 
study. We investigated presence of neck mass, limitation of range of motion (LOM), 
location, delivery type, plagiocephaly, and facial asymmetry at the time of first visit. We 
searched whether children who had diagnosed as CMT had the complication of pelvic 
malalignment syndrome or not after more than 2 years of follow up. Definition of pelvic 
malalignment syndrome were as follows: pelvic obliquity and pelvic rotation with 
compensatory scoliosis. Chi-square test was used to determine which initial parameters 
had contributed to development of pelvic malalignment syndrome with compensatory 
scoliosis.  
  
 



 
Result 
The clinical data of the 130 CMT patients at first visit are listed in Table 1. Of those 
patients, 73(56.2%) developed pelvic malalignment syndrome with compensatory 
scoliosis, at long-term follow-up visit. There was no statistically significant correlation 
between progression of pelvic malalignment syndrome with compensatory scoliosis and 
mass, ROM, location, and delivery type, plagiocephaly, facial asymmetry. (Table 2)  
  
Conclusion 
The findings have implications that regardless of severity of initial clinical manifestation, 
children with CMT have a possibility to progress to have a pelvic malalignment syndrome. 
Therefore children with CMT need a long-term follow-up to screen pelvic malalignment 
syndrome with compensatory scoliosis.  
  
Table 1. Characteristics of patients with CMT (N = 130) 

 
 
Table 2. Comparison according to pelvis alignment status group at long-term follow-up 
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Introduction  
Microarray-based comparative genomic hybridization (array CGH) has been widely 
adopted as a valuable clinical diagnostic test for children with delayed development. 
Bradley P Coe et al. suggested copy number variants (CNVs) are associated with many 
neurocognitive disorders. Hence, overall development was measured between two 
groups divided by array CGH results.  
  
Objective  
To compare and analyze the clinical development aspect of children suspected of delayed 
development between patients with or without Copy Number Variations (CNV).  
  
Method  
A retrospective chart review was done in 42 children who underwent array CGH after 
visiting PM&R Department outpatient clinic with delayed development as chief 
complaints. Children were evaluated for Denver Developmental Screening Test (DDST), 
Sequenced Language Scale for Infants (SELSI)/Preschool Receptive-Expressive Language 
Scale (PRES) (Table 1) and diffusion tensor tractography of Brain MRI (DTT). A Mann-
Whitney U test was conducted to determine statistical differences of Developmental 
Quotient (DQ), Receptive Language Quotient (RLQ) and Expressive Language Quotient 
(ELQ) between two groups: 14 children with CNVs (Table 2) and 28 children without CNVs.  
  
Results  
DDST showed that personal social and language DQ were higher and fine motor and gross 
motor were lower in CNV (+) group than in CNV (-) group, but the difference was not 
statistically significant.  
All 22 children who underwent SELSI or PRES showed delayed langauage in all domains 
and RLQ and ELQ were higher in CNV (+) group than in CNV (-) group and the difference 
was statistically significant for ELQ (p<0.05). In the CNV (+) group, ELQ was assessed 
higher than RLQ; In the CNV (-) group, ELQ was assessed lower than RLQ, but statistical 
significance was not observed in both inter-group. (Table 3)  
Amongst 22 children who had DTT reconstructed, 8 children had at least one neural tract 
not reconstructed and two of them were amongst CNV (+) group. Arcuate fasciculus were 
not reconstructed in 4 children.  
  



 
Conclusion  
DQ in all domains was not significantly lower in children with CNV compared to children 
without CNV. However, tendency of milder delay of ELQ was observed in children with 
CNV. Active detection of genomic imbalance could play some vital role in assessing 
development aspect in children with delayed development.  
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Objective  
 To investigate experts’ opinions about the clinical considerations for improving the 
attention and participation of children with severe cerebral palsy(CP) for effective 
exercise therapy.  
  
Methods  
 Delphi technique was used to gather expert opinions on training Methods and feedback 
for effective exercise in children with severe cerebral palsy. The survey was conducted 
three consecutive times and received feedback from each round using email to 17 
experts. In the first-round Delphi survey, we acquired comments and answers from open 
questions about the 19 factors developed based on the literature. The second- and third-
round questionnaires were structured on the basis of the expert opinions acquired 
through the first-round questionnaire, and the experts rated the validity and importance 
of each item on a 5-point Likert scale (from 1 to 5). Consensus was considered achieved 
for each item when at least of the 70% of the experts gave a validity score and 
importance score of 4 or higher in the third-round Delphi survey.  
 
Results  
 After the first-round Delphi survey, we specified the clinical characteristics of children 
with cerebral palsy (age: 4~12 years, Gross Motor Function Classification System: level 4 ~ 
5) according to experts’ opinion. In the third-round Delphi survey, (Of 54 items in second-
round Delphi survey) 39 items that had at least a score of 4 for validity and importance 
and expert opinions were obtained. 29 items(4 criteria to determine the child’s attention 
during exercise, 5 training method, 2 training difficulty setting, 10 sensory stimulation 
and 8 psychological stimulation) were agreed as the final factors. ‘Time to perform the 
task’ was the most important factor for criteria to identify the child’s attention during 
exercise. ‘To provide a different rate of feedback to the child's movement’ is the most 
important factor for training Methods. ‘To choose the difficulty level of exercise 
according to the degree of paralysis’ is the most important factor for training difficulty 
setting.  'Visual perception' and ' Use of toys' were most important items to induce child's 
movement . 'Language feeedback' and 'To encourage the failed child to do better next 
time' were most important feedback on results.  
 Conclusion  
Total 29 factors related to the degree of attention and Methods for improving attention 
during exercise were derived from the Delphi survey.  
These factors would be used for effective treatment in the clinical setting and research of 
children with severe cerebral palsy.  
 



Table 1. Characteristics of the expert panel 

 

Table 2. Content and structure of round 2 Delphi 

 
 
Table 3. Factors associated with the attention and participation of children with CP that were identified in 
the third-round Delphi survey(%Agreement = percentage of panelists who gave a score of 4 or higher) 
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Objective  
A number of children have problems with language and cognitive function due to autism 
spectrum disorder (ASD) or intellectual disability (ID), which not only hinder their social 
interactions, but also make a lot of medical expenses for its treatment. Recently, there 
has been a growing interest in horseback riding therapy (HRT) as a rehabilitation method. 
There have been many studies focusing on motor functions of patients with cerebral 
palsy or intellectual disability after HRT. However few researches have been done about 
effects of HRT on cognitive or language function. This study was designed to investigate if 
horseback riding therapy (HRT) can improve language and cognitive function in children 
with ASD or ID. 
 
 Patient and Methods  
We conducted prospective, case-control study, including patients who have been 
diagnosed as ASD or ID with cognitive and/or language impairment. Respectively, 18 and 
11 patients were enrolled as HRT group and control group, respectively. HRT group 
underwent conventional therapy plus 30 minutes of HRT per week for 8 weeks and 
controls only received conventional therapy. The subjects were assessed for their 
cognitive and language function using several tools (cognition: K-ABC, cognitive domain 
of BSID-II, language: PRES, REVT, M-B CDI-K) within one month before and after 
treatment.  
  
Results  
There was no baseline difference between two groups. In the HRT group, the result 
showed statistically significant improvements in most domains between pre- and post- 
treatment including receptive, expressive language and cognitive function except for 
infant scale of M-B CDI-K (Table 1). In the control group with conventional therapy, 
however, only in receptive language function assessed by REVT and cognitive function 
assessed by BSID-II showed improvements, which show lower degree than that of HRT 
group (Table 2). When comparing the HRT group and the control group, the higher 
improvements were observed in the HRT group, but there was no statistically significant 
difference between two groups (Table 3).  
  
Conclusion  
HRT group showed the improvement in most domains of language and cognitive function 
assessments. However comparing with control group, the improvement degree was not 
statistically significant. It might be due to the small sample size and short period of 
intervention. Further large-scale and long-term study would be needed to see whether 



HRT is one of effective Methods for language and cognitive function in children with ASD 
or ID.  
  

 
In the HRT group, the result showed statistically significant improvements in most domains between pre- 
and post- treatment.  

 
In the control group with conventional therapy, however, only in receptive language function assessed by 
REVT and cognitive function assessed by BSID-II showed improvements.  
 



 
When comparing the HRT group and the control group, the higher improvements were observed in the HRT 
group, but there was no statistically significant difference between two groups.  
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Objective 
Recently, foot posture index (FPI) has been known to be a reliable test for foot position in 
adults. The purpose of this study was to investigate the relationship between calcaneal 
stance position (RCSP) angle and FPI in elementary school students. Furthermore, we will 
investigate the correlation between two indexes and pain.  
Method : Between April 2016 and August 2016, 208 elementary school students were 
engaged. (10.3 ± 3.9 years) All patients were examined physically by one physiatrist to 
measure RCSR and FPI. Pain was measured to determine the association of these two 
indices. To detect the existence of pain, the questionare were taken from their parents or 
themselves.  
A flat foot was defined as a foot with RCSP angle of 5 ° or more or FPI of 6 or more.  
  



 
Results 
When comparing the value of RCSP angle and FPI score, there is a strong correlation in 
together. Statistical analysis of Pearson's correlation showed that the left side of the 
kappa value was 0.476 and the right side was 0.413. When comparing the value of two 
indexes and pain, there is a moderate correlation. (RCSP angle: 0.337, p = 0.00, FPI score: 
0.136, p = 0.47)  
  
Conclusion 
There is a correlation between RCSP and FPI, and both values correlate with lower 
extremity pain in elementary school student. In addition to FPI, which has validity and 
reliablility, RCSP, which is widely used in the manufacture of insoles, can also be used as 
an important biomechanic evaluation tool of foot in clinical settings.  
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Introduction 
Short stature is a commonly encountered problem during childhood. Nowadays the use 
of recombinant growth hormone therapy (GHT) is extended not only in children with 
growth hormone deficiency, but also to idiopathic or other forms of short stature. 
Although controversies still persist, scoliosis is one of the well known orthopedic 
complications related to GHT in pediatric population. We aim to reveal whether the 
administration of GHT is correlated with the progression of underlying scoliosis.  
  
Methods 
Among the children receiving GHT, those who initially showed >5’ Cobb’s angle and had 
follow-up radiologic evaluation at least once became study candidates. Retrospective 
data review and analysis was conducted. A database incorporated clinical information 
such as the age at the diagnosis of scoliosis, commencement of GHT, growth chart 
information, as well as radiologic information such as Cobb’s angle, apex, range, 
concomitant skeletal abnormalities.  
  
Results 
Eight children (M:3, F:5) who fulfilled the criteria were identified from the database. 2 
patients had idiopathic growth hormone deficiency, and the other 6 were non-syndromic 
short statured children. Mean age at the time of scoliosis diagnosis was 10.4±1.9 yrs, and 
their bone age was 9.1±2.5 yrs. All of the patient showed single thoracolumbar curvature 
(Cobb’s angle 8.9±2.8), with Lt. dominant apex (n=6). On follow-up spinal radiography, 



only 2 children showed subtle progression of scoliosis (△=4.4’, 6.3’) while the others 
revealed no evidence of curve progression.  
  
Conclusion 
 In our preliminary study, evolution of scoliosis was not definite in short-statured children 
undergoing GHT. Although it is hard to conclude whether a relation exist between GHT 
and scoliosis progression with this small sample size, the surveillance of a scoliotic 
curvature and rigorous supervision should not be overlooked in this group of patients. 
Further study with larger sample size should be followed.  
   
Key words 
Growth hormone therapy, scoliosis 
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Introduction 
In adults, language is lateralized to the left hemisphere of the cerebrum. Rumat et al. 
Reported that left lateralization was confirmed in 8 out of 10 children of average age 10.6 
years. However, the role of each cerebral hemispheres in language development of 
toddlers is not clear yet. Senthil K et al. reported that half of their population with global 
development delay showed the absence of bilateral arcuate fasciculus (AF) and suggested 
the role of AF in cognitive development.  
 
Objective 
To investigate the role of arcuate fasciculus in clinical development aspect, especially on 
language development of children, we assessed the relationship between the absence of 
AF and development status depending on hemisphere.  
  
Method 
A retrospective chart review was done in 139 patients who underwent MR imaging of the 
brain performed at 3T, including 30 direction diffusion tensor imaging (DTI) after visiting 
PM&R Department outpatient clinic with delayed development. Among them, 12 patients 
showed the absence of arcuate fasciculus.  
Patients were divided into 3 groups based on the direction of absent AF; Right 
hemisphere, Left hemisphere and bilateral.  
A Kruskal wallis test was done to determine statistical differences of Developmental 
Quotient (DQ), Receptive Language Quotient (RLQ) and Expressive Language Quotient 
(ELQ) between three groups.  



  
Results 
The mean age of 12 patients was 30.4 ± 20.26 months. Five showed the absence of 
bilateral AF and the right AF was not identified in five. The left arcuate was absent in 2 
patients (Table 1).  
There was no statistically significant difference between the three groups on DQ in all 
domains(Table 2). The DQ on language domain was 58.8 in right AF(-) group, 61.0 in left 
AF(-) group and 63.4 in bilateral AF(-) group (Table 2).  
One girl, 25 months old, rated at 63.74 of RLQ and 35.85 of ELQ showed the absent in 
right fronto-temporal tract of AF on Diffusion tensor tractography (DTT) analysis. On her 
followed DTT at 44 months old, her RLQ rated at 88.6 and ELQ rated at 84.0. On DTT, the 
right fronto-temporal tract of AF was not identified persistently but the volume and 
Fractional Anisotropy in both front-parietal tract of AF were increased.  
  
Conclusion 
Unlike adults, it seems that the unilateral hemisphere of children does not dominate in 
language function.Further cumulative and prospective data are needed to understand the 
role and correlation between language development and arcuate fasciculus at DTT. And 
serial DTT can provide important information to anticipate the prognosis of the pediatric 
patients with delayed development.  
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Purpose  
Down syndrome (DS) is the most common chromosomal disorder related with intellectual 
disability. The physical features and medical problems associated with DS can vary widely 
from child to child. Most children with DS typically reach motor developmental 
milestones later than other children. The set of disorders present in children with DS can 
limit their performance in functional activities and affect their daily life activities. The 
Gross Motor Function Measure (GMFM) is a clinical tool designed to evaluate change in 
gross motor function in children with cerebral palsy. While the original measure was 
designed and validated for children with cerebral palsy, there is evidence that the GMFM-
88 version of the measure is also valid for use with children with DS. Pediatric Evaluation 
of Disability Inventory (PEDI) was designed for young children with a range of functional 
impairments. This assessment evaluates children with disability for their functional skills 
in several different areas including: mobility, self-care, and social functioning. However, 
there has been no study to evaluate functional activities in children with DS with PEDI. 
We hypothesized gross motor function can affect daily functional skills in infants and 
toddlers with DS. Then the primary purpose of this study was to evaluate the correlation 
between their gross motor function and daily functional skills in infants and toddlers with 
DS. Further, we evaluated how their medical comorbidities affect their daily functional 
skills.  
  
Methods  
A cross-sectional survey of 30 children with DS (range, 15 months to 51 months) was 
performed. Gross motor function was assessed with the GMFM-88 and functional skill 
was assessed with the Pediatric Evaluation of Disability Inventory-Functional Skills Scale 
(PEDI-FSS). Correlation analysis was used to investigate the relationship between GMFM 
and PEDI-FSS. Multivariate regression analysis was used to identify the medical 
comorbidities which affect daily functional skills (PEDI). They included cardiac operation, 
hypothyroidism, leukemia, renal problem, hearing loss, airway problem (pneumonia), and 
gastrointestinal anomaly.  
  
Results  
The self-care, mobility and social function domains of PEDI-FSS showed moderate 
correlation with GMFM (Pearson correlation coefficient: 0.4631, 0.7857, and 0.5736 
respectively). The correlation between the mobility domain and GMFM was highest. The 
self-care domain of PEDI-FSS was significantly lower in children with recurrent airway 
problems. Further the mobility domain of PEDI-FSS was significantly lower in children 
with congenital gastrointestinal anomaly.  



  
Conclusions  
Gross motor function can affect daily functional skills in infants and toddlers with DS. 
Therefore, early intervention program to promote gross motor function should be 
stressed in DS. Further, we confirmed ‘airway problem’ and ‘gastrointestinal anomaly’ 
affect daily functional skills in infants and toddlers with DS.  
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Purpose 
We investigated the spontaneous recovery of non-operated traumatic brachial plexus 
injury (BPI).  
 
Methods 
A total of 25 cases of non-operated traumatic BPI were analysed by retrospective review 
of medical records; in all cases, consecutive electrodiagnostic studies (ES) were 
conducted from 1 to 4 months and 18 to 24 months post-trauma. Injury severity was 
assessed using a modified version of Dumitru and Wilbourn’s scale (DWS) based on ES. 
Spontaneous recovery of brachial plexus components per subject was analyzed using 
Wilcoxon’s signed-rank test. A two-tailed Fisher’s exact or Pearson’s chi-square test was 
used to examine the associations between initial injury severity (DWS grade 2 vs. 3, 
complete vs. incomplete), accompanying injury type (open vs. closed), main lesion 
location (supraclavicular vs. infraclavicular lesion), and spontaneous recovery.  
 
Results 
The most common cause of BPI was traffic accident (TA) (15 cases, 60%), and the most 
common type of TA-induced BPI was a motorcycle TA (5 cases), accounting for 20% of all 
injuries. The second most common type of injury was an occupational injury (6 cases, 
24%). Thirty-eight (69%) of 55 injured brachial components in 25 cases had DWS grade 3 
and seventeen brachial components (31%) had grade 2. The DWS grade of brachial plexus 
components per subject significantly differed between the first and follow-up ES (p = 
0.000). However, initial injury severity, accompanying injury type, and main lesion 
location were not statistically associated with spontaneous recovery (p > 0.05).  
 
Conclusions 
Spontaneous recovery may be possible even in severe traumatic BPI. Multiple factors 
should be considered when predicting the clinical course of traumatic BPI.  
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Objective 
To investigate the incidence, treatment, prognosis and pathology of peripheral 
neuropathy in Neuromyelitis optica spectrum disorder (NMOSD), we reviewed papers 
including case report.  
 
Method 
We reviewed all papers that reported peripheral neuropathy in NMOSD. Papers were 
identified by searching MEDLINE, EMBASE, SCOPUS, Web of Science, Cochrane Central 
Register of Controlled Trials, the World Health Organization international Clinical Trials 
Registry Platform, and the clinical trials registry and database of the U.S. National 
Institutes of Health (ClinicaTrials.gov) on December 17 2016. Search terms and their 
synonyms were Radiculopathy, peripheral nervous system diseases, neuromyelitis optica, 
aquaporin 4.  
 
Results 
We reviewed 10 cases of peripheral neuropathy in NMOSD. All cases could be concluded 
with a radiculopathy by electrodiagnostic study results. There are two opinions regarding 
peripheral neuropathy in NMOSD. First, Aquaporin 4 that exists in transitional zone of the 
central nervous system-peripheral nervous system (PNS) at root level could be the target 
of radiculitis in NMOSD. Second, some unknown antibody to axoglial antigen or 
something else could play a role in PNS damage.  
 
Conclusion 
Radiculopathy seems to be a rare clinical feature in NMOSD. However, we think that 
radiculopathy might have been underestimated due to its overlap with symptoms of 
myelitis. Further evaluation is needed to establish the incidence and pathophysiology of 
radiculopathy in NMOSD.  
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Objective 
The purpose of this study is to investigate the clinical significance of the blink reflex 
regarding to the functional status of patients with brainstem stroke.  
 
Methods 
Patients with first-ever brainstem stroke who were admitted to or visited the department 
of rehabilitation medicine in a tertiary hospital from June 2013 to July 2016 were 
followed prospectively. Subjects underwent blink reflex at the first visit or admission and 
were divided into two groups according to the presence of abnormality in the blink reflex. 
We compared functional outcomes related to motor function, balance, activities of daily 
living, and swallowing at the first admission/visit and after 3 and 6 months between the 
two groups.  
 
Results 
Total 63 patients were included in this study. 44 patients were normal and 19 patients 
had abnormal blink reflex. 54 of the patients had unilateral lesion and 9 had bilateral 
lesions. mPAS was significantly lower in the normal group than in the abnormal group 
and there was no significant difference in other functional aspects between two groups. 
When analyzed only in patients with lesions in pons, FMS, MBI, BBS, and FAC were 
significantly higher and mRS was lower in the normal group than in the abnormal group.  
 
Conclusion 
This result suggested that abnormality of blink reflex is related to swallowing function on 
brainstem stroke patients, and in case of pontine stroke patients, it is more useful to 
presume activities of daily living, balance and ambulatory function.  
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Neurophysiologic findings in symptomatic patients after chemotherapy 

Kiyoung Kim1,2*, Jaewoo Choi1,2, MinYoung Kim1,2, Kyunghoon Min1,2, Kye Hee Cho1,2, Jong 
Moon Kim1,2, Eun Young Han3, Sang Hee Im1,2† 

Bundang CHA, Department of Rehabilitation Medicine1, CHA University, Rehabilitation 
and Regeneration Research Center2, Jeju National University, School of Medicine, 
Department of Rehabilitation Medicine3 
 
Objective 
Neurotoxicity is the most common side effect of chemotherapeutic agents. Peripheral 
neuropathy related with chronic disease such as diabetes mellitus progresses slowly after 
the onset of diabetes. On the contrary, chemotherapy induced peripheral neuropathy 
(CIPN) is symptomatic even within 4 weeks of treatment. However, the assessment of 
CIPN relies mainly on clinical features and few researches attempted to explain the 
relationship between the clinical features of CIPN and neurophysiologic changes. 
Therefore, the aim of this study is to demonstrate neurophysiologic changes in 
symptomatic patients early after and during chemotherapy.  
  



 
Method 
Nerve conduction study (NCS) Results of cancer patients with sensory symptoms after 
chemotherapy with taxane, which is one of the most commonly used drug, between April 
1st, 2017 and June 20th, 2017 were reviewed. Eligibility criteria included glove and 
stocking distribution of symptoms and history of chemotherapy only with taxane-
containing regimen. Patients were excluded if they had predisposing condition for 
neuropathy, such as diabetes mellitus, thyroid disease, and alcohol abuse. Compound 
muscle and/or sensory nerve action potentials (CMAPs/SNAPs) were recorded in median, 
ulnar, superficial radial, peroneal, tibial, superficial peroneal, and sural nerves. Latency, 
amplitude and conduction velocity were measured.  
  
Results 
Cancer patients who had received at least four cycles of chemotherapy with either 
docetaxel or paclitaxel were included. Mean age was 48±12 years and mean time interval 
between recent chemotherapy and test date of NCS was 102 days (range: 6 to 218 days). 
CMAPs parameters, including distal latency, amplitude, and conduction velocity, were 
within reference range in all patients. Low amplitude of SNAPs was observed only 44.4% 
of patients in at least one or more nerves examined (Fig).  
  
Conclusion 
Only 44.4 % of symptomatic patients after taxane-containing chemotherapy showed 
axonal injury in sensory NCS. In other words, NCS Results determined by absolute 
reference range showed low study sensitivity in patients with clinically suspected CIPN. 
Therefore, serial NCS studies from baseline may be helpful to estimate the chemotherapy 
induced nerve damage and to attain the neurophysiologic evidence of CIPN, as the basis 
for establishing relative diagnostic criteria for CIPN.  
  

 
Nerve conduction study results, a) compound muscle action potential, b) sensory nerve action potential. 
Amplitude of CMAPs and SNAPs in each nerve is noted. Dotted line represents the cut-off value. Cut-off 
value is as follow: CMAPs amplitude of median, ulnar, peroneal, and tibial nerve; 5.0, 5.0, 2.5, and 7.0mV; 
SNAPs amplitude of median, ulnar, superficial radial, and sural nerve; 15.0, 15.0, 15.0, and 10.0uV, 
respectively. Abbreviation: CMAPs, compound muscle action potentials; SNAPs, sensory nerve action 
potentials.  
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PURPOSE 
In general, the decrease in walking ability or mobility in polio patients has been mainly 
attributed to the polio disease itself. In addition, the commonly used body mass 
index(BMI) does not accurately reflect obesity in polio patients due to muscle and weight 
loss. There is a many studies on the relationship between obesity and patients with 
chronic diseases, including polio. Obesity group judged by BMI compared with judged by 
percent body fat(PBF) group for walking ability, mobile performance and L/E strength. 
The purpose of this study was to investigate the relationship between obesity and 
walking ability, mobility performance evaluate for correct obesity judge-tools in polio 
patients.  
 
METHODS 
Eighty-three patients (26 males and 57 females) participated in this study. Flaccid 
paralysis was found unilateral or bilaterally. Height, weight, chest and waist 
circcumference was checked and The questionnaire on postpolio syndrome, BMI, PBF, 
knee strength with isokinetic tester, and short physical performance battery(SPPB) were 
evaluated. In 64 patients, additional study for body composition analysis by dual X-ray 
absorptiometry done.  
 
RESULTS 
The criteria for obesity by BMI were defined as above 25 kg/m2 obesity in both men and 
women. The obesity rate was determined by percent body fat (male: 26.2%, female: 
37.3%; 2009 ~ 2010 korean survey). According to the BMI criteria, 32 of the total polio 
patients (10 males and 22 females) (38.6%) were obese, and according to the PBF criteria, 
there were male (obesity 19 / normal 1), female(obesity 32 / normal 12) and overall 
obesity rate was 79.6%. There was no statistically significant difference between male 
group and female group except waist circumference. There was no statistically significant 
difference in the MBI, SPPB, and L/E strengths between obesity group and normal group 
by BMI critetia. Only in women patients, There was statistically significant difference 
between the obese group and the normal group judged by PBF in areas of MBI( items 
related to gait and mobility) and SPPB. (p < 0.05)  
 
CONCLUSION 
Obesity was showed by BMI in 38.6% and 79.6% by PBF, respectively. In both sexes, 
statistical significance was not found in between obesity groups and normal groups 
judged by BMI about walking and mobility performance. But in female polio patients 



judged by PBF criteria, areas of MBI (gait and mobility related item), sppb, showed 
meaningful difference between obese groups and normal groups. It will be helpful to 
determine obesity by PBF than BMI for korea polio female patients. .  
  

 
연구에 참여한 환자의 분포도  
 

 
BMI 에 의해 비만군및 정상군 나눴을때에 남녀 모두에서 두군사의 SPPB score 차이가 통계적으로 

의미 없음  

 

 
percent body fat 에 의해 비만군및 정상군 나눴을때에 남자군에서는 차이 없으나 여자군에서는 

통계적 차이 보이고 있음.  
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Introduction  
 Guillain-Barre syndrome (GBS), also called acute inflammatory demyelinating 
polyneuropathy (AIDP) is rapid-onset immune-mediated polyradiculopathy involving 
sensory, motor and autonomic nerves. The clinical manifestations of GBS can range from 
mild muscle weakness to complete muscle paralysis, which may lead to severe 
impairment in walking ability and cause functional deficits. Therefore, it is critical to help 
regain muscle strength and improve balance in GBS. Rehabilitation in GBS include 
strength, endurance and gait training with graduated increases in mobility, maintenance 
of posture and alignment as well as joint function. To regain walking ability, various 
treatments were undertaken to assist gait training including robotic-assisted gait training 
(RAGT). RAGT is has been shown to be effective in improving gait function in patients 
with stroke and spinal cord injury. However, no studies have reported the effect of gait 
training using end-effector type robotic device in GBS patients. In this study, we report 
the effect of gait training using end-effector type robotic device in GBS patients.  
  
Subjects & Methods  
 Among GBS patients who had been hospitalized our clinic from April 2016 to April 2017, 
eight GBS patients were enrolled. Among them, one participant was dropped out of the 
trial. The reason for dropping out was pain and discomfort around saddle area. The final 
sample consisted of 7 participants and included 6 males and 1 female. Subjects received 
RAGT for 24 times (Table 1). All participants were assessed with manual muscle test, 
Functional Ambulation Categories (FAC), Modified Barthel Index Score (MBI) and 
Rivermead Mobility Index (RMI) before and after RAGT.  
  
Results  
Compared to baseline, all outcome measures were improved after RAGT (Table 2). 
Strength in proximal muscles of the lower extremities significantly improved after RAGT. 
Also FAC, MBI and RMI which are associated with gait function were significantly 
improved.  
  
Conclusion  
This study showed RAGT using end-effector type device has benefit to improve walking 
ability in GBS patients. RAGT can be considered as one of gait training tools to recover 
gait function in patients with GBS. However, this study has limitation of small sample size 
and lack of control group, so further study is required to confirm the effectiveness of 
RAGT in GBS patients.  
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Introduction 
Ultrasonography is increasingly used for evaluation and diagnosis of CTS. It has been 
known that the median nerve is swollen in severe degree of CTS and axonal damage. 
However, there has been no report that investigated the differences of ultrasonographic 
findings of median nerve between the severe conduction block and axonal loss in CTS. In 
this study, we investigated whether the ultrasonographic findings could distinguish the 
severe conduction block and axonal loss.  



 
Method 
This is a retrospective observational study. We reviewed the clinical data of patients who 
underwent electrophysiologic study and ultrasonography for diagnosis of CTS between 
January and December 2016. We enrolled the patients who were diagnosed with severe 
degree of CTS in diagnosis. The electrophysiologically severe degree of CTS was defined 
as follows; (1) an absent or low-amplitude median sensory nerve action potential (SNAP), 
(2) a low-amplitude or absent thenar compound muscle action potential (CMAP), or (3) a 
needle electromyography (EMG) with fibrillation potentials or motor unit potential 
changes. We excluded the patients with peripheral neuropathy other than CTS, or 
cervical radiculopathy. The patietns with conditions including diabetes mellitus that could 
affect on the peripheral nervous system were also excluded. We classified the patients 
into 2 groups based on electrophysiologic findings. If a palm SNAP was within normal 
limits and fibrillation potentials were not observed in a needle EMG, the patients were 
classified into CB group (severe conduction block). If a palm SNAP were decreased or 
absent and fibrillation potentials were observed in a needle EMG, they were classified 
into AL group (axonal loss).  
In ultrasonographic evaluation, we measured the cross sectional area (CSA) of median 
nerve at wrist and forearm. The wrist-to-forearm ratio (WFR) of median nerve CSA was 
calculated. The echogenicity of median nerve at wrist was evaluated using Image J 
program. We compared the ultrasonographic findings between the two groups.  
 
Result 
Twenty-five wrists of a total of 19 patients were enrolled. Among them, 10 wrists were 
classified as CB group and 15 wrists as AL group. In comparison of demographic data, age, 
sex, weight, height, and BMI were not significantly different between the groups. 
However, the duration of disease was significantly longer in AL group than in CB group 
(Table 1). In comparison of the ultrasonosonographic findings, the median nerve CSA at 
wrist were significantly different between CB and AL groups. However, there was no 
statistically significant difference in WFR between the groups, even though the median 
nerve CSA in forearm was not significantly different between the two groups. In contrast, 
echogenicity of the median nerve was significantly lower in AL group than in CB group 
(Table 2).  
 
Conclusion 
The ultrasonography could reflect the pathophysiology in severe CTS. The CSA and 
echogenicity are useful parameter.  
 
Table 1. Comparison of Demographic data 

 
 



Table 2. Comparison of Ultrasonographic findings 
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Introduction  
The suprascapular nerve(SSN) courses from its origin off the upper trunk of the brachial 
plexus in the lateral cervical region to its passage through the suprascapular foramen. The 
nerve conduction study of SSN is performed when evaluating shoulder pain, 
mononeuropathy or brachial plexus injury. Stimulation is performed at the Erb’s point 
where upper trunk of brachial plexus is located above the clavicle. Taken together, there 
are six types of nerves that meet at this point. Erb’s point is sometimes difficult to be 
identified, especially when the patient is obese or has poor neck posture. In such cases, 
repetitive electrical stimulation or a high intensity current may be required during 
electrical stimulation. The purpose of this study is to find the most superficial and 
independent site of SSN around the neck using ultrasonography. This could be suggested 
as an optimal stimulation site for SSN nerve conduction study.  
 
Methods  
First, SSN conduction study was performed with Erb’s point stimulation in 10 normal 
subjects who have no history of shoulder pain or brachial plexus injury. Then we 
examined the SSN using ultrasonography at supine position. The neck was examined with 
contralateral full rotation. The C5 and C6 nerve roots were identified in the axial plane 
and were followed until they became the upper trunk of the brachial plexus. The SSN was 
identified at most superficially and independently located(figure 1A). Cross-sectional 
area(CSA) of the SSN was measured at this site. Then, the site was indicated on the skin 
(figure 1B). In order to identify the marked point visually, horizontal distance was 
measured based on the sternal end of clavicle and lateral margin of sternocleidomastoid 
muscle. Vertical distance was measured based on the horizontal distance end. Also, the 
ratio of horizontal distance in the entire length of the clavicle was obtained for relative 
positioning. The length of clavicle was measured from sternal end to acromioclavicular 
joint. To assure the optimal site, SSN conduction study was performed by stimulating the 
indicated point. Compared with the SSN conduction study with Erb’s point stimulation, 
we could obtain appropriated CMAP with lower intensity as well as with less number of 
repetition(figure 2).  



 
Results  
The mean ratio of horizontal distance from sternal head in the entire length of clavicle 
was 43%. The mean vertical distance from the horizontal distance end was 2.3cm(table 1).  
All the cases showed that the optimal site for stimulation in SSN conduction study was 
around Erb’s point. However, not all the cases showed the same optimal site visually. Also, 
the optimal site on the left and right side in a single person did not match in all the cases.  
 
Discussion  
The Erb’s point is hard to find visually in certain conditions. With this study, we provide 
an optimal site for stimulation in SSN conduction study. This could help tor relieve the 
patients’ discomfort during the examinations.  
 

 

Ultrasonographic image of the SSN at the optimal  site(1a)Schematic location of optimal site(1b) 
 
SSN conduction study with Erb’s point(A) and Optimal site(B)  

 
Demographics and acquired data of 20 cases   
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Introduction  
Several recent studies have investigated the changes of multifidus muscles in patients 
with chronic neck pain. Also, the longus coli muscle, one of the deep cervical flexor 
muscles, showed smaller cross sectional area (CSA) in patients with chronic neck pain in 
comparison with healthy people. To our knowledge, there is no study investigating the 
association between morphological features of cervical paravertebral muscles in 
electrodiagnosed cervical radiculopathy pateints. In this study, we investigate the change 
in CSA and composition of the cervical flexor and multifidus muscles using the digital data 
from MRIs of patients with electrodiagnosed cervical radiculopathy.  
 
Methods  
Twenty four patients with unilateral cervical radicular pain who had cervical MRI and 
EMG examinations between 1 January 2015 and 2016 were retrospectively analysed. The 
inclusion criteria were as follows: (1) patients with the symptoms of unilateral cervical 
pain or referral to one upper limb, (2) diagnosis of cervical radiculopathy in EMG. 
Exclusion criteria included: (1) a history of cervical surgery; (2) a history of spinal fracture 
or injuries; (3) primary or metastatic spinal tumor. Axial slice at the level of C4-5 mid disc 
level image was selected to calculate the muscle CSA, with their maximal CSAs. Total CSA 
and functional CSA measurements of the bilateral longus colli, sternocleidomastoid and 
multifidus muscles were measured by using Image J (version 1.43, National Institutes of 
Health, Bethesda, Maryland). All muscle measurements were acquired by one 
investigators. Functional CSA measurement was obtained by using threshold method 
(including only pixels within lean muscle tissue range). Statistical analysis was performed 
using SPSS® v. 15.  
  
Results  
The baseline characteristics of the study participants are shown in Table 1. There was no 
significant difference in total CSA in longus colli, sternocleidomastoid and multifidus 
muscles between involved and uninvolved groups. Data analysis showed significant 
difference between the functional CSA of the lognus colli muscle the involved/uninvolved 
sides (Table 2). Also, there is significant difference in the ratio of longus colli musle 
(functional longus colli muscle CSA/total longus colli muscle CSA) between the involved 
and uninvolved sides. (P<0.001)  
 
Conclusion  
This is the study to show via MRI assessment that patients with cervical radiculopathy 
have smaller ipsilateral functional CSA of the longus colli muscle LCM in comparison with 



uninvolved side. Consideration of these muscles in MRI could be helpful in the diagnosis 
and prognosis of cervical radiculopathy.  
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Introduction 
Generally, forced vital capacity (FVC) has been suggested to be a prognostic factor for ALS. 
In patients with ALS with bulbar symptoms, however, respiratory function tests, such as 
FVC, are not always reliable in practice; these patients have weak lip seal that impairs the 
accurate evaluation of their respiratory function. Moreover, assessment of respiratory 
function depends on cooperation, which is difficult to obtain in patients who are less 
motivated, depressed, or have behavioral changes as commonly observed in patients 
with ALS.  
In contrast, a phrenic nerve conduction study (NCS) can be used as an efficient and non-
invasive tool in patients with ALS, even in those with bulbar symptoms. Until date, several 
studies have reported that the phrenic NCS result could be a powerful predictor of 
survival and disease progression in patients with ALS. The phrenic NCS parameters that 
have a more meaningful correlation with respiratory function in patients with ALS are still 
being debated. Pinto et al. reported that phrenic compound muscle action potential 
(CMAP) amplitude could be a marker for hypoventilation in patients and that it is an 
important predictor of survival in patients with ALS. Contrary to these findings, 
Sathyaprabha et al. reported that the terminal latency of the phrenic nerve may be a 
better indicator of early respiratory muscle involvement and disease progression.  
 
Objective 
The aim of the study was to investigate the electrophysiological parameters in phrenic 
nerve conduction studies (NCS) that sensitively reflect latent respiratory insufficiency 
present in amyotrophic lateral sclerosis (ALS).  
 
Method 
Forty-nine patients with ALS were examined, and after exclusion, 21 patients with ALS 
and their phrenic NCS Results were reviewed. The patients were divided into two groups 
according to their respiratory sub-score in the ALS functional rating scale - revised (Group 
A, sub-score 12 vs. Group B, sub-score 11). We compared the parameters of phrenic NCS 
between the two groups.  
 
Results 
There were no significant differences in the clinical characteristics between the two 
groups. Using a multivariate model, we found that the terminal latency of the phrenic 
nerve was the only parameter that was associated with early symptoms of respiratory 
insufficiency (p<0.05).  
 



 
Conclusion 
This vulnerability, especially in the terminal axons of the phrenic nerve, can be partly 
explained by the nodal persistent sodium conductance, which may be vulnerable in the 
terminal axons of peripheral nerves in patients with ALS. In other words, the significantly 
prolonged terminal latency of the phrenic nerve in our study may reflect a profound 
distal motor axonal dysfunction of the phrenic nerve in patients with ALS in the early 
stage of respiratory insufficiency. Therefore, the terminal latency of the phrenic nerve is 
useful for early detection of respiratory insufficiency in patients with ALS.  
 

 
Figure 1  
 

 
Figure 2  
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Introduction  
The spinal accessory nerve (SAN) has a superficial and long course in the posterior 
cervical triangle. Because of its location, SAN is vulnerable during surgical operation or 
lymph node biopsy. To confirm for the damage of SAN, nerve conduction study is 
performed. As is known, the SAN is stimulated the midpoint of between the mastoid 
process and the suprasternal notch at the sternocleidomastoid (SCM) muscle posterior 
border. However, accurate course and surface landmark relations of the SAN are 
ambiguous in the literatures.  
The aim of this study was to demonstrate that course of SAN mapped in healthy 
volunteers and relation of surface landmark using ultrasound. If this is achievable, it 
might be possible to reduce the discomfort during nerve conduction study by avoiding 
repetitive stimulations and the stronger intensity than necessary.  
  
Material and Methods  
The posterior triangle of the neck was scanned in 20 healthy volunteers by a qualified 
sonographer. Volunteers with prior surgery for neck disorder, major trauma and 
underlying other metabolic disorders related to peripheral neuropathy were also 
excluded. After recording characteristics, participants were scanned bilaterally in a 
standardized supine position with head turned 45° to the contralateral side. In the distal 
portion of the neck, the location of the SAN was detected at around the anterior border 
of upper trapezius muscle. SAN was traced up to the level of the contact with posterior 
border of the SCM muscle. Nerve conduction study was additionally performed to 
confirm the position of the SAN using ultrasound (the enterance and exit of posterior 
neck triangle).  
  
Results  
Characteristics of participants were shown in Table 1. The mean SCM muscle length 
(between mastoid process and sterno-calvicular notch) was 15.6±2.3 cm [13-18 cm]. The 
SAN mean measures were 1.8 mm × 0.7 mm (range 1.1–2.5 x 0.4.–1.3 mm) at the level of 
the posterior border of the SCM (enterance of posterior triangle of the neck) and 1.5 mm 
× 0.7 mm (range 1.1–2.4 × 0.5–1.0 mm) at the level of the anterior border of the 
trapezius muscle (exit of posterior triangle of the neck). At its proximal point, the depth 
of nerve was 4.9 ± 2.5mm from the surface of the skin and this was in the about one third 
of the whole distance of sternocleidomastoid muscle (Figure 1).  
  
Conclusion  
The SAN can be clearly visualized by means of ultrasonography. The knowledge of the 
nerve's precise location and relation of surface landmark around the neck may have 
useful clinical applications. According to our study, it is recommended to perform the 
SAN stimulation in proximal portion of SCM muscle than conventional technique. We 
found about one third of the whole distance of SCM muscle would be appropriate for 
stimulation.  
  



 
Schematic location of spinal accessory nerve  
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Objective  
The superficial fibular nerve (SFN) runs between the peroneus muscles and the extensor 
digitorum longus muscles. In distal lower leg, SFN becomes more superficial and pierces 
the deep fascia. We tried to evaluate the effect of anatomic course of this superficial 
fibular nerve on the sensory nerve conduction study.  
 
Methods  
Total 15 subjects were enrolled in the study. Two anatomical points of SFN were 
identified as following: (1) rising point (RP) where SFN rises superficially between 
peroneus longus and extensor digitorum longus muscles, separated by the anterior crural 



intermuscular septum, in the middle portion of the lower leg; (2) penetrating point (PP) 
where SFN pierces the deep crural fascia and becomes subcutaneous level distal to RP 
(Fig 1). The SFN was stimulated at 2cm proximal to RP(2PRP), RP(RP), 2cm distal to 
RP(2DRP) and at 2cm proximal to PP(2PPP), PP(PP), 2cm distal to PP(2DPP). Sensory nerve 
action potential (SNAP) amplitudes and peak latencies of SFN recorded at ankle dorsum 
were obtained.  
 
Results  
The mean value of distance from lateral malleolus to rising point was 17.66 ± 2.51cm and 
distance from lateral malleolus to penetrating point was 11.97 ± 2.75cm (Table 1). The 
mean value of peak latencies on each points (2PRP, RP, 2DRP, 2PPP, PP, and 2DPP) were 
4.00, 4.33, 4.07, 3.55, 3.20 and 2.85ms and mean value of amplitudes were 7.40, 8.77, 
10.01, 11.71, 14.57 and 14.93uV. The SNAP amplitudes of SFN was not evoked in 10 
subjects when stimulating 2PRP (Table2). Significantly different SNAP amplitudes of SFN 
were observed between RP versus 2DPP.  
 
Conclusion  
Identifying RP and PP of SFN by ultrasonography and measurement of their values may 
be helpful to increase the accuracy of sensory nerve conduction study.  
 

 
Fig 1. Ultrasonography and sensory nerve conduction study according to anatomic course of superficial 

fibular nerve. Ultrasonography shows RP (②,ⓐ) and PP (⑤,ⓑ). At RP, superficial fibular nerve (dotted 
line) rises superficially but below the deep crural fascia. Superficial fibular nerve pierces the deep crural 
fascia and making passage through subcutaneous level at PP. Sensory nerve action potentials were 
obtained according to RP and PP (①~⑥)  
 
 

P 3-47   

Short-segment nerve conduction studies in patients with ulnar neuropathy : 
A pilot study 

Yong Won Park1*†, Joon Shik Yoon1 

Korea University Guro Hospital, Department of Rehabilitation Medicine1 
 



Introduction 
 With the development of high-resolution ultrasound (HRUS) technology, the detection of 
ulnar nerve displacement is increasing. Because of the possibility of technical error due to 
nerve displacement when diagnosing ulnar neuropathy at the elbow (UNE) by 
electromyography, many studies have been published using ultrasound examination. In a 
previous study with healthy volunteers, a group with ulnar nerve dislocation showed 
conduction block in the short-segment nerve conduction study (S-NCS). But when the S-
NCS was performed after ultrasound-guided nerve localization, the waveform was 
normalized. In this study, we investigated the effect of ulnar nerve displacement on the 
waveform of S-NCS in patients with UNE.  
  
Methods 
 In 5 patients who were diagnosed as UNE at NCS, we performed S-NCS at the traditional 
site with the elbow at 135º flexion. After that, we confirmed ulnar nerve displacement 
using HRUS. After nerve localization, S-NCS was performed again at the site, and 
waveform changes were compared.  
  
Results 
 S-NCS was performed on the five UNE patients with ulnar nerve displacement on HRUS 
examination. One had subluxation and four had dislocation. No waveform abnormality 
was observed in subluxation patient. In four patients with dislocation, conduction block 
was observed in two patients, conduction block and conduction delay in one patient, and 
conduction delay in one patient. After nerve localization, no significant change of 
waveform was observed even if S-NCS was performed again at the site.  
  
Conclusion 
 This study confirmed the effect of nerve displacement on the waveform when S-NCS was 
performed on patients with confirmed UNE. Unlike previous studies in healthy volunteers, 
nerve displacement did not show significant changes in waveform morphology in patients 
with UNE. The volume conduction due to supramaximal stimulation during S-NCS may 
have affected the outcome.  
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Objective 
To investigate the rhomboid major (RM) anatomy associated with the trapezius using 
ultrasonography and determine the safe needle insertion point based on landmark, the 
medial border of the scapula.  



 
Methods 
A total of 30 RM of 15 healthy subjects were examined. The points at which the lateral 
margin of the trapezius crosses the medial border of the scapular (point A) and intersects 
with the inferior margin of the RM (point B) were determined. The probe was positioned 
at the level of the midpoint (point M) between the point A and the inferior angle of the 
scapula (where the RM was not covered by the trapezius). The horizontal distance from 
the point (point X) at which the RM showed its thickest part to the medial margin of the 
scapular was measured.  
 
Results 
The mean age and body mass index were 37.5±12.1 years and 22.8±2.2 kg/m2. The Point 
M was located at a mean distance of 3.9±0.6 cm proximal from the inferior angle of the 
scapula. The mean distance between the point X and the point M was 1.0±0.2 cm. At the 
point X, the RM was at a mean depth of 9.2±2.6 mm from the skin and had a mean 
thickness of 10.6±1.7 mm. The pleura was observed at a mean depth of 29.1±3.2 mm 
from the skin  
 
Conclusion 
The needle electromyographic examination of the RM can be performed easily and safely 
through the approach to the lower part of the RM not covered by the trapezius.  
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OBJECTIVE. 
Carpal tunnel syndrome (CTS) occurs higher in patients with diabetes mellitus. It is also 
well known that asymptomatic or subclinical CTS is frequent in diabetic patients. In our 
previous study, the 2nd lumbrical-interosseous latency (2L-PI), latency differences 
between median and ulnar nerves recorded at 4th finger (LDMU), and between median 
and radial nerves at 1st finger (LDMR) could be specific for diagnosing CTS in diabetic 
polyneuropathy (DPN) patients. In this study, we aimed to compare the occurrence of 
subclinical CTS in the CTS patients with DPN or not. In addition, we aimed to show the 
reliability of the above mentioned parameters in subclinical CTS.  
 
MATERIALS AND METHOD. 
We investigated 46 CTS hands (46 patients, F:M=29:17, Age=58.28±10.39 years, Table 1) 
in the patients with diabetes mellitus. Nerve conduction study determinations of median, 
ulnar, peroneal, tibial and sural nerve parameters were performed for DPN including the 



2L-PI, LDMU and LDMR. Clinical CTS was diagnosed with at least one of the following 
criterias; (1) symptom aggravated at night (2) pain or numbness or (3) hypesthesia at the 
median nerve innervated area (4) atrophy at the abductor pollicis brevis muscle (5) 
positive of Phalen test or tinel sign. All subjects divided in terms of clinical CTS and DMPN.  
 
RESULTS.  
There was significant difference for the prevalence of subclinical CTS between group with 
DMPN and with not (Table 2, p= 0.004 by X2test). Subclinical CTS occurred more 
frequently in DMPN patients. However, 2L-PI, LDMU and LDMR has not showed a 
diagnostic specificity whether clinical CTS or not.  
 
CONCLUSION. 
 In this study, we concluded subclinical CTS occurred more frequently in DMPN patients. 
It is important to observe subclinical CTS with regards of vulnerability to symptomatic 
type in the patients with diabetes mellitus.  
  
 Table 1. Demographic data according to diabetic polyneuropathy (DPN) in all CTS patients 

 
 
 
 
Table 2. Subclinical CTS in the Patients without DPN and with DPN 
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Introduction  
It is commonly accepted that the detection of denervation potential of injured muscles by 
using needle electromyography is the most important electrophysiological finding for 
diagnosis of peripheral neuropathy. However, needle electromyography is pain-evoking 
invasive study, and the result of the study can be easily affected by the 
electromyographer's dexterity and experience. Thus, we tried to find other 
methodologies to detect any molecular change of denervated muscles. Our previous 
studies have shown 18-F FDG-PET scan can be used to find out denervated muscles, 
because it can detect the increment of glucose metabolism in those impaired muscles. 
Therefore, now we aimed to find out the clinical significance of the increment in glucose 
metabolism of denervated muscles in peripheral neuropathy, by retrospectively analyzing 
the 18F FDG-PET scan images of patients with EMG-confirmed peripheral neuropathy.  
  
Methods  
By retrospectively analyzing the medical records, electrophysiological study data and 
FDG-PET scan images, we selected 34 patients with EMG-confirmed peripheral 
neuropathy who had undergone FDG-PET scan covering the suspected lesions. In each 
patient, FDG uptake pattern was visually evaluated in all EMG-confirmed denervated 
muscles covered in the FDG-PET scan, by using contralateral sound muscles as a positivity 
criterion. If the contralateral muscle was also suspected to be ill, then the muscle which 
did not show any electrophysiological abnormality at the EMG study was selected as the 
reference muscle for comparison. Meanwhile, the mean standardized uptake value 
(SUVmean) in all denervated muscles as well as in EMG-confirmed normal muscles was 
obtained by manually drawing region of interest (ROIs) at FDG PET images. We analyzed 
this SUVmean to see if there is a significant difference in FDG uptake value between 
denervated muscles and healthy muscles.  
  
Results  
In each patient, the FDG uptake of EMG-confirmed denervated muscles was visually 
compared with contralateral corresponding muscles or selected background muscles, and 
about half of the denervated muscles showed increment in FDG uptake compared to 
normal counterparts in total. By statistically analyzing SUVmean in all visible denervated 
muscles and all reference muscles, we could find out that the denervated muscles 
generally shows significantly higher(p<0.05) SUVmean than control group.  
  
Conclusion  
From this retrospective study, we could find out that denervated muscles of peripheral 



neuropathy patients show significantly higher FDG uptake than sound muscles, which can 
be a clue to non-invasive diagnosis of nerve denervation. The visual assessment of FDG 
uptake pattern, as well as the measurement of SUVmean in skeletal muscles, can further 
be investigated to be applied for primary diagnostic procedure for nerve injury.  
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Background 
To investigate respiratory system, many researchers use the values of pulmonary 
function tests (PFTs). The effect of underweight on pulmonary function is controversial. 
Thus, the objective of this study is to examine the effects of underweight on pulmonary 
function among adults in a general Korean population.  
 
Methods 
This cross-sectional study was conducted to investigate the association between lung 
function and the degree of underweight represented by body mass index (BMI). The 
study population was stratified into 3 groups according to the degree of obesity classified 
by the Asian-Pacific obesity guideline. The BMI categories were as follows: normal 
(between 18.5 and 25 kg/m2), underweight (<18.5 kg/m2), obese (≥25 kg/m2).  
A total of 282,135 men and women, aged from 18 to 94 years old, who had undergone 
pulmonary function test as an item of the medical health check-up program between 
January 2012 and December 2014 were enrolled the study.  
The main clinical characteristics and pulmonary function parameters among the 3 BMI 
groups were compared using ANOVA for continuous variables and chi-square test for 
categorical variables. In order to test the mean differences between study groups after 
adjusting for covariates, we calculated the adjusted mean values and standard deviation 
of pulmonary function parameters using ANCOVA. SPSS version 24.0 (IBM Corp., Chicago, 
IL) was used for statistical analysis and a P-value less than 0.05 was considered clinically 
significant. This study protocol was approved by our Institutional Review Board. There 
were no commercial conflicts of interest related to this study.  
 
Results 
Clinical and demographical characteristics of the study participants are presented in Table 
1. The 282,135 participants consisted of 152,306 men and 129,829 women. The mean age 
was 39.8±9.3. The underweight group had the more favorable clinical characteristics and 
metabolic profiles than other groups. Table 2 compares the pulmonary function 
parameter of the study groups. The groups with lower BMI tended to have more 
unfavorable pulmonary function parameters than other groups. The adjusted mean 



values of parameters related with pulmonary function are presented in Table 3. The 
underweight group had more unfavorable pulmonary function parameters such as FEV1, 
FVC, FVC predict, PEF than the normal and obese groups.  
 
Conclusion 
BMI of less than underweight (BMI<18.5kg/m2) was significantly associated with 
decreased pulmonary function in a General Korean Population.  
 
Table 1 Clinical characteristics of a general Korean population in a study of BMI 
 BMI category P value 

Underweight 
(n=15,462) 

Normal 
(n=188,490) 

Obese 
(n=78,183) 

Sex     
Female, n (%) 87.9 52.2 22.9 <0.001 
Male, n (%) 12.1 47.8 77.1  
Age (years) 35.4±7.8 39.6±9.3 41.0±9.3 <0.001 
BMI (kg/m2) 17.6±0.7 22.0±1.8 27.4±2.2 <0.001 
Glucose (mg/dl) 88.9±9.2 93.7±13.1 100.1±18.3 <0.001 
Total cholesterol (mg/dl) 179.2±28.9 191.5±33.0 204.5±35.6 <0.001 
Triglyceride (mg/dl) 67.7±28.0 98.1±62.2 153.0±98.0 <0.001 
HDL-C (mg/dl) 70.6±14.4 60.4±14.6 50.2±12.0 <0.001 
LDL-C (mg/dl) 98.5±24.6 116.4±30.6 131.6±32.0 <0.001 
Albumin (g/dl) 4.56±0.2 4.55±0.2 4.58±0.2 <0.001 
Total protein (g/dl) 7.29±0.4 7.26±0.4 7.31±0.4 <0.001 
HbA1c (%) 5.5±0.3 5.6±0.4 5.8±0.6 <0.001 
Fasting insulin (ulU/ml) 4.0±2.2 5.3±4.6 8.8±5.5 <0.001 
hsCRP (mg/L) 0.07±0.42 0.09±0.30 0.15±0.33 <0.001 
Height (cm) 163.2±6.4 166.5±8.4 169.9±8.3 <0.001 
Weight (kg) 47.0±4.2 61.3±8.8 79.2±10.1 <0.001 
Waist circumference (cm) 66.5±3.9 78.4±6.5 92.1±6.6 <0.001 
SBP (mmHg) 97.3±9.5 105.1±12.1 115.2±12.4 <0.001 
DBP (mmHg) 63.8±7.9 68.2±9.5 74.7±10.1 <0.001 
Smoking (pack-year) 1.2±4.7 3.8±7.7 7.2±9.7 <0.001 
Smoking, n (%)     
Never smoked 86.3 64.9 43.1 <0.001 
Former smoker 5.6 16.2 24.6  
Current smoker 8.1 18.8 32.3  
Vigorous exercise (times/week) 0.6±1.3 0.9±1.5 1.0±1.5 <0.001 
Hypertension, n (%) 1.3 6.1 16.8 <0.001 
Diabetes, n (%) 0.6 2.1 4.8 <0.001 
HOMA-IR 0.9±0.5 1.2±1.1 2.2±1.7 <0.001 
Data are mean (±SD). BMI categories: normal (between 18.5 and 25 kg/m

2
), underweight (<18.5 kg/m

2
), 

obese (≥25 kg/m
2
). BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 

lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostasis 

model assessment of insulin resistance. 



Table 2 Pulmonary function parameters of the study group according to BMI 

 BMI category P value 

Underweight 

(n=15,462) 

Normal 

(n=188,490) 

Obese 

 (n=78,183) 

FEV1, L 2.84±0.5 3.23±0.7
*
 3.47±0.7

*
 <0.001 

FVC, L 3.19±0.6 3.85±0.9
*
 4.24±0.8

*
 <0.001 

FVC predict, % 84.79±10.3 93.75±10.7
*
 95.00±10.3

*
 <0.001 

PEF, L/sec 6.31±1.3 7.59±2.0
*
 8.59±2.0

*
 <0.001 

FEV1/FVC 89.12±6.6 84.23±6.8
*
 82.06±5.5

*
 <0.001 

Data are mean (±SD). BMI categories: normal (between 18.5 and 25 kg/m
2
), underweight (<18.5 kg/m

2
), 

obese (≥25 kg/m
2
). FEV1, forced expiratory volume in first second; FVC, forced vital capacity; PEF, peak 

expiratory flow; AFL, airflow limitation. 
*
P<0.001 to underweight. 

 

Table 3 Adjusted mean values of pulmonary function parameters (95% CI) in the study group according to BMI 

 BMI category P for 

trend 

P 

value Underweight 

(n=15,462) 

Normal 

(n=188,490) 

Obese 

 (n=78,183) 

FEV1, L 3.08(3.07-3.09) 3.22(3.22-3.23)
*
 3.21(3.21-3.22)

*
 <0.001 <0.001 

FVC, L  3.57(3.56-3.58) 3.84(3.84-3.85)
*
 3.88(3.87-3.88)

*
 <0.001 <0.001 

FVC predict, % 84.65(84.44-84.87) 92.17(92.03-92.31)
*
 93.01(92.56-93.16)

*
 <0.001 <0.001 

PEF, L/sec 7.24(7.21-7.26) 7.58(7.57-7.60)
*
 7.76(7.74-7.78)

*
 <0.001 <0.001 

FEV1/FVC 87.15(87.03-87.28) 84.32(84.24-84.40)
*
 83.29(83.21-83.38)

*
 <0.001 <0.001 

Data are adjusted mean values for covariates: age, sex, status of smoking, vigorous exercise 

(times/week), diabetes. BMI categories: normal (between 18.5 and 25 kg/m
2
), underweight 

(<18.5 kg/m
2
), obese (≥25 kg/m

2
). FEV1, forced expiratory volume in first second; FVC, forced 

vital capacity; PEF, peak expiratory flow. 
*
P<0.001 to underweight. 
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Objective 
It is already known that cardiac rehabilitation (CR) is beneficial to increase exercise 
capacity and decrease the mortality in patients with cardiovascular (CV) diseases. Thus CR 
is an essential part of treatment process for CV patients who have recovered after acute 
phase therapy. However, due to several factors that hinder patients from getting involved 



in CR, participation rate of CR programs is quite low. In this study, we investigate the 
physical comorbidities of CV patients and how they affect participation in CR.  
 
Subjects & Methods 
The subjects of this study were patients who were hospitalized from January 11th, 2016 
to December 31st, 2016 at one university hospital due to acute coronary syndrome (ACS) 
and received percutaneous coronary intervention as well as consultation for CR. 
Participation in CR program after discharge from hospital was decided according to each 
patient’s choice after he/she received education for CR. Patients who participated in 
outpatient CR exercise programs for six weeks were classified as the participant group, 
patients who gave up CR programs halfway were classified as the discontinuer group, and 
patients who never started on a CR program were classified as non-participant group. The 
medical records of patients in each group were reviewed for prevalence of various 
comorbidities and the report more than one comorbidity were allowed. The differences 
among the groups and the influence of comorbidities and age were examined on 
discontinuation or non-participation in CR.  
 
Results 
During the study, 310 ACS patients were consulted for CR, and after excluding 39 patients 
who received cardiac surgery and 21 patients who was not consulted CR due to poor 
medical condition, a total of 250 patients were finally recruited for this study. In all study 
subjects, there were 20.4% of heart failure with reduced ejection fraction (HFrEF), 13.6% 
of low back pain, 10% of arthralgia, 10% of stroke sequelae, 6.4% of CRF, 4% of COPD, 4% 
of PAOD, 2.8% of PPN, 3.2% of other gait dysfunction, and 18% of other MSK problem 
(Table 1). Among three groups, there were 65.7% of physical comorbidities in the CR 
group, 41.1% in the discontinuer group, and 62.5% in the non-participant group (p>0.05). 
So physical comorbidities did not affect the CR participation. But regarding age, the 
number of patients above 65 age is 28.6% in the CR group, 49.5% in the discontinuer 
group, and 55.9% in the non-participation group, respectively. The percent of above 65 
age was higher in the discontinuer and non-participants group than in the CR group 
(p=0.012).  
 
Conclusion 
In 250 study subjects, 140 patients (56%) had one or more comorbidities that did not 
affect CR participation. Patients above 65 age were more likely to be unable to attend CR 
program properly. To confirm these results, multi-center study with much larger 
population is needed and comprehensive & multi-disciplinary approaches should be 
taken to increase CR participation rate.  
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Objective 
Metabolic syndrome consists of multiple components, some of which are major risk 
factors for cardiovascular morbidity and mortality. Metabolic syndrome is also associated 
with poor exercise capacity and poor heart rate recovery in patients who have coronary 
heart diseases. However, little has been known that metabolic syndrome correlates with 
improvement of cardiopulmonary exercise capacity in acute myocardial infarction (AMI) 
patients. The purpose of this study was to compare the effects of phase II cardiac 
rehabilitation (CR) in AMI patients depending on whether they have metabolic syndrome 
or not.  
  
Methods 
We reviewed the medical records of 82 AMI patients who were referred for exercise 
tolerance test (ETT) after percutaneous coronary intervention (PCI) between August 2014 
and January 2016. They underwent ETT by modified Bruce protocol at 2 assessment 
points; 3-week (T0) after AMI attack, 6-week after T0 (T1) and they were checked if they 
had metabolic syndrome or not before T0 assessment point. We excluded the patients 
who participated in center-based active CR. Metabolic syndrome was diagnosed based on 
the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III), 



which requires at least three of the following; 1) central obesity, 2) dyslipidemia, 3) blood 
pressure, and 4) fasting plasma glucose. Changing ratios of METsmax, and VO2max were 
calculated by subtracting METsmax, and VO2max obtained at T0 from those obtained at 
T1. Paired-sample t-test and independent sample t-test were used for establishing the 
link between functional capacity and metabolic syndrome.  
  
Results 
Regardless of the existence of metabolic syndrome, they did not show any significant 
improvement of METsmax and VO2max between T0 and T1 (metabolic syndrome group; 
p=0.80, p=0.62, non-metabolic syndrome group; p=0.55, p=0.65) (Table 2). Peak heart 
rate, heart rate recovery, and maximal systolic blood pressure, maximal diastolic blood 
pressure between T0 and T1 did not reveal any significant differences (metabolic 
syndrome group; p=0.12, p=0.70, p=0.99, p=0.74, non-metabolic syndrome group; p=0.06, 
p=0.26, p=0.62, p=0.48) (Table 2). The changing ratios of METsmax, (p=0.82) and VO2max 
(p=0.86) were not significantly different between both groups (Figure 1).  
  
Conclusion 
This study demonstrated that the existence of metabolic syndrome did not affect the 
changing ratio of exercise capacity. We suggest that active CR such as center-based 
intervention should be performed in AMI patients regardless of the existence of 
metabolic syndrome.  
  
Key Words 
Cardiac rehabilitation, Metabolic syndrome, Cardiovascular disease, Exercise capacity, 
Exercis 
 

 
 
Figure 1. Relations between metabolic syndrome and changing ratio of cardiopulmonary exercise capacity  

 
 

 

 

 

 

 



Table 1. General Characteristics e tolerance test  

 
 
Table 2. Cardiopulmonary exercise capacity at T0 and T1 by depending on the existence of metabolic 
syndrome
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Objective  
To investigate the effect of cardiac rehabilitation critical pathway on cardiac 
rehabilitation participation rate.  
  
Methods  
From July 2015 to December 2016, we recruited patients who were referred for cardiac 
rehabilitation after admission to department of cardiology due to myocardial infarction. 
As of April 2016, the patients group were devided into periods of 9 months before and 
after revision of critical pathway. We reduced the number of hospital visits to patients 
from 4 times to 2 times, sent mobile massage to encourage exercise weekly, and 
distributed exercise diary to check their exercise.  
 We investigated effects of critical pathway on participation rates of cardiac rehabilitation 
program, exercise treadmill test of 1 month and 3 months, the mean days to 1st exercise 
treadmill test after myocardial infarction and the mean number of hospitals visits to the 
participation in cardiac rehabilitation with exercise treadmill test after discharge.  
  
Results  
A total of 107 patients were recruited from July 2015 to March 2016. Of these, 24 (22.4%) 
patients participated in cardiac rehabilitation in a 1 month and 10 patients (9.3%) 
participated in a 3-month exercise treadmill test. On the other hand, a total of 143 
patients were recruited from April 2016 to December 2016. Of these, 66 patients (46.1%) 
participated in a 1 month and 38 patients (26.6%) in a 3-month exercise treadmill test.  
 The mean number of visits from the first exercise treadmill test to the participation in 
cardiac rehabilitation was 3.5 ± 0.17 versus 1.9 ± 0.10 times. The average number of days 
to first exercise test after discharge was 43.4±3.59 versus 26.5±1.31 days.  
  
Conclusion  
Modification of critical pathway by physicians can increase and sustain cardiac 
rehabilitation participation rate.  
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Introduction 
Comprehensive cardiac rehabilitation is an important element of the comprehensive 
management after acute myocardial infarction(AMI). To evaluate the long-term effect of 
hospital-based cardiac rehabilitation.  
  
Method 
Patients with AMI who were referred to the Cardiac Health and Rehabilitation Center 2 
weeks after percutaneous coronary intervention(PCI) were divided into cardiac 
rehabilitation(CR) and non-cardiac rehabilitation groups(non-CR). All patients take 
exercise tolerance test(ETT), 2 weeks after PCI. CR group performed supervised and 
monitored exercise 3 times a week for 2 months. Non-CR group was educated on 
recommendation home exercise which was based on the result of ETT in each patient. 
ETT. All patients underwent a ETT at the end of 2 months exercise training and at 1 and 2 
years follow up.  
  
Results 
We studied 68 AMI patients. All patients were offered a CR program, and 31 of them 
participated and 37 refused. During baseline evaluation there was not significant 
difference between two groups(Table 1). In 2 months follow up ETT, the CR group 
demonstrated statistically significant improvement in resting heart rate(RHR), maximal 
oxygen consumption(VO2max), metabolic equivalent of task(MET), maximal Borg rating 
of perceived exertion (RPEmax) and stage 3 rate pressure product (3RPP). In 1 years 
follow up ETT, there was no significant difference between two groups. In 2 years follow 
up ETT, the CR group demonstrated statistically significant improvement in only 3 RPP 
(Table 2). Table 3 shows the changes on cardiopulmonary parameters during the study 
period. Between baseline and 2 months, 2 months and 2 years follow up, CR group 
showed significant improvement in VO2max and MET, but not between baseline and 2 
years.  
  
Conclusion 
Hospital-based CR significantly improved cardiovascular capacity during exercise training 
period, but at 1 and 2 years follow up, there was not significant difference between CR 
and non-CR groups. It means that the hospital-based CR for 2 months is not enough to 
maintain cardiac function. Active intervention is required for patients requiring cardiac 
rehabilitation at least a year.  
  
 
 



Table 1. Baseline characteristic of subjects (n=68) 

 
 
Table 2. Comparative analysis of cardiopulmonary parameters in CR group and non-CR group 

 
 
Table 3. Mean differens in cardiopulmonary parameters in CR group and non-CR group  
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Objectives  
To investigate the effect of high-intensity interval training (HIIT) on the outcomes of 
cardiac rehabilitation (CR) compared to continuous exercise training (CET) in elderly 
patients who have experienced myocardial infarction.  
  
Methods  
From January 2015 to December 2016, we retrospectively reviewed the medical records 
of the patients who received HIIT or CET through the outpatient clinic. 40 patients 
participated in the study, 20 of whom underwent HIIT and 20 underwent CET as control 
group. The HIIT program was composed of 10 minutes of warm-up, 30 minutes of interval 
aerobic exercise, and 10 minutes of cool-down. The interval aerobic exercise consisted of 
3-minute usual intensity work phase (60-70% of heart rate/VO2 reserve) and 4-minute of 
high-intensity work phase (70-90% of heart rate/VO2 reserve). Compared to HIIT, CET 
program was composed of 10 minutes of warm-up, 30 minutes of continuous exercise 
(50-70% of heart rate/VO2 reserve) and 10 minutes of cool-down. Exercise capacity was 
measured by symptom-limited exercise test before and after hospital-based CR. The 
program was conducted twice a week for 6 weeks.  
  
Results  
The mean age of HIIT participants was 59.70 ± 4.95 years, and 2 out of 20 subjects were 
female. on the other hand, the mean age of the 20 control CET participants was 59.45 ± 
5.52 years, and 3 of them were female. Age, sex, height, weight, BMI, ejection fraction, 
and coronary heart disease event types were not statistically different between the two 
groups(Table 1). Between before and after training, VO2 peak, METs, VO2 AT, Exercise 
time were significantly increased and HR rest was were significantly decreased in both 
training group(Table 2). In comparison of the percent changes in the exercise capacity 
before and after each training, there was no significant difference between the two 
groups (Table 3).  
  
Conclusions  
There was significant improvement on exercise capacity in the elderly group after HIIT 
and CET. The degree of improvement in cardiopulmonary exercise capacity after HIIT and 
CET was similar. For improving cardiac function, active interventions in possible elderly 
groups are necessary.  
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Objective  
To investigate the factors associated with participation in cardiac rehabilitation (CR) after 
acute coronary syndrome (ACS) patients and analyze the degree of physical activity 
according to the participation in CR.  
  
Methods  
The patients who underwent percutaneous coronary intervention due to ACS in the 
department of cardiology from April 2016 to March 2017 were enrolled. Patients with 
severe comorbidities or cognitive impairment were excluded. All subjects were classified 
according to their willingness to participate in CR and whether they actually participated 
in CR. The reasons for discontinuing or not participating in CR were classified into 8 
categories. Weekly routine physical activity and metabolic equivalents of task (METs) 
were assessed using the International Physical Activity Questionnaire (IPAQ) at the time 
of the onset, followed by 1 month and 3 months after the onset. The questions explore 
the frequency (days/week) and time (minutes/day) dedicated to walking and to activities 



involving physical effort of moderate and vigorous intensities, in addition to activities 
performed in the sitting position.  
  
Results  
Finally, total of 72 patients were recruited. Of these subjects, 52 showed intention for CR, 
but only 26 of them actually participated in CR. All 20 unintended for CR did not 
participate in CR at all. In the comparison of the baseline demographic factors between 
CR and non-CR group, age was significantly lower in the CR group and the proportion of 
males was significantly higher in the CR group in the CR group (p<0.05). Comparison 
according to the participation in the CR revealed that IPAQ classification and weekly 
routine METs were no significantly difference at the time of onset, but those were 
significantly higher in the CR group at 1 month and 3 months after onset (p<0.05) (Table 
1). The reasons that 26 CR intender but not attender did not participate in CR were 
‘distance & traffic problem (42.3%)’, ‘lack of time (34.6%)’, ‘thought of being able to 
perform at home (19.2%)’ and ‘cost problem (3.8%)’. Of the 26 CR participants, 15 
subjects did not complete the CR session. The reasons that these 15 CR attender 
discontinued CR were ‘lack of time (53.3%)’, ‘thought of being able to perform at home 
(20.0%)’, ‘poor physical condition (13.3%)’, ‘cost problem (6.7%)’ and ‘distance & traffic 
problem (6.7%)’ (Table 2).  
  
Conclusion  
The Results of this study suggest that age, sex and willingness to CR can be important 
factors for CR participation. Although there was no statistical significance due to the small 
size of the study, ‘distance & traffic problem’, ‘lack of time’ and ‘thought of being able to 
perform at home’ were the main factors that interfered with CR participation. The degree 
of physical activity was higher in the CR group, so it would be necessary to find strategies 
to increase CR participation rate.  
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Background 
As the population of long-term cancer survivors grows, recovery of deconditioning in 
cancer patients is becoming more important. And previous studies showed exercise could 
resolve physical and psychological complaints after cancer treatment. The objective of 
this study is to investigate physical deconditioning after chemotherapy in hematologic 
cancer patients and effect of rehabilitation program.  
  
Methods 
This study targets hematologic cancer patients who admitted the Seoul National 
University Hospital for chemotherapy. And patients who received rehabilitation program 
and checked functional scale (DEMMI) both before and after rehab program were 
included. Patients were categorized into 3 groups according to the diagnosis: ‘Multiple 
myeloma’, ‘Leukemia’ and ‘Other’. And information about age, gender, chemotherapy, 
period of rehabilitation program, mortality and laboratory test Results was collected.  
  
Results 
After medial chart review, 39 patients were recruited. There was statistically significant 
improvement in DEMMI score of 10.46 points (95% CI 3.55 – 17.37) after rehabilitation 
program. It was more evident in ‘Multiple myeloma’ patients than in ‘Leukemia’ or ‘Other’ 
patients. In a univariate analysis, ‘Multiple myeloma’ patients started rehabilitation 
program earlier than other patients and had less mortality.  



  
Conclusion 
In hematologic cancer patients, rehabilitation program was effective for recovery of 
deconditioning.  
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Background 
Adhesive capsulitis occurs frequently in patients after breast cancer surgery. The 
mechanisms are reported as surgery itself, postoperative shoulder motion limitation, 
radiotherapy, and soft tissue adhesion. The effect of surgery itself, limitation of 
postoperative shoulder motion and the effect of radiotherapy have been reported.  
The purpose of this study was to identify the effect of hydraulic expansion on patients 
who underwent breast cancer surgery and to characterize the biomechanical properties 
of their glenohumeral joint capsules.  
 
Method 
This study was prospective observation study. 23 patients who were diagnosed as 
adhesion capsulitis after breast cancer surgery and underwent hydraulic distension 
therapy were included (Table 1). Participants were evaluated with passive range of 
motion on affected shoulder and questionnaire(VAS ; Visual analogue scale, SPADI ; 
Shoulder pain and disability index)  
 
Result 
The mean age of the subjects was 51.30 ± 6.58 and mean symptom duration was 7.63 ± 
5.51 months (Table 1). There was a significant improvement of all range of 
motion(abduction, flexion, external rotation) at the 2 weeks and 4 weeks after hydraulic 
distension. Significant Results were also observed in the changes of shoulder pain and 
disability index(SPADI) (Table 2).  
The mean Vmax, PVmax, and Kcap of all subjects were 37.74 ± 12.26 mL, 567.41 ± 183.40 
mmHg, and 21.11 ± 12.35 mmHg/mL, respectively (Table 3).  
 
Conclusion 
These findings showed that hydraulic distension with steroid combined with a home 
exercise program reduce shoulder disability and impairments.  
 
 
 
 



Demographic variables  

 
 
Clinical and Questionnaire data of the study participants 

 
 
 
Mechanical characteristics of the study participants 
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Objective 
Recent advances in chemotherapy, radiation therapy, and surgery have significantly 
extended average survival times in patients with brain tumors. A lot of patients with brain 
tumor show significant functional impairment due to neurologic sequelae and there is a 
potential for many of these patients to require rehabilitation services. However, there is a 
lack of report to assess the effects of rehabilitation in patients with brain tumor. The 
objective of this study is to investigate the short-term effects of the intensive inpatients 
rehabilitation in patients with brain tumor.  
 
Materials and Methods 
Retrospective data from Sep, 2015 to May 2017 was obtained in 65 patients with brain 
tumor (48 primary brain tumor, 10 metastatic brain tumor, 7 hematologic brain tumor) 
who were transferred to the department of physical and rehabilitation medicine for the 
comprehensive intensive inpatient rehabilitation. For comparison, data of 140 patients 
with subacute stroke were also obtained. Through outcome data and medical chart 
review we obtained: (1) demographic data including age, sex, inpatient rehabilitation 
length of stay (LOS), and discharge location; (2) tumor information, comprised of primary 
or metastatic lesion, location of tumor, and treatments of either surgery, radiation, 
and/or chemotherapy before the intensive inpatient rehabilitation; (3) functional status 
at transfer and discharge; and (4) discharge location. For functional status, we collected 
the Korean version of modified Barthel index (K-MBI) for independency, the Motricity 
Index (MI) for motor function, Korean Mini-Mental Status Examination (K-MMSE) for 
cognitive function, ambulatory function with Functional Ambulatory Category (FAC). 
Functional efficiency of each assessment was calculated by the gain between the transfer 
and discharge functional scores dividing by the inpatient rehabilitation LOS. Independent 
t-test was performed to compare functional outcomes between the brain tumor group 
and the subacute stroke group.  
 
Results 
The general characteristics of patients with brain tumor presented in table 1. There were 
significant improvements in K-MBI, MI, K-MMSE, and FAC in each the brain tumor group 
and the subacute stroke group, respectively (p<0.05). In addition, there was no significant 
difference in the gain and efficiency in K-MBI, MI, K-MMSE, and FAC between the brain 
tumor and subacute stroke groups (Table 2).  
 
Conclusions 
The Results of present study revealed that the intensive inpatient rehabilitation could 
have potentials to improve the functional levels in patients with brain tumor. In addition, 
the functional efficiency of the intensive inpatient rehabilitation in patients with brain 
tumor was similar with subacute stroke patients. This study provides the practical 
consideration to application the intensive inpatient rehabilitation in patients with brain 
tumor.  
 
 
Table 1. General characteristics of patients with brain tumor 



 
 
Table 2. Change of functional status after intensive inpatient rehabilitation 
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OBJECTIVE  
Esophageal cancer is the sixth most common cause of cancer deaths with poor prognosis. 
Dysphagia may be caused by esophageal cancer itself, but also be caused by the 
treatment of esophageal cancer, such as esophagectomy and radiotherapy. In patients 
with esophageal cancer, dysphagia has profound impact on quality of life and the effect 
of treatment. In this study, we investigated which factors influenced the progression of 
dysphagia through video fluoroscopic swallowing study (VFSS) in esophageal cancer 
patients.  
  
METHODS  
We reviewed the records of esophageal cancer patients who visited our hospital from 
2010 to 2016. Patients who underwent VFSS twice or more were enrolled, and the 
patients who met the following criteria were excluded: pre-existing dysphagia, other 
oropharyngeal diseases, prior neurologic or psychiatric disorder, and other malignancies. 
The medical records were reviewed for each patient’s baseline characteristics, data 
concerning the cancer treatment, swallowing therapy, feeding method, and history of 
aspiration pneumonia. The Results of VFSS were also reviewed, including Penetration-
Aspiration Scale (PAS) score and American Speech and Hearing Association-National 
Outcomes Measurement System (ASHA-NOMS) score.  
  
RESULTS  
Sixty-one patients were enrolled, and the subjects’ baseline characteristics are shown in 
table 1. In table 2, the Results of the first and the last VFSS in the subjects are compared. 
Overall, the findings were improved in PAS and ASHA-NOMS, and there were changes in 
feeding method. Based on PAS score, 19 patients had the same Results of the first and 
last VFSS, 27 patients were improved and 15 got worsened. The groups were divided by 
the change of PAS, namely an improved or not-improved, and worsened or not-worsened 
group. The Mann-Whitney U test was used to analyze the factors affecting the VFSS 
Results (Table 3). In general, there was no statistically significant difference between the 
groups, but the duration of swallowing therapy was significantly longer in the not-
worsened group than worsened group.  
  
CONCLUSION  
In patients with esophageal cancer, many factors contribute to the prognosis of 
dysphagia. This study suggests that the duration of swallowing therapy may be associated 
with an improvement in VFSS outcome. However, considering the limitations of the study, 
future long-term prospective studies are required.  
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Introduction  
The most common treatments for lymphedema are a combination of manual 
compression lymphatic massage, compression garments or bandaging. But in sometimes, 
a combination treatment program was difficult to perform or showed unsatisfactory 
outcomes, any other treatments can be considered. Vitamin D is thought to inhibit the 



development and progression of coronary artery disease or peripheral vascular disease 
by growing muscle cells, controlling T helper cells and inhibiting inflammation. Vitamin D 
is known to play various roles in skeletal muscle and blood vessels in addition to calcium 
and bone metabolism, but its effect on lymphatic edema is unknown. In this respect the 
aim of this study was to investigate for vitamin D healing effect to lymphedema and to 
broaden their understanding of lymphedema therapy.  
 
Material and Methods  
All mice were used for anesthesia and skin and subcutaneous tissue between from the 
base 5-10 mm to the distal region of the tail were removed (Fig. 1). 2 weeks after that, 
lymphedema in mice tails was observed. The animals were divided into the following 
three groups: vitamin injection mice, normal saline injection mice and control mice. 
Vitamin injection mice were given injections of the following vitamins in milligrams per 
kilogram body weight: vitamin D 3.3 milligram/kilogram. And normal saline injection mice 
were given same volume of normal saline 3.3 milligram/kilogram. Control mice were not 
given any injections. 6 mice measure the tail diameter of 8 parts in 10 mm interval from 
the base to the distal region of the tail by one physician at a 3 day interval. Then, the 
diameter was converted into a circumference, and then each segment was regarded as a 
truncated cone using a formula (V=h(C12+C1C2+C22)/12π), and the volume was 
converted.  
 
Result  
Vitamin injection mice group comparison with normal saline injection and control mice 
group showed decrease of mean volume on the mouse tail. Figure 1 shows the volume 
ratios of the experiments. The reduction rate is the mean value of volume reduced at the 
maximum volume divided by the mean value of volume increased after the procedure. 
The reduction rate of the vitamin injection group was the highest compared to the 
reduction rate of the control group (Figure 1). In contrast, there was no significant 
difference between the normal saline injection group and control group.  
 
Conclusion  
In this study, vitamin D was effective in the treatment of lymphedema in the mouse tail. 
More extensive studies will be needed to confirm the effect of vitamin D on lymphedema.  
  

 
Figure 1. Measurement of mice tail removed tissue  
 



 
Figure 2. Differences of reduction rate on mean value of the lymphedema volume  
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Introduction  
Breast cancer-related lymphedema (BCRL) is affected by various factors, such as Age, BMI, 
and surgical procedure have been evaluated, but studies of lymphedema with breast 
cancer accompanying disease is limited. The purpose of this study is to investigate the 
difference in the presence of other diseases in patients with BCRL.  
 
Material and Methods  
This study included 96 patients with BCRL in the Rehabilitation Department of OO 
University Medicine. At the time of admission, the volume of the lymph edema was 
measured by calculating the volume of the affected side and unaffected side by one 
clinician. The charlson comorbidity index was used for complication evaluation and 
karnofsky performance status scale was used for assess functional ability of patient. To 
assess the association of lymphedema with charlon comorbidity index, we divided the 
patients into groups of 2 points or less, groups of 3 to 4, and groups of 5 or more 
according to the index and the volume of edema was compared using the arm volume 
measured at the time of admission in each group of patients. To assess the association of 
lymphedema with karnofsky performance status scale, we divided the patients into 4 
groups according to the index and the volume of edema was compared using the arm 
volume measured at the time of admission in each group of patients.  



 
Result  
There were no significant differences in generic characteristics between each group 
(Table 1, 2). According to the charlson comorbidity index, there was no significant 
difference between groups of 2 points or less and groups of 3 to 4 points, between 
groups of 3 to 4 points and 5 points or more. However, there was a significant difference 
between the groups of 2 points or less and group of 5 points or more (Table 3). According 
to karnofsky Performance Status Scale, there was no significant difference between 
groups of 70, 80% and 90%, between groups of 80%, 90% and 100%. However, there was 
a significant difference between the groups of 70% and 100% (Table 3).  
 
 
Conclusion  
We confirm that the higher charlson comorbidity index or the lower karnofsky 
performance status scale, the higher severity of lymphedema at the time of admission 
and further studies will be needed to determine the exact correlation between 
comorbidity and severity in patients with BCRL  
  
Table 1. Generic characteristics of the charlson comorbidity index groups in this study 

 
 
Table 2. Generic characteristics of the karnofsky performance status scale groups in this study 

 
 



Table 3. Comparison of lymphedema volume difference by charlson comorbidity index and karnofsky 
performance status scale groups 
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Purpose  
Recently, the Kinect sensor-based reachable workspace analysis system has 
demonstrated its utility and potential as a novel upper extremity outcome measure in 
neuromuscular diseases and musculoskeletal conditions. Upper extremity dysfunctions 
including decreased shoulder range of motion are common following treatment for 
breast cancer. Therefore, we investigated the usefulness of Kinect sensor-based system 
for assessing upper extremity dysfunction in breast cancer patients.  
 
Methods  
Nine patients with unilateral breast cancer were enrolled in this study. Upper extremity 
active range of motion was captured by the Kinect sensor and reachable workspace 
relative surface areas (RSAs) were obtained. In addition, QuickDASH, a self-administered 
questionnaire was completed to assess upper extremity disability. General quality of life 
(QOL) and breast cancer-specific QOL were assessed by EORTC QLQ-C30 and EORTC QLQ-
BR23. RSAs in affected and unaffected sides were compared. Correlations between RSAs, 
disability and QOL scores were analyzed.  
 
Results  
The total RSA ratio of the affected and unaffected sides ranges from 0.74 to 1.05. The 
total RSA for the affected side was significantly reduced compared to the unaffected side 



(0.671±0.082 vs. 0.748±0.064; p=0.033). According to quadrants analysis, quadrant 1 
(upper medial) RSA was most markedly reduced (0.140±0.037 vs. 0.174±0.046; p=0.011). 
Also, the total RSA of affected side correlated with NRS pain during motion (r=-0.797, 
p=0.010) and time duration after surgery (r=0.731, p=0.040). However, we did not find 
significant correlations between RSAs and scores relating upper extremity disability and 
QOL.  
 
Conclusion  
Kinect sensor-based reachable workspace analysis system was effectively applied to 
assess upper extremity dysfunction in breast cancer patients. This system could be a 
quick and simple outcome measure providing quantitative data for breast cancer patients.  
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Objective 
Fibrin degradation products(FDP) and D-dimer are degradation products of cross-linked 
fibrin and are known to reflect the ongoing activation of the hemostatic sytem. These can 
be elevated in age, surgical procedures, pregnancy, inflammation, malignancy and 
congestive heart disease. So far, FDP and D-dimer have been used as a tool to exclude 
deep vein thrombosis in the diagnosis process of lymphedema. We found that level of 
FDP and D-dimer were elevated in patients with lymphedema. In this study, we 
investigated whether levels of FDP and D-dimer could be used as a diagnostic tool in 
patients with lymphedema.  
  
Subjects and Methods 
This study enrolled patients who underwent hospitalization for breast cancer-associated 
lymphedema from January 2012 to December 2016. Patients who were more than 60 
years of age or who had blood clotting disorders such as pulmonary embolism or deep 
venous thrombosis were excluded from this study. Among the 302 inpatients admitted 
during this period, 71 were selected as the experimental group by applying the exclusion 
criteria. We set up two control groups. The one is composed of patients who got surgery 
for breast cancer but were not diagnosed with lymphedema. Another group is consist of 
the patient with deep vein thrombosis(DVT). By exclusion criteria, 70 and 52 individuals 
were selected as a control groups.  
  
Results  
The mean FDP and D-dimer of the experimental group were 5.614 ug /μl, 1.179 ug /μl, 
and the standard deviation were 12.387 and 2.4079. The mean FDP and D-dimer of 



patients who got surgery for breast cancer without lymphedema were 3.6191 ug/μl, 
1.0957 ug/μl, and the standard deviation were 3.386 and 1.054. The mean FDP and D-
dimer of patients with DVT were 19.972 ug/ul, 4.712 ug/ul, and SD were 23.056, 4.679 
respectively (Table 1).  
Difference of FDP and D-dimer values between the experimental group and the non-
lymphedema group were not statistically significant, but difference of FDP and D-dimer 
values between the experimental group and DVT group was statistically significant at the 
significance level of p<0.001. The mean value of D-dimer of 1.179ug/ul which was 
significantly higher than the upper normal limit of 0.5ug/ul at the level of p=0.020.  
  
Conclusion 
In this study, the mean values of FDP and D-dimer in patients with lymphedema were 
higher than upper normal limit of 5.0ug/ul and 0.5ug/ul, respectively. Based on this study, 
it is possible that FDP and D-dimer are elevated in lymphedema. The levels of FDP and D-
dimer could be used as adjunct tools for differential diagnosis of lymphedema.  
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Introduction  
Bandaging is a key therapy in the treatment of lymph edema and has been performing 
spiral method bandaging in most treatment rooms. However, the bandaging method is 
not only spiral method but also spica method(figure 1). But no studies have compared the 
efficacy of the two Methods in patients with upper limb edema. In this regard, the aim of 
this study was to compare the treatment efficacy, treatment satisfaction and 
performance ability of patients with breast cancer-related lymphedema(BCRL) with 
different bandagings in complex decongestive therapy(CDT). Disabilities of the Arm, 
Shoulder and Hand(DASH) was used to measure performance ability, DASH was self-



report questionnaire designed to measure physical function and symptoms in patients 
with any or several musculoskeletal disorders of the upper limb.  
 
Material and Methods  
This study was designed prospectively and 20 patients who were hospitalized for the 
treatment of lymphedema after breast cancer surgery in OO University College of 
Medicine, rehabilitation department in 2016 and 2017 were enrolled. All subjects 
underwent unilateral upper limb edema after breast cancer surgery, and patients were 
diagnosed with lymphedema by lymphocintigraphy. The subjects were divided into two 
groups: patients who were bandaged with spiral method and those who were bandaged 
with spica method. The CDT was performed to the subjects for 2 weeks, the treatment 
program consisted of skin care education, massage to promote drainage of lymph, non-
elasticity bandaging to increase tissue pressure, the therapy was performed once a day. 
All subjects underwent same treatment for 2 weeks regardless of the group, and only the 
non-elastic bandaging was performed differently by the spiral method and spica method. 
Before and after CDT 2 weeks, we measured the circumference and volume of both 
upper limbs and DASH(Disabilities of the arm, shoulder and hand, Institute for Work & 
Health 2006) questionnaire at two time points, and questioned about quality of life and 
treatment satisfaction.  
 
Result  
There were no significant differences in generic characteristics between two groups 
(Table 1). The difference in DASH score after 2 weeks of CDT was significantly higher in 
the group with spica method bandaging(P<0.016). This tendency is thought to be due to 
the greater volume and circumference decrease in the spica method bandaging after 
treatment. However, in the treatment satisfaction questionnaire, the spiral method was 
found to be more comfortable for the patient to get the higher score in the spica 
method(Table 2).  
 
Conlusion  
In this study, spica method bandaging was found to be more effective in patients, 
especially in the proximal portion of upper limb. In addition, there was improvement in 
function and symptom, and it showed improvement in DASH score. Although there is a 
disadvantage that the spica method bandaging is more uncomfortable to the patient, the 
spica method treatment is recommended for intensive treatment.  
 

 
Figure 1. Bandaging Method. (A) Spiral Method bandaging (B) Spica Method bandaging  
 



Table 1. Generic characteristics 

 
 
Table 2. Differences between admission and discharge for variables 
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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) may decrease the amount of breast cancer-related lymphedema 
(BCRL) by enhancing lymphangiogenesis and finally improve upper-extremity functions 



and quality of life. The purpose of the present study is to compare the effect of CDT 
combined with ESWT to that of the CDT alone in BCRL patients.  
  
Methods 
The present study enrolled stage 2 lymphedema patients who had hardness at their 
forearm and had a circumference difference more than 2 cm between both arms, even 
though they had implemented phase 2 CDT (maintenance phase) by themselves. Subjects 
were randomly divided into two groups, the ESWT group (EG) and the conventional group 
(CG). In the EG, ESWT was performed for three weeks (one session per week). In each 
session, a practitioner applied 1000 shocks to the most fibrotic lesion of the forearm 
through palpation 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 the 3 weeks, phase 2 CDT 
including bandage and massage was maintained every night at home in both the CG and 
the EG. Before and after the three sessions, the visual analogue scale, the 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 the 

CG and EG patients' upper extremities. In addition, body composition analyzer (InBodyⓇ, 
Seoul, Korea) was used to measure the muscle mass and rate of water content in upper 
extremities as well as rate of total body water. The onset of a complication was also 
assessed in all the patients at the end of the three-week therapy period.  
  
Results 
Both groups had eight patients who completed the three-week therapy experiment. No 
difference was identified in any of the demographics between the groups’ participants 
(Table 1). After the three-week therapy period, improvement was found in all the 
measurement items in both groups. However, a significant improvement was found in 
the elbow and below-elbow circumference, upper extremity volume, rate of total body 
water, and QuickDASH score in the EG (Table 2). A significant difference was found in the 
improvement of the QuickDASH score between the CG and EG, but not in the other 
measurement items (Table 3). No complications were found in either group during the 
monitoring period.  
  
Conclusion 
ESWT reduced edema and resulted in functional improvement of the upper extremity 
without a specific complication in BCRL patients. Therefore, the ESWT may be used as an 
additional treatment of the CDT. Future studies with a larger number of participants 
should be necessary.  
  
Table 1. Baseline characteristics of both groups 



 
 
Table 2. Change of measurements between both groups after 3 weeks therapy 

 
 
Table 3. Comparison of changes between both groups 
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Clinical features of shoulder pain after breast cancer surgery  

Na Ri Yun1*, Ji Hee Kim1† 

Wonkwang University School of Medicine, Department of Rehabilitation Medicine1 
 
Objectives  
 To investigate the clinical characteristics of breast cancer patients with shoulder pain and 
assess the effect of pain on arm and shoulder function  
  
Methods  
We retrospectively reviewed the medical records of 21 patients who first visited to our 
department and have shoulder pain after breast cancer surgery 2016 to April 2017 at 
outpatient clinic. The demographic data, types of breast cancer surgery, history of 
chemotherapy and radiotherapy, Manual muscle test (MMT) grade, swelling and 
handgrip strength were recorded. Jamar dynamometer was used to determine hand grip 
strength. In addition, Beck Depression Inventory (BDI) and EuroQol five dimensions 
questionnaire (EQ-5D) were assessed.  
  
Results  
Among the 21 patients, the mean age was 51.3 ±1.5. The average period of onset was 
49.81 ± 18.64 days. All patients had history of chemotherapy and 15 patients underwent 



radiotherapy. The mean BDI score was 15.5 ± 1.8 and mean EQ-5D score was 7.8 ± 0.5. 
The hand grip strength of affected side was lower than the other side strength (p=0.029, 
Table 1). A positive correlation was noted between hand grip strength difference and 
depression and quality of life (P<0.05, Table 2).  
  
Conclusions  
The shoulder pain is related to the strength of the hand with breast cancer patients 
underwent surgery. Also, mild depressive pattern may appear in patients underwent 
breast surgery with shoulder pain. These findings will help us to understand breast cancer 
rehabilitation and more comprehensive research is needed in the future.  
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Objective 
To compare the effectiveness in promoting physical activity between a smartphone-
based exercise monitoring application and a conventional pedometer in prostate cancer 
patients.  
  
Method 
Patients with prostate cancer who had undergone a surgery or androgen deprivation 
therapy had been recruited. All participants were provided with physical activity goals 
based on their usual activities and were advised to achieve these goals for their 11-week 
home-exercise period. The intervention group was instructed to use a newly developed 
smartphone application for recording their walks and was received weekly monitoring 
consultations based on the shared records through the application without visiting clinics. 
The control group was guided to write down their walks daily using a pedometer, and 
then the records were checked by clinicians on their 6-week and 11-week follow-up visits. 
The uptake, adherence and completion rates of the smartphone group were compared to 
the pedometer group using intention-to-treat analysis. Changes in clinical outcomes 
during the 11 weeks were analyzed.  
  
Result 
A total of 98 patients were recruited (smartphone=48; pedometer=50). Six of each group 
were rejected to participate after the baseline assessment. There were no significant 
differences in uptake (83.3% vs 88.0%, p=0.51), adherence (92.5% vs 79.5%, p=0.12), and 
completion (79.2% vs 86.0%, P=0.37) rates between both groups. Physical functions were 
improved in both intervention groups after 11-week exercise.  
  
Conclusion 
Smartphone-based exercise monitoring system was not superior to pedometer in 
promoting physical activity in terms of uptake, adherence and completion rates. Exercise 
monitoring was effective for improving physical functions regardless using a smartphone 
application or a pedometer.  
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The Correlation between Bioimpedance and Outcomes of Lymphedema 
Treatment in Breast Cancer Patients 
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Introduction  
Lymphedema is a common following condition in patients who have been treated with 
breast cancer. It deteriorates their quality of life also makes lots of medical costs. 
Bioimpedance can be used for its assessment and analyze the body composition by 
measuring impedance through micro AC current. As lower as the frequency is, current 
passes through mostly the extracellular fluid (ECF), which is considered to be major part 
of changes during treatment of lymphedema. The aim of this study is to evaluate the 
responsiveness to treatment and the prognosis by using bioimpedance and to indentify 
that the lower frequency impedance more reflects the actual volume changes during 
treatment.  
  
Methods  
Among the subjects who visited outpatient clinic from December, 2015 to December, 
2016 and underwent initial complex decongestive therapy (CDT) for 2 weeks (5 days per a 
week) with bioimpedance analysis before and after treatment, we included 64 unilateral 
breast cancer related lymphedema (BCRL) patients. The ratios of single frequency 
bioimpedance analysis (SFBIA) in 5 kHz, 1 kHz and 0 kHz were measured. The volume of 
the affected arm was estimated by integrating the circumference measured at 4cm 
intervals from the arm.  
  
Results  
A total of 62 patients were included in the study. The mean ratios of impedance 
(unaffected/affected) at baseline were 1.1742±0.2252, 1.1747±0.2076 and 
1.1749±0.2052, respectively for 0 kHz, 1 kHz and 5 kHz. The higher ratios of impedance 
(unaffected/affected) at 0 kHz, 1 kHz, and 5 kHz before CDT were statistically significantly 
correlated with arm volume reduction in affected arm. Furthermore, as the frequency of 
SFBIA increases in order of 0 kHz, 1 kHz, and 5 kHz, the coefficient of correlation (r) 
showed tendency to increase. However, in the analysis of the relationship between 
changes in affected arm volume and impedance ratios (unaffected/affected), there was a 
statistically significant correlation only at 5 kHz impedance. These Results were 
consistently observed after adjusting for age, BMI and disease duration.  
 
Conclusion  
The Results are consistent with previous studies in that ratios of SFBIA before CDT are 
useful tools for predicting the responsiveness to treatment in BCRL patients. 
Unexpectedly, SFBIA of low frequency did not predict the outcomes better than that of 
high. Similar result were obtained in the analysis of the relationship between changes in 
affected arm volume and impedance ratios, showing a statistically significant correlation 
only at 5 kHz impedance. It is thought that there might be other factors to be considered. 
Further study will be needed.  
 



  

 
 
 
 
 
 

Fig. 2. Relationship between changes in affected 
arm volume (V0 -V1) and impedance ratios (R0 -
R1): Statistically significant correlation was shown 
only at 5 kHz impedance, not at 0 kHz or 1 kHz.

 
Fig. 1. Relationship of Y: bioimpedance ratio (unaffected/affected) in 0, 1 and 5 kHz at pre-treatment and X: 
measured arm volume changes after treatment (V0 -V1).  
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Objective  
 To evaluate the effect of stellate ganglion block (SGB) and complex decongestive 
physiotherapy (CDT) on the lymphoscintigraphic findings in patients with secondary 
lymphedema after breast cancer treatment.  
  
Method  
 A total of 81 patients were retrospectively recruited. Of 81 patients, 41 received CDT and 
40 received SGB. The parameters for the lymphoscintigraphic findings included the extent 
of dermal backflow (small extent/large extent group), the level of lymphatic flow (trunk 
flow pattern/upper arm-restricted pattern/forearm-restricted pattern group) and 
visualization of lymph nodes (visualized/non-visualized group) on the 1-hour image. The 
primary outcomes were changes in circumferential differences of forearm and upper arm. 
We compared the clinical effect of CDT and SGB at specific lymphoscintigraphic findings.  
  
Result  
 Regardless of treatment modality, both CDT and SGB had significant therapeutic effect 
on lymphedema. The difference of the forearm between CDT and SGB was not significant 
at any lymphoscintigraphic finding. But, the circumferential difference of the upper arm 
was more reduced after SGB treatment than CDT in the small extent group (p=0.004), the 
forearm-restricted pattern group (p=0.002) and the non-visualized group (p=0.018).  
  
Conclusion  
 The effect of SGB was significantly higher than CDT in the small extent group, the 
forearm-restricted pattern group and the non-visualized group. The Results of this study 
will be helpful in selecting appropriate treatment modalities according to 
lymphoscintigraphic findings in patients with secondary lymphedema after breast cancer 
surgery.  
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Jeon4† 
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OBJECTIVE  
Radiation therapy has been used frequently in making a model of acquired lymphedema 
rodent limb. However, to best of our knowledge, there have been no studies performed 
on the effects of radiation on rodent limb lymphedema model. This study was aimed to 
evaluate the effects of radiation on the acquired lymphedema models in the mouse hind 
limb.  
  
MATERIALS AND METHODS  
Total 20 BALB/c female mice of 8-week-old were equally assigned to two groups, 
including lymph node resection only group and lymph node resection plus radiation 
group. In both groups, popliteal lymph node and surrounding fat pad were resected. In 
radiation group, all mice were exposed to 20 Gy of radiation one day after the surgery. 
The Methods of evaluation include measuring the thickness of ankle, fluorescence 
lymphography at the end of each week for 4 weeks. Mice were sacrificed after 4 weeks 
and immunohistochemically stained with anti-LTVE-1 antibody.  
  
RESULTS  
The mean thicknesses of ankle in radiation group at 1-, 2-, 3-, and 4-week were 4.39, 4.20, 
4.03, 3.88 (mm), respectively. The mean thicknesses of ankle in non-radiation group at 1-, 
2-, 3- and 4-week were 4.10, 4.09, 4.05, 3.90 (mm), respectively. Differences in both 

group were statistically significant at 1- and 2-week (P＜0.05). Drainage of collateral 
vessels into superficial inguinal lymph node on fluorescence lymphography were 
detected in 10% (1/10) of mice in radiation group, but 100% (10/10) of mice in non-
radiation group at 4-week. Average numbers of anti-LYVE-1 antibody positive vessels 
were 12.4 ± 3.4 in non-radiation group, and 6.3 ± 1.3 in radiation group.  
  
CONCLUSION  
Radiation is thought to inhibit the collateral lymphatic vessel formation after popliteal 
lymph node resection. These Results suggest that radiation blocks the lymphangiogenesis 
which is an essential factor for preventing acquired lymphedema in the mouse hind limb 
models.  
 



 
 
Fig 1. Changes of the ankle thickness after the surgery. The radiation group showed statistically significantly 
higher thicknesses compared to control group at 1- and 2-week.  
 

 
Fig 2. The fluorescence lymphography showed 
formation of collateral vessels in control (surgery 
only) group (arrow). On the contrary, radiation 
group showed accumulation of fluorescence dye in 
lymphedema site (arrow head).  

Fig 3. Results of immunohistochemistry showed 
higher number of small collateral vessels in control 
(surgery only) group. Fewer, dilated lymphatic 
vessels are noted in radiation group.  
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Introduction  
With the Introduction of Highly active antiretroviral therapy (HAART), HIV infection is 
gradually becoming a chronic disease, and HIV-related impairments are emerging as a 
social problem to be solved. As a result, the importance of rehabilitation for people living 
with HIV/AIDS (PLWHA) is increasing. We investigated HIV-infected patients who needed 
rehabilitation consultation and report it.  
  
Methods  
From June 2014 to June 2017, we inquired all the HIV-infected patients who were 
consulted to Department of Physical Medicine and Rehabilitation with various reason 
with reviewing medical records. We investigated demographic features, graded of 
functional mobility using Functional Ambulatory Category (FAC), the reasons for 
admissions, the reasons of consultations, and our recommendations.  
  
Results  
Twenty-nine cases were recruited, 27 were male, and two were female. After excluding 
overlapped cases due to repeated admission, 21 patients were recruited with 19 male 
and two female people. They were all diagnosed HIV. Durations from the first diagnosis to 
consultations were 52.5 months.(Table 1) Mean FAC was 2.55.(Figure 1) They showed 
various reasons of admission. Among them, the systemic infection took the most reason, 
such as pulmonary tuberculosis, pneumonia, etc., followed by poor medical conditions 
other than infection, such as pneumothorax, pancreatitis, diarrhea, hypotension, and 
others. The most reason of consultation was bedside physical therapy. Nineteen cases 
were consulted to take bedside physical therapy. However we recommended bedside 
physical therapies to only 13 cases, and we recommended physical therapy at the gym 
including gait training to the others.(Figure 2)  
  
Conclusion  
HIV-infected patients have various needs of rehabilitation, and they tend to be 
underrated. Comprehensive rehabilitation perspective can help HIV-infected patients 
better. More structured and prospective study will be necessary.  



 
 

 
Distribution of Functional Ambulatory Category  
 

 
Reason of Admission, Consultation, and Recommendation to the Consultation  
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OBJECTIVE  
Breast cancer patients are at high risk for metastatic spinal compression fractures and 
leptomeningeal spreading. Metastatic lesions of the spine may cause various symptoms 
of nerve compression such as limb weakness, neck or back pain, and radiating limb pain. 
However, not all patients with spinal metastases present with nerve compression 
symptoms. The aim of this study was to evaluate the factors associated with the 
occurrence of symptoms of nerve compression in patients with breast cancer who 
developed metastatic compression fracture.  
  
METHODS  
In this retrospective study, the breast cancer patients with metastatic vertebral 
compression fractures confirmed on spine MRI who visited our hospital from January 1, 
2011 to December 31, 2015 were enrolled. Based on medical records, we observed 
whether the symptoms of nerve compression (weakness of upper and/or lower 
extremities; radiating pain to the upper and/or lower extremities) occurred within one 
year after the metastatic spine fracture. The following findings of spine MR were also 
recorded: the level of the compression fracture, the presence of cord compression, 
epidural metastases, intramedullary metastases, or leptomeningeal spreading.  
  
RESULTS  
The characteristics of subjects are shown in table 1. Of total 93 patients, 43 patients had 
symptoms of nerve compression; 33 of whom complained of weakness and 10 of 
radicular pain. The relationship between nerve compression symptoms and findings of 
spine MR is presented in table 2. The positive findings for cord compression and epidural 
metastasis were found to be significantly associated with the occurrence of nerve 
compression symptoms. Symptoms of nerve compression occurred in 78.8% of patients 
with cord compression confirmed by imaging, and 69.8% of patients with epidural 
metastasis. The odds ratio were 9.4 and 6.2, respectively (p value <0.001, both) (table 2, 
3). The odds ratio increased to 12.4 when cord compression and epidural metastasis were 
combined. Leptomeningeal spreading and intramedullary metastasis did not show 
statistically significant relationship with symptoms of nerve compression.  
  
CONCLUSION  
In this study, symptoms of nerve compression were present in 46% of breast cancer 
patients with metastatic vertebral fracture. The occurrence of nerve compression 
symptoms was closely related to the presence of cord compression and epidural 
metastasis in spine MR. When cord compression and epidural spreading were combined, 
the possibility of nerve compression symptoms was increased. These MR findings could 



be helpful in predicting the occurrence of future nerve compression symptoms and in 
clinical practicing.  
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Background 
Cancer is one of the leading causes of death in the worldwide. In the previous study, daily 
aspirin reduced the incidence of colorectal cancer and several other cancers and reduced 
metastasis. However, statistical power was inadequate to establish effects on less 
common cancers. Therefore, the aim of this study is to investigate the effects of 
antiplatelet agents on cancer prevention in National Health Information Database (NHID) 
sample cohort database.  
  
Methods 
This study analyzed the NHID cohort database of subjects aged 55 years or older who 
received national health screening from 2004 to 2005. Among 2,831,735 subjects, 70,839 
subjects who had taken antiplatelet agents without history of cerebrovascular or 
ischemic heart disease were enrolled. Antiplatelet agent includes aspirin, ticlopidine, 
clopidogrel, and cilostazol. The 1:1 propensity score matching was performed to include 
70,872 non-antiplatelet treated subjects as control group. Subjects had been followed-up 
until December 2013. Cox proportional hazard model was used to calculate the risk ratio 
(RR) of developing various cancer including colorectal, gastric, thyroid, pancreatic, lung, 
hepatic, renal, and other cancers.  
  
Results 
There was no difference in total cancer incidence between the antiplatelet and non-
platelet groups (p=0.835). In subgroup analysis, the risk of gastric cancer was reduced in 
the antiplatelet group (RR 0.992, 95% CI 0.919 – 0.972, P = 0.009). Whereas the risk was 
increased in the antiplatelet group for thyroid cancer (RR 1.276, 95% CI 1.108 – 1.473, P = 
0.001), pancreatic cancer (RR 1.218, 95% CI 1.023 – 1.450, P = 0.027), and other cancer 
(RR 1.144, 95% CI 1.067 – 1.226, P < 0.001). In addition, antiplatelet use did not affect the 



risk in the colon cancer, rectal cancer, lung cancer, hepatic cancer, and renal cancer. 
Older age, male gender, family history of cancer, smoking, obesity, and high income 
groups had significantly increased cancer risk (P< 0.05).  
  
 
Conclusions 
There was no significant effect of prophylactic antiplatelet agent on prevention of cancer 
in general or specific cancer except for gastric cancer. Rather, there is an increased risk of 
antiplatelet therapy in some cancers, including thyroid and pancreatic cancer.  
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Purpose 
To explore moderators, mediators and predictors of physical functioning after 
rehabilitation in the patients with advanced cancer.  
  
Methods 
Data were collected from retrospective cohort study of patients with stage 3 and 4 cancer 
(N=289) who were admitted in the department of rehabilitation medicine at a tertiary 
university hospital. Functional levels were assessed using Cancer Functional Assessment 
Scale (cFACS) and 6-min walking test at admission day and just before discharge. The 
improvement of physical functioning is evaluated using the change of cFACS total scores. 
Clinical characteristics such as age, sex, type of cancer, number of metastasis, treatment 
characteristics such as chemotherapy, radiation therapy or surgery and baseline 
functional level were collected as important clinical factors. 
  
Results 
The mean age of the participants was 59.8 ± 13.6 years. The mean of CFACS scores are 
83.2 ± 2.5 and 82.3 ± 2.6 at baseline and discharge, respectively. Symptom score such as 
fatigue at baseline was significantly associated with the improvement of total cFACS 
(coefficient=0.43, p value=0.03) after adjustment of age, sex, and type of cancer. Higher 
grade of lower extremity strength and lower grade of abdominal muscle strength at 
baseline mediated more improvement across outcome factors.  
  
Conclusions 
Intervention targeting physical functioning need to take into account the patients’ 
symptoms and muscle strength at baseline. The physical functioning could be improved 
after rehabilitation treatment especially among the advanced cancer patients with high 
fatigue level, low abdominal muscle strength and normal strength of lower leg at baseline.  
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Purpose 
Immediate reconstruction using TEI(tissue expander implant) after total mastectomy is an 
emerging surgical technique among breast surgeons. To prevent op site problems, many 
plastic surgeons are conducting conventional protocol which immobilizes shoulder 
motion over a month after reconstruction regardless of extent of the lymph node 
dissection. In this study, we aimed to compare the influence of conventional protocol 
with 4 weeks of post-op shoulder immobilization to early rehabilitation, which starts at 2 
weeks after operation. And we analyzed factors that may affect patient's post-op 
shoulder function and quality of life.  
  
Material and method 
We recruited 99 breast cancer patients who had total mastectomy and immediate 
reconstruction using TEI from May 2016 to May 2017. Eight Patients with previous 
shoulder problem were excluded. The remaining 91 patients were divided into two 
groups: 66 patients had long term post op shoulder immobilization over 4 weeks, 35 
patients had early intervention with 2 weeks of post op immobilization. Both groups 
received the same shoulder stretching exercise program after immobilization ends. 
Baseline characteristics such as age, underlying disease, extent of lymph node dissection, 
neoadjuvant chemotherapy and op site problem, shoulder range of motion (ROM) , pain 
NRS and Short form 36 health survey(SF36) were evaluated at 1 week after surgery and at 
1 month and 2 months after surgery. Multiple regression analysis was used to analyze 
multiple variables.  
  
Result 
Early rehabilitation group had greater shoulder flexion and abduction range at 1month 
after surgery than conventional protocol group (p=0.03 for flexion, p=0.02 for abduction). 
However there was no significant difference of ROM between two groups at 2month 
after surgery. (Figure1) Extent of lymph node dissection influenced shoulder flexion and 
abduction range at both POD 1month (p=0.006 for flx, p=0.004 for abd) and 2 month 
(p=0.002 for flx, p=0.001 for abd). (Figure2) Shoulder internal and external rotation 
ranges were not related to all of the independent variables.  
  
Early rehabilitation group had better physical QOL scores than conventional protocol 
group such as Physical functioning (p=0.046), Role limitations due to physical health 
problems (p=0.006), Physical Component Summary (p=0.029) at POD 1 month. 1month 
and 2month Role limitations due to emotional problems score changed depending on 
neoadjuvant chemotherapy treatment. There was no significant difference of pain NRS 



and DASH score between groups. During the 2-month follow-up, no significant op site 
problems occurred in either group.  
  
Conclusion 
For better shoulder ROM recovery and physical QOL, early rehabilitation should be 
recommended in breast cancer patients with immediate reconstruction surgery. 
Recovery of shoulder ROM can be slower particularly in patients with axillary lymph node 
dissection, and more intensive treatments will be helpful for this group of patients.  
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Introduction  
Liver disease is a universally important cause of death, especially in Asian countries. 



Chronic liver disease, including liver cirrhosis, was the eighth leading cause of death in 
South Korea in 2010.  
Recently, it has been reported that in nonalcoholic fatty liver disease, exercise and weight 
loss effectively reduce intrahepatic lipid component and improve the histological features 
of the disease. This suggests that physical activity may also improve chronic liver disease. 
However, there is few clinical studies on the effect of exercise in chronic liver disease. 
Moreover, no previous study investigated the physical activity and quality of life together 
in patients with chronic liver disease in South Korea.  
In this study, to collect baseline data, we conducted a questionnaire survey on physical 
activity, quality of life, and need for rehabilitation.  
 
Methods  
Patients who visited the department of internal medicine in a single tertiary hospital for 
chronic liver disease completed the Short Form 36 (SF-36) Health Survey questionnaire, 
Korean version of International Physical Activity Questionnaire (IPAQ) short form, and a 
questionnaire developed by our rehabilitation and internal medicine team. It contained 
demographic indicators and disease-specific characteristics.  
 
Results  
Of the 100 participants, hepatocellular carcinoma was the most common, followed by 
chronic hepatitis, liver cirrhosis, and other diseases. In patients with hepatocellular 
carcinoma, bodily pain was significantly higher and general health was significantly lower, 
compared to patients with chronic hepatitis. All subscales of SF-36 were lower in patients 
who had suffered decompensation event, such as jaundice, varix bleeding, hepatic 
encephalopathy or ascites. When the difficulty of family life was greater, all SF-36 
subscales were significantly lower. The higher the economic state, the lower the mental 
health. The education level was not related to quality of life. Using IPAQ, the mean of 
total physical activity was 2223.1MET. The overall need for exercise was 68%, but only 23% 
of patients exercised regularly. The most common reason for not exercising regularly was 
bodily pain and difficulty in moving. One-third of patients demanded physical 
rehabilitation therapy.  
 
Discussion  
Compared with the SF-36 Results from previous studies, the mean physical component 
score and the mean mental component score were higher than those of breast or 
gynecologic cancer group and lower than those of control group.  
 
Conclusions  
This study showed that chronic liver disease patients have poor overall health-related 
quality of life. Physical activity may have a positive effect on disease progression in 
patients with chronic liver disease, however, there were few cases of actual regular 
exercise. Therefore medically prescribed therapeutic rehabilitation may help improving 
physical activity and quality of life in chronic liver disease.  
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Purpose  
The aim of this study is to evaluate the efficacy of the SpineCor brace for AIS in short-
term effect. We also assessed the influence of the length of postmenarchal period and 
Risser stage on treatment result.  
  
Material and Methods  
Patient’s data were reviewed retrospectively between July 2016 and April 2017, who 
were treated with SpineCor brace for AIS seen at the local spine clinic which has 
collaborated with university hospital. Nine female patients (age, 13.8years; range 12-17) 
were identified, and demographic data was analyzed. The mean duration of treatment 
was 63.2±42.2 days. The SpineCor brace is consists of two sections (Fig 1). The first 
section consists of the pelvic base, crotch band and thigh bands. Its role is to act as an 
anchoring point and support for actions applied to the patient’s trunk by the corrective 
elastic bands. The second section consists of the bolero and the corrective bands. This is 
the part designed to make the correction of the scoliosis curve. Patients were instructed 
to wear their brace full-time with a minimum of 20 hours a day. In posteroanterior 
radiograph of spine, we assessed the type of scoliosis (thoracic, thoracolumbar, lumbar, 
double), compensation or decompensation by using plum line, and Risser stage. We 
measured cobb angle with and without brace at the beginning of the treatment, to assess 
the immediate corrective effect. We measured Cobb angle without brace at 2 months 
after treatment to assess the short-term effect (Fig 2). Success was defined as either an 
improvement of more than 5° or stabilization of ±5°, and failure as a worsening of more 
than 5° in cobb angle. We subdivided patients into four groups according to length of 
postmenarchial period (group 1:<1yr, group 2:>1yr) or Risser stage ( group 3: 0-2, group 
4 : 3-5), and compared the change of cobb angle between both groups.  
  
Result  
All patients showed good compliance for wearing brace more than 20 hours a day during 
treatment period. Of the 9 patients, 7 had thoracic, 1 had thoracolumbar, and 1 had 
lumbar curves (Table 1). The mean cobb angle without brace, immediate after with brace 
and at 2 months after treatment without brace were 31.7±15.0°, 22.3±14.9°, and 
27.5±13.2°, respectively (p= .015, Table 1). Responses to treatment of all patients were 
success. In 8 patients, the cobb angle decreased after treatment. In 1 patient, the cobb 
angle increased after treatment, however, the change was less than 5° (Table 1). The 
mean change of cobb angle in group 1 and group 3 was larger than that in group 2 and 
group 4 (-7.7±1.5; -8.0±1.6° vs -3.6±4.6°; -2.2±3.8°), respectively.  
  



 
Conclusion  
Our result revealed that the SpineCor brace showed good compliance and effective 
treatment of AIS. The curvature was corrected immediately after wearing brace, and the 
effect was maintained at least 2 months. Further study to assess long term effects with 
larger sample is needed.  
 

 

Fig 1. SpineCor brace components. (A) Bolero  
(B) Corrective band (C) Pelvic base (D) Crotch  
band (E) Thigh band (photo is from official  
website of SpineCor;www.spinecor.com)  
 

Fig 2. Representative radiograph of a 12 year old 
scoliotic girl before and after treatment of the 
SpineCor brace. (A) Before treatment, cobb angle 
was 60.20° (B) At 2 months SpineCor treatment 
without brace, the cobb angle decreased to 50.34°.  

 
Table 1. Demographic and radiographic data of patients. 
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Purpose 
As smartphones have become increasingly popular and maturing around the world in 
recent years, nowadays various new smart devices are on the market and healthcare 
services. Moreover, the paired use with the smartphones and wearable devices are being 
spotlighted, and especially, wearable smart bands are the main issues because of its 
various applicability and convenience to wear. Therefore, this study purposed to review 
the status and trends of wearable smart bands in the field of fitness and health care 
service.  
  
Methods 
This study surveyed 8 kinds of wearable smart bands [Fitbit Alta (Fitbit Inc.,San Francisco 
CA, US), Gear fit 2 (Samsung Electronics Co. Ltd., KOR), Mi band 2 (Xiaomi Technology Co. 
Ltd., Beijing, CHN), Neofit (KT Co. Ltd., KOR) Runtastic orbit (Runtastic. Linz, AUT), Seven 
elec smart band HR (Seven Electric., KOR), Zikto walk (Zikto., KOR), Things 2 (Iwown, Ltd., 
CHN) launched and widely used in South Korea. These devices were compared each other 
based on the specification of hardware, and the integrated Apps.  
  
Results 
First, in terms of hardware part and function, organic light emitting diode (OLED) format 
was mostly used for display, which is the most apparent element. It was used to reduce 
volume and weight, while it diminishes battery life. Touch screen, 3-axis accelerometer 
and Bluetooth 4.0 are commonly used. In addition, for the detailed recognition of the 
motion and walk, a 6-axis accelerometer with a gyro sensor was used in Neofit and Zikto. 
Gear fit2 and Neofit use a Global Positioning System (GPS) receiver and display the 
moving record on the map. Second, in terms of Apps, they are composed of health care, 
exercise management, meal record, and other convenient functions. Each product 
focuses on the function that fits the concept. The main functions of Neofit and Zikto were 
recognition of body motion based on angular changes to provide guided services for 
weight training and gait, respectively. Fitbit and Runtastic only have a simple function of 
exercise assistant, while Runtastic is equipped with waterproof ability when swimming. 
Gear fit 2 is high-priced concept and has many functions such as 6-axis acceleration 
sensor, heart rate sensor, GPS, altimeter. On the other hand, Mi band 2, Seven elec, and 
Things 2 are low-cost concept and have only simple healthcare functions such as step 
count and sleep management.  
  
Conclusion 
Paired use of smartphone and wearable band is the main issue toward the 4th Industrial 
Revolution. Until now, the individualized automatic algorithm based on the purpose of 
the smart band is not developed due to the multifactorial compound factors in the 



various lifestyles. In the future, more customized wearable band and App which 
encounter individually specialized algorithm for the device driven use for the fitness and 
healthcare. Furthermore, it is necessary to clarify the algorithm for the prevention and 
treatment of the disease with configuring the smart devices and Apps.  
 
Table 1. Hardware specifications of Wearable smart bands. 

 
 
Table 2. Functional specifications of Wearable smart bands. 
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Introduction  
Neurogenic bladder dysfunction is one of the most important sequelae after spinal cord 
injury, stroke, traumatic brain injury, or multiple sclerosis. In addition, many geriatric 
patients show voiding difficulty owing to dementia, Parkinson's syndrome, or benign 
prostate hypertrophy. Intermittent catheterization (IC) is an effective bladder 
management strategy for patients with incomplete bladder emptying. However, since self 
IC requires precise hand functions, the patients with impaired hand function, such as high 
level spinal cord injury, are difficult to perform and dependent to caregivers.  
We had developed an automatic urinary catheterization device for the patients with 
bladder dysfunction and upper extremity impairment. However, the size and design of 
the device were not applicable in practical environment. Thus, we developed a new 
small-sized portable device for self catheterization.  
  
Method  
The new device was designed to be composed of two parts; disposable part and 
operating part. The disposable part would be consist of a penis cap which would contact 
with glens of penis and contain lubricational system, and a sterilized catheter. The 
operating part would include a gear and motor which would advance the catheter, and a 
rechargeable battery. The penis cap of disposable part would be docked with operating 
part. Then the operating part would advance the catheter into the penis cap and orifice 
of the penis. The lubrication system for reducing friction of catheter with the urethra 
would be located in the roof of penis cap. This system would be composed of sponge 
containing distilled water. As the pre-lubricated hydrophilic catheter used in this system 
would contact with the sponge, the catheter could be lubricated and glide smoothly into 
the penis. For user-friendly purposes, the hand and operating part of the device was 
designed to be down-sized as possible.  
  
Results  
We developed a prototype of new portable automatic urinary catheterization device. This 
device could propel the catheter successfully. In a dummy model phantom study, the 
catheter was lubricated well and inserted smoothly into the bladder without any 
complications. We filed a patent for a new device lubrication system.  
  
Conclusion  
We confirmed a possibility of the newly developed portable automatic urinary 
catheterization device that could assist performing the IC. Even a patient with impaired 



fine motor ability in upper extremity or a caregiver might perform the IC easily using this 
device. Thus this device could improve the independence of daily living and the quality of 
life of not only patients but also their caregivers. Further studies for safety and 
effectiveness should be needed.  
  

 
External design of the new portable automatic catheterization device. (A) and (B) are before and after 
docking between the disposable and operating part, respectively.  
 

 
Design of the internal part of the device.  
 

 
Design of the lubrication system in the penis cap   
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Objective  
We performed this study to determine the volume and shape of residual muscle on the 
stump side during weight bearing in transfemoral amputee.  
 
Materials and Methods  
Bilateral thigh magnetic resonance imaging (MRI) was taken in two transfemoral amputee 
patients with informed consent. Both of patients put on socket and performed imaging 
study with and without resistance. A standardized MRI protocol using axial T1-weighted 
sequences with 1mm thickness was performed by a 3T MR scanner (Magnetom Skyra, 
Siemens Medical Solution, Enlargen, Germany). We reconstructed entire thigh 
musculature from iliac crest to the distal end of the amputee as a whole in a 3-dimension 
by using commercialized software (Mimics®, Belgium). And then, each thigh muscle was 
drawn according to the region of interest and visually reconstructed (Fig. 1). The volume 
of the muscles on the stump side with or without resistance was compared. The method 
of loading weight was performed as shown in the following. (Fig. 2)  
  
Results  
Thigh muscles, hip flexor, hip extensor and adductor groups, were separately 
reconstructed as a whole in a 3-dimension. Vastus intermedius showed significant 
reduction of muscle volume among all muscles. The significant reduction of vastus 
intermedius is thought to be due to the position of the muscle wrapping the stump. Hip 
flexor and hip extensor group showed increase of muscle volume with resistance. It was 
thought to be due to contraction of hip flexor and extensor muscles. Hip adductor group 
showed decrease of muscle volume in 1st participant and increase of muscle volume in 
2nd participant. (Table 1.) In 1st participant, the end of the adductor magnus was located 
near to the stump site and the adductor magnus occupied a large volume among 
adductor muscles.  
  
Conclusion  
This is the first study that showed the changes of residual muscle volume on weight-
bearing state in transfemoral amputee using 3-dimensional (3D) reconstruction of MRI 
images. Through this result, the strengthening of muscles wrapping the stump is 
considered to be important. And, we expected that this study would take a benefit to 
develop new socket design.  
  



 
Fig. 1. Separately reconstructed thigh muscles  
 



 
Fig. 2. The Method of loading weight on stump site.  
 
Table 1. Comparison of muscle volumes of amputated thigh with and without resistance. 
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Objective  
Many lower extremity- assistive robots are expected to be useful for gait rehabilitation. 



Although several gait parameters are suggested, there is no simple evaluation tool that 
can be used clinically. The purpose of this study is to suggest that gait fatigue index(GFI) 
during 6-minut walking test(6MWT) can be a useful variable to assess the efficacy using 
ANGELEGS (SG Robotics Co.).  
 
Methods  
We evaluated 15 healthy subjects. After a sufficient rest, their normal and the robot 
assistive gait were evaluated, and after 30 minutes of rapid walking, the gait was re-
evaluated using the method of 6MWT. At the same time, the spatio-temporal gait 
parameters and the GFI based on gait velocity were calculated. [GFI = {(Vmax – 
V)/Vmax}x100]  
 
Results  
 There was a significant difference in GFI after resting and after exercise, and lower 
extremity-assistive gait had higher GFI than normal gait. The GFI during lower extremity-
assistive gait showed an increasing tendency, and the change of GFI during lower 
extremity-assistive gait after exercise was significantly lower than that after rest. This was 
also related to the Results of the 6MWT.  
 
Conclusion  
The GFI based on gait speed can be a good variable to evaluate the clinical efficacy of the 
lower extremity-assistive robot.  

 

P 3-84   

The usability of applying ICT (Information and Communication Technology) 
with conventional pole 

So Yeon An1*, In Yae Cheong2, In Hee Lee3, Wan Hyoung Lee4, Jin Ha Seong5, Ji Hye 
Hwang2,6† 

Samsung Biomedical Research Institute, Center for Clinical Medicine1, Samsung Medical 
Center, Department of Physical and Rehabilitation Medicine2, Samsung Medical Center, 
Department of Clinical Nursing Science3, Samsung Electronics Co., Ltd., IoT Product 
Strategy Group4, Samsung Electronics Co., UX Design Group5, Sungkyunkwan University 
School of Medicine, Department of Medicine6 
 
Purpose  
Information and communication technology (ICT) is an extended term for information 
technology (IT) which stresses the role of unified communications. Talking pole is an 
application of ICT different to the conventional pole that provides fluid, momentum, and 
medical information, and can be checked by nurses and patients in real time. The 
purpose of this study was to find out most beneficial target user group and to investigate 
the use of Talking pole application, satisfaction and its additional functions between 
nurses and patients.  
 



 
Participants and Methods  
In this study, nurse questionnaires were distributed in 30 different medical departments 
to ascertain if the Talking pole application is appropriate for the patient in the ward. The 
contents of the questionnaire were structured according to the function of the Talking 
pole application, including fluid, momentum and medical information. According to the 
Results of the nurse questionnaire, it was found which department needs to apply this 
method. The patient questionnaire was distributed to 50 patients in the ward 
corresponding to a certain department. Patient questionnaire contents were also 
configured according to function of Talking pole. The patients and the nurses were asked 
about their satisfaction with the Talking pole and the need for additional functions.  
 
Results  
As a result of the nurse questionnaire, the departments that had many patients with 
intravenous fluid administration were hemato-oncology, thoracic and cardiovascular 
surgery, otorhinolaryngology, and pediatrics. Also, patients who can walk and need 
exercise were more in general surgery, hemato-oncology, orthopedics, thoracic and 
cardiovascular surgery departments respectively. The criteria for setting the target user 
group was patients who are receiving IV fluid and who require exercise. Patients in the 
thoracic and cardiovascular surgery and hemato-oncology departments were selected as 
the target user group according to the criteria, and the questionnaire was conducted on 
them. Patients generally did not know about the remaining time of the intravenous 
infusion, and were advised by a doctor to exercise, but they replied that they were not 
sure about the correct amount of exercise. Responses to the Talking pole was 
“interesting”(84%), “diverse functions”(71%) and “easy to learn”(98%). The functions 
required for the development of the Talking pole were 'vital sign measurement', 
'information on exercise distance' and 'communication with medical staff'.  
 
Conclusion  
 This study has significant implications for laying the groundwork for ward health services. 
As a result, the function of the Talking pole is considered necessary for the nurses and 
patients. However, more technical and safety information is still needed. If this 
equipment demonstrates safety and accuracy of information, it can be widely used as a 
tool to help medical staff and inpatients.  
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Purpose 
Recently, 3D design and printing technology has emerged as a new solution in the public 
health and medical sectors, given its potential role in the development of rehabilitation 



aids that are custom manufactured in small quantities, based on user requirements. This 
study aimed to apply 3D printing technology to the manufacture of rehabilitation aids 
and to compare process efficiency with that for hand-manufactured and imported 
devices.  
  
Methods 
In this study, mouth sticks which assist the use of electronic devices were manufactured 
using 3D printing technology and a conventional manual method. Both Methods were 
compared in terms of manufacturing process, cost, time and equipment used. The 
products were made by the same person to minimize variations in manufacturing skill. 
Solidworks premium 2016 software was used for 3D CAD design, and polycarbonate and 
duralumin were used to manually construct a mouth stick, as these materials are widely 
used for rehabilitation products. A structure was created on a uPrint SE Plus 3D printer 
using acrylonitrile butadiene styrene (ABS) plastics, and a touchscreen stylus was added 
to make each mouth stick electrically conductive. The mouthpiece was made from non-
toxic silicone to minimize pressure on the teeth.  
  
 Results 
When the 3D printing method was compared with the manual method, the former 
comprised measuring, designing, printing, and final touch processes (4 steps), and the 
latter consisted of measuring, designing, cutting, processing, assembling, and final touch 
(6 steps). The manufacturing time was 85 minutes for both Methods, and manufacturing 
costs that included only ingredients and labor were reduced by 50% in the 3D printing 
method, compared with the manual method. More than four different instruments, 
including a polisher, cutter, drill, and hand tools, were used in the manual method, 
whereas only a CAD program and printer were required for the 3D printing method. 
While polycarbonate and duralumin were required to make the product manually, only 
ABS plastics were used in the 3D printing process.  
  
 
Conclusion 
The 3D printing method required fewer manufacturing steps and materials and cost less 
than the conventional method. However, the upfront costs incurred for equipment 
purchase and investment were not included in the analysis. Using 3D printing method, 
customizing was easier than the conventional method. The material itself was 
environmentally friendly so that less harmless to the human body compared with 
conventional method. We expect that this study will be helpful for future study as a 
bridgehead of application of 3D printing technology to development of rehabilitation aids.  
  

 
Figure1. A mouth stick that is made by the conventional Method.  
 



 
Figure2. A mouth stick that is made by 3D printing Method.  
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Background 
Various hand orthosis for supporting the activities of daily living have been developed. 
However, not many of these have introduced into the market for practical feeding for 
those impaired distal motor control of upper extremity.  
Compared with spoon attached on universal cuff, Liftware LevelTM (fig 1) overcomes the 
limitations by providing automatic electronic stabilizing technology for people with self-
feeding difficulties, which includes those having cervical spinal cord injury.  
  
Description of the Orthosis 
 Liftware LevelTM consisted with hand grip, assistive strap, automatic stabilizing neck and 
replaceable fitting part (e.g. spoon, pork). Stabilizing neck rotate and bend when hand 
grip is lower than the neck part. With the rotation and bending, food material on the 
spoon is horizontally stabilized.  
  
Objectives 
To present a usability of a new feeding assistive device for persons with hand 
impairments and to compare the efficiency of the Liftware LevelTM with spoons among 
adults with cervical spinal cord injury (SCI).  
  
Design 
Equipment usability comparison test of Liftware LevelTM and spoon with universal cuff.  
  
Setting 
Rehabilitation center.  
  
Participants 
6 adults cervical SCI patients (onset of injury: more than 180 day, neurological level: 
between C2-C6, ASIA impairment scale: A, B or C on International Standard for 
Neurological Classification of Spinal Cord Injury (ISNCSCI)) were recruited. The patients 
underwent 10 day of adopting with universal cuff and Liftware LevelTM.  



  
 
Main Outcome Measures 
Measure success rate and time to manipulate 4 types of food materials (bean, tofu cube, 
minced rice, fluid) by using spoons on universal cuff and smart spoon.  
1. Success rate out of 10 trials and time to complete for moving 4 type of food (10 beans, 
10 tofu cubes, 30cc of minced rice and fluid) from dish to dish (30 cm away).  
2. Success rate out of 10 trials and time to complete for eating 4 type of food (10 beans, 
10 tofu cube, 30cc of minced rice and fluid).   
 
Results 
(1) No significant difference when moving beans and tofu cubes. (2) Comparably better 
success rate and time were observed with Liftware LevelTM when eating minced and 
fluid (fig 2 and 3). (3) On the analysis of this study outcome result was not correlated with 
injured spinal cord levels and ASIA impairment scales.  
  
Conclusion 
The successful trials and mean time for manipulating for moving and eating were tended 
to be better while using Liftware LevelTM compared with spoon with universal cuff. 
Adapted use of Liftware LevelTM might damper and assist inaccurate adjustment of 
forearm pronation, supination and wrist angle. Despite of it’s expensive price, this smart 
spoon may benefit for patients with cervical SCI with preserved shoulder and elbow 
flexion movements. Further studies are needed to demonstrate motor control of forearm 
and wrist with surface electromyography, Inertial measurement unit and correlation with 
spinal cord injury level and severity.  
  

 
Fig 1. Electronic motion-stabilizing technology with bending and rotating.  
 

 
Fig 2. Success to eat out of 10 trials: (a) using universal cuff (b) using smart spoon.  
 



 
Fig 3. Time to complete successful eating: (a) using universal cuff (b) using smart spoon.  
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Introduction 
The incidence of metabolic syndrome is also increasing in Korea due to changes in diet 
and lifestyle. Metabolic syndrome is associated with cardiovascular disease, insulin 
resistance, and hypertension. Prevention and treatment of metabolic syndrome is 
considered to be important for lowering the social burden caused by metabolic syndrome. 
There are many studies to report the incidence of metabolic syndrome and efforts to 
prevent and treat it in normal adult people. However, there are no studies on disabled 
people in Korea. The aim of this study was to investigate the incidence of metabolic 
syndrome in the disabled people and to compare the incidence of the non - disabled 
people.  
 
Materials & Methods 
From 2002 to 2013, the data were analyzed based on the National Health Information 
Database. The metabolic syndrome was defined according to the ATP-III guideline. 
However, before 2009, it was difficult to get full data because waist circumference, TG, 
HDL-C, blood pressure, and fasting blood glucose were not completely filled in. So 
metabolic syndrome was defined when people took medicines for hypertention, diabetic 
mellitus and dyslipidemia. The disabled group was defined that who got disability 
identifying of brain lesion or physical disabilities. The non-disabled group were selected 5 
times the number of disabled group by matching sex and age.  
 
Results  
The incidence of metabolic syndrome was 13.4% and 20.2% in the disabled and non - 
disabled, respectively (Figure 1). According to the age, the percentage of the under-40s 
was the lowest in the non-disabled group and the similar ratio was in the 50s, 60s, and 
70s or older. However, all age groups showed similar rate in disabled group (Figure 2).  
When compared to the non - disabled group, the incidence rate of the metabolic 



syndrome was 1.43 times higher than the non - disabled group. According to gender, the 
indicence of metabolic syndrome in the disabled group was significantly higher in both 
men and women than in the non-disabled group. By age, the incidence of metabolic 
syndrome in disabled group was significantly higher in the under-40s and 60s than in non-
disabled group.  
 
Conclusion  
Metabolic syndrome is more prevalent among people with disabilities than non-disabled 
people. Therefore, active health care is needed to prevent and manage the metabolic 
syndrome of the disabled.  
  

 
The incidence of metabolic syndrome among the disabled and non-disabled people  
 

 
The incidence of metabolic syndrome among the disabled and non-disabled people according to age  
 

 
The comparison of incidence of metabolic syndrome among the disabled and non-disabled group  
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Objectives 
A few measures are currently being developed to measure attitudes toward people with 
disability among medical students and healthcare professionals, but there are not enough 
studies on the validation or application of these measures. The purpose of this study was 
to analyze the psychometric properties of the Disability Attitude Health Care scale 
developed by Chadd and Pangilinan (2011) and to improve its measurement quality by 
using the Rasch model.  
  
Methods 
The Disability Attitude in Health Care scale (DAHC) consists of 17 items on not only 
societal attitude toward people with disability but also attitude in practice situations. 
Respondents rate each statement on a 5-point Likert scale from 1 (“strongly disagree”) to 
5 (“strongly agree”). Higher scores indicate a more positive attitude toward people with 
disability. The scale was administered to 272 students at a medical school. The sample 
was 60.7% male and contained the following proportions of medical school groups: first 
year (34.6%), second year (10.3%), third year (22.4%), and fourth year (32.5%). Rasch 
analysis was conducted using Winsteps software version 3.81.0 to assess the category use, 
overall fit of the model, and person-item fit.  
  
Results 
Before proceeding with the Rasch analysis, the Results of Principal Component Analysis 
(PCA) supported the Rasch analysis requirement for unidimensionality.  
For the first step in conducting rating scale analysis, category structure and category 
probability curves were analysed to evaluate how the respondents react to a rating scale 
as intended by the test constructor. The Results revealed that Category 1 (strongly 
disagree) of the 5-point scale malfunctioned and a 4-category scoring method by 
combining Categories 1 and 2 resulted in an improvement in the overall model fit.  
Second, misfitting items were identified with fit statistics and point-measure correlation. 
Among 17 items, two were removed from the scale; Items 2 and 13 poorly fit the model 
because of low construct homogeneity and low correlation of item score and total score 
of measure, respectively.  
Finally, the person-item map indicated that the 15-item scale did not cover the range of 
respondents’ trait abilities adequately. The scale mostly consists of easy to moderate 
items that most people can agree with and lacks difficult items for those who are deemed 
to have a higher attribute of disability attitude.  
  



 
Conclusions 
The Results of Rasch analysis suggests that some items that can assess a high level of 
personality traits should be added and further use of Rasch analysis to assess the DAHC in 
other samples of medical students is warranted.  
  
Step calibration of the response category of DAHC 

 
 
item difficulty, fit statistics, and point-measure correlation for DAHC items 

 
Item-person map comparing the individual trait and the item difficulty simultaneously placed on a common 
metric, logit  
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Objective 
Stroke is one of the leading global causes of death and disability, creating a need for long 
term support from family and social services. However, there is little investigation into 
social service user preferences and current status to guide and provide better services 
after stroke. Therefore, we aimed to report the current state of the social services after 
stroke.  
  
Methods 
In this retrospective study, we assessed a total of 275 patients (137 males and 138 
females; average age 65.85 ± 19.00 years) with stroke referred for social services in the 
hospital.The social services approach to the economic, social work, caregiver and 
rehabilitation issue were provided for the patients and caregivers. We checked the 



medical insurance system, occupation, economic level, caregiving status, counselling 
contents and support contents.  
  
Results 
Of these enrolled patents, 77.8% is paid from the health insurance, followed by Medicaid 
1 (14.2%). And, over half of the patients (55.6%) don’t have an occupation, followed by 
self-employed (8.4%), company employed (4.0%), student (2.9%), and government 
employed (2.2%). The economic level of patients is generally intermediate (53.1%) or low 
(44.4%). The most patients were cared for by family (52.4%), followed by paid caregiver 
(31.3%). The prevalent contents they want in the social service counseling included the 
medical expenses supporting (68.4%), the information of disability rating (50.9%), 
transfer hospital (32.7%), and caregiving (21.1%). Among 188 patients who consulted 
about medical expenses supporting, 94 patients (50.0%) actually received medical 
expenses supporting. And, of the 58 patient who were interviewed for caregiver, 41 
patients (70.69%) actually received caregiver services. Furthermore, social services about 
disability rating included the disability of brain lesion (16.7%) or elderly long-term 
residential care (34.2%) insurance system were provided.  
 
Conclusion 
The social services including medical expenses supporting, disability rating, transfer 
hospital, and caregiving are more important to patients with stroke or their family. This 
report can be used to inform the social service support and provide the better quality 
services.  
  
Table 1.Demographic and Characteristics of the Subjects (N=275) 

 
 



Table 2.Desired Social Service Contents of Patients 

 
 
Table 3. Actual Provided Social Services Contents 
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Objectives 
The Readiness for Return-To-Work(RRTW) is based on the Readiness for Change model 
which has been developed and confirmed in western countries identifying factors 
affecting an individual’s ability to initiate and continue behavior change, in this case 
return -to-work after rehabilitation. The RRTW scale was developed and validated by 
Franche et al(2005) to identify readiness for work especially for workers with work-
related musculoskeletal injuries. This study aims to identify the factor structure of RRTW 
model especially for not working sample― RRTW model has stages for both not working 
and working sample― compared to this original RRTW scale and explore the difference in 
terms of health status for workers with musculoskeletal injuries in Korean setting.  
  
Methods 
Participants with work-related musculoskeletal injuries(n = 187) completed the Readiness 
for Return-To-Work(RRTW) scale, sociodemographic-, work-, and health-related 



questionnaires with presence of an assistant. Participants were either in rehabilitation 
care or yet to return to work after the care. Statistical analysis included one-way ANOVA 
and exploratory factor analysis with oblique rotations and direct oblimin.  
  
Results 
Factor analysis was conducted using an original pool of 13 items. Consequently, the 
analysis confirmed the stability of the RRTW factor solution, distinguishing four RRTW 
stages: Precontemplation, Contemplation, Prepared for Action―Self-evaluative, and 
Prepared for Action―Behavioral. This result corresponds with the original RRTW scale 
except for the item 10. The four factors comprised three items each. Twelve items loaded 
significantly on one corresponding factor ranging from .37 to .91(Table 1). Cronbach 
Alpha ranged from .617 to .776, indicating each factor was properly explained by its three 
items. In the one way ANOVA analysis, psychological and physical status significantly 
differed by RRTW stages: fear-avoidance(physical activity, work), disability, mental health, 
depression. The most compromised group in terms of overall health are individuals in 
Precontemplation stage who have not thought of return to work struggling to get 
recovered from injuries. Conversely, the most advantaged group in terms of overall 
health are those in Prepared for Action―Self-evaluative, who think they are ready to 
return-to-work but have yet to take specific actions. Individuals putting on actions to 
return-to-work(Prepared for Action―Behavioral stage) rather reported lower levels on 
overall health than those in Prepared for Action―Self-evaluative .  
  
Conclusions 
The factor structure of the RRTW scale generally fits the original version, identifying four 
RRTW stages. Health status of participants tends to improve as the RRTW stage advances. 
The result implies that appropriate measures should be taken to individuals in each RRTW 
stage.  



  
Factor structure of the Readiness for Return-to-Work scale(RRTW) scale  
 

 
F-test among RRTW stages on health relevant variables  
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Introduction  
A large portion of inpatients hospitalized in are habilitation unit suffers from chronic 
illness and many of them are bedridden state. The major mortality causes as in-patients 
in rehabilitation units may be different from others. The purpose of this study is to 
investigate the main cause of mortality in rehabilitation unit and to determine 
preventable factors associated with in-hospital death in rehabilitation unit.  
  
Methods  
A total of 69 patients died in our rehabilitation unit were eligible in this study from 2000 
to 2017. We categorized pre-existing diseases and causes of death according to clinical 
incidences. Demographic information, duration of disease, underlying disease, underlying 
cause of death (UCOD), immediate cause of death (ICOD), ambulatory status before 
occurrence of UCOD, and course of death were analyzed. Descriptive statistical Methods 
were used to analyze demographic and clinical data of the subjects. We also categorized 
UCOD into aspiratory and non-aspiratory cause, and ICOD into pulmonary and non-
pulmonary complications.  
  
Results  
Total mortality rate of our rehabilitation unit was 0.53%over 18 years. Descriptive 
statistics of the data are shown in Table 1. Among 69 patients dead in our rehabilitation 
unit, non-ambulatory patients were 60 (87.0%).Ambulatory status before occurrence of 
UCOD was not statistically correlated with either UCOD (p=0.492) or ICOD (p=0.366). 
Brain injury was the most common underlying disease. Underlying diseases were not 
statistically associated with UCOD (p=0.606) and ICOD (p=0.974). Tracheal aspiration was 
the most common UCOD (n=31), followed by asphyxia, cardiovascular events, systemic 
infection other than pneumonia, and aggravation of underlying diseases. The number of 
patients who were dead directly from pulmonary complications was 54 and rest of them 
died from cardiovascular events and unknown causes. ICOD was not clinically related to 
their underlying diseases in 22 cases. Nineteen cases were sudden death by asphyxia and 
cardiovascular event. There was one suicidal case that hanged himself in ward in a 
patient with spinal cord injury.  
  
 
Conclusion  
This study demonstrated that there was no significant correlation among underlying 
disease, UCOD, ICOD, and ambulatory status before occurrence of UCOD. Most of the 
underlying causes of death were aspiration pneumonia or asphyxia due to tracheal 
aspiration, regardless of underlying diseases or ambulatory status. Most of the sudden 



deaths were caused by asphyxia or cardiovascular events. Thus, clinicians and 
professionals involving in rehabilitation care should give a special attention to pulmonary 
and cardiac complications to prevent or decreased mortality in a rehabilitation unit.  
  
Table 1. Demographic and clinical characteristics of the subjects 

 
 
Table 2. Statistical correlation among underlying disease, ambulatory status, UCOD and ICOD 
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Purpose  
The purpose of this study is to evaluate the effects of a curriculum on medical students’ 
attitudes toward people with disabilities in a medical school.  
  
Subjects and method  
A new curriculum to improve awareness and understanding of people with disability for 4 
weeks (4 hours per week) was conducted for the first-year students of a medical school in 
April-May 2017. A total of 20 medical students who received the curriculum participated 
in this study. The comparison group were composed of 22 students who were exposed to 
a course not related to disability during the same period. The entire participants in the 
intervention and comparison group were surveyed at the beginning and end of the 4-
week course. In order to identify changes in attitudes toward people with disabilities, 
Disability Attitude in Health Care Scale (DAHC) and Interaction with Disabled Persons (IDP) 
were used. Differences in attitudes between the two groups using pre-test and posttest 
data were analyzed by Mann-Whitney’s U test and Wilcoxon signed-rank test.  
  
Results  
The DAHC scores for the medical students in the intervention group had significantly 
improved from 71.95 ± 5.79 at pretest to 74.45±5.12 at posttest (wilcoxon p=0.07), while 
those of students in the comparison group had improved from 65.55±5.92 to 66.73±6.69 
(wilcoxon p=0.17). The result of Mann-Whitney’s U test showed a significant difference 
between the two groups (p <.01), indicating that medical students in the intervention 
group had positive attitude toward in people with disabilities from the beginning and had 
a more positive tendency after education course.  
The IDP scores in the intervention group had decreased from 64.55±8.01 at pretest to 
55.50±9.05 at posttest, showing that their perception of interaction with people with 
disabilities had changed more positively (wilcoxon p<.01). On the other hand, the scores 
in the comparison group had changed from 70.18±6.94 to 68.95±10.05 (wilcoxon p=.29).  
  
 
Conclusion  
This study evaluated the effect of a curriculum on attitudes of medical students toward 
people with disabilities and the Results suggest that a 4-week curricular intervention on 
disability can lead better attitudes toward people with disabilities in medical school 
students. More studies on educational effects should be made through additional data 
accumulation, and disability curriculum should be established and expanded to more 



students in order to improve knowledge, attitudes and skills about care for people with 
disability.  
 

 
 

 
 

 
DAHC and IDP scale graph   
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Purpose 
People with occupational injury had received medical, psychosocial, and occupational 
rehabilitation services through the industrial accident insurance system. However, they 
sometimes experience a high level of distress before the termination of the rehabilitation 
service because the termination is suddenly determined and the discharge planning is not 
provided. This study aims to investigate the level of distress on termination of 
rehabilitation care service and the related factors among workers with occupational 
injury.  
  
Methods 
150 patients who were receiving rehabilitation care services participated in the survey at 
a single worker’s compensation hospital. Discharge distress of patients scale developed 
by Park(2004) was modified to measure distress on termination of rehabilitation care 
service for workers with occupational injury. There were 142 men (94.7%) and 8 women 
(5.3%) with the mean age of 53.24 in total. Spinal cord injuries(32.0%) was the most 
common type of injury, followed by Spine fracture/injury(23.3%), musculoskeletal(20.0%), 
brain(13.3%), and amputation(11.3%). Mean duration of work absence was 76.83 months. 
T-test, ANOVA, and correlation analysis were used to examine differences in distress level 
by demographic characteristics, physical functioning, and work characteristics and the 
relationship with psychological factors.  
  
Results 
The result of exploratory factor analysis shows that distress on termination of 
rehabilitation care service was classified into three factors; psychological, 
social/relationship, and physical functioning/occupational factor. Among three factors, 
‘physical functioning/occupational factor’ had the highest mean value(M=4.45), which 
indicated that workers with occupational injury were worried the most about the 
disability status and resuming work. Older workers in 60s or more are more likely to 
experience higher distress than others in other age group. The more need for the help of 
others, the higher the distress of termination of care. The distress was also found to be 
different according to the types of injury. The higher the self-esteem and family support, 
the lower the distress of termination of care. As the perceived pain increased, distress on 
termination of rehabilitation care service became higher.  
  
Conclusion 
Patients should be provided with interventions such as discharge planning to return to 
community before termination of rehabilitation care service. In particular, rehabilitation 



services should be developed especially for the old patients with spinal cord injury who 
are uncertain about returning to work. Psychosocial rehabilitation programs should be 
prepared to increase self-esteem and family support. Also, if patients receive 
occupational rehabilitation services before the termination of care service, their distress 
on termination of rehabilitation care service will positively decrease.  
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Objective  
People with disabilities need comprehensive and ongoing health care services because 
they have various health problems more than people without disabilities. In using 
medical services, however, people with disabilities experience access barriers including 
physical environment problems, negative attitudes of providers, insufficient knowledge 
and skills of medical staff, difficulty of communication including the economic burden. 
The purpose of this study is to identify what barriers people with disabilities experience 
when accessing medical services by qualitative interview.  
 
Method  
This study focused on people with physical disabilities, people with vision and hearing 
disabilities, who account for the largest percentage of disability types. Data were 
collected through semi-structured in-depth interviews for 10 participants. The collected 
data were categorized into structural, personal/cultural, and financial barriers and were 
analyzed based on the IOM(Institute of Medicine) framework used in the study of 
Drainoni et al.(2006).  
 
Results  
People with disabilities have various difficulties in using medical services. The first is a 
structural barrier, such as difficulties in facility and physical access, procedures, continuity 
of care. The hospital has facilities for people with disabilities such as restroom for the 
disabled, but these are inconvenient to use. And, they have difficulty in the procedure of 



medical use because communication assistance required for the people with vision and 
hearing disabilities are not provided. The second is a personal/cultural barrier about 
insensitivity, disrespect, failure to take patients/caregivers seriously, and inadequate 
knowledge of medical staff. There were staff who notify the treatment Results only to the 
caregiver or make rude comments regarding people with disabilities. In some cases, 
insufficient knowledge of disability and second conditions related with disability resulted 
in failure to receive appropriate prescription. The third is a financial barrier about 
difficulties in joining private health insurance and the burden of medical expenses. People 
with disabilities felt a great burden because costs for health maintenance are higher than 
those of people without disabilities.  
 
Conclusion  
Overall, people with disabilities encounter various barriers to accessing medical services 
It might be suggest that several interventions are required to improve medical 
accessibility for people with disabilities, such as promoting reasonable accommodations 
in medical institutions, providing education and training for medical service personnel to 
improve understanding of disability and communication skills, and strengthening support 
to reduce medical expenses for people with disabilities.  
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Objectives 
Return-to-work self-efficacy in the recovery process is one of the strongest predictors of 
return-to-work (Franche & Krause, 2002). This study aimed to develop and validate the 
Korean version of the Return-to-Work Self-Efficacy scale (RTWSE-K) with injured workers. 
For this purpose, factor structure, concurrent validity, and reliability were examined 
among workers with work-related musculoskeletal injuries.  
  
Methods 
Translation and back-translation procedures were performed on the RTWSE-19 scale 
developed by Shaw et al.(2005; 2011). The RTWSE-19 consists of 19 items with 3 sub-
scales: meeting job demands, modifying job tasks, and communicating needs to others. 
Respondents reported their level of confidence on a scale from 0 to10 to overcome RTW 
barriers. Participants (N=215, 89.8% male, mean age 46.3 years) completed survey 
questionnaire with the RTWSE-19, Von Korff Pain Scael(pain intensity), Oswestry 
Disability Index (disability), ear-Avoidance Beliefs Questionnaire, Short Form-12 (general 
health), and Patient Health Questionnaire-9 (Depressive symptom). Exploratory factor 
analysis (principal-axis factoring and Oblimin rotation) of RTWSE items and correlation 
analysis were used.  
  
Results 
Mean item scores ranged from 4.73 to 8.11. The two items with the highest mean score 
were “describe injury and medical treatment to supervisor”(mean=8.11, SD=2.51), and 
“discuss openly with supervisor”(mean=7.99, SD=2.54). The two items with the lowest 
mean scores were “Change the type of work activities”(mean=4.73, SD=3.41) and “reduce 
physical workload” (mean=5.02, SD=3.20). Exploratory factor analysis supported Shaw et 
al.’s 3 orginal factors except item 7 (“avoid re-injury”): (1) Meeting job demands, (2) 
Communication needs to others, (3) Modifying job tasks. The total variance explained in 
18 items scale without item 7 was 66.16%. The scale showed high internal consistencey 
(chronbach’s alpha) for total and 3 sub-scales, ranged from 0.85 to 0.93. With regard to 
concurrent validity, relationships of the RTWSE with fear-avoidance, disability, depressive 
symptom, general health were generally in the hypothesized direction. High scores on the 
RTWSE were negatively correlated with fear-avoidance, disability and depressive 
symptom, and positively correlated with general health measured by SF-12. However, 
RTWSE showed no significant relationships with pain intensity, unlike existing studies 
(Brower et al., 2011; Shaw et al., 2011). Moreover, only ‘meeting demands’ RTWSE was 
significantly associated with physical aspects; fear avoidance-activity, disability, and SF-12 
physical.  



  
Conclusions 
A final 18-item version of RTWSE has adequate internal consistency and validity to assess 
worker’s belief and expectations about return-to-work. The RTWSE would be used as a 
useful instrument to assess injured worker’s motivation and situational barriers and 
improve interventions for injured workers’ successive return to work.  
 
Mean item scores and factor loadings from Principal-axis factoring analysis of the RTWSE-19 (N=215) 

 
 
Correlations between RTWSE total and sub-scales, and relevant constructs  
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Purpose  
The Ministry of Health and Welfare has established the Assistive Technology Centers(ATC) 
in 10 regions around the country since 2009, centering on the National Rehabilitation 
Center to improve the efficiency of public pay support. Assistive Technology Centers 
provide appropriate services for the disabled with systematic support processes such as 
counseling, evaluation and follow-up management.  
 In recent years, the acts on the assistive technology devices support for people with 
disability have been enacted and enforced to improve the delivery system centered on 
Assistive Technology Centers.  
The study aimed to look into contents of services performed by the Assistive Technology 
Centers and to investigate the role and effectiveness of the Assistive Technology Centers.  
  
Methods  
We reviewed the service contents including provision of assistive devices information, 
education and training, short-term rental, modification and public pay linkage between 
January 1, 2016 and December 31, 2016. The role of the Assistive Technology Centers 
was analyzed in terms of effectiveness, the Results of users' satisfaction with assistive 
devices.  
  
Results  
The contents consisted of 6,761(56%) assistive devices information, 3,578(30%) 
education and training, 975(8%) short term rental and 771(8%) modification were 
analyzed. In terms of funding and support for securing Assistive Device, 2,579 cases (49%) 
were linked to the granting of assistive devices for people with disability(MHW), support 
of Assistive Technology Center 2,579(44%), ICT Assistive Devices(MSIP) 125(3%), and 60 
cases (1%) of health insurance and medical benefits.  
 As a result of user satisfaction survey, the necessity of expansion of Assistive Technology 
Centers was the highest with 95.3 points, followed by 93.9 points of service re-
orientation and 93.5 points of professionalism of staff. 92.4 points for overall help, 91.9 
points for assistive devices, and satisfaction with service use.  
  
Conclusions  
It was shown that the Assistive Technology Centers performed mainly on the role of 
Assistive Device information, use support, and financing for people with disability. 
Balanced public salary linkage is necessary because the degree of public salary linkage is 
high. The satisfaction of the user who received the service of the auxiliary device is high, 
and it is considered that the effectiveness is high.  
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Objectives  
 Spasticity is common motor dysfunction induced from spinal cord injury (SCI) resulting in 
decreasing locomotor function. Botulinum toxin type A (BTA) inhibits muscle contraction 
affecting acetylcholine release and reduces spasticity after injury of central nervous 
system. Treadmill exercise (Ex) is also known to reduce body and fat mass resulting 
improvement of neuroplasticity. The purpose of this study was to compare the 
physiologic and histologic effects of BTA injection and that of BTA combined with 
treadmill exercise after SCI in rats.  
 
Methods  
 Experimental animals were divided into three groups; 2 of SCI, 4 of SCI+BTA, 4 of 
SCI+BTA+Ex. BTA was injected into the gastrocnemius of SCI+BTA and SCI+BTA+Ex rats. 
SCI+BTA+Ex rats were assigned to treadmill exercise. For the physiologic and functional 
changes, all animals were weighed and their locomotor behavior was assessed with 21-
point Basso, Beattie, and Bresnahan (BBB) locomotor recovery scale at 1, 3, 7, 14 days 
after injection. After 14 days, all subjected animals were sacrificed and their 
gastrocnemius and soleus muscles were collected for the weight of individual muscles 
and histologic analysis.  
 
Results  
 All groups demonstrated lowest body weight at day 3 after injection and regained body 
weight on the 14th day. Locomotor function of all groups remained low until the 3rd days 
after injection and had gradually elevated until the 14th days (Figure 1). The score of 
locomotor function of SCI+BTA+Ex was the highest after 14 days of injection. 
Gastrocnemius muscle mass was heavier in SCI group at 14 days after injection, on the 
other hand, soleus mass showed no difference between groups (Figure 2). The number of 
vacuoles on the H&E stained muscle sections of each group were counted using Image J 
software, and the muscles of SCI group had more vacuoles than other two groups (Table 
1), indicating delayed functional recovery  
  
Conclusions  
 In this study, BTA is thought to have spasticity-alleviating effects and promote functional 
recovery after SCI in rats. These effects can be extended by combination of treadmill 
exercise.  
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Figure 1. Effect of BTA and treadmill exercise on BBB scores after spinal cord injury  
 

 
Figure 2. Effect of BTA and treadmill exercise on gastrocnemius mass and soleus mass at 14 days after 
spinal cord injury  
 
Table 1. The numbers of vacuoles observed on muscle sections 
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Objective  
Difficulty in walking is a major feature of spinal cord injury, and loss of mobility is the 
activity of daily living on which patients place the greatest value. Recently, robotic 
exoskeleton devices for walking of spinal cord injury is being developed. Therefore, this 
study was investigated the evaluation of usability between the robotic exoskeletons for 
walking in spinal cord injury patients.  
  
Method  
The participants were seven spinal cord injury patients. There was confirmed the 
evaluation of usability using satisfactory survey of 10 items (5-point Likert scale) after 
walking with robotic exoskeleton based on ReWalk® or ExoAtlet®. The data was analyzed 
by wilcoxon signed rank test between the both walking of robotic exoskeletons.  
  
Results 
 The convenience of wearing device, convenience of operating the device, comfort during 
standing, balance of stance leg, smoothness of swing leg, self-confidence by walking with 
device and needs for continuous walking with device in the 10 items were more higher in 
the walking with ExoAtlet® than the walking with ReWalk®. And, the comfort of 
contacting the body and comfort during sit to stand in the 10 items were more higher in 
the walking with ReWalk® than the walking with ExoAtlet®. But, there was no statistical 
difference between both walking of robotic exoskeletons.  
  
Conclusion 
 We did not confirmed the significant difference between both walking of robotic 
exoskeletons in usability evaluation. But, this study has a limitation. It is difficult to 
generalize its Results because the number of participants in this study was too small.  
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Objective 
 The prevalence of cervical ossification of posterior longitudinal ligament (OPLL) is known 
to be higher in Asians than other ethnic groups. Previous research into OPLL has mostly 
been in institution-based, however, these studies could have selection bias, especially for 
epidemiologic results. The objective of this study was to investigate the demographic 
characteristics of cervical OPLL including prevalence, surgical treatment, and disability in 
Korean population using Korean National Health Insurance Service National Sample 
Cohort (NHIS-NSC) data, and to analyze association between accessibility for surgical 
treatment and socioeconomic factors.  
 
Materials & Methods 
We conducted a retrospective cohort study of OPLL patients using a stratified random 
sample (n = 1,025,340) of all citizens on December 31, 2002. From this pool, we selected 
patients with a primary diagnosis of cervical OPLL (ICD-10 code: M 48.80, M48.81, 
M48.82, M48.83, M 48.89) from the year 2002 to 2013. In total, 1,954 OPLL patients with 
cervical lesion were included. Surgical procedures coded with cervical laminectomy 
(N1497, N2497), laminoplasty (N2491, N2492), diskectomy (N1491), corpectomy (N0451), 
and fusion (N2461, N2462, N2463, N2467, N2468, N2469) were considered as having 
received surgical treatment. Disability was classified as ‘mild’ (Grades 3-6) and ‘moderate 
to severe’ (Grades 1-2). We divided residential areas into: capital, metropolitan, and rural. 
The income deciles of enrolled subjects were categorized into the four or six groups. 
Baseline categorical variables were expressed as numbers and percentages and were 
compared using the χ2test. We also estimated the adjusted odds ratio (OR) and 95 % 
confidence interval (CI) for the relationships between the covariates and surgical 
treatment by applying a multiple logistic regression model. A p value of less than 0.05 
was considered statistically significant.  
 
Results 
The prevalence of cervical OPLL was 190 per 100,000 people (males: 163.3 per 100,000 
people; females: 217.9 per 100,000 people) in Korea. In the cohort, 11.4% of male 
patients and 4.0% of female patients received surgical treatment. Logistic regression 
analysis revealed that male patients received more surgical treatment than did female 
patients, also income level and residential area influence the rate of surgical treatment in 
females after adjustment of covariates (p< 0.05). Disability rate associated with cervical 
OPLL was 2.27% in male and 0.99% in female patients.  



 
Conclusions 
The prevalence of cervical OPLL was 190 per 100,000 people. Male patients received 
more surgery, and disability rate of male was higher than female patients. Although 
surgical treatment is covered by medical insurance in Korea, socioeconomic factors such 
as income level and residential area influence the treatment plans in females. These 
findings can help in the understanding of disease progression and can inform surgical 
treatment plans to reduce disability.  
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Introduction  
Recent days, gene expression studies are performed to reveal the underlying changes in 
the gene expression patterns after spinal cord injury (SCI). However, few studies provided 
follow-up confirmation of the identified genes in human tissues or at the protein or cell 
level, in order to verify their functional significance.  
The aim of this study is to identify cell-specific expression changes using transcriptome 
analysis of dermal fibroblast in SCI patients.  
  
Methods  
We applied transcriptome analysis to characterize global gene expression after SCI. 
Dermal fibroblasts were obtained from deltoid and quadriceps of paraplegic SCI patients. 
Also, transcriptome analysis of normal control was done. Differentially expressed genes 
(DEGs), the result of transcriptome analysis, was then analyzed by a program Database of 
Annotation Visualization and Integrated Discovery which yielded Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway and Gene Ontology (GO) term.  
  
Results  
Comparing SCI-deltoid with control group, total 813 DEGs were screened out, 477 up-
regulated genes and 336 down-regulated gene. Comparing SCI-quadriceps with control 
group, total 390 DEGs were screened out, 206 up-regulated genes and 184 down-
regulated gene. Cell cycle pathway, ECM receptor interaction and focal adhesion were 
significantly altered in both SCI-deltoid and SCI-quadriceps.  
  
Conclusion  
In this study, we have described global gene profiling after SCI. These Results provide 
data resources for a better understanding of the SCI.  
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Objective 
The ability to ambulation is a great impact factor on the quality of life. Many spinal cord 
injury(SCI) patients can not stand up. The sliding board machine(SBM) is a device for 
strengthening leg strength. Closed chain exercise of hip, knee and ankle is possible in the 
SBM. The patient's exercise level can be set by changing the SBM’s angle of inclination. 
The SBM was applied to SCI patients who were unable to participate in weight bearing 
exercise or gait training due to leg weakness. Patient’s compliance, adverse effect 
prevalence and exercise effect were examined to assess the safety and feasibility of the 
SBM.  
  
Subjects & Methods 
Participants were 30 SCI patients who were transferred to rehabilitation unit after 

surgical treatment. Patients with severe cognitive impairment(MMSE＜23), severe visual 
impairment, or other neurologic & musculoskeletal problem were excluded. Every 
participants performed sliding rehabilitation exercises in addition to conventional 
therapies. The number of sessions and the occurrence of complications were 
documented daily. The SBM’s angle of inclination, repetition count, Berg balance 
scale(BBS), Korean modified barthel index(K-MBI), Walking index for spinal cord 
injury(WISCI), and manual muscle test(MMT) were documented weekly.  
  
Results 
1123 out of 1200 sessions were performed during the 4 week of study period. Reasons of 
absence were fever due to infection(49), gluteus & calf pain due to overwork(11), knee 
pain d/t osteoarthritis(6), sleep disturbance & depressive mood(6), schedule error(3), and 
dizziness(2). After 4 weeks of exercise period, the study showed improvement in angle of 
the SBM, repetition count, BBS, K-MBI, WISCI, MMT.  
  
Conclusions 
The participation rate of the patients was 94%. No serious adverse events occurred 
during training with the SBM. There were minor and temporary adverse events (e.g. local 
muscle pain and knee pain). After 4 weeks of exercise period, the study showed 
improvement in the SBM’s angle of inclination, repetition count, BBS, K-MBI, WISCI, MMT. 
These Results mean improved balance, gait ability and muscle strength in patients. 
Through this study, we were able to find out that the SBM was well applicative in SCI 
patients. The SBM is useful for patients with limited ability to participate in weight 
bearing exercise or gait training. Nevertheless, patients-control group study should be 
performed to evaluate effectiveness of the SBM.  
 
 
 
 



 
 Table 1. Demographic data of patients 

 
 
Table 2. The measurement values of clinical parameters 
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Asymtomatic Pyuria or Bacteuria do not increase risk of UTI after UDS with 
prophylactic antibiotics 

Seung Hyun Kwon1*, In Suk Park1, Eun Young Kim1, Hye Jin Lee1, Bum Suk Lee1† 

National rehabilitation Center, Department of Rehabilitation Medicine1 
 
Purpose  
Many random urine samples of spinal cord injury patients without urinary infection 
symptoms present pyuria or Bacteuria  
Therefore, prophylactic antibiotics are administered before urodynamic studies in our 
hospital.  
The purpose of present study was  
1. finding the percentage of incidental pyuria and bacteriuria in spinal cord injury patients  
2. assessing the impact of pyuria on urinary tract infection after urodynamic studies in 
spinal cord injury patients when prophylactic antibiotics are administered.  
  
Objectives & Methods  



Patients were recruited from August 2015 to December 2016. A total 227 consecutive 
patients with spinal cord injury underwent urodynamic study during period were included 
in this study.  
*Definitions  
 Ÿ Pyuria: ≥ 10 WBCs per HPF in urine microscopic examination  
Bacteriuria: > 105 CFU per ml in urine culture Symptomatic UTI : Pyuria + newly 
developed symptom (fever or urethral pus discharge) Urinalysis and urine culture was 
done within 12 hours before urodynamic study. We use ciprofloxacin for First line 
Prophylatic antibiotics. Cefaclor was used for second line if previous urine culture showed 
resistance to ciprofloxacin or when patients have contraindication for using Ciprofloxacin. 
Prophylactic antibiotics was administered orally for 5 days after sampling urine. Twenty 
four hours after urodynamic study, urine microscopic examination and urine culture was 
done again. We designed the criteria to define symptomatic UTI based on urine 
microscopic examination. Symptomatic UTI was defined as presence of pyuria with newly 
developed fever or urethral pus discharge.  
Fisher’s exact test was used to compare the incidence of symptomatic UTI after 
urodynamic study. The level of statistical significance was defined as p<0.05  
  
Results  
Of total 227 urine samples before urodynamic studies, pyuria was detected in 99 samples 
(44%), bacteriuria was detected in 159 samples (70%).  
Symptomatic UTI was observed after urodynamic study in 5 patients. All 5 patients had a 
fever. 3(3.03%) of 99 patients had pyuria and 2 (1.56%) of 128 patients did not before 
urodynamic study present symptomatic UTI. There was no statistical difference (P=0.431) 
between two groups. 3(1.88%) of 159 patients had bacteriuria and 2(2.94%) of 68 
patients did not before urodynamic study present symptomatic UTI. There was also no 
statistical difference (P=0.212) between two groups  
  
Conclusion  
Asymptomatic pyuria(44%) and bacteriuria(70%) was observed in many spinal cord injury 
patients. With oral prophylactic antibiotics, there was no significant difference of 
incidence of symptomatic UTI after urodynamic study between the patients who had 
pyuria or bacteriuria and patient did not before urodynamic study  
  

 
 



 
 

 
 

P 3-103   

Psychological Appraisal in Person with Spinal Cord Injury and their Primary 
Caregiver 

Jihyang Kim1, Jeong-Sun Park1, So Jung Kim1*, Hyun-Yoon Ko1†, Ju Hyun Son1 

Pusan National University Yangsan Hospital, Department of Rehabilitation Medicine1 
 
Objectives 
Spinal cord injury (SCI) is a massive assault to the psyche as well as the body. The 
instantaneous effects of the injury result in total disruption of the person’s life who has 
SCI, and a life-long psychological adjustment process. Caregivers of individuals with 
chronic disturbances, such as individuals with spinal cord injury, also experience high 
levels of psychiatric and physical morbidity. A care giver of an adult aging with SCI may be 
at even greater risk of negative outcome because of long duration of the caregiving 
career and unique challenges of caring for an adult aging with a SCI. We were curious 
about the degree of depression, anxiety, hopelessness, and self-esteem of the person 
who has SCI and their primary caregiver and difference of the psychological appraisal 
between the person with SCI and primary caregivers.  
Subjects: Thirty-five person with SCI (27 men, 8 women; mean age 50.80±10.57) and 24 
primary caregivers (4 men, 20 women; mean age 49.96±12.16) and 38 healthy control (17 



men, 21 women; mean age 45.00±11.17) participated in the study. Patients with 
complete injury (ASI A) were 11 (31.4%), and incomplete injuries (AIS B, C, D) were 24 
(68.6%).  
 
Methods 
Measures of depression, anxiety, hopelessness, and self-esteem for person with SCI and 
primary caregivers were the Korean-Beck Depression Inventory (K-BDI-II), Korean-Beck 
Anxiety Inventory (K-BAI), Korean-Beck Hopelessness Scale (K-BHS), and Self-esteem Scale, 
respectively. Although there were no significant group differences in age and marital 
status, healthy control was higher in education level than other 2 groups. The ratio of 
men in SCI group was higher than the other 2 groups. Therefore, education level and sex 
ratio were controlled as a covariate in the statistical analysis.  
 
Results 
There was a significant difference among the 3 groups. The Results revealed that the SCI 
group and primary caregiver group had significantly higher depression, anxiety, and 
hopelessness in the daily life, and lower self-esteem than healthy control group. SCI 
group and primary caregiver group did not differ in the level of depression and anxiety. 
However, SCI group experience a higher degree of hopelessness, and lower self-esteem 
than primary caregiver group.  
Conclusion 
These Results indicate that the primary caregiver as well as person with SCI undergoes 
psychological difficulties. Person with SCI and primary caregiver whose scoring above 
clinical cut-off scores for depression, anxiety, and hopelessness highlight the need to 
continue to ensure that appropriate psychological care should be provided in 
rehabilitation setting.  
  
Table 1. SCI, spinal cord injury; PCG, primary caregiver; HC, healthy control*p<.05, **p<.01 

 
 
 
 
 
 
 
 
 



Table 2. SCI, spinal cord injury; PCG, primary caregiver; HC, healthy control, *p<.05, **p<.01, ***p<.001 
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Kyung Cheon Suh1*, Tae Uk Kim1, Seo Young Kim1, Jung Keun Hyun1,2† 
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Regenerative Medicine2, Dankook University, Institute of Tissue Regeneration 
Engineering(ITREN)3 
 
Objective 
To delineate the effects of the gabapentinoids on neurological and functional recovery in 
patients with spinal cord injury (SCI).  
 
Method 
Gabapentinods (gabapentin or pregabalin) were applied to 57 SCI patients from subacute 
stage during rehabilitation period, and 9 patients were compared as control. Neurological 
status including the International Standards for Neurological Classification of Spinal Cord 
Injury (ISNCSCI), and functional status such as Functional independence measurement 
(FIM), and Korean modified Barthel index (K-MBI) were reviewed at admission and 
discharge.  
 
Results 
Among 57 patients, 51 patients took pregabalin with a dose from 150 to 600mg per day 
and 6 patients took gabapentin from 600 to 3,600mg per day. Among ISNCSCI, left lower 
extremity motor score was positively correlated with the duration of gabapentinoids. 
Total MBI score, self-care and sphincter control subscores, and total score of FIM were 
also positively correlated with the duration of gabapentinoids. American Spinal Cord 
Injury Association (ASIA) impairment scale (AIS) was improved in 6 SCI patients who had 
taken pregabalin (11.8%) while other patients, who did not take gabapentinoids or took 
gabapentin, did not show any improvement of AIS.  



 
Conclusion 
Gabapentinoids might be helpful to enhance functional improvement in SCI patients, and 
pregabalin, unlike gabapentin, is related to some extend of neurological recovery 
following SCI.  
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Objective 
To find out the long term outcome of vascular spinal cord injury (VSCI) compared to non-
vascular spinal cord injury (NVSCI).  
  
Methods 
54 patients with vascular spinal cord infarction (VSCI) and 116 patients with non-vascular 
spinal cord injury (NVSCI) who visited Bundang Seoul National University hospital 
between 1 April 2003 and 31 December 2015 were retrospectively included. 
Demographic characteristics, concomitant diseases, MRI findings, American spinal Injury 
Association (ASIA) Impairment Scale (AIS), modified Rankin Scale (mRS), Korean Spinal 
Cord Independence Measure (KSCIM), ambulatory status and bladder function were 
reviewed. Functional outcomes were measured at three points – at admission, discharge 
and 6 months after discharge.  
  
Results 
Mean onset age of patients with VSCI and NVSCI was 62.4 and 60.0. The VSCI had more 
hyperlipidemia and smoking history than patients with NVSCI. A total of 55.6 % VSCI 
occurred idiopathically. Only 2 cases occurred perioperatively. On admission, 22.6% of 
VSCI patients had severe neurological deficit(ASIA A, B) and were significantly on poor 
state than NVSCI patients. However, at the long term follow up, the difference of ASIA 
scale between VSCI and NVSCI group had disappeared. On functional outcome, 86.8% of 
VSCI patients needed foley catheter or CIC on admission. At discharge, patients who 
required catheterization decreased to 66.7% and by the final follow up, 50%. Significant 
difference between two groups in catheter usage reduced at the long term follow up.  
  
Conclusion 
Even though patients with VSCI showed worse neurological and functional outcome at 
first, the improvements after long term treatment were relatively higher than NVSCI. 



Finally, patients with VSCI could reach the similar functional level of NVSCI patients.  
  
 
Table 1. Asia Impairment Scale (AIS) at different points from symptom onset 

 
 
Table 2. Functional outcome at different points from onset. 
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Motor and sensory function as a predictor of respiratory function in high 
cervical SCI 

Yong Beom Shin1†, Ra Yu Yun1*, Tae Wan Kim1, Sang Hun Kim1, Je Sang Lee1, Jin A Yoon1 

Pusan National University Hospital, Department of Rehabilitation Medicine1 
 
Objectives  
The objectives of the study were to: (1) to examine the correlations between diaphragm 



movement found on fluoroscopy and sensory and motor functions evaluated through 
physical examinations; and (2) investigate the relationship between fluoroscopic 
diaphragm examination and ventilator weaning after SCI.  
 
Methods  
A total of 67 patients with high cervical SCI (56 male, 11 female; average age, 56.6 ±15.9) 
admitted to our hospital were enrolled in the study. Inclusion criteria was: SCI patients 
with neurologic level of injury C2 to C5 by American Spinal Injury Association (ASIA) 
standard. One rehabilitation physician performed sensory and motor examinations in all 
patients while each patient was in the supine position. Patients were scored bilaterally 
based on the ASIA standard. In addition, fluoroscopic diaphragm movement study was 
done. The patient was instructed to breathe spontaneously and deeply 3 times each in 
the supine position and the maximum movement of the diaphragm was recorded. (Figure 
1) To investigate the link between diaphragm movement and respiratory function test, 
bedside spirometry (Cosmed, Italy) was performed. The significance between the sensory 
and motor function and ipsilateral diaphragm movement was examined using categorical 
variables.  
 
Results  
Deep breathing movement significantly higher in the group of patients with a score 
greater than 3 on the manual muscle test for C5 key muscle, compared with the group of 
patients scoring less than 3. Diaphragm movement significantly higher significantly in 
groups of patients with intact right C3 and bilateral C4 sensory functions based on the 
pin-prick test. Only the right C4 dermatome was significant for the light touch test. (Table 
1) Natural breathing during fluoroscopic diaphragm examination and ventilator weaning 
showed statistical significance with movement on the right, while deep breathing showed 
statistical significance with the movement on both sides. (Table 2) Analysis of bedside 
spirometry Results showed that in deep breathing, tidal volume (TV) and maximal 
inspiratory pressure (MIP) were significantly correlated and forced vital capacity (FVC) 
showed statistical significance with diaphragm movement on both sides, confirming that 
the extent of diaphragm movement is appropriate as an objective assessment of 
respiratory function  
 
Conclusions  
The present expansion study showed that through simple bedside physical examinations, 
rehabilitation physicians could relatively easily predict diaphragm movement and 
respiratory function recovery which showed significance with ventilator weaning in 
patients with high cervical SCI. Also, a need for additional tests to evaluate respiratory 
function can be determined through the simple bedside physical examinations.  
  
Table 1. Correlation between C5 key muscle strength, pin-prick, light touch sense and diaphragm 

movement during deep breathing. 



 
 
Table 2. Correlation between diaphragm movement and ventilator weaning 

 
 

Fig 1. Diaphragm movement found on fluoroscopy 
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Quantitative correlation between tibial SSEP and balance in AIS D patients 
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and Regeneration Research Center2 
 
Introduction  
Most AIS (American Spinal Injury Association Impairment Scale) D patients with spinal 
cord injury (SCI) usually gain at least partial walking function. Somatosensory-evoked 
potentials (SSEP), mainly assessing an afferent pathway including dorsal column, are 
known to be related to the extent of SCI and functional recovery of balance in patients 
with acute SCI. However, also there is scanty of study showing quantitative correlation 
between SSEP and balance in spinal cord injury. The goal of the retrospective study 
described is to evaluate the quantitative relationship between the tibial SSEP and the 
parameters used to assessing balance.  
  
Methods  
For this retrospective comparison study, patients with AIS D in a subacute stage (onset < 
6 months) were included, who admitted to our hospital between March, 2014 and May, 
2017. Exclusion criteria were 1) previous UMN lesions, 2) neurodegenerative diseases 
such as Parkinson’s disease, and 3) peripheral neuropathy in lower extremities. 
Demographics and baseline clinical features were acquired along with parameters in the 
ASIA score, Berg Balance Scale (BBS), Trunk Impairment Score (TIS) and Gaitrite system®. 
Neurologic examinations of all patients were performed according to the 2011 ASIA 
Standards. The parameters described above were also measured. The assessments were 
performed twice: the first was done initially after hospitalization and the second was 
done after 4 weeks of intensive inpatient rehabilitation program. The tibial SSEP and 
nerve conduction studies were conducted before starting the intensive inpatient 
rehabilitation. The average of P40 latencies and amplitudes (base to peak) of the both 
sides of the tibial SSEP were recorded. Spearman’s correlation test was used on data from 
ordinal scales.  
  
Results  
Data from 14 patients were collected. Demographics are described in the Table. The 
amplitudes of the initial tibial SSEP and the initial balance scale (BBS) were significantly 
interrelated with the coefficients ranging moderate (Figure) and there were no significant 
correlations between the latencies or amplitudes of the tibial SSEP and the parameters of 
Gaitrite system or the later balance examinations.  
  
Conclusion  
The Results of this study suggest that the latencies and amplitudes of tibial SSEP were 
significantly correlated with current balance status in AIS D patients. However, the small 



sample size and no follow up SSEP study were the limitation of this study. Further study 
with larger sample size and containing follow up study is necessary.  
 

 
 

 
Abbreviations; SSEP, somatosensory evoked potential; BBS, Berg balance scale  
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Introduction  
Locomotor ability is mostly affected in people with spinal cord injury(SCI). Decreased 
mobility is associated with low quality of life (QOL) in post-SCI. Several components are 
regarded as important determinants of walking such as balance, spasticity, age, and 
strength. Among them, the strength of lower extremity is the most widely studied factor 
in SCI patients in relation to both functional independence and gait. However, the degree 
of different contribution of each functional component is still unclear even though the 
ambulation is an integration of motor and sensory functions originating from multiple 
spinal cord levels. This study aimed to prioritize the motor and sensory variables to 
expect the ability to walk in patients with incomplete SCI.  
  
Methods  
A retrospective study was performed. Thirty patients with incomplete SCI were included, 
whose lesions were confirmed by MRI. Criteria for inclusion were as follows: 1) 
incomplete SCI (AIS B, C and D);2) disease affected period between 2 weeks and 2 years; 
3) neurological level of injury that is L2 or higher. However, patients with 1) brain lesion, 
2) pain hindering activity, 3) cognitive impairment, 4) peripheral neuropathy and 5) 
operation history of any limb were excluded. Motor and sensory scores were collected 
according to International Standards for Neurological Classification of Spinal Cord Injury 
(Table 1). The variables were analyzed by plotting receiver-operating-characteristic (ROC) 
curves to estimate their differential contributions for independent walking. The most 
significant functional determinant was identified through the subsequent logistic 
regression analysis.  
  
Results  
Motor (Table 2) and sensory scores (data not shown) were significantly different between 
the ambulators and non-ambulators. The majority was associated to the function of 
lower extremities. Through the calculation of area under ROC curves (AUC), the strengths 
of hip flexor (L2) (AUC=0.905, p<0.001) and knee extensor (L3) (AUC=0.820, p=0.006) 
were demonstrated to have the highest contribution for independent walking (Figure). 
Also, the strength of hip flexor (L2) was found to be the single most powerful predictor of 
ambulation by the logistic regression analysis (odds ratio=6.3, p=0.049), and the model fit 
well to the data.  
  
Conclusion  
In Conclusion, the strength of hip flexor and knee extensor may be the most important 
factor of SCI patients for independent gait. These findings may provide information for 
determination of rehabilitation goal setting regarding ambulation. Further study with well 



controlled larger sample size using robust statistical analysis is required to confirm our 
findings and to evidently elucidate the role of sensory function. Also, it would be helpful 
to conduct longitudinal cohort studies to identify the relationship between recovery of 
walking ability and improvement of each sensorimotor component.  
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Introduction  
In literature, 45% of cases of cauda equina syndrome (CES) are attributed to a lumbar 
herniated disc. The prognostic factors of CES have been reported including bladder and 
bowel dysfunction, perineal anesthesia, time to achieve decompression, and so on. There 
are abundant of studies focused on non-traumatic causes of CES, but only few studies 
about traumatic causes. The purpose of this study is to investigate the differences and 
clinical implications according to causes including trauma in patients with CES.  
  
Methods  
We retrospectively reviewed 37 patients diagnosed as CES from 2008 to 2017. The 
subjects were divided into two groups: non-traumatic and traumatic. Functional status 
was measured using the Spinal Cord Independence Measure (SCIM) score. We also 
analyzed the difference of neurologic level of injury (NLI), American Spinal Injury 
Association Impairment Scale (AIS), findings of urodynamic study (UDS), and pudendal 



nerve somatosensory evoked potentials (SSEP) between two groups using the chi-square 
test.  
  
Results  
There was no significant difference in age and gender between non-traumatic and 
traumatic groups. Neurologic level of injury (p=0.59), AIS (p=0.42), finding of UDS 
(p=0.92), and pudendal nerve SSEP (p=0.89) were not statistically associated between 
two groups. There was no significant difference in SCIM sub-score and sum of motor 
grades of lower extremities.  
  
Conclusion  
In this study, there was no significant difference in functional status and clinical 
implications between non-traumatic and traumatic groups with CES. These Results 
suggest that the etiology itself in patients with CES cannot predict functional status, 
severity of injury, or bladder function. Comprehensive consideration about etiologic 
factor of CES will be needed with prospective study design for future study.  
 
Table 1. Baseline of characteristics of the subjects 

 
 
 
 
 
 



Table 2. Comparison of characteristics between non-traumatic and traumatic groups with CES 
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Introduction  
 Patients with early stage of amyotrophic lateral sclerosis (ALS) usually complain fatigue 
and muscle weakness of upper extremities. Since these symptoms can be confused with 
those of cervical radiculopathy, unnecessary surgical treatments for cervical spine are 
performed in many cases. Thus, it is important for clinicians to avoid unnecessary surgical 
treatments for cervical spine in patients with ALS. The purpose of this study is to 
investigate the frequency of cervical spine surgery around the time of diagnosis of ALS 
among patients with ALS in our hospital.  
  
Methods  
 Medical records of 182 patients with ALS from 2008 to 2017 were retrospectively 
reviewed. There were 9 subjects who have undergone cervical spine surgery. Data on 
demographics, diagnosis for operation, and pre- and post-operative symptoms in subjects 
were analyzed.  
  
Results  
4.95% (n=9) of the subjects had undergone cervical spine surgery before diagnosis of ALS. 
All of the subjects had reported weakness in upper extremities. Three subjects had 
complained dysarthria and swallowing difficulty. All of the subjects had been diagnosed 
as cervical herniated nucleus pulposus (HNP). Pre-operative symptoms had been 
aggravated after surgical procedures in 3 subjects. After surgical procedures, other 
symptoms such as lower extremities weakness, dysarthria and swallowing difficulty had 
newly occurred in 6 subjects.  
  
Conclusion  
In some cases of early stages of ALS, it is easy to be confused with cervical radiculopathy. 
Clinicians should be careful with history taking and consider other comorbidities of 
symptoms including dysarthria, swallowing difficulty, other muscle weakness or reflex 
hyperreactivity.  
 
 
 
 
 
 
 
 
 
 



Table 1. Demographic and clinical characteristics of the subjects 
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Objective  
Many bed ridden patients are suffering from complications like pressure-ulcer, even 
though mattress is applied to reduce pressure, and more effective Methods are being 
studied. The aim of this study was to investigate the effects of high-density high-
resilience (HDHR) foam mattress (ROTA mattress) on interface pressure compared with 
air mattress in bed-ridden patients.  
  
Methods  
Fifteen bed-ridden patients were included and their body mass composition measured. 
Interface pressure was measured by applying a pressure sensor(CONFORMat pressure 
sensor) from the lumbar spine to the area containing the pelvis in the patient's supine 
position on the bed. We measure the pressure in three ways as follow: 1) with hospital 
mattress 2) with air mattress 3) with HDHR mattress. The maximal peak pressure when 
used mattress was selected. For data analysis, we used SPSS version 22.0 (SPSS Inc., 
Chicago, IL, USA) for Windows. An post-hoc comparisons between groups on calculating 
Kruskal–Wallis ANOVA statistic.  
  
Results  
There was no significantly difference in pressure reduction according to demographics. 
All types of air mattress showed a reduced in pressure compared with hospital mattress. 
Compared with all air mattress, the HDHR mattress showed a significantly reduced in 



pressure. And also significant reduced in body weight and height corrected pressure 
value was also observed.  
  
Conclusion  
The HDHR foam is made of cell opener containing ester linkage in molecule have 
improved values of tensile strength, tear strength and elongation. The lattice structure of 
the empty space shows excellent pressure dispersion. The HDHR mattress is consist of 
central base of high-density high-resilience foam, which provides imprint of the body 
shape, follows its contour and maintains a floating state. So the distribution of pressure is 
optimized on the entire surface and the shearing areas are reduced. There are 4 specific 
discharge zones at the ends of the mattress to relieve pressure on the heels and head.  
Similar to previous studies, air mattress have resulted in reduced pressure on patients. In 
addition, the most fabulous pressure dispersion effect was observed in the applying the 
HDHR mattress. The use of a more effective pressure reducing mattress may have a more 
positive effect on patient management and decreased complications.  
  

 
Fig 1. High-density high-resilience mattress  
 
Table 1. Demographic & body index 

 
 
Table 2. Interface pressure data 
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Objective 
To investigate the effect of family caregiving on depression in the first three months after 
spinal cord injury (SCI).  
  
Methods 
A retrospective study was carried out on 76 patients diagnosed with a SCI from January 
2013 to December 2016 at the Department of Physical Medicine and Rehabilitation of 
Kyungpook National University Hospital, South Korea. Clinical characteristics including 
age, gender, level of injury, completeness of injury, time since injury, caregiver 
information, etiology of injury, and functional data were collected through retrospective 
medical record review. Depression was assessed using the Beck Depression Inventory 
(BDI). Patients with 14 points or more were classified as the depressive group and those 
with scores of 13 or less as the non-depressive group.  
  
Results 
Of the 76 patients, 33 patients were in the depressive group with average BDI of 
21.27±6.17 and 43 patients were in the non-depressive group with average BDI of 
4.56±4.20. The BDI score of patients cared by unlicensed assistive personnel (UAP) was 
significantly higher than of those cared by family (P=0.020). Univariate regression analysis 
showed that motor complete injury (P=0.027), UAP caregiving (P=0.022), and ambulatory 
motor index (AMI) (P=0.019) were associated with depression after SCI. Multivariate 
binary logistic regression analysis showed that motor completeness (P=0.002) and UAP 
caregiving (P=0.002) were independent risk factors.  
  
 



 
Conclusion 
Comparing with UAP caregiving, family caregiving could lower the prevalence of 
depression in the first three months after SCI.  
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Objective  
Deep vein thrombosis and pulmonary thromboembolism are one of the major 
complications and significant cause of mortality after acute spinal cord injury. Therefore, 
we reviewed the incidence, occurrence site, and treatment approach of deep vein 
thrombosis(DVT) and pulmonary thromboembolism(PTE) in patients with spinal cord 
injuries(SCI).  
  
Method  
From January 2014 to December 2016, 35 patients with DVT and PTE were 
retrospectively reviewed among 653 patients with SCI admitted to the rehabilitation 
hospital. The patients underwent treatment and images were taken to confirm 
thrombosis resolution.  
  
Result  
There were 25 men and 10 women with an average age 46.2 yr(range, 19-71yr) at the 
time of injury. Eighteen patients were AIS grade A, 7 were grade B, 8 were grade C, and 2 
were grade D. Three SCI patients had non-traumatic causes and 32 had traumatic causes 
(Table 1).  
DVT occurred in 17(78.5%) cases, PTE in 14(40.0%) cases, and DVT and PTE in 4(0.11%) 
cases (Table 2). The incidence was 16(45.7%) within 1 month and 15(42.8%) within 2 
months and no patients displayed thrombosis more than 6 months after SCI.  
Thrombosis was found incidentally in 9 cases, D-dimer elevation in 5 cases, leg swelling in 
19 cases, and dyspnea in 2 cases. After diagnosis of thrombosis, the duration of 
anticoagulants was 54.6 days for DVT, 88.7 days for PTE alone, and 81.2 days for DVT and 
PTE, respectively. All were confirmed to have thrombosis resolution through CT and then 
discontinued. There was a higher incidence in patients with tetraplegia than paraplegia, 
and no recurrence occurred after discontinuation of anticoagulantion.  
  
Conclusion  
Diagnosis of thrombosis in acute SCI is accelerating due to the generalization of CT, but 
there is no accurate guideline for treatment duration. Several studies have recommended 
a treatment period of at least 3 to 6 months, but in this study, it was confirmed that it 
was also resolved when used for less than 3 months. Therefore, depending on the 
location and timing of thrombosis, the duration of medication should be decided, and the 
drug should be selected considering the age and other diseases of the patient, and the 
advantages and disadvantages.  
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Objective  
The purpose of this preliminary study was to investigate cognitive abilities related to 
driving performance among the industrially injured paraplegia with spinal cord injury (SCI 
group), people with fracture or amputation of lower extremity (musculoskeletal (MS) 
group), and age-matched healthy control group (control group).  



  
Methods  
The data were collected between June 2016 and June 2017. SCI, MS, and control group 
comprised 10 individuals each. They met following inclusion criteria : 1) men in their 40s 
and 50s with driver’s licence and a driving experience 2) no history or diagnosis of 
traumatic brain injury 3) normal muscle power and function of upper extremity without 
fracture. Mini-Mental State Examination-Korean (MMSE-K), Korean Version of Montreal 
Cognitive Assessment (MOCA-K), and Cognitive Perceptual Assessment for Driving (CPAD) 
were performed to evaluate cognitive abilities of them. The general characteristics of 
each group were compared with descriptive statistics. We conducted the Kruskal-Wallis 
test of non-parametric test to check for the differences of cognitive abilities among the 
groups followed by Mann-Whitney test for between-group comparisons.  
  
Results  
All participants were male. The mean age of subjects ranged from 40 to 59 years old (SCI : 

51.10±7.46, MS : 46.30±6.00, control : 44.50±3.86) (p〉.05). There were significant 

differences in MMSE-K (SCI : 28.40±2.06, MS : 29.50±0.52, control : 30.00) (p〈.05), 

MOCA-K (SCI : 26.40±2.06, MS : 27.30±0.94, control : 30.40±3.09) (p〈.05), depth 
perception, sustained attention, stroop test, digit span, field dependency, trail making(A), 
trail making(B), and total score of CPAD (SCI: 54.04±3.26, MS : 61.34±2.81, control : 

63.69±2.79) (p〈.05) (Table 1) among the groups. And there were significant differences 
in depth perception, sustained attention, stroop test, digit span, trail making(A), trail 

making(B), and a total score of CPAD (p〈.05) between SCI and MS groups. There were 
significant differences in depth perception, sustained attention, stroop test, digit span, 

trail making(B) and a total score of CPAD (p〈.05) between SCI and control groups. 

Mostly there were no significant differences between MS and control groups (p〉.05) 
(Table 2).  
  
Conclusion  
Cognitive impairment in people with SCI is relatively apt to be overlooked in 
rehabilitation settings although it may appear frequently for various reasons. This study 
showed that persons with SCI without traumatic brain injury had impaired cognitive 
abilities related to driving performance compared with people with fracture or 
amputation of lower extremity, or healthy adults.  
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Introduction  
Cervical myelopathy (CM) is a serious condition caused by narrowing of the spinal canal 
leading to cord dysfunction. The diagnosis of CM is still a problem as conventional MRIs 
are not enough to reflect the exact locations and also its clinical correlation. DTI is 
commonly used in dealing with damage to white matter fibers. In this study, we aimed to 
identify whether we could gain the quantitative information of the severity of cord 
compression using the DTI method and significant correlation between diffusion metrics 
from DTI and severities of the current clinical state.  
 
Methods  
Seven CM patients and twelve healthy volunteers without a history of neurologic deficits 
as controls recruited for this study. We obtained T2-weighted 3D image, T1-weighted 
multi-echo MPRAGE, 2D gradient echo sequence with magnetization transfer (MT) pulse 
and diffusion-weighted EPI.  
At first, T1 image was used for segmentation of the spinal cord. T2-weighted image was 
preprocessed by image denoising, intensity non-uniformity correction, approximate 
spinal canal segmentation and spinal cord straightening process and template was 
created. MT data was used for precise registration of the spinal cord. Spinal cord DTI was 
then registered to this template, which showed different tract in white matter of the 
spinal cord. Mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD), and 
fractional anisotropy (FA) were measured at the most stenotic level, below and above the 
lesion. Symptoms of CM were classified by a modified Japanese Orthopedic Score (JOA). 
Statistical significance was defined as p<0.05. The correlation between total JOA and 
diffusion metrics among CM patient groups in spinal pathways was analyzed in the whole 
participants and control group.  
  
Results  
Independent t-test of MD, LD, RD and FA between CM patients and control group based 
on the most compressed lesion level was statistically significant in FA of rubrospinal tract 
(RST, right, p = 0.000), fasciculus gracilis tract (FGT, left, p = 0.008) and spinal lemniscus 
tract (SLT, right, p = 0.000 / left, p = 0.000), MD of corticospinal tract (CST, left, p = 0.035), 
RST (right, p = 0.014 / left, p = 0.004) and SLT (right, p = 0.021 / left, p = 0.010), RD of 
RST(right, p = 0.013 / left, p = 0.003) and SLT(right, p = 0.018 / left, p = 0.009). Correlation 
between total JOA and MD, LD, RD and FA among CM patients based on the most 
compressed lesion in spinal pathways was not statistically significant (p >0.05). However, 
there was significant correlation between total JOA, above(FA of SLT, right, p = 0.013) and 



below the lesion level(RD of CST, right, p = 0.015 / RD of FGT, left, p = 0.039)  
  
Conclusion  
DTI could be useful to describe spinal cord integrity precisely using combination of 
different MR protocols, which needs to be validated in patients with CM. We need to 
examine more patients with CM to see if any correlations exist between the values from 
DTI and their clinical severities.  
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Objectives 
The primary goal of this study is to survey the bladder management method in AIS-D SCI 
patient population and to evaluate the characteristics of specific patients whose bladder 
management had to be changed from non-catheterization to clean intermittent 
catheterization (CIC) at discharge.  
  
Methods 
Accumulated data of SCI patients who were admitted to National Rehabilitation Center 
from 1990 to 2015 were reviewed retrospectively. From this data AIS-D SCI patients were 
selected. First, we surveyed each number of bladder management changes. Furthermore, 
patients whose voiding method had changed from non-catheterization (self voiding, 
percussion, valsalva voiding, and incontinence) to clean intermittent catheterization (CIC) 
were compared with patients whose voiding method had remained as non-
catheterization from admission to discharge.  
  
Results 
Among 662 AIS-D SCI patients 502 (76%) patient's bladder managment method at 
discharge were non-catheterization, 143 (22%) were CIC, and 17 (2%) were indwelling 
catheter. 96 (14.5%) patients changed their bladder management method at discharge 
compared to the method at admission. Only 36 patients changed from non-
catheterization to CIC. 23 patients were excluded due to lack of Urodynamic Study (UDS) 
and Manual Muscle Test(MMT) results. The changed group (n=13) whose voiding method 
has changed from non-catheterization to CIC was compared with unchanged group 
whose voiding method has remained as non-catheterization. The only category that 
showed statistically significant difference was bladder capacity measured from 
Urodynamic Study (UDS). Measured bladder capacity was 320.82±197.29 (ml) in changed 
group and 515.83±92.82 (ml) in unchanged group (p=0.04). Following categories did not 
show any statistically significant difference between two groups. Total Lower MMT score 
at admission was 35.08±6.86 in changed group and 35±5.20 in unchanged group 



(p=0.755). Total Lower MMT score at discharge was 36.92±4.60 in changed group and 
35±5.20 in unchanged group (p=0.319). WISCI score at admission was 11.08±6.64 in 
changed group and 10.75±6.68 in unchanged group (p=0.713). WISCI score at discharge 
was 12.67±5.67 in changed group and 12.17±6.18 in unchanged group (p=0.887). Clinical 
bladder capacity was 260.83±36.30 (ml) in changed group and 308.33±108.36 (ml) in 
unchanged group (p=0.143). Additionally, vesicouretral reflux was present in 4 patients in 
changed group and 0 in unchanged group.  
 
Conclusion 
Most patients' (76%) bladder managment method were non-catheterization but there 
were 36 (5%) patients who changed their bladder management method from non-
catheterization to CIC. These specific patients showed smaller bladder capacity and 
higher vesicouretral reflux rate. According to above results, AIS-D SCI patients with 
incontinence due to small bladder capacity and patients with risk factors detected from 
UDS can select CIC as their bladder management.  
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Objectives  
The purpose of this study was to classify the forms of hands during wrist dorsiflexion and 
volarflexion of people with chronic cervical spinal cord injury. Further, it was to identify 
the positive factors of conducive shapes of hands and functional status of tenodesis 
lateral grasp.  
  
Methods  
The subjects were 37 chronic cervical spinal cord injury patients(right hand : 30, left hand: 
28) for over 6 months who have no intrinsic muscles in their hands. To inspect the 
function of lateral grip, we used the key task of Graded and Redefined Assessment of 
Strength, Sensibility and Prehension; GRASSP, and performed Manual Muscle Test; MMT 
for muscular strength level. Various shapes of hands were divided into appropriate hand 
shape group or inappropriate hand shape group with the use of wrist dorsiflexion and the 
location of thumbs during volarflexion. The difference of hand function between the two 
groups was identified with comparison of GRASSP scores of the two groups. The 
difference of hand function according to muscular strength of wrist extensor was 
identified with comparison of GRASSP scores of the two groups after it was divided into 
MMT 3rd grade, 4th grade and 5th grade.  
  



 
Results  
The result of measuring total 58 hands showed that 35 hands had appropriate shapes in 
both hand opening and closing. 7 hands had appropriate shapes in only hand opening, 
and 9 hands had appropriate shapes in only closing. The other 7 hands had inappropriate 
shape in both. The result of comparing GRASSP scores of appropriate hand shape group 
and inappropriate hand shape group during wrist dorsiflexion and volarflexion 
showed .003 and .541. On the other hand, the result of comparing GRASSP scores 
according to wrist extensor levels showed .000. In this study, the group that was possible 
for hand's closing pattern during wrist dorsiflexion used hands more functionally than the 
other group with hands' opening patterns occurring at wrist volarflexion in tenodesis 
lateral grasp. As the level of wrist extensor is higher, hands are used more functionally. It 
is thought that spinal cord injury patients of over 4th grade of wrist extensor muscular 
strength could attach their thumbs to index or middle finger more strongly by using wrist 
strength, create the same effect as manipulation by adjusting wrist, and have broader 
spectrum of hand using.  
  
Conclusions  
This study confirmed that it is important for acute cervical spinal cord injury patients to 
have their thumb attached to the index or middle finger of the lateral side; therefore, 
wrist extensor is an important element for functional hand using. This study implies that 
hand rehabilitation specialists in cervical spinal cord injury should reinforce and maintain 
the element suggested above when proper intervention such as using splint for patients 
with cervical spinal cord injury is provided from acute stage  
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PURPOSE 
It has been known that joint contracture in chronic GVHD is hard to improved even if 
treatment is performed, and tends to deteriorate gradually over time. There is little 
clinical research focusing on the effect of rehabilitation on multiple joint contractures in 
children (especially under 10 years old) with graft versus host disease after hematopoietic 
stem cell transplantation. The purpose of this study is to confirm the effectiveness of 
rehabilitative therapies on joint contractures in children with chronic GVHD through 
several illustrative cases.  
 
METHODS  
Among the patients who underwent hematopoietic stem cell transplantation from 2012 
to 2017, chronic GVHD was diagnosed, and patients who underwent rehabilitative 
treatment at the Department of Rehabilitation Medicine of ASAN medical center, Korea 
for joints contracture were enrolled. We retrospectively studied patients (N=6) who had 
clinical records before and after rehabilitative therapies among them.  



 
RESULTS  
The mean age of the peripheral blood stem cell transplantation was 2 years 4 months and 
the mean age of the first physical examination was 4 years 6 months. The mean duration 
from the onset of joint symptoms to rehabilitation was 4.6 months (Table 1). Associated 
joints varied from patient to shoulder (N=1), elbow (N=2), wrist (N=5), 
metacarpophalangeal joint (N=5), Proximal interphalangeal joint (N=4), hip (N=2), knee 
(N=4) and ankle (N=2). Rehabilitative therapy included stretching exercises for improving 
range of motions of joints and functional occupational therapy. We educated home 
exercise to their parents and applied hand splint if needed. Although there were 
differences in the characteristics of the patients, the types of involved joints, and the 
timing and duration of treatment applied, overall improvement in range of motion was 
observed. It was impressive that in patients who started treatment immediately within 
2.5 months of the onset of joint symptom (Patient 1,2,3), the improvement of the range 
of motion was more prominent in the early stage of the treatment compared with slightly 
increased or maintained steady state after mid stage of rehabilitative treatment (Table 2, 
Figure 1).  
 
CONCLUSION  
In summary, in patients with joint involvement of chronic GVHD, range of motion and 
strengthening exercises should be initiated in order to overcome limitation of joint 
mobility and prevent deterioration to permanent joint contracture. It could be best to 
start rehabilitative treatments regularly on a daily basis as early as the stiffness begins to 
appear. More research is needed in these areas to ensure optimal patient care and 
potentially develop protocols.  
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Introduction  
Myositis ossificans occur commonly at quadriceps femoris and it can occur due to 
rhabdomyolysis. In this case, we will introduce ESWT applied to the pediatric patients of 
myositis ossificans occurring after rhabdomyolysis.  



  
Case  
On 23 December 2016, a 6-year-old female patient encountered cardiac arrest during the 
recovery period after squint corrective operation at a local ophthalmic clinic. Her blood 
level of creatine kinase and myoglobin rose on February 10, 2017. They conducted MRI of 
both thighs, and then rhabdomyolysis diagnosed. after being treated conservative 
therapy to her, she was transferred to our clinic, and we found myositis ossificans on X-
ray conducted on March 7, 2017. [fig-1] In the point of PROM examination, there existed 
15 degree limits in flexion of both knees and 20 degree contractures in plantarflexion of 
both ankles. And, she has not been improved for one month. Next, we have applied ESWT 
to two thirds of quadriceps femoris in thigh in the degree of 2.5 bars, 13 Hz, 800 to 1000 
times for five days. Then, there appeared distinct recovery in PROM examination. 
Afterwards, we have applied same method for more one week. As a result, flexion of 
both knees improved in R1/R2 to 90/130 and dorsiflexion of both knee improved in 
R1/R2 to -10/0. But, there was not distinct change of MO in follow-up X-ray.[fig-2]  
  
Conclusion  
ESWT is a common treatment applied to patients who has spasticity and ROM limitation 
and it is also a well-known therapy to patients of myositis ossificans. Because ESWT can 
have a harmful effect on the open growth plate of children, a therapist may hesitate to 
apply it to the patients of this case. But, we applied it to the patients of this case, securing 
sufficient distances from the epiphyseal plate. As a result, we could get clinical 
effectiveness without side effects.  
 

 
MO involving quadriceps femoris  
 

 
MO involving quadriceps femoris after ESWT  
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13q deletion syndrome is a rare genetic disorder resulting from a partial deletion of the 
long arm of chromosome 13. Clinical features of 13q deletion syndrome are known as 
growth retardation and intellectual disability, microcephaly, craniofacial dysmorphism, 
and other major organ malformations. Since the syndrome was first described in 1963, 
there has been several efforts to correlate 13q deleted region and clinical features. Here 
we describe a case of a female patient carrying an interstitial deletion at 13q33.3q34, the 
region more distal to reported cases. A 3-year-old female patient visited our clinic for 
evaluation of delayed development. She was born at a 37 week gestation by cesarean 
delivery as 3rd child of non-consanguineous parents and there was no specific family 
history. The patient presents microcephaly and mild dysmorphic facial features ; a narrow 
face, hypertelorism, depressed nasal bridge. She started to walk independently at her age 
of 15 months, and presented mild toe-in gait pattern. Her great toes were both 
hypoplastic. She made sentences with two words, but tended to communicate in a single 
word. She has had ventricular septal defect since birth and taken annual follow up. The 
Bayley-III® was tested to evaluate the developmental parameters of the patient. Her 
gross motor development was 5 to 7 months delayed, compared to normal development. 
Cognitive scale was 8 to 10 months delayed. Her receptive communication was 5 to 7 
months delayed but expressive communication was delayed for 21 months. At her age of 
five, we measured her intelligence quotient (IQ) with the K-WPPSI-IV®. Her score of 67 
corresponded to mild mental retardation. Her brain magnetic resonance imaging and 
chromosome analysis showed no significant abnormality. An array comparative genomic 
hybridization (CGH) revealed a de novo interstitial deletion of 13q33.3-q34 (109683987-
115059020) (Fig 1). The deletion was estimated to be 5.4Mb in size and it contained 
about 34 known genes (Fig 2), nine of which were OMIM Morbid genes: CARS2, COL4A1, 
COL4A2, F10, F7, GRK1, ING1, IRS2, PROZ. Among nine genes mentioned above, we found 
COL4A1, COL4A2 have possibility for causing developmental disorder by searching 
Developmental Disorders Genotype-Phenotype Database (DDG2P). It is known that 
heterozygous mutation of COL4A1, COL4A2 can contribute to porencephaly, 
schizencephaly, brain small vessel disease with hemorrhage. To our knowledge, this is the 
first case report of deletion of 13q33.3-q34 in Asia and the second one in worldwide. 
Comparing with previous cases (Fig 3), our study provides additional support to the idea 
that distal 13q33.3-q34 deletion region might contain key genes responsible for cardiac 
development. Furthermore, our patient distinctly presents language disorder. In this 
regards, further study based on molecular genetics will be needed for investigate 
correlation between language development and 13q deletion.  
 



 
The comparative genomic hybridization for chromosome 13 of the case. Breakpoints were demonstrated 
on 13q33.3q34(109683987-115059020)  
 

 
The deletion was estimated to be 5.4Mb in size, which contained about 34 known genes. , which are 
described on the following websites: Online Mendelian Inheritance in Man (OMIM) 
(http://www.ncbi.nlm.nih.gov/omim), and Ensembl genome browser 59  
 



 
Genotypes and phenotypes of the patient and review of the literature of patients with 13q33-q34 deletion.  
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Introduction 
Joubert syndrome (JS) is a congenital hindbrain malformation associated with axonal 
decussation abnormalities affecting the corticospinal tract (CST) and superior cerebellar 
peduncles. In this report, however, we present an exceptional case of JS characterized by 
only normally decussating CST projections.  
 
Case report 
The patient was an 18-year old boy who showed a wide-based, unsteady gait. He had 
difficulty ambulating on uneven surfaces. He additionally presented noticeable 
oculomotor apraxia and mental retardation. His preferred hand was right, but he 
displayed severe clumsiness in both hands and low hand strength. Mirror movements 
were not observed in either hand. Furthermore, the patient had showed hypotonia 
during infancy, and presented a global developmental delay. Brain MRI demonstrated the 
presence of the molar tooth sign and vermian hypoplasia typical of JS (Fig. 1A, B, C).  
We performed whole exome sequencing to look for the 19 genes already associated with 
JS. The patient found to be carrying two compound-heterozygous mutations, a frameshift 



mutation (c.3557delA [p.Lys1186Argfs*22]) and a missense mutation (c.4277T>C 
[p.Ile1426Thr]) in the C5orf42 gene. DTI data analysis revealed the absence of the midline 
“focal red dot” at the level of the pontomesencephalic junction, representing the absent 
decussation of the superior cerebellar peduncle (Fig. 2A). At the basis pontis, the dorsal 
component of the transpontine fibers was found to project normally in the patient (Fig. 
2B, C, D). The deep cerebellar nuclei (dentate nuclei) appeared instead abnormally 
located more laterally (Fig. 3). TMS of each hemisphere in the patient robustly elicited 
contralateral MEPs in the respective opposite hand, whereas no ipsilateral motor 
response could be induced (Fig. 4A, B). TMS of the right and left hemisphere elicited 
respectively contralateral MEPs in the left hand (latency: 22.9±0.4 ms; PTP amplitude: 
5.5±0.2 mV) and contralateral MEPs in the right hand (latency: 22.1±0.3 ms; PTP 
amplitude: 6.1±0.5 mV).  
 
 
Discussion 
This study is the first to investigate the organization of the spinal motor system in JS using 
TMS. Our analysis demonstrated the presence of an exclusively decussated CST in one 
patient with JS; thus, this represents the first report of normal CST decussation in JS.  
In Conclusion, this case report indicates that a variety of corticospinal motor organization 
patterns might characterized JS, in relation to the severity of hindbrain malformations, 
and the extent of embryonic developmental defects affecting pyramidal decussation 
processes.  
  

 
Axial T2-weighted (A) and T2-weighted fluid-attenuated inversion recovery (B) brain magnetic resonance 
imaging scans at the pontomesencephalic junction show the molar tooth sign (arrow) and midsagittal T1-
weighted image (C) shows a hypoplasia of the cerebellar vermis (arrowhead).  
 

 
Axial color-coded map at the level of the pontomesencephalic junction shows the absence of the midline 
“focal red dot” which is interpreted as the absent decussation of the fiber tracts within the superior 
cerebellar peduncles (A) and transpontine fiber shows no abnormality at the basis pontis (B, C, D).  
 



 
Recording of the right and left 1st dorsal interossei motor evoked potentials with transcranial magnetic 
stimulation of left (A) and right (B) cortex shows contralateral responses only, suggesting crossed 
corticospinal projections from each hemisphere.  
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Introduction  
Spinal cord injuries (SCIs) can be caused by various etiologies including traumatic, 
inflammatory, vascular, paraneoplastic, radiation, or idiopathic causes. Myelitis is caused 
by various infectious organisms or and autoimmune mechanism. This case report 
describes rare clinical presentation of monoplegia in pediatric patient with acute myelitis.  
  
Case Report  
A five-year old girl admitted to our clinic showing motor weakness and paresthesia of the 
left upper limb for two weeks. These symptoms has occurred 5 days after upper 
respiratory infection with high fever. Her caregiver reported that left hemiplegia was 
seen at first, but motor function of the left lower extremity was rapidly recovered to near 
normal at the time of admission. She denied any underlying diseases or traumatic events. 
On the physical examination, muscle strength of the left upper extremity were as follow; 
5/5 grade in shoulder elevators, 2/5 grade in arm abductors, 3/5 grade in arm adductors, 
3/5 grade in elbow extensors and flexors, and 4/5 grade in finger flexors and extensors. 
Babinski and Chaddock signs were equivocally positive, bilaterally, and no bladder or 
bowel symptoms were noted. Laboratory tests showed no signs of inflammation, 
infection, autoimmune or endocrinological diseases. Nerve conduction study (NCS) of the 
left median and ulnar nerves, and needle electromyography (EMG) findings of left 
extensor digiti communis and biceps muscles were normal. Magnetic resonance image 
(MRI) of cervical spine showed ill-defined T2 high signal intensity in level of C3 to C7, 
which can be interpreted as transverse myelitis (Fig. 1A). There was no abnormal finding 
in MRI on brain and left brachial plexus. Steroid pulse therapy was administrated and 
conventional physical and occupational therapy, and neuromuscular electric stimulation 
were performed. Follow-up electrodiagnostic studies showed delayed somatosensory 



evoked potential of the left median nerve, absence of compound muscle action potential 
(CMAP) of the left axillary nerve, and decreased amplitude of CMAP of the left 
musculocutaneous nerve. Follow-up cervical spine MRI was performed after three 
months, which showed decreased extent of T2 high signal intensity (Fig. 2B). After six 
months from onset, motor functions of the shoulder abductors were recovered to 3/5 
grade. Left shoulder subluxation with deltoid muscle atrophy is sustained.  
  
 
Conclusion  
We report rare case of monoplegia with acute myelitis in pediatrics. Since the medical 
records of the patient in this case report are similar to those of atopic myelitis, further 
evaluation like serum IgE and eosinophil count would be possible diagnostic approach.  
 

 
Fig. 1. The patient shows proximal dominant motor weakness of left upper extremity, especially of the left 
deltoid muscle.  
 

 
Fig. 2. T2 sagittal view of cervical spinal MRI performed at (A) the time of administration and (B) 3 months 
after onset, (A) Ill-defined T2 high signal intensity in level of C3 to C7, (B) Decreased extent of T2 high signal 
intensity  
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Introduction  
 Torticollis is derived from the Latin, tortus, meaning twisted and collum, meaning neck. 
This asymmetrical head or neck position may be due to a variable causes and types. As 
muscular torticollis is the most common type of torticollis, physicians may easily 
misdiagnose without suspicion of other causes. We report a rare, congenital form of 
torticollis of a 3-year-old girl with Klippel-Feil syndrome who presented with abnormal 
union of cervical vertebrae, Sprengel’s deformity, congenital heart defects and hearing 
impairment.  
  
Case Report  
A 1-year-old female infant had transferred to our outpatient clinic with left torticollis and 
elevated shoulder to the left side. Initially, she had been suspicious as congenital 
muscular torticollis. Neck ultrasonography performed at other clinic showed that the left 
sternocleidomastoid muscle was 1mm thicker than the right one. She had a characteristic 
clinical features at birth including plagiocephaly, facial asymmetry on forehead and ears, 
difference at shoulder level, patent ductus arteriosus (PDA), atrial septal defect (ASD) and 
hearing impairment. On the physical examinations, the left scapula was elevated about 
2cm higher than the right side and it was also confirmed as Sprengel’s deformity by plain 
X-ray. Abnormally short neck and a low posterior hairline were also observed. 3-
dimensional computer tomographic (CT) findings of her head and cervical spine showed 
fused state of the left articular process and lamina of C4-5 and hypoplastic spinous 
process of C5, which might result in tilting of the cervical spine without evidence of 
craniosynostosis. Finally, we diagnosed her as Klippel-Feil syndrome with Sprengel’s 
deformity, and concluded that this was the cause of torticollis. We checked CT of whole 
spine and found that unfused spinous process of the L5 to sacrum, probable verterbral 
segmentation-formation anomaly. Although she had no complaint of difficulty in voiding 
or defecation, we performed ultrasonography for detection of genitourinary 
abnormalities and no abnormal finding was noted. She had been underwent orthopedic 
surgery for correction of Sprengel’s deformity.  
  
Discussion  
Klippel-Feil syndrome is a rare skeletal disorder primarily characterized by abnormal 
union or fusion of two or more bones of the spinal column with the cervical vertebrae. It 
is often overlooked by physicians because of the rarity of the disease. Our case report 
suggest that physicians must evaluate non-muscular causes in a patient without 
identifiable muscular etiologies of torticollis.  
 



 
Fig. 1. US findings of sternocleidomastoid muscles  
 

 
Fig. 2. Sprengel’s deformity – A : Patient’s posture (preoperative), B : Patient’s posture (postoperative), C : 
Preoperative X-ray showing elevated scapula, D : Postoperative X-ray  
 

 
Fig. 3. 3-D CT findings: the fused state of left articular process and lamina of the C4-5 and hypoplastic 
spinous process of C5, unfused spinous process of the L5 to sacrum  
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Introduction  
X-linked recessive chondrodysplasia punctate (CDPX1) is a rare congenital disorder of 
bone and cartilage development, is caused by a deficiency of the Golgi enzyme 
arylsulfatase E (ARSE) gene located on chromosome Xp22.3. It is characterized by 



punctate calcification in areas of endochondral bone formation, leading to stippled 
epiphyses, severe nasal and midfacial hypoplasia, short stature, and brachytelephalangy. 
Here, we present a very rare case of a maternally inherited a 6.4Mb sized deletion on 
Xp22.33p22.31 identified by SNP array testing.  
  
Case report  
A 13-month-old boy visited our hospital for evaluation of his developmental status on 
October 2014. He was born by cesarean section at 38 weeks and had a history of severe 
significant respiratory compromise caused by extensive punctate calcifications along the 
tracheobronchial tree during neonate and infant. In a physical examination, he showed 
flattened nasal base, reduced nasal tip protrusion with short columella, microcephaly, 
short status, and brachytelephalangy. Neurological examination revealed a right-side 
hemiplegia. In addition he had sensorineural hearing loss and delayed cognitive 
development. Magnetic resonance imaging (MRI) of the brain revealed the focal 
infarction of left posterior striatocapsular region. Considering his features, we conducted 
further analysis including SNP array testing and detected a maternally inherited a 6.4Mb 
sized deletion on Xp22.33p22.31. The patient’s mother (recessive carrier) had no clinical 
problem except smaller expected stature.  
  
Conclusion  
Our study provides additional information that furthers the understanding and 
delineation of deletion type CDPX1. To the best of our knowledge, it is the first clinically 
and genetically confirmed case of maternally inherited deletional type CDPX1.  
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Introduction  
Holoprosencephaly (HPE) is a rare congenital brain malformation resulting from 
incomplete separation of the two hemispheres. It is considered a developmental 
sequence and it can be the result of genetic and environmental factors. We had a child of 
major congenital malformation of holoprosencephaly combined with multiple thoracic 
vertebral anomaly and duodenal duplication cyst with unknown etiology.  
  
Case Presentation 
The patient was the first child of healthy parents. Cystic brain lesion was found at 
prenatal screening, so she was born at 36+6 weeks by c-section. She was not crying at 
birth so she got a mechanical ventilation for 1 month. Also, she had feeding difficulty, so 
she took nutrition by G-tube. She had a microcephaly (head circumference 32cm) and 



facial dysmorphism such as hypertelorism, down slanting and short palpebral fissures, 
and long flat philtrum). She also had a stenosis of nostril and flat, broad nasal bridge. In 
brain her MRI, there was semilobar holoprosencephaly which was the cerebral 
hemispheres separated posteriorly but not anteriorly (Fig 1). In the infantogram, there 
were multiple thoracic spine anomalies(Fig 2). There were also large patent ductus 
arteriosus(PDA) and duodenal large duplication cyst, and she got a clipping surgery of 
PDA at 15 days and cyst excision surgery at 13 months of old age. In spite of these major 
congenital anomalies, she had the normal karyotype(46, XX) and there was no 
microdeletion or duplication in chromosomal microarray. At 2 months of age, she visited 
the rehabilitation department and started to get physical therapy and dysphagia. She 
showed the severe irritability, feeding difficulty, opithotonus posture of trunk and very 
high muscle tone and spasticity (MAS G2). At 3month, she started to get nutrition with 
bottle feeding. At 6 months of age, she showed good head control and now she can 
maintain the sitting posture with anterior support with both upper extremity at 18 
months of age. She responded well with visual or auditory stimuli and made social smiling. 
There is no stranger’s anxiety or separation anxiety. She could make babble composed of 
vowel sounds.  
  
Conclusion 
In our knowledge, it is the first case report of patient presenting with semilobar 
holoprosencephaly combined with multiple anomalies of thoracic vertebrae and 
duodenal duplication cyst with normal karyotype.  
  

 
Figure 1. Brain MRI (microcephaly, complete fusion of frontal lobes across the midline without frontal horns 
of the lateral ventricles, fusion of basal ganglia, agenesis of the corpus callosum, septum pellucidum, and 
interhemispheric falx, hypoplastic olfactory bulbs,monoventricle with partial occipital and temporal horns, 
large dorsal cyst with inferiorly displaced tentorium)  
 

 
Figure 2. Vertebral anomaly of T-spine (blue arrow ;6th, and 7th butterfly vertebra, Red arrow;9th widely 
separated butterfly vertebra, black arrow;10th~12th hemivertebra)  
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Introduction  
Lesch-Nyhan syndrome (LNS) is an X-linked recessive disorder of purine metabolism by 
mutation in Xq26 with a prevalence of 1:100,000 to 1: 380,000, and there is a defect in 
the activity of the enzyme hypoxanthine-guanine phosphoribosyl transferase (HPRT). The 
incidence range from 1/100,000 to 380,000, and the symptoms include hyperuricemia-
related-symptoms (crystalluria, urinary tract calculi, urinary tract infection, urate 
nephropathy, gouty arthritis, tophi, and renal failure), neurologic features (defective 
motor development, hypotonia or hypertonia, extrapyramidal or pyramidal features) and 
behavioral features (aggressive and compulsive behavior). The present case report 
describes a 6-month-old child with delayed development with increased muscle tone, 
who was diagnosed with LNS.  
 
Case presentation  
A 6-month-old child was admitted to the Department of Pediatric Rehabilitation Medicine 
for delayed development. In fetal ultrasonography, both hydronephrosis were observed. 
He had no family history. At 6 months, he could contact his eyes with other people, smile, 
babble, and hold objects in his hand. However, he could not control his neck perfectly. 
Increased muscle tone in the upper and lower extremities and hyperactive deep tendon 
reflexes were observed. He showed head lagging with traction reaction, and he could 
hold his head up to 45˚ in prone position. MRI of brain showed mild, diffuse thinning of 
the corpus callosum, mildly decreased white matter volume with enlarged extra-axial CSF 
space, mega cisternal magna (Fig.1), and delayed myelination, and MRI of cervical spine 
showed no abnormal finding. A mild increase in serum uric acid (6.6mg/dL) and increased 
level of urine uric acid/Cr ratio (6.19) were observed. There was no abnormal finding in 
chromosome analysis, microdeletion syndrome analysis, tandem MS, amino acid analysis, 
and urine organic acid analysis. Because delayed development, orange crystals in urine, 
and an increased level of uric acid/Cr ratio in urine analysis were observed, LNS was 
suspected. Gene study showed deletion of exon1 in HPRT1 gene, which is consistent with 
LNS. After the diagnosis of LNS, he initiated treatment of oral allopurinol to control serum 
uric acid level, and oral baclofen to control hypertonicity. Genetic study of his mother 
showed no abnormality, indicating the de novo mutation of HPRT1 gene in the patient. 
He continues to receive treatments for LNS and to participate in the rehabilitation 
treatment program.  
 
Conclusion  
LNS can be one of the causes in a child with delayed development. When a patient shows 
normal or mild elevation in uric acid level, it is worth checking urine uric acid/Cr ratio, and 



gene study of HPRT1 will confirm the diagnosis of LNS. Early diagnosis and treatment of 
LNS would definitely reduce renal complications, leading to longer life expectancy.  
 

 
Fig.1 Brain MRI showing mild, diffuse thinning of the corpus callosum, mildly decreased white matter 
volume with enlarged extra-axial CSF space, mega cisternal magna  
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Objective  
 Recently, virtual reality (VR)-based programs have been developed for motivation and 
engagement of rehabilitation in adults, but evidence of their usefulness in the 
rehabilitation of children with CP is not sufficient.  
 The purposes of this study were to develop a VR-based system for upper extremity 
training of cerebral palsy patients with severe disability and to investigate the feasibility 
of the VR-based system for cerebral palsy patients and the change of motivation and 
engagement after using VR-based system.  
  
Methods  
The hardware of VR-based system was using motion sensor(Kinect). Training Methods, 
training difficulty settings and feedback Methods of this program were derived using the 
Delphi survey. The program was designed to be able to perform the training according to 
the degree of upper limb paralysis and the degree of concentration of child by setting the 
type of upper extremity motion, location of the target, method of target creation and 
type of feedback. A male with spastic cerebral palsy (11 years, Gross Motor Function 
Classification System (GMFCS) Levels IV) was included. Child had Conventional 
therapy(total 10session, 30 minutes/session/day), and had washout period for a week 



afterward, and finally had VR based therapy (total 10session, 30minutes/session/day). 
Each session of therapy consisted of stretching exercise, reaching activity, grasping and 
releasing activity with balloons and velcro or with apples from the screen of VR- based 
system. The heart rate, the rate of eye tracking, and the feedback frequency of the 
therapist showing the degree of concentration and participation of the children during 
each treatment were evaluated at 1,5,10 times and compared between the two 
treatments.  
  
Result  
The VR based system was feasible to upper extremity training for children with cerebral 
palsy.  The VR based system was able to recognize the upper limb motion of the child and 
to provide the training program and feedback stimulation according to the childen’s 
motion. During the on-training state, Heart rate and measurement rate of eye tracking 
were higher in the VR-based training than the conventional training. The patient received 
more verbal cues for reward and fewer verbal cues for encouragement to the therapist in 
VR based therapy than conventional therapy.  
  
Conclusion  
VR based therapy showed more improvement in the concentration and participation of 
the child and changes of the therapist’s feedback than the conventional therapy.  The VR 
based system using the motion sensor and the developed training program could be 
applied to the upper extremity training of children with cerebral palsy  
 

 
 

Fig 1. Hardware image of VR-based system  
  

Fig2. Software image of VR-based system  
 



 
Fig 3. Flow chart of VR-based training  
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Myositis ossificans circumscripta (MOC) is a benign condition of non-neoplastic 
heterotopic bone formation in the muscle or soft tissue. Trauma plays a role in the 
development of MOC, thus, non-traumatic MOC is very rare. . Although MOC may occur 
anywhere in the body, the lesions are localized predominantly in the high-risk sites of 
injury, such as the thigh, buttock, and elbow. MOC can easily be mistaken for 
osteomyelitis or a malignant tumor, specifically osteosarcoma or soft-tissue sarcoma. We 
present a myositis ossificans circumscripta (MOC) case without any trauma occurring in 
an adolescent patient of vegetative state. 14years 9 months old adolescent admitted in 
the hospital for rehabilitation treatment. He had head trauma resulting right 
temporoparietal intracranial hemorrhage 5years 7months ago when he was 9years 
2months old and had a hematoma evacuation operation. He had no cognitive function, 
MMT of both upper and lower extremity was trace and all of activity of daily living was 
totally dependent. He had been nearly vegatitive state. After, he had received 
rehabilitation treatment in several hospital and he had no trauma history at any body 
part. When the patient was 13 years old, he was accured right thigh painful swelling 
during range of motion exercise, so he got plain radiography and CT scan of femur for 



diagnosis. Plain radiography and CT scan showed right femur neck fracture and 
incidentally detected extensive myositis ossificans of right femur from great trochanter to 
distal femur. Whole body bone scan showed mild hot uptake in right femur compared to 
the left femur that suggesting the myositis ossificans circumscripta of right femur was not 
an acute stage but relatively chronic stage. Alkaline phosphatase(ALP) level was slightly 
elevated in blood test (range 130 – 180 IU/L ). Also right femur shortening was appeared 
compared to left side. Now, at the time 1year 9months after diagnosis of myositis 
ossificans circumscripta (MOC), the size and figure of myositis ossificans circumscripta 
(MOC) of right femur was not changed.  
  

 
plain radiography, right femur  
 

 
CT scan, axial view  
 

 
whole body bone scan  
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Background.  
Congenital facial palsy is uncommon and estimated to occur in 2.1 of 1000 live births. The 
cause of congenital facial palsy is generally associated with either developmental 
deformities or traumatic injury, and 88% of congenital facial palsies are related to birth 
trauma. Here we present a rare case of infant presenting congenital facial palsy, 
developmental delay and hearing loss due to hypoplasia of left facial and 
vestibulocochlear nerves caused by left internal auditory canal (IAC) stenosis.  
 
Case report.  
A 3-month-old female infant presented for evaluation of developmental delay and left 
facial palsy at birth. She was born at a gestational age of 40 weeks by spontaneous 
vaginal delivery. There was no apparent cranial dysmorphism and remarkable history, 
such as birth trauma, otitis, meningitis. As her facial palsy was thought to be caused by 
traumatic injury, she was under conservative treatment with oral steroid. She presented 
poor neck control and inappropriate head turning response to left side. She exhibited 

grade Ⅳ facial palsy according to House-Brackmann grading system with a right-sided 
deviation of the mouth angle and incomplete closure of the left upper eyelid, while 
symmetric at rest. Such findings appeared from birth and persisted as she grew up. Brain 
magnetic resonance imaging (MRI) suggested hypoplasia of left facial and 
vestibulocochlear nerves, and incomplete partition of left bony cochlea (Mondini 
deformity). High resolution temporal bone computed tomography (CT) was further 
conducted and it revealed left IAC stenosis. Suspecting hearing loss, auditory brainstem 
response showed conduction thresholds of 50dB nHL(right) and 100dB nHL(left). (normal 
value < 30dB nHL)  
 
Discussion.  
Congenital facial palsy is defined as facial palsy of the 7th cranial nerve at birth or shortly 
thereafter, most commonly caused by traumatic injury at birth. Prognosis of traumatic 
facial palsy is favorable, and recovers within 2 weeks in most cases. With facial palsy that 
does not fully recover within few months and accompanied by other neurologic defects, 
further evaluation for other causes should be considered. IAC stenosis is one of the 
developmental deformities and accompanied with aplasia or hypoplasia of 
vestibulocochlear nerve, which causes congenital hearing loss in patient. We report a rare 
case of an infant presenting hearing loss combined with congenital facial palsy due to IAC 
stenosis resulting in hypoplasia of both facial and vestibulocochlear nerves.  
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Introduction  
 Atlantoaxial Rotatory Subluxation (AARS) is a rare cause of torticollis but potentially life-
threatening that temporarily appears in children. The etiology of this condition is not yet 
known, but in most cases, there is an antecedent history of trauma or upper respiratory 
infection. Most patients with non-traumatic AARS are children, and it may be related to 
increased laxity of the alar and transverse ligaments  
We present the case report of delayed diagnosis of AARS because it was initially 
misunderstood as a tic disorder by the patient’s parents.  
  
Case report  
A 6-years-old boy visited a rehabilitation clinic to make more accurate diagnosis for his 
tilted head. He was a normally developed child. For about two years, the patient has been 
tilting his neck frequently, blinking his eyes or sniffing his nose frequently, and his parents 
suspected it as a tic disorder and visited the ophthalmology clinic and pediatrics clinic 
several times. But he was diagnosed as not having Tic disorder. From a month ago he 
presented with neck pain, reduced neck motion, posterior neck swelling, and head tilting. 
The symptoms were intermittent. And the pain was easily aggravated even in a situation 
of small fluctuation, like riding in a car. And from 1 week ago, without any trauma history 
or recent upper respiratory infection, suddenly his head was almost always tilted. On 
examination, his head was tilted to the right side while his chin rotated towards the left. 
There was slight tightness and thickness the right sternocleidomastoid muscle. Active 
neck motion assessment was done and the patient was limited in turning his head to the 
right.(active range of motion was 70-80 degree) Ultrasonography was performed and 
there was no meaningful finding on both SCM muscles and paraspinal muscles. Open 
mouth radiograph demonstrated asymmetric distance of the odontoid process in relation 
to the lateral masses of the atlas. Computed Tomography of the Cervical spine 
demonstrated left eccentric location of the odontoid with respect to the anterior arch of 
C1.Accoding to Fielding and Hawkins classification, it can be classified as type 2. The 
patient was applied an orthosis.  
  
Conclusion  
Recognizing AARS is important because it can sometimes be life-thretening, but early 
detection and treatment resulted in a good outcome in patients with AARS.  
In this case, because the patient's initial symptoms were similar to tic like movement, the 
time from first symptom to diagnosis was delayed.  



Efforts to identify the underlying causes must be an essential part of the treatment of 
torticollis, especially in children with atypical signs and symptoms.  
  

 
Fig.1. Open mouth radiograph demonstrated asymmetric distance of the odontoid process in relation to 
the lateral masses of the atlas.  
 

 
Fig.2. Computed Tomography of the Cervical spine demonstrated left eccentric location of the odontoid 
with respect to the anterior arch of C1. .Accoding to Fielding and Hawkins classification, it can be classified 
as type 2.  
 

 
Fig3. CT 3D reconstruction showed the patient’s head tilted to left.  
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Introduction  
 Arthrogryposis multiplex congenita (AMC) was first described by Otto as congenital 



myodystrophy in 1841. AMC is characterized by congenital, non-progressive, and 
symmetric joint contractures that involve at least two different body areas. Both upper 
and lower limbs are usually involved. Although the etiology of AMC is unclear, any factor 
that decreases fetal movement may result in multiple contractures. The lack of joint 
mobility is associated with the development of extra connective tissue around the joints, 
which leads to fibrosis and contractures of the affected joints. The incidence is 
approximately 1 in 3000 to 5000 live births with equal gender ratio. Muscle tissue of AMC 
is atrophy and replaced by fatty and fibrous tissue. Patients with amyoplasia usually have 
normal intelligence. Children with this disorder are said to be relatively responsive to 
physical therapy, and casting and splinting are also known to be helpful. But There have 
been few studies on functional orthosis for joints contractures of AMC patients in Korea. 
We aimed not only to assist active joint movement but also to help neurological 
development by a functional orthosis to AMC child.  
  
Case report  
 The child was the second of the twins delivered at C / sec on day 2 of IUP 37, and there 
was no maternal perinatal history. She was born with arthrogryposis (amyoplasia) state 
of main U / Ex involvement type with shoulder adduction and internal rotation with 
elbow fixed extension, forearm pronation and wrist, finger flexion. There were no other 
comorbidities and there were no risk factors or other disabilities at birth. We checked her 
muscle strength, range of motion, and developmental status regularly. She was able to sit 
independently at 8 months and independent gait at 17 months. She is now 30 months old. 
Her shoulder powers are poor grade and her true shoulder flexion range of motion angles 
are only 75 degrees and with lordotic compensation go up to 120 degrees. She cannot do 
the elbow flexion on her own, which makes it difficult to carry out the hand to mouth 
activity. Using the fact that her elbow extensor function is possible with poor minus grade, 
we designed and applied an orthosis to induce shoulder and elbow flexion with a tension 
band from the upper part of the clavicle to the wrist. She is going to continue elbow 
extensor training and follow up so that she can do our own hand to mouth activity in the 
future.  
  
Conclusion  
 There have been no studies on the use of orthoses for Arthrogryposis multiplex 
congenita in Korea. It is expected that upper extremity functional performance including 
hand to mouth activity to AMC children will be helpful by using this orthosis that can 
assist shoulder and elbow flexion.  
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Chromosome 9p Deletion Syndrome is a rare genetic condition having a chromosome 9 
with a piece missing. The first case was reported by Alfi et al. in 1973, and since then, 
more than 150 cases have so far been reported worldwide. The clinical features of the 
chromosome 9p deletion syndrome include dysmorphic facial features (trigonocephaly, 
midface hypoplasia, upward-slanting palpebral fissures, and a long philtrum), mental 
retardation, low muscle tone and genital anomalies. Herewith, we present a rare case of 
chromosome 9p deletion syndrome in a male child with dysmorphic facial features, low 
muscle tone and left hydrocele and neonatal arthrogryposis.  
  
A 4-day-old boy was referred to our department for worsening of both distal extremities 
contracture. He was born at full terms with normal vaginal delivery. There had been no 
family history, medication history or known teratogenic exposures during pregnancy. He 
was weighted 3.6 kg at birth. On physical examination the dysmorphic face was observed, 
including brachycephaly, narrow forehead, thin and dry hair, depressed nasal bridge, and 
micrognathia, cephalohematoma and arthrogryposis at both elbow, wrist and ankles. 
Sacrotal ultrasound revealed a large left hydrocele with both indirect inguinal hernia. 
Chromosomal analysis showed 14.2-Mb deletion on the terminal short arm of 
chromosome 9p24.3-p22.3. Based on the classical sign and chromosomal study 
chromosome 9p deletion syndrome was diagnosed. We applied splint for correcting 
flexed contracutre of extremities and rehabilitative therapy for stretching promoting 
muscle tone and development. At 1 month later, contractures were improved, and splint 
no longer needed. After 3 months of birth, he showed aggravated deformational 
plagiocephaly with remained calcified cephalohematoma in the right parietooccipital area 
with out trigonocephaly. We recommended helmet wear and exercise education to 
parents. A brain magnetic resonance imaging demonstrated delayed myelination and 
marked wide and anteriorly rotated sylvian cisterns with alterations of the shape of the 
corpus callosum. After 6 months of birth, He still require continuous rehabilitation but 
improving development delays through the rehabilitation programs.  
  
This is a rare case of de novo chromosome 9p deletion syndrome presenting with 
arthogryposis in addition to systemic features typical of the 9p deletion syndrome.  
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Introduction 
Cri du chat syndrome(CDCS) is a rare genetic disorder due to deletion of variable length 
of short arm of chromosome 5(5p).[1] It mainly present with typical cat like cry, distinct 
facial dysmorphism, microcephaly, severe psychomotor and mental retardation. 
Especially feeding problems, and aspiration pneumonia related with dysphagia in the 
neonatal period are very common in CDCS infants because of difficulty in swallowing and 



sucking[2]. So it is necessary to perform precise evaluation and appropriate treatment 
procedures for dysphagia. The purpose of the current study is to report the role of 
videofluoroscopic swallow study(VFSS) and determine the subsequent treatment of 
dysphagia in CDCS infants.  
 
Case Report 
A 99-day-old male(Gestational age 38+1-weeks, a birth weight of 2500-g and corrected 
age 99-day-old) was consulted from the neonatal intensive care unit for repeated 
aspiration pneumonia, difficulty swallowing, poor feeding and excessive saliva. The 
patient weighted 5.55-kg(<3 percentile) and his height was 60-cm(5-10 percentile). He 
exhibited poor feeding, a cat-like cry, micrognathia, microcephaly, broad forehead, wide 
and flat nasal folds, bilateral low-set ears, high arched palate, anterior open bite and 
simian lines on both hands(Fig. 1). Conventional cytogenetic tests revealed that the 
patient’s karyotype was 46, XY, del(5p)(p14)(Fig. 2). We did VFSS to evaluate dysphasia of 
the patient, he had been fed barium-containing milk. The VFSS showed A delayed oral 
transit time(OTT, 1.53 seconds), poor sucking reflex, inadequate bolus formation, 
decreased tongue base movement, severe oral delay during the oral phase. During the 
pharyngeal phase, we found poor posterior bolus transit (pharyngeal transit time[PTT] 
1.73 seconds), delayed swallow reflex(pharyngeal delay time[PDT] 1.2 seconds), delayed 
laryngeal elevation, inadequate epiglottic folding . It showed direct Aspiration with milk 
and cough reaction( PAS scale : G7), No vallecula and pyriform sinus residue. (Fig 3).  
The patient underwent percutaneous endoscopic gastrostomy tube insertion and 
pediatric rehabilitation including dysphagia rehabilitation. After 3 month of follow up, 
weight gain was observed 7920g(25-50 percentile) and height 69.9-cm(50-75 percentile).  
  
Conclusion 
We deem early VFSS to be helpful in deciding the appropriate management of dysphagia 
in CDCS infants.  
  

 
fig 1. Morphorogic feature of Cri-du-Chat syndrome case patient  
 

 
fig 2. Cytogenetic tests result  



 

 
fig 3. Aspiration during VFSS.  
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Central hypoventilation syndrome is a rare and severe condition characterized by failure 
of automatic breathing, which can result from various central nervous system disorders. 
Several central hypoventilation cases with brainstem stroke had been reported, but most 
cases had ended up with death. Thus, we report a case of patient with central 
hypoventilation syndrome caused by cerebellar hemorrhage, which was improved by 
respiratory rehabilitation.  
A 59-year-old woman visited the emergency department because of dyspnea, hypoxia 
and fever. 5 months before admission, she was diagnosed with hemorrhagic stroke of 
bilateral cerebellum, and underwent craniotomy and tracheostomy at that time. After 
cerebellar hemorrhage, she had suffered from recurrent respiratory distress and 
aspiration pneumonia within 5 months. After ER visit, she was diagnosed with pneumonia 
and mechanical ventilator was applied with medical treatment. During early phase of 
hospitalization in the pulmonology department, mechanical ventilator weaning had been 
tried but she experienced several episodes of prolonged apnea and CO2 retention. 
Recurrent apnea and hypercapnea contributed to narcosis and in turn, drowsy mental 
status led to vicious cycle of apnea. After 3weeks of medical treatment, she was referred 
to the rehabilitation medicine department with home ventilator applied as SIMV+PSV 
mode (FiO2 21%, PEEP 4, IP 14, IT 1.0, PS 8, RR 18). The brain MRI showed 
encephalomalacic changes in both cerebellar hemispheres, left middle cerebellar 
peduncle, left pons, left anterior and right lateral medulla.(Fig. 1) That lesions would be 
presumed by culprit for respiratory failure. Initial pulmonary function test was shown as 
FVC 35%, FEV1 46%, FEV1/FVC 97%. The respiratory rehabilitation program included 
intercostal muscle stretching exercise, postural drainage, both extremities ergometer, 
and breathing retraining. The patient experienced overpressure during inspiration period 



when applied with ventilator, so we adjusted respiration rate from 18bpm to 16bpm, and 
pressure support from 8.0cmH2O to 7.0cm H2O. Ventilator weaning was tried with 
spontaneous breathing trial, and ventilator-free respiration time was gradually prolonged 
as follow-up blood gas analysis showed no hypercapnea; average pCO2 was 32-39. The 
patient could sustain tolerable breathing, but after 60 hours of continuous cessation of 
ventilator she complained of dyspnea and pCO2 level was mildly increased up to 42.4. 
Consequently, SIMV+PSV mode home ventilator was applied for 8 hours only during night 
time to prevent sudden apneic event. After four weeks of rehabilitation, follow-up 
pulmonary function test showed improved respiratory parameters; FVC 73%, FEV1 82%, 
FEV1/FVC 83%.(Fig.2) After then, she was successfully discharged.  
These Results showed the respiratory rehabilitation program would be a useful strategy 
for central hypoventilation syndrome.  
 
 
 

 
 
The brain MRI showed encephalomalacic changes 
in both cerebellar hemispheres, left middle 
cerebellar peduncle, left pons, left anterior and 
right lateral medulla.  
 

The changes of pulmonary function test. The left 
showed initial pulmonary function test, and the 
right showed follow-up pulmonary function test. 
The Results showed improved respiratory 
parameters after respiratory rehabilitation.  

 
 

 
The changes of pulmonary function test parameters. After 4 weeks of respiratory rehabilitation, FVC and 
FEV1 were improved as double.  
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Introduction  
Bronchiectasis is a chronic suppurative lung disease characterized by airway obstruction 
with sputum production and recurrent infections. As the disease progresses, 
bronchiectasis affects not only pulmonary functions but also extra-pulmonary functions 
including exercise capacity, peripheral muscle endurance, and fatigue. If the 
bronchiectasis patient has an underlying central nervous system (CNS) disease, extra-
pulmonary functions decline faster and pulmonary symptoms also worsen seriously. Here, 
we report the successful pulmonary rehabilitation (PR) program on a patient with 
bronchiectasis and underlying cerebral palsy (CP).  
 
Case  
A 25-yr-old male was referred to the rehabilitation outpatient clinic and complained of 
severe cough, sputum production and recurrent respiratory infections. One year and 
eight months prior, he had been diagnosed with bronchiectasis. He could not self-
expectorate sputum on the first day of outpatient clinic, and we could not check 
pulmonary function because his pulmonary function was too weak. Besides respiratory 
symptoms, activity of daily living (ADL) was limited due to dyspnea, and he felt fatigued 
easily. Moreover, the patient has an underlying CNS disorder, bilateral spastic CP. The 
patient began the outpatient PR program, attending sessions three times per week. PR 
program consisted of total 90 minutes including 10 minutes of warm-up exercise, 20 
minutes of chest mobilization, breathing retraining and postural drainage, 20 minutes of 
respiratory muscle training, 30 minutes of aerobic exercise, and 10 minutes of cool-down 
exercise. After six weeks of the PR program, we rechecked pulmonary function, and 
noticeable improvement was obtained. Maximal inspiratory pressure was 62 cmH2O (57% 
of predictive value), maximal expiratory pressure was 32 cmH2O (21%), FVC was 3380 L 
(86%), forced expiratory volume at 1 second (FEV1) was 2320 L(68%), FEV1/FVC was 69%, 
and peak cough flow was 320 L/min. He could expectorate sputum by himself, and 
sputum production had been greatly reduced. The patient’s LCQ score improved 
markedly, from 6.63 to 18.93, and dyspnea was much improved when he performed ADL. 
After six weeks of PR program, the patient was very satisfied with his improvement, and 
continuous PR program was performed afterwards. He continues to participate in this PR 
program to this day, and his improved pulmonary function has been maintained at 
follow-up PFT (Table 1).  
 
Conclusions  



 We report a case of a successful PR program undertaken by a bronchiectasis patient with 
underlying CP. Despite the patient’s simultaneous CP and bronchiectasis diagnoses, a 
patient- oriented, precisely tailored PR program markedly improved the patient’s 
pulmonary function and clinical symptoms prominently. This study shows that a carefully 
tailored PR program can improve pulmonary function and extra-pulmonary symptoms 
even in a patient suffering from a combination of CNS and chronic pulmonary disease.  
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Objective 
To investigate the potential predictors of peak aerobic capacity in patients with 
percutaneous coronary intervention (PCI) following acute myocardial infarction (AMI) 
among lower limb muscular strength, arterial stiffness, walking endurance and body 
composition.  
  
Methods 
The subjects consisted of 179 patients (60.9±12.1 years, 155 male) who underwent PCI 
for AMI were enrolled for Jan, 2015 to Dec, 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 



using 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 
Male gender (r=0.352), age (r=0.316), skeletal muscle mass (r=0.350), leg regional lean 
mass (r=0.351), fat mass (r=-0.194), mean peak torque values of bilateral quadriceps 
relative to body weight (MPT QBW, r=0.565), mean peak torque values of bilateral 
hamstring relative to body weight (MPT HBW, r=0.536), BaPWV (r=-0.390), 6MWD 
(r=0.302), age (r=-0.533) showed significant correlation with peak aerobic capacity (VO2 
peak, p<0.05). In backward linear regression analyses, age, MPT QBW, MPT HBW, fat 
mass, and 6MWD (  
 
Table 1. General Characteristics, Body Gait Endurance, Arterial Stiffness and Lower Limb Isometric Strength 

of All Myocardial Infarction Patients Undergoing Percutaneous Coronary Intervention (N=179) 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
Table 2. Parameters of Cardiopulmonary Fitness in All Myocardial Infarction Patients Undergoing 
Percutaneous Coronary Intervention (N=179) 
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Introduction  
This case reports a dramatic recovery of physical function in a 42-year-old male patient 
with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage IV COPD after 
using non-invasive ventilator (NIV) treatment.  
 
Case  
The male patient received bone marrow transplantation with the diagnosis of acute 
myeloid leukemia in 1994 at the age of 19. The subsequent sequelae of dyspnea due to 
graft versus host disease gradually began to appear, and he was diagnosed with COPD in 
1996. In spite of long-term oxygen therapy from September 2015 he began to often 
complain of fatigue while walking. From June 2016, dyspnea deteriorated more and it 
was hard for him to ambulate independently and swallow foods. On November 2016, he 
was admitted to department of pulmonology due to acute exacerbation of COPD. At that 
time, he was only able to walk about 3-4 meters due to dyspnea, and he had difficulty in 
swallowing sticky solid or semisolid food and had symptoms of aspiration with liquid. In 
the arterial blood gas study, partial pressure of carbon dioxide (PCO2) was measured at 
65-75 mmHg. During the hospitalization he had a follow-up with the department of 
rehabilitation, and videofluoroscopic swallow study (VFSS) showed aspirated liquid during 
swallowing, and inadequate upper esophageal sphincter (UES) opening. No abnormal 
findings were observed in the brain MRI and electodiagnostic studies. He was admitted to 
the department of rehabilitation for pulmonary rehabilitation on December 2016. The 
maximal and mean PCO₂were 72.8 mmHg and 62.4 mmHg in continuous transcutaneous 
monitoring during overnight. The maximal and mean PCO₂were both improved to 50.8 
mmHg and 47 mmHg, respectively, with nocturnal NIV. After that, the patient had a 
dramatic improvement in physical function as well. Prior to NIV, he was not even able to 
walk, but upon the treatment he completed a 490 m of walking in the 6 minute walking 
test. The patient also showed improvement in COPD-related symptoms and fatigue such 
as the Brief Fatigue Inventory, COPD Assessment Test and Modified Fatigue Impact Scale. 
Upon conducting the London Chest Activity of Daily Living Scale and Functional 
Independence Measure, improvement in daily activities was observed, also (Table 1). On 
March 2017, he was re-admitted to the department of rehabilitation and confirmed a 
recovery of maximal PCO₂ to the level of 37.7 mmHg and mean PCO₂ to the level of 35.8 
mmHg with nocturnal NIV. Followed VFSS showed that UES opening was improved and 
mere penetration was observed during liquid swallowing.  
 
Discussion  
In this case, when hypoventilation is accompanied by very severe COPD patients whose 
physical function is impaired without any neurologic deficit, only respiratory support 
through NIV can not only correct the gas exchange, but also improve muscular fatigue, 
exercise capacity, functional level, and even swallowing function. Therefore, NIV 
treatment should be considered as an option for such patients.  
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Introduction 
About one in three cases of heart failure is due to dilated cardiomyopathy (DCMP). A 
detailed evaluation of acute onset DCMP usually does not elucidate a specific etiology in 
more than 50% of cases. Cardiac rehabilitation (CR) can improve the quality of life, 
exercise capacity and the activities of daily living in patients with chronic dilated 
cardiomyopathy. However, there are few studies on the effect of CR in acute heart failure 
(AHF) caused by DCMP. Therefore, we aimed to investigate the changes of cardiac 
function and exercise capacity after CR in patients with AHF caused by DCMP.  
 
Methods 
We performed a retrospective chart review of 4 patients with AHF due to DCMP. They 
had undergone at least 4 times of follow-up exercise tolerance test (ETT). In each case, 
we measured body mass index (BMI), maximal MET (METmax) and maximal VO2 
(VO2max) and checked left ventricular ejection fraction (LVEF) before and after CR. All 
patients were provided with education (during the admission and at every visit for ETTs), 
exercise prescription, and risk factor management and modification as a scheduled CR 
program. The intensity of exercise was prescribed based on 60% of maximal heart rate 
after ETT.  
 
Result 
1) Among 4 patients, 2 were male and 2 were female. Mean age was 50.2 years (43-69 
years). They were consulted for CR at 4.75 days (1 day-7 days) after hospitalization. The 
first visit after discharge was at 15.6 days (0 days-29 days) (Table 1).  
2) LVEF in serial follow-up echocardiography was improved in all the patients (Fig. 1).  
3) VO2max was increased in 3 patients and decreased in 1 patient (Fig. 2). METmax was 
increased in 2 patients and decreased in 2 patients.  



4) They did not display any electrocardiographic abnormalities during ETT except 1 
patient with previous atrial fibrillation.  
5) During the follow-up period of 6 months, no patient was admitted to the hospital due 
to symptom aggravation. There were no complications such as arrhythmia during 
exercise.  
 
Conclusion 
LVEF was improved in all the patients managed with medication and CR, while exercise 
capacity such as METmax and VO2max, showed various changes. Further studies about 
other factors affecting exercise capacity will be needed in patients with AHF caused by 
DCMP.  
  
Table 1. General Characteristics 

 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The changes of left ventricular ejection 
fraction after cardiac rehabilitation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The changes of maximal VO2 after cardiac 
rehabilitation 
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INTRODUCTION  
Bronchial anthracofibrosis(BAF) is defined as a luminal narrowing associated with 
anthracotic pigmentation on bronchoscopy without a relevant history of pneumoconiosis 
or smoking. Most common symptoms are dyspnea (38%) and cough (30%). There was no 
previous study of ventilator weaning in patients with BAF. The following case describes 
successful ventilator weaning in the patient.  



  
CASE REPORT  
A 79-year-old female fell down in toilet. She was admitted to medical center to manage 
multiple rib fractures and left femoral neck fracture. With sudden onset of dyspnea, she 
was diagnosed as pneumonia. There was atelectasis in right lower lung field (RLLF) in 
chest X-ray. BAF and tracheomalacia were found in bronchoscopy. Early tracheostomy 
with adjustable tracheostomy cannula was done and mechanical ventilator was applied 
because of inspiratory tracheal stenosis.  
She was transferred to rehabilitation department with portable ventilator applying. 
Mechanical insufflation-exsufflation (MIE) device was used to release atelectasis and 
clear mucus, and have done air-stacking exercise three times a day to prevent additional 
atelectasis. The initiating ventilator mode was assisted-volume control ventilation (aVCV). 
We tried to modify the mode of ventilator from aVCV to pressure support ventilation 
(PSV), but we failed at first time because of low tidal volume. In ventilator weaning 
process, lowering positive end-expiratory pressure (PEEP) aggravated atelectasis in the 
case, since the tracheal stenosis was apparent especially at inspiration due to 
tracheomalacia. We noticed that maintaining higher PEEP (more than 8 cmH2O) on 
weaning process than other disease like chronic obstructive lung disease or pneumonia 
was critical in anthracofibrosis.  
A week later, we were able to modify the mode from aVCV to PSV. We gradually lowered 
the inspiratory positive airway pressure (IPAP) by 2 cmH2O every other day. 
Simultaneously, we started ventilator weaning for 30 minutes three times a day with air 
stacking exercise and MIE. After six days, a ventilator weaning for two hours was 
tolerable. Nine days later, she was able to wean the ventilator during the daytime. It took 
a month to wean the ventilator completely and the patient discharged with good general 
condition.  
  
CONCLUSION  
It was difficult to wean the ventilator because BAF and tracheomalacia made the 
inspiratory tracheal narrowing. Higher PEEP than usual during ventilator weaning might 
have been helpful to prevent inspiratory collapse of trachea in the patient. The ventilator 
weaning protocol and pulmonary rehabilitation Methods we applied were successful. 
Higher PEEP in expiratory phase might be a key of successful ventilator weaning in BAF 
with tracheomalacia.  
 

 
Fig. 1. RLLF atelectasis on chest x-ray  
 



 
Fig. 2. Anthracotic pigmentation on bronchoscopy  
 

 
Fig. 3. Bronchoscopic image of carina, A. Inspiration; collapsed trachea, B. Expiration  
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Atrial fibrillation (AF) is a common arrhythmia and is associated with cause of developing 
stroke, and increased cardiac disease of mortality and morbidity. Totally thoracoscopic 
ablation (TTA) is one of the surgical treatments for chronic AF, which can be restored to 
normal sinus rhythm and improved atrial function. Two patients with chronic AF have 
received cardioversion as an intervention option for restoring sinus rhythm but the 
procedure had failed. Therefore, the patients underwent TTA surgery as an intervention 
therapy for restoring sinus rhythm and then enrolled in outpatient cardiac rehabilitation. 
On our results, exercise tolerance including total testing time and exercise capacity was 
increased compared with pre-intervention. Quality of life (QOL) also was improved in 
physical function and mental health, although cardiac performance confirmed by 
echocardiogram was not significantly improved. This is the first case reports that 



demonstrated the exercise therapy is a safe and effective intervention for patients with 
TTA surgery in early postoperative period.  
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Introduction  
Paraneoplastic peripheral neuropathies may develop in any time during the course of the 
neoplastic disease. The neuropathies that develop in the early stages of cancer frequently 
show a rapid progression, sometimes with a relapsing and remitting course, and evidence 
of inflammatory infiltrates and axonal loss or demyelination. Through this case, we will 
introduce the paraneoplastic polyneuropathy about the patients who just started taking 
Votrient.  
  
Case  
A 61-year-old male patient, who started votrient therapy after nephrectomy of left 
kidney caused by renal cell carcinoma on September 30, 2015, visited our hospital. He 
suffered from the numbness pain, aggravated before 2 weeks, of VAS4 at both soles and 
calves. He complained of the weakness of muscle strength about MMT 3 degree at both 
lower limbs. In view of lumbar MRI after hospital visiting, no metastasis was observed 
and certain spinal stenosis was found. Also, on the basis of EMG of lower extremity, both 
peripheral polyneuropathy, demyelinated sensory motor system and the axonal loss type 
were observed.(fig-1)  
  
[Fig-1 ]  
  
he continued votrient therapy and after two weeks, he recovered muscle strength about 
MMT 4 degree at both lower limbs and the pain were subsided except numbness.  
  
Conclusion  
The early medical team, being in charge of the patient, overlooked the paraneoplastic 
peripheral neuropathy which occurred in patients having the underlying disease of spinal 
stenosis. If the team followed up the patient, gave him the accurate explanation and 
suggested the appropriate examination, he could receive the accurate treatment. We 
suggest it as a local paraneoplastic syndrome since he recovered muscle power taking 
votrient in two weeks. By the way, we may have considered it as CIDP due to some 
inflammatory infiltrates by RCC, so the evaluation should be continued more than 6 
months and follow-up EMG is needed.  
  



 
Lower limbs motor nerve conduction study  
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Background  
Lymphedema can be classified into primary and secondary depending on the 
pathophysiology. Primary lymphedema is congenital due to genetics or idiopathic. 
Secondary lymphedema, which accounts for much more than primary, can be caused by a 
variety of causes that may damage lymphatic vessels. If lymphedema occurs due to 
venous disease or venous occlusion, it can be misdiagnosed with primary lymphedema. 
We report a rare case of secondary lymphatic edema due to vein occlusion in a patient 
who underwent renal transplantation with AVF removal 6 years ago.  
  
Case  
A 64-year-old man has been on hemodialysis since he was diagnosed of end stage renal 
disease 19 years ago. He underwent the kidney transplantation 6 years ago, and was 
removed of the AVF of his right arm, as it was no longer necessary. Suddenly he 
complained of severe edema of the right upper extremity, from his upper arm to hand, 
on 4 months ago. The physical examination showed a positive stemmer sign in the right 
hand, fibrotic change in the right forearm, and severe edema from the right axilla to the 
fingertip. The differences of circumference of both arm at axilla, 10 cm below axilla, 
elbow, 10cm below elbow, and wrist were 4.5 cm, 4.6 cm, 5.7 cm, 5.6 cm, and 3.2 cm 
respectively [Table1]. The ascending venography of right arm showed occlusion at the 
right subclavian and innominate vein [Figure1]. The lymphoscintigraphy of both upper 



extremities revealed dermal backflow in right forearm, indicating the lymphatic 
obstruction/lymphedema of the right upper extremity. There was no abnormal radiologic 
finding in left upper extremity [Figure2].  
Because there were no probable causes to damage the right lymphatic vessel, we 
diagnosed his arm swelling as secondary lymphedema caused by the occlusion of the 
right subclavian and innominate vein. Percutaneous transluminal angioplasty was 
considered, but occlusion was too severe to perform the angioplasty. Thus, he was 
referred to department of rehabilitation medicine for comprehensive lymphedema 
managements. After 2 weeks of hospitalization, the patient's symptoms improved 
significantly after rehabilitation.  
  
Conclusion  
We report a rare case of lymphedema secondary to delayed occlusion of subclavian and 
innominate veins after kidney transplantation. In this case, conservative rehabilitation 
was performed because of the difficulty of vascular surgery.  
 

 
Circumference of bilateral upper extremity  
 

 
Ascending venography of right arm shows occlusion of right subclavian and innominate vein  
 

 
Lymphoscintigraphy of both upper extremities show dermal backflow in right forearm in latent phase  

  



P 3-143   

1-year follow up of Dysphagia in a CPA meningioma : A case report 

Kyun Yeon Lee1*, Sang-Heon Lee1, Jung Hyun Cha1, Yong Kyun Kim1† 

Myongji Hospital, Seonam University College of Medicine, Department of Physical 
Medicine and Rehabilitation1 
 
Introduction  
The cerebellopontine angle(CPA) tumor is one of the most common tumors in posterior 
fossa, accounting for 5~10% of the intracranial tumors reportedly. The most common CPA 
tumor is vestibular schwannoma (VS) with good prognosis and meningioma. Of them, 
concerning meniongioma in Jugular foramen, only very few cases have been reported. Its 
main symptom is related to Lower cranial nerve and jugular bulb intrusion. But the 
general symptoms are unilateral hearing loss (95%), tinnitus (80%), vertigo (75%), and 
headache (25%) just as the VS. This report is on 1 year follow up of dysphagia recovery 
and aggravation process in a patient with CPA meningioma patient.  
  
Case presentation  
A 53-year-old female patient was hospitalized two times in the rehabilitation medical 
treatment division at this Hospital from July 7, 2015 to September 4, 2015 and from 
September 9, 2015 to October 19, 2015 to treat dysphagia treatment regarding her post-
surgical resection Rt. vocal cord palsy and dysphagia after being diagnosed with Rt. CPA 
meningioma c extracranial extension through jugular foramen on May 8, 2014. She had 
no record of hypertension, diabetes, TB, hepatitis, seizure, etc. At the early stage of 
illness, the patient received treatment continuously for dysphagia. On November 10, 
2014, the patient received CP muscle Botox injection and balloon training continuously 
but showed no improvement. For this reason, feeding through PEG tube continued. On 
July 7, 2015, the patient was hospitalized in the rehabilitation medical treatment division 
of the Hospital and received Restylane filler injection to Rt. vocal cord on July 25, 2015; 
along with the 1st Balloon dilatation on July 31, 2015; 2nd Balloon dilatation on August 10, 
2015; and 3rd Balloon dilatation on August 14, 2015; Rt. vocal cord Artesense filler 
injection on Sep. 25, 2015. Then on April 26, 2016, the patient was treated with CP 
myotomy with partial myectomy. During this period, dysphagia training including balloon 
training, and vital stim was continued. As a result, dysphagia was weakened and on Oct. 
14, 2015, PEG removal was implemented. Then the patient became able to do oral 
feeding. However, one year later, follow-up VFSS test showed that the symptoms of 
dysphagia were worse again. (Fig 1 & Fig 2 )  
  
Conclusion  
The patient had received treatment for dysphagia continuously for 14 months but 
experienced no improvement; then was hospitalized at the Hospital. She received 
dysphagia treatment continuously along with filler injection and GI balloon dilatation 
together and additional myotomy & partial myectomy. As a result, her symptoms were 
eased to become able to oral feeding. But, one year later, follow-up VFSS test showed 
that the symptoms of dysphagia were worse again. Likewise, it is not easy to recover 
dysphagia from these CPA meningioma patients.  



 

 
Fig 1. Post Treatment VFSS  
 

 
1 year follow up VFSS  
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Background 
Lymphedema is a common disease among the patients who have received lymph node 
excision. In these patients, circulation of lymphatic fluid is disturbed that lymphedema 
occurs as a result of abnormal accumulation of interstitial fluid and fibroadipose tissues. 
This is characterized by swelling, heaviness, tightness and discomfort. Patients with 
lymphedema are particularly susceptible to infection because not only the lymphatic 
system itself is damaged to fight bacteria but also the protein-rich lymphatic fluid serves 
as an excellent medium for bacteria to grow. When cellulitis is combined in lymphedema, 
it can be controlled with adequate use of antibiotics. However, we experienced a case of 
sepsis with cellulitis in a patient, who had suffered recurrent cellulitis, visited hospital 
belatedly.  
 
 
 



Case report 
A 73-year-old man, who had regular checkups at our hospital to control lymphedema, 
visited with left leg pain, swelling, heating sense. He first noticed mass at left inguinal 
area about 8 years ago, and visited University Hospital to get mass excision. The mass was 
located at left external iliac and regional peritoneal lymph nodes and turned out to be a 
malignant fibrous histiocytoma by the biopsy. After then, he completed chemotherapy 
and radiation therapy, respectively. Ten days before visiting the emergency room, he was 
scratched by a branch of a tree on left leg while climbing a mountain. After that day, his 
left leg swelling was aggravated, turned red, and he felt a heating sense. However, he 
didn’t come to the hospital and these symptoms got worse. When he got fever, myalgia 
and severe left leg pain and swelling (Figure 1), he visited the emergency room. His vital 
sign was checked with blood pressure of 149/73mmHg, heart rate of 120beats/min, body 

temperature of 38.7℃ and respiration rate of 20/min. His initial lab Results showed 
leukocytosis (11,410/uL) but CRP was in the normal range. He was admitted and we 
started empirical antibiotics with ceftriaxone. Follow up lab study after eight hours from 
initial study showed elevated CRP (4.0mg/dL) and creatinine (2.00mg/dL) but WBC was 
suddenly dropped to 1,260/uL. So, vancomycin was added for the sepsis management. 
Nevertheless, his mental status became confused, his leg swelling still got worse and 
profound discharge flowed out from entire left leg. After changing antibiotics to cefepime 
according to the would culture result, his lab Results began to be normalized with 
symptoms’ improvement. He was discharged home on day 21 (Table 1).  
Conclusion 
Because patients with lymphedema are vulnerable to infection, not only soft tissue 
infection, but also life threatening complications such a s sepsis can be occurred. So, 
physicians should constantly educate their patients to avoid any activities causing injuries 
in their daily lives and to visit hospital as soon as possible when they first notice any signs 
of infection to prevent further progression.  
  

 
Figure 1. Status of left leg on day 1  
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Intradural cystic lesions in the spinal canal are very rare and spinal bronchogenic cyst has 
a typical histopathologic appearance. Spinal bronchogenic cysts are congenital in origin 
and are classified as enterogenous cysts. We here present a case of intradural 
extramedullary cyst which was defined as bronchogenic cyst.  
  
A 44-year-old male patient visited outpatient department for the different calf 
circumference between left and right side. Calf circumference of right side was 39.5cm 
and Left side was 35.5cm. Magnetic resonance imaging (MRI) showed disc protrusion at 
level of L1-2, L2-3 and electomyography (EMG) suggested left S1 lumbosacral 
radiculopathy. The result of MRI and EMG were not correlated. One year after first visit, 
we performed EMG and it showed left S1 lumbosacral radiculopathy chronic state. The 
circumference of right calf was 42.5cm and left calf was 36.5cm. There was no significant 
difference of calf circumference.  
Four months after recheck of EMG, low back pain with radiating pain to left lower 
extremity appeared. At that time, the circumference of right calf was 40.0cm and left calf 
was 33.0cm. Facet joint block with steroid was done but symptoms did not subsided. Few 
days after, low back pain was aggravated and magnetic resonance imaging (MRI) revealed 
a suspected spinal cord tumor at T12 area.  
The patient underwent surgery. About 3cm-sized yellowish intradural extramedullary 
mass was exposured at T12-L1 level. Upper and lower margin of mass was gross totally 
removed which was defined as bronchogenic cyst. Symptoms of low back pain and 
radiating pain to left extremity were disappeared.  
  
As we saw in this case, when the symptoms persist or symptoms aggravated and the 
result of EMG and MRI are not correlated, we might consider uncommon disease such as 
tumor. Therefore if the patient present continuous symptoms, consideration of not just 
EMG but also MRI may be necessary.  
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Introduction  
 SEP Test is designed to measure the electrical activity in the brain of a subject to whom 
tactile stimulation is given. It is widely used as it can take a non-invasive measurement of 
the function of the somatosensory system, and can provide a lead to a diagnosis of focal 
neurological problem (trauma, compression, multiple sclerosis, tumor) or diffuse CNS 
disorders.  This report is on the case in which a patient with chronic left leg pain who 
previously suffered from cerebral palsy showed SEP abnormalities and underwent 
removal operation after spinal glioma was confirmed through additional evaluation.  
  
Case presentation  
 On Apr. 11, 2017, a 31-year-old female Russian patient, whose chief complaint was left 
thigh pain that began in 2008, checked into the Department of Rehabilitation Medicine of 
our hospital. The patient was diagnosed at age 4 with bilateral spastic cerebral palsy and 
since 2008 her left leg pain has continued. Accordingly, she had received injections, 
massage, physical therapy, minimally invasive procedures, myotomy etc. in China, Russia 
etc. to no improvement of the symptoms. Hence, she checked into the hospital for 
evaluation and management.  
 On Apr. 12, 2017, EMG & NCV and SEP Test were performed on the leg, and the SEP Test 
showed everything normal except the prolonged latency of the left tibial nerve. With the 
chances of radiculopathy lessening, whole spine MRI was performed to determine other 
central lesions. When spinal glioma was identified, the patient underwent tumor removal 
operation at the Department of Neurosurgery of the hospital on Apr. 18, 2017 and 
afterwards, the patient’s left leg pain lessened.  
  
Conclusion  
 The patient had persistent pain in the left leg for 9 years from 2008, whose cause hadn’t 
been known until she checked into our hospital. Her suffering continued while she failed 
to get any adequate treatment. The EMG & NCV tests performed at our hospital came up 
with no abnormal findings possibly leading to radiculopathy, while left tibial SEP alone 
showed abnormalities. Since the patient was diagnosed at age 4 with bilateral spastic 
cerebral palsy, and as protracted latency has been reported in SEP Test with such patients 
with cerebral palsy, such SEP abnormalities were natural in a way. However, since the 
clinical symptoms that the patient had long complained of and the unilateral SEP 
abnormalities necessitated additional central lesion evaluation, we recommended spine 
MRI, which confirmed spinal glioma. After a removal operation, the patient got better 
and discharged.  
 



 
MRI finding - Spinal glioma  
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Introduction  
Younger age at spinal cord injury was shown to be associated with more severe 
neuromuscular scoliosis. Despite brace treatment, scoliosis in children with spinal cord 
injury usually progresses and requires a definitive spinal fusion eventually. Also, left-right 
handedness affects the left-right convexity curve pattern of idiopathic scoliosis. The 
location and gravity of heart and aorta may determine the trend of lateral flexion and 
axial rotation of normal spine. There is a need to evidence of effects of bimanual activity 
on spinal cord injury patient.  
  
Case report  
 A 16-years-old woman who was diagnosed of cauda equina injury after fall down at 4 
years old was referred to our hospital for rehabilitation on 7 years old. On initial 
evaluation, she was right handedness and complete paraplegia and scoliosis was proved. 
Whole spine x-ray revealed 22.0’ of Cobb’s angle of thoracolumbar area on right 
convexity on sitting posture. After that, her wheel chair, thoracolumbar sacral orthosis 
(TLSO) brace and silicon air cushion measurement proceeded. Also, she started bimanual 
activity on occupational therapy. After 1 year, her Cobb’s angle was improved. There was 
18.0’ of Cobb’s angle of thoracolumbar area on right convexity on standing posture. 
However, after 4 years later from the 1st visit, she had growth spurt from 121cm to 
143cm. So, scoliosis was aggravated. On sitting position, Rt. thoracolumbar Cobb’s angle 
was 28.8’ without brace and 27.5’ with brace. Also, Lt. lumbar Cobb’s angle was 33.7’ 
without brace, 25.2’ with brace. So, she re-measured Boston typed thoracolumbar sacral 
brace and the silicon air cushion was adjusted according to her scoliosis correction. After 
the discharge from our hospital, she had applied her brace all daytime and she used left 
hand relatively more than right hand.  



For 7 years after the 1st admission, she had applied the brace every sitting time and 
every admission time, she corrected her wheel chair and silicon air cushion. Also, she had 
had bimanual activity for daily living. On the recent evaluation, after 8 years from the 1st 
visit, scoliosis was mild corrected considering adolescent age. On sitting position, right 
thoracolumbar Cobb’s angle was 24.5’ without brace and 18.3’ with brace. Also, left 
lumbar Cobb’s angle was 17.9’ without brace, 14.5’ with brace. Although she was still 
right handedness, her hand function test revealed relatively superior left hand function in 
field of grip power, tip pinch, palmar pinch power, box and block transferring than right 
hand.  
  
Conclusion  
This case could be defined as evidence of conservative management including bimanual 
activity and brace modification prevents scoliosis progression. Correction of handedness 
is supportive for neuromuscular scoliosis.  
  

 
Figure 1. Whole spine x-ray: On initial evaluation revealed scoliosis progression 3 years later from the onset  
 

 
Figure 2. Whole spine x-ray: On 4 years later from initial evaluation after experiencing growth spurt, x-ray 
revealed scoliosis aggravation  
 



 
Figure 3. Whole spine x-ray: On 8 years later from initial evaluation, x-ray showing prevention of scoliosis 
progression  
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Background 
Therapy using robotics is more accurate and repetitive than conventional therapy and is 
expected to be effective in improving neuroplasticity in patients with spinal cord injury 
(SCI). Studies on the application of upper limb rehabilitation robot to patients with SCI is 
very lacking, especially on combined upper limb robot treatment which simultaneously 
applies not only proximal but also distal upper limb treatment.  
  
Objective 
Herein, we conducted this study to confirm the effect of combined upper limb robot 
treatment in patient with SCI.  
  
Method 
Two men(age of 53, 69 years), with incomplete SCI at the C5/C6 level respectively, 
classified as American Spinal Injury Impairment Scale (AIS) D, participated in a robotic 
rehabilitation program. Program included combined upper limb robot treatment on their 
right upper limb using Armeo power and Amadeo. They undergone 3 sessions of robot 
treatment per week, for 5weeks, total 15 sessions. Before and after program, we 
evaluated pain assessment, MMT of key muscles, Grip power, GRASSP, ROM, MAS and 
KSCIM-3.  
  



 
Result 
After 5weeks of intervention, the participants demonstrated measurable improvements 
in MMT of key muscles, Grip power, GRASSP scores. A 53-year-old man, with incomplete 
SCI at the C5 level, had improvements in Grip power (Grip strength only) and GRASSP 
scores (strength, quantitative prehension). A-69-year-old man, with incomplete SCI at the 
C4 level, had improvements in MMT of key muscles, Grip power (Grip/Pinch strength) 
and GRASSP scores (strength, quantitative prehension).  
  
Conclusion 
Combined upper limb robot treatment may be beneficial in enhancing upper motor 
function in tetraplegic patients with cervical level SCI  
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Background 
Autonomic dysreflexia (AD) is a potentially dangerous and lethal clinical syndrome that 
develops in persons with spinal cord injury (SCI). There are only a few reports about the 
autonomic dysreflexia during pregnancy in women with spinal cord injury (SCI). We 
experienced a case of 35-year-old woman who developed AD during pregnancy, and 
resolved after delivery.  
  
Case 
A 35-year-old woman visited the rehabilitation department out-patient clinic with the 
headache, facial flushing , palpitation and sweating. The patient had a history of SCI due 
to fall down accident about twenty years ago. Neurological assessment according to the 
international standards for neurological classification of SCI (ISNCSCI) revealed T4 
complete ASIA-A. The patient emptied her bladder using clean intermittent catherization 
(CIC) four to five times a day without any special inconvenience before pregnancy, and 
symptoms of AD were rarely observed. At that time, she complained of AD symptoms 
such as facial flushing, palpitation, sweating, especially during voiding and postural 
changes. The intensity and frequency of AD symptoms increased as the week passed.  
 The patient was hospitalized for careful observation at the point of 33th weeks of 
gestational age. The blood pressure was elevated to 147/98mmgHg before CIC and 
normalized after CIC. According to the 24-hours ambulatory blood pressure monitoring 
(ABPM), AD event occurred 13 times. Self-reported AD symptom score was 139 assessed 
by Autonomic Dysfunction Following Spinal Cord Injury (ADFSCI) questionnaire. 
Multidisciplinary teams managed the problems such as neurogenic bladder, constipation 



and elevated blood pressure and cared in a setting where intensive monitoring.  
 She had a Caesarean section at 36th weeks of gestational age under general anesthesia. 
After the delivery, she complained more AD symptoms temporarily and had to be 
admitted five more days than scheduled until the blood pressure is normalized. The blood 
pressure was elevated to 170/100 with headache and facial flushing.  
 Two weeks after the delivery, she visited the outpatient clinic for follow-up on elevated 
blood pressure. All vital sign examined are normalized and she reported AD symptoms 
had remarkably improved. AD symptoms score assessed by ADFSCI questionnaire score 
also improved to 115 point.  
  
Discussion 
The AD symptoms is thought to be exacerbated in the process of pregnancy. For this 
reason, the pregnant SCI patients should be informed and educated about appropriate 
action. The elevated blood pressure after delivery seems to have been caused by painful 
stimulation of breast congestion, but further investigation is needed.  
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The Brown-Sequard syndrome involves ipsilateral motor weakness, impaired 
proprioceptive and vibratory sensation with contralateral loss of pain and temperature. 
The syndrome is occurred by spinal cord tumor, spinal vascular malformation and cervical 
spondylosis. Spinal disc herniation was rarely reported as a cause of the Brown-Sequard 
syndrome. We report a case of trauma-related C4-5 disc herniation resulting in acute 
Brown-Sequard syndrome.  
 A 59-year-old man without any medical history had an acute and episodic pain at his 
posterior neck and right scapular area during transporting heavy baggages, however he 
didn’t stop transporting them. After 3hours, right side weakness was acutely developed, 
and he visited our emergency department.  
 On neurological examination, motor examination revealed paralysis on his right upper 
and lower limb. Generalized hyperreflexia was detected. Upper motor signs were not 
elicited on his right side. The pain and temperature sensation were decreased in right half 
of his body up to the C7 dermatome level. The proprioceptive and vibratory sensations 
were decreased in right lower extremity. Sacral sensation was spared, although he 
developed urinary retention. The magnetic resonance imaging of the cervical spine 
revealed a central C4-5 disc herniation, with hyper-signal intensity of the corresponding 
cervical cord on the T2-weighted image (Figure 1). The patient received the conservative 
management with intravenous corticosteroid for 3days, however, recovery was not 
observed. He underwent anterior discectomy with plate fixation the C4 and C5 spine 



without post-operative complication. After that, he was transferred to department of 
rehabilitation medicine for comprehensive rehabilitation. A follow up examination, a 
2weeks after operation, revealed improved motor power in right upper and lower 
extremities (Table 1). The urinary retention was recovered.  
To our knowledge, this is the first case of acute brown-sequard syndrome caused by 
trauma-related cervical disc herniation in Korea. In this case, the time from initial 
symptoms to paralysis and diagnose was only 3hours, much shorter than other cases 
(mean 4.9months). This case suggested that Brown-Sequard syndrome could be occurred 
by trauma-related cervical disc herniation.  
  

 
Figure 1. T2-weighted sagittal magnetic resosnace (MR) image of cervical spine demonstrating hyper-signal 
intensity of spinal cord at the level of C4-5, representing myelopathy (Left). T2-weighted axial MR image 
demonstrating disc extrusion with hyper-signal intensity of spinal cord (Right).  
 
Table 1: Manual muscle testing at transfer and 2weeks follow up 
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Background 
Lower extremities ortheses prevents second complications of longterm use of a 
wheelchair and enable individuals with spinal cord injury(SCI) to ambulate overground 
and maintain standing position. In our countries, bilateral knee-ankle-foot orthoses(KAFO) 
are used for gait reconstruction in patients with paraplegia. A more recent technology for 
ambulation in individuals with SCI is powered exoskeletal devices that enable gait in 
individuals with SCI. However, although several systematic reviews of powered 
exoskeletons have recently been published in worldwide, there are no known domestic 
research that have examined the clinical effectiveness and safety of powered 
exoskeletons in spinal cord-injured patients. In the current study, we selected ReWalk™, 
the most commercialized exoskeletal robots, and compared with bilateral knee-ankle-
foot orthoses(KAFO) to suggest the clinical data about their ambulation training and its 
efficacy. Furthermore, we proposed to show the direction a clinical training protocol of 
powered exoskeletal devices in persons with SCI which is reflected our training 
environment.  
 
Method 
A 32 year-old T5 AIS-A spinal cord injury patient was trained to walk over ground with 
powered exoskeletal devices(ReWalk™). He received gat training with bilateral knee-
ankle-foot orthoses(KAFO) for 1st 4 weeks(total 20 sessions) and continued the exercise 
with ReWalk™ after KAFO training. After KAFO training was finished, he had wash out 
time for 2 weeks. The velocity and distance of walking were measured, as he walked with 
KAFO or ReWalk™, in 6 minutes walking test and 30minutes walking test. Evaluations 
were perfomed 2 times at each intervention when after 10 sessions, and after 20 
sessions(the time intervention finished).  
 
Result 
The velocity and distance of walking with the ReWalk™ were significantly higher than 
those of walking with KAFO.  
 
Conclusion 
The powered exoskeletal device(ReWalk™) enabled the patient with paraplegia to walk 
for a longer distance at faster rates.  
  



 
 
 

 
 

 
Walking velocity and distance at the mid-session and post-session with KAFO or ReWalk™ in 30minuts 
walking test  
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Objective 
We described an individualized ankle foot orthosis (AFO) made with 3D scanning and 
printing techniques and using the automated design CAD software.  
 
Methods 
After acquiring a 3D modelling file of a patient’s lower leg with peroneal neuropathy by a 
3D scanner, we loaded this file on the automated orthosis software and created the ‘STL’ 
file. This automated software program was based on the anthropometric data of normal, 
healthy volunteers and the preprogrammed orthotic template design. The points for the 
anatomic landmark were manually marked at the heel, the first and the fifth metatarsal 
head, the second metatarsal head, lateral and medial malleoli, and lateral and medial 
tibial condyles. Supposing that the line between the second metatarsal head and the 
midpoint of the lateral and medial malleoli was the axis of the foot and the line between 
the midpoint of the lateral and medial malleoli and the midpoint of the lateral and medial 
tibial condyles was the axis of the lower leg. The preprogrammed orthotic template 
design which size was modified according to the marked points including the first and the 
fifth metatarsal head was overlapped and the circles of which radius were predetermined 
were drawn around the lateral and medial malleoli and the oblique line of which angle 
was 45 and at the predetermined distance separate from the heel was drawn. Based on 
the axes, ankle joint was adjusted to neutral position by dorsiflexion and the templates 
were adjusted according to the meshes. Ankle joint and templates were also adjusted to 
neutral position by eversion. Using this algorithm, the 3D modelling of individualized AFO 
was designed. The designed AFO was printed using a fused filament fabrication type 3D 
printer. The patient alternated between the 3D printed and conventional AFOs.  
 
Results 
The gait speed increased after wearing the conventional AFO (56.5 cm/sec) and 3D 
printed AFO (56.5 cm/sec) compared to that without an AFO (42.2 cm/sec). The step 
width decreased when the patient walked with the 3D printed AFO (15.9 cm) compared 
to the step width with the conventional AFO (17.1 cm) and without an AFO (17.9 cm). The 
patient was more satisfied with the 3D printed AFO than the conventional AFO in terms 
of the weight and ease of use.  
 



 
Conclusions 
The 3D printed AFO exhibited similar functionality as the conventional AFO and 
considerably satisfied the patient in terms of the weight and ease of use. We suggest the 
possibility of the individualized orthosis with 3D scanning and printing techniques.  
 

 
The line between the second metatarsal head (MH) and the midpoint (C_T) of the lateral (LM) and medial 
malleoli (MM) was assumed to be the axis of the foot and the line between the midpoint (C_T) of the 
lateral (LM) and medial malleoli (MM) and the midpoint (C_K) of the lateral (LT) and medial tibial condyles 
(MT) was assumed to be the axis of the lower leg (2A). The preprogrammed orthotic template design which 
size was modified according to the marked points was overlapped (red dots and lines) and the circles were 
drawn around the lateral and medial malleoli and the oblique line of was drawn (blue dots and lines, 2B).  
 

 
In the sagittal view, based on the axes of foot and lower leg, ankle joint was adjusted to neutral position by 
dorsiflexion (2B) and the templates were adjusted according to the meshes (2C).  
 

 
Using the adjustment of the joint axis, the 3D modelling of individualized AFO with correction of the axis 
was designed.  
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Introduction  
Patients with amyotrophic lateral sclerosis (ALS) usually face progressive bulbar 
dysfunction and undergo tracheostomy, leaving only eye-gaze function for 
communication. We aimed to describe two cases showing the effect of newly developed 
brain-eye interface messenger application as a new communication tool option for 
patients with non-verbal ALS.  
Newly developed brain-eye messenger application using the eye gaze consisting of eye-
tracking monitor for patients, touchscreen monitor for caregivers, and messenger 
program for mobile device was tested for a month during February of 2017 in 2 patients 
with ALS. Correct character per minute (CCPM) for 18-and 21-character sentence was 
compared with former communication tool of each patient. Korean version of ALS quality 
of life questionnaire (K-ALSQOL) was taken among the patients before and after using the 
application. Korean version of McGill’s quality of life questionnaire (MQOL-K) was taken 
among the caregivers before and after using the application.  
 
Case Report  
Case 1.  
A 49-year-old man was diagnosed with ALS in 2012. He underwent tracheostomy in 2016, 
but was nonverbal since 2015 due to severe bulbar dysfunction and has been using the 
letter board. For 18- and 21 character sentences, his CCPM was 10.2 and 9.3 using the 
letter board while 27.6 and 22.4 using the application. K-ALSQOL of the patient improved 
from 258 to 329 points after using the new application. Caregiver also showed 
improvements in quality of life according to MQOL-K scores, from average of 6.06 points 
per item to 7.38 points after using the application.  
Case 2.  
Another 60-year-old woman was diagnosed with ALS in 2012. She underwent 
tracheostomy in 2013, and had communicated using her mouth shape with difficulty. She 
failed the sentence test using her former communication tool. However, she scored 8.0 
and 9.9 in CCPM using the application for 18- and 21 character sentences. K-ALSQOL of 
the patient improved from 228 to 236 points after using the new application. Caregiver in 
this case showed drop of MQOL-K scores from average of 8.06 points per item to 7.94 
points. This was due to the caregiver’s sore throat and decreased score in physical 
subscales of MQOL-K accordingly.  
 
Conclusion  
A new brain-eye interface application can promote communication efficiency in patients 



with ALS, and thus alleviate the quality of life of the patient as well as their caregivers.  
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Introduction  
Excessive toe flexor tightness may result in claw toe deformity, which is commonly 
associated with abnormal weight-bearing on the tips of the toes, affecting the gait 
pattern. The present case report describes the use of modified supramalleolar orthosis 
for the treatment of claw toe deformity in a 34-month-old child.  
 
Case presentation  
A 34-month-old child with VACTERL association presented with claw toe deformity. He 
had partial syndactyly at right 3-4th toes, and claw toe deformity at right 3-4-5th toes 
from birth. Stretching exercise was done on claw toe deformity, however, the deformity 
persisted and somewhat aggravated. At the age of 34 months, claw toe deformities at 
both 2-3-4-5th toes (Fig. 1) were observed at the orthosis clinic of the Department of 
Pediatric Rehabilitation. He was able to walk for 10m, but claw toe deformities disturbed 
normal weight-bearing pattern. Modified supramalleolar orthosis (Fig. 2), which 
contained ascending slope from metatarsophalangeal joint to the distal phalange, was 
prescribed for the correction of claw toe deformities. Modified supramalleolar orthosis 
corrected claw toe deformities and the correction was sustained during standing and 
walking (Fig. 3).  
 
Conclusion  
This case shows improvement of the patient’s claw toe deformities with use of a modified 
supramallolar orthosis. Family satisfaction with use of the orthosis was also good. For 
patients with refractory claw toes, modified supramallolar orthosis may be effective. 
Further trial of this orthosis with spastic toes is also needed.  
 

 
Fig.1 Claw toe deformities at both 2-3-4-5th toes  
 



 
Fig.2 Modified supramalleolar orthosis with ascending slope from metatarsophalangeal joint to the distal 
phalange  
 

 
Fig.3 Corrected claw toe deformities with the modified supramalleolar orthosis  
 


