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1. Effects of robot-guided passive stretching and 
active movement training of ankle and mobility 
impairments in stroke. 

Waldman G1, Yang CY, Ren Y, Liu L, Guo X, Harvey RL, Roth EJ, Zhang LQ. 

Author information 
Abstract 

OBJECTIVES: 

To investigate the effects of controlled passive stretching and active movement training using a 

portable rehabilitation robot on stroke survivors with ankle and mobility impairment. 

METHODS: 

Twenty-four patients at least 3 months post stroke were assigned to receive 6 week training using 

the portable robot in a research laboratory (robot group) or an instructed exercise program at 

home (control group). All patients underwent clinical and biomechanical evaluations in the 

laboratory at pre-evaluation, post-evaluation, and 6-week follow-up. 

RESULTS: 

Subjects in the robot group improved significantly more than that in the control group in reduction 

in spasticity measured by modified Ashworth scale, mobility by Stroke Rehabilitation Assessment 

of Movement (STREAM), the balance by Berg balance score, dorsiflexion passive range of 

motion, dorsiflexion strength, and load bearing on the affected limb during gait after 6-week 

training. Both groups improved in the STREAM, dorsiflexion active range of motion and 

dorsiflexor strength after the training, which were retained in the follow-up evaluation. 

CONCLUSION: 

Robot-assisted passive stretching and active movement training is effective in improving motor 

function and mobility post stroke. 
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2. Developing a Wearable Ankle Rehabilitation 
Robotic Device for in-Bed Acute Stroke 
Rehabilitation. 

Ren Y, Wu YN, Yang CY, Xu T, Harvey RL, Zhang LQ. 
Abstract 

Ankle movement training is important in motor recovery post stroke and early intervention is 

critical to stroke rehabilitation. However, acute stroke survivors receive motor rehabilitation in only 

a small fraction of time, partly due to the lack of effective devices and protocols suitable for early 

in-bed rehabilitation. Considering the first few months post stroke is critical in stroke recovery, 

there is a strong need to start motor rehabilitation early, mobilize the ankle, and conduct 

movement therapy. This study seeks to address the need and deliver intensive passive and 

active movement training in acute stroke using a wearable ankle robotic device. Isometric torque 

generation mode under real-time feedback is used to guide patients in motor relearning. In the 

passive stretching mode, the wearable robotic device stretches the ankle throughout its range of 

motion to the extreme dorsiflexion forcefully and safely. In the active movement training mode, a 

patient is guided and motivated to actively participate in movement training through game playing. 

Clinical testing of the wearable robotic device on 10 acute stroke survivors over 12 sessions of 

feedback-facilitated isometric torque generation, and passive and active movement training 

indicated that the early in-bed rehabilitation could have facilitated neuroplasticity and helped 

improve motor control ability. 
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3. Effect of two rehabilitation protocols on range of 
motion and healing rates after arthroscopic rotator 
cuff repair: aggressive versus limited early passive 
exercises. 

Lee BG1, Cho NS, Rhee YG. 

Author information 
Abstract 

PURPOSE: 

To compare range of motion and healing rates between 2 different rehabilitation protocols after 

arthroscopic single-row repair for full-thickness rotator cuff tear. 

METHODS: 

Sixty-four shoulders available for postoperative magnetic resonance imaging (MRI) evaluation 

after arthroscopic rotator cuff repair were enrolled in this study. Aggressive early passive 

rehabilitation (manual therapy [2 times per day] and unlimited self-passive stretching exercise) 

was performed in 30 shoulders (group A) and limited early passive rehabilitation (limited 

continuous passive motion exercise and limited self-passive exercise) in 34 shoulders (group B). 

A postoperative MRI scan was performed at a mean of 7.6 months (range, 6 to 12 months) after 

surgery. 

RESULTS: 

Regarding range of motion, group A improved more rapidly in forward flexion, external rotation at 

the side, internal and external rotation at 90° of abduction, and abduction than group B until 3 

months postoperatively with significant differences. However, there were no statistically 

significant differences between the 2 groups at 1-year follow-up (P = .827 for forward flexion, P = 

.132 for external rotation at the side, P = .661 for external rotation at 90° of abduction, and P = 

.252 for abduction), except in internal rotation at 90° of abduction (P = .021). In assessing the 

repair integrity with postoperative MRI scans, 7 of 30 cases (23.3%) in group A and 3 of 34 cases 

(8.8%) in group B had retears, but the difference was not statistically significant (P = .106). 

CONCLUSIONS: 

Pain, range of motion, muscle strength, and function all significantly improved after arthroscopic 

rotator cuff repair, regardless of early postoperative rehabilitation protocols. However, aggressive 

early motion may increase the possibility of anatomic failure at the repaired cuff. A gentle 

rehabilitation protocol with limits in range of motion and exercise times after arthroscopic rotator 

cuff repair would be better for tendon healing without taking any substantial risks. 

LEVEL OF EVIDENCE: 

Level II, randomized controlled trial. 
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4. Comparison of the Effects between Isokinetic and 
Isotonic Strength Training in Subacute Stroke 
Patients. 

Chen CL1, Chang KJ1, Wu PY1, Chi CH1, Chang ST1, Cheng YY2. 

Author information 
Abstract 

BACKGROUND: 

The goal of the study was to compare the effects of isokinetic and isotonic strengthening program 

on the changes of muscle strength, functional capacity, life quality, and inflammatory cytokines in 

hemiparetic patients within 6 months of stroke attack. 

METHODS: 

Thirty-one participants were randomly assigned into either isotonic training group or isokinetic 

training group. Both training programs were carried out 5 days a week for a total of 4 weeks. 

Outcome measures included the peak isometric torque of knees at 90° flexion, the peak torque of 

knees extension and flexion at angular velocities 60°/s and 120°/s, Short Form 36 (SF-36) Health 

Survey Questionnaire, Timed Up and Go test, and inflammatory cytokines including high 

sensitivity C-reactive protein, interleukin-6, and tumor necrosis factor-α. 

RESULTS: 

Seven patients were not able to complete the training program and were excluded from our study. 

The results from the remaining 24 patients showed that there were more peak torque, and SF-36 

items significantly improved in the isokinetic training group compared with the isotonic group. The 

Timed Up and Go test and interleukin-6 were improved in both groups, but tumor necrosis factor-

α was improved in only the isokinetic group. There were no significant differences between the 

improvements of the 2 groups except the isokinetic flexion torque at 60°/s and 120°/s. 

CONCLUSIONS: 

Early strengthening exercise is important for subacute stroke patients, and isokinetic program, if 

accessible, can bring more significant benefits for them. 

Copyright © 2015 National Stroke Association. Published by Elsevier Inc. All rights reserved. 

KEYWORDS: 

Stroke; inflammatory cytokine; isokinetic; isotonic; peak torque 
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5. Isokinetic muscle strengthening after acquired 
cerebral damage: a literature review. 

[Article in English, French] 

Hammami N1, Coroian FO, Julia M, Amri M, Mottet D, Hérisson C, Laffont I. 

Author information 
Abstract 

OBJECTIVE: 

Isokinetic strengthening is a rehabilitation technique rarely used in stroke patients. However, the 

potential benefits of force and endurance training in this population are strongly suspected. 

METHOD: 

This literature review synthesizes the results of clinical trials on this topic. The research was 

conducted on PubMed, using "Stroke", "rehabilitation", "isokinetic", "upper limb" and "training" as 

keywords. 

RESULTS: 

Seventeen studies focusing on the use of isokinetics in assessment or rehabilitation (six studies) 

following stroke were reviewed. For the lower limb, muscle strength and walking ability improved 

after isokinetic rehabilitation programs. For the upper limb, the only two studies found in the 

literature suggest improvement in the strength of the trained muscles, of grip force, of the Fugl-

Meyer motor score and of global functional capacities. This review does not reveal any 

consensus on the protocols to be implemented: type of muscle contraction, velocities…. 

CONCLUSION: 

While isokinetic strengthening has not proven its efficiency in rehabilitation of the upper limb 

following stroke, its interest with regard to rehabilitation of the lower limbs has been recognized. 

Randomized controlled trials in this field are necessary to confirm its efficiency, especially 

concerning upper arm rehabilitation. 

Copyright © 2012 Elsevier Masson SAS. All rights reserved. 
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6. Time course of strength adaptations following 
high-intensity resistance training in individuals 
with multiple sclerosis. 

Manca A1, Dvir Z2, Dragone D1, Mureddu G3, Bua G3, Deriu F4. 

Author information 
Abstract 

PURPOSE: 

No evidence exists regarding the time course and clinical relevance of muscle strength 

improvements following resistance training in people with multiple sclerosis (PwMS). The purpose 

of this study was to investigate the temporal course and the clinical meaningfulness of the 

changes in strength induced by high-intensity resistance training and whether these changes 

impact on muscle endurance to fatigue and functional outcomes. 

METHODS: 

PwMS with predominantly unilateral hyposthenia of the ankle dorsiflexors underwent a 6-week 

isokinetic training of the more affected ankle dorsiflexion muscles. Maximal strength was 

measured at baseline, during the training on a weekly basis, at the end of the intervention (POST) 

and at the 12-week follow-up. Muscle endurance to fatigue, mobility and walking outcomes were 

assessed at baseline, POST and follow-up. Reproducibility and responsiveness analyses were 

performed. 

RESULTS: 

Significant gains in muscle strength were already detected after 3 weeks of training with no 

further improvements in the following weeks. These improvements exceeded the cutoff values for 

relevant changes and were also positively correlated to improved muscle endurance to fatigue 

and mobility measures. None of the observed changes in muscle performance and functional 

outcomes was retained at the follow-up. 

CONCLUSIONS: 

Preliminary evidence showed that 3 weeks of high-intensity resistance training induces consistent 

and meaningful improvements in muscle performance of the ankle dorsiflexors in PwMS. These 

findings may have practical dose-response and cost-effectiveness implications in the 

management of MS-induced muscle weakness, potentially enhancing the understanding of the 

response to training exhibited by PwMS. 

TRIAL REGISTRATION NUMBER: 

ClinicalTrials.gov identifier NCT02010398; December 2013. 

KEYWORDS: 

Ankle; Multiple sclerosis; Muscle endurance; Muscle strength; Reproducibility of results; 
Resistance training 
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7. Long-term benefits of progressive resistance 
training in chronic stroke: a 4-year follow-up. 

Flansbjer UB1, Lexell J, Brogårdh C. 

Author information 
Abstract 

OBJECTIVES: 

To evaluate the long-term benefits of progressive resistance training in chronic stroke. 

DESIGN: 

A 4-year follow-up of a randomized controlled trial of progressive resistance training. 

SUBJECTS: 

Eighteen women and men (mean age 66 (standard deviation 4) from the original group of 24 

post-stroke participants. 

METHODS: 

The training group (n = 11) had participated in supervised progressive resistance training of the 

knee extensors and flexors (80% of maximum) twice weekly for 10 weeks, whereas the control 

group (n = 7) had continued their usual daily activities. Muscle strength was evaluated isotonically 

and isokinetically (60º/s; Biodex), muscle tone with the Modified Ashworth Scale, gait 

performance by the Timed Up and Go test, the Fast Gait Speed test and 6-Minute Walk test, and 

perceived participation with the Stroke Impact Scale (Participation domain). 

RESULTS: 

Four years after the intervention, the improvements in muscle strength in the training group were 

maintained, and there was no reduction in strength in the control group. Compared with baseline 

there were still significant between-group differences for both isotonic and isokinetic strength. No 

significant between-group differences were found in muscle tone, gait performance or perceived 

participation. 

CONCLUSION: 

The results indicate that there is a long-term benefit of progressive resistance training in chronic 

stroke. This implies that progressive resistance training could be an effective training method to 

improve and maintain muscle strength in a long-term perspective. 
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8. Impact of resistance exercise program on 
functional capacity and muscular strength of knee 
extensor in pre-frail community-dwelling older 
women: a randomized crossover trial. 

[Article in English, Portuguese] 

Lustosa LP1, Silva JP, Coelho FM, Pereira DS, Parentoni AN, Pereira LS. 

Author information 
Abstract 

BACKGROUND: 

Frailty syndrome in elderly people is characterized by a reduction of energy reserves and also by 

a decreased of resistance to stressors, resulting in an increase of vulnerability. 

OBJECTIVE: 

The aim of this study was to verify the effect of a muscle-strengthening program with load in pre-

frail elder women with regards to the functional capacity, knee extensor muscle strength and their 

correlation. 

METHODS: 

Thrity-two pre-frail community-dwelling women participated in this study. Potential participants 

with cognitive impairment (MEEM), lower extremities orthopedic surgery, fractures, inability to 

walk unaided, neurological diseases, acute inflammatory disease, tumor growth, regular physical 

activity and current use of immunomodulators were excluded. All partcipants were evaluated by a 

blinded assessor using: Timed up and go (TUG), 10-Meter Walk Test (10MWT) and knee 

extensor muscle strength (Biodex System 3 Pro® isokinetic dynamometer at angular speeds of 

60 and 180(0)/s). The intervention consisted of strengthening exercises of the lower extremities at 

70% of 1RM, three times/ week for ten weeks. The statistical analysis was performed using the 

ANOVA and Spearman tests 

RESULTS: 

After the intervention, it was observed statistical significance on the work at 180(0)/s (F=12.71, 

p=0.02), on the power at 180(0)/s (F=15.40, p=0.02) and on the functional capacity (TUG, 

F=9.54, p=0.01; TC10, F=3.80, p=0.01). There was a good negative and statistically significant 

correlation between the TUG and work at 60(0)/s, such as the TUG and work at 180(0)/s (r=-0.65, 

p=0.01; r=-0.72, p=0.01). 

CONCLUSION: 

The intervention improved the muscular power and the functional capacity. The increase of the 

power correlated with function, which is an important variable of the quality of life in the pre-frail 

elders. Article registered in the ISRCT register under number ISRCTN62824599. 
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9. Effects of 4-Week Intensive Active-Resistive 
Training with an EMG-Based Exoskeleton Robot on 
Muscle Strength in Older People: A Pilot Study. 

Son J1, Ryu J2, Ahn S2, Kim EJ3, Lee JA4, Kim Y2. 

Author information 
Abstract 

This study aims to investigate the idea that an active-resistive training with an EMG-based 

exoskeleton robot could be beneficial to muscle strength and antagonist muscle cocontraction 

control after 4-week intensive elbow flexion/extension training. Three older people over 65 years 

participated the training for an hour per session and completed total 20 sessions during four 

weeks. Outcome measures were chosen as the maximum joint torque and cocontraction ratio 

between the biceps/triceps brachii muscles at pre-/post-training. The Wilcoxon signed-ranks test 

was performed to evaluate paired difference for the outcome measures. As a result, there was no 

significant difference in the maximum flexion or extension torque at pre- and post-training. 

However, the cocontraction ratio of the triceps brachii muscle as the antagonist was significantly 

decreased by 9.8% after the 4-week intensive training. The active-resistive training with the 

exoskeleton robot in the older people yielded a promising result, showing significant changes in 

the antagonist muscle cocontraction. 
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10. Myoelectrically controlled wrist robot for 
stroke rehabilitation. 

Song R1, Tong KY, Hu X, Zhou W. 

Author information 
Abstract 

BACKGROUND: 

Robot-assisted rehabilitation is an advanced new technology in stroke rehabilitation to provide 

intensive training. Post-stroke motor recovery depends on active rehabilitation by voluntary 

participation of patient's paretic motor system as early as possible in order to promote 

reorganization of brain. However, voluntary residual motor efforts to the affected limb have not 

been involved enough in most robot-assisted rehabilitation for patients after stroke. The objective 

of this study is to evaluate the feasibility of robot-assisted rehabilitation using myoelectric control 

on upper limb motor recovery. 

METHODS: 

In the present study, an exoskeleton-type rehabilitation robotic system was designed to provide 

voluntarily controlled assisted torque to the affected wrist. Voluntary intention was involved by 

using the residual surface electromyography (EMG) from flexor carpi radialis(FCR) and extensor 

carpi radialis (ECR)on the affected limb to control the mechanical assistance provided by the 

robotic system during wrist flexion and extension in a 20-session training. The system also 

applied constant resistant torque to the affected wrist during the training. Sixteen subjects after 

stroke had been recruited for evaluating the tracking performance and therapeutical effects of 

myoelectrically controlled robotic system. 

RESULTS: 

With the myoelectrically-controlled assistive torque, stroke survivors could reach a larger range of 

motion with a significant decrease in the EMG signal from the agonist muscles. The stroke 

survivors could be trained in the unreached range with their voluntary residual EMG on the 

paretic side. After 20-session rehabilitation training, there was a non-significant increase in the 

range of motion and a significant decrease in the root mean square error (RMSE) between the 

actual wrist angle and target angle. Significant improvements also could be found in muscle 

strength and clinical scales. 

CONCLUSIONS: 

These results indicate that robot-aided therapy with voluntary participation of patient's paretic 

motor system using myoelectric control might have positive effect on upper limb motor recovery. 
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11. Assistive control system using continuous 
myoelectric signal in robot-aided arm training for 
patients after stroke. 

Song R1, Tong KY, Hu X, Li L. 

Author information 
Abstract 

In some stroke rehabilitation programs, robotic systems have been used to aid the patient to train. 

In this study, a myoelectrically controlled robotic system with 1 degree-of-freedom was developed 

to assist elbow training in a horizontal plane with intention involvement for people after stroke. 

The system could provide continuous assistance in extension torque, which was proportional to 

the amplitude of the subject's electromyographic (EMG) signal from the triceps, and could provide 

resistive torques during movement. This study investigated the system's effect on restoring the 

upper limb functions of eight subjects after chronic stroke in a twenty-session rehabilitation 

training program. In each session, there were 18 trials comprising different combinations of 

assistive and resistive torques and an evaluation trial. Each trial consisted of five cycles of 

repetitive elbow flexion and extension between 90 degrees and 0 degrees at a constant velocity 

of 10 degrees/s. With the assistive extension torque, subjects could reach a more extended 

position in the first session. After 20 sessions of training, there were statistically significant 

improvements in the modified Ashworth scale, Fugl-Meyer scale for shoulder and elbow, motor 

status scale, elbow extension range, muscle strength, and root mean square error between actual 

elbow angle and target angle. The results showed that the twenty-session training program 

improved upper limb functions. 
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12. Training modalities in robot-mediated upper 
limb rehabilitation in stroke: a framework for 
classification based on a systematic review. 

Basteris A1, Nijenhuis SM, Stienen AH, Buurke JH, Prange GB, Amirabdollahian F. 

Author information 
Abstract 

Robot-mediated post-stroke therapy for the upper-extremity dates back to the 1990s. Since then, 

a number of robotic devices have become commercially available. There is clear evidence that 

robotic interventions improve upper limb motor scores and strength, but these improvements are 

often not transferred to performance of activities of daily living. We wish to better understand why. 

Our systematic review of 74 papers focuses on the targeted stage of recovery, the part of the limb 

trained, the different modalities used, and the effectiveness of each. The review shows that most 

of the studies so far focus on training of the proximal arm for chronic stroke patients. About the 

training modalities, studies typically refer to active, active-assisted and passive interaction. Robot-

therapy in active assisted mode was associated with consistent improvements in arm function. 

More specifically, the use of HRI features stressing active contribution by the patient, such as 

EMG-modulated forces or a pushing force in combination with spring-damper guidance, may be 

beneficial.Our work also highlights that current literature frequently lacks information regarding 

the mechanism about the physical human-robot interaction (HRI). It is often unclear how the 

different modalities are implemented by different research groups (using different robots and 

platforms). In order to have a better and more reliable evidence of usefulness for these 

technologies, it is recommended that the HRI is better described and documented so that work of 

various teams can be considered in the same group and categories, allowing to infer for more 

suitable approaches. We propose a framework for categorisation of HRI modalities and features 

that will allow comparing their therapeutic benefits. 
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13. An EMG-Controlled Robotic Hand Exoskeleton 
for Bilateral Rehabilitation. 

Leonardis D, Barsotti M, Loconsole C, Solazzi M, Troncossi M, Mazzotti C, Castelli 

VP, Procopio C, Lamola G, Chisari C, Bergamasco M, Frisoli A. 

Abstract 

This paper presents a novel electromyography (EMG)-driven hand exoskeleton for bilateral 

rehabilitation of grasping in stroke. The developed hand exoskeleton was designed with two 

distinctive features: (a) kinematics with intrinsic adaptability to patient's hand size, and (b) free-

palm and free-fingertip design, preserving the residual sensory perceptual capability of touch 

during assistance in grasping of real objects. In the envisaged bilateral training strategy, the 

patient's non paretic hand acted as guidance for the paretic hand in grasping tasks. Grasping 

force exerted by the non paretic hand was estimated in real-time from EMG signals, and then 

replicated as robotic assistance for the paretic hand by means of the hand-exoskeleton. 

Estimation of the grasping force through EMG allowed to perform rehabilitation exercises with 

any, non sensorized, graspable objects. This paper presents the system design, development, 

and experimental evaluation. Experiments were performed within a group of six healthy subjects 

and two chronic stroke patients, executing robotic-assisted grasping tasks. Results related to 

performance in estimation and modulation of the robotic assistance, and to the outcomes of the 

pilot rehabilitation sessions with stroke patients, positively support validity of the proposed 

approach for application in stroke rehabilitation. 
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7. 

14. The effects of post-stroke upper-limb training 
with an electromyography (EMG)-driven hand 
robot. 

Hu XL1, Tong KY, Wei XJ, Rong W, Susanto EA, Ho SK. 

Author information 
Abstract 

Loss of hand function and finger dexterity are main disabilities in the upper limb after stroke. An 

electromyography (EMG)-driven hand robot had been developed for post-stroke rehabilitation 

training. The effectiveness of the hand robot assisted whole upper limb training was investigated 

on persons with chronic stroke (n=10) in this work. All subjects attended a 20-session training (3-

5times/week) by using the hand robot to practice object grasp/release and arm transportation 

tasks. Significant motor improvements were observed in the Fugl-Meyer hand/wrist and 

shoulder/elbow scores (p<0.05), and also in the Action Research Arm Test and Wolf Motor 

Function Test (p<0.05). Significant reduction in spasticity of the fingers as was measured by the 

Modified Ashworth Score (p<0.05). The training improved the muscle co-ordination between the 

antagonist muscle pair (flexor digitorum (FD) and extensor digitorum (ED)), associated with a 

significant reduction in the ED EMG level (p<0.05) and a significant decrease of ED and FD co-

contraction during the training (p<0.05); the excessive muscle activities in the biceps brachii were 

also reduced significantly after the training (p<0.05). 

Copyright © 2013 Elsevier Ltd. All rights reserved. 

KEYWORDS: 

Hand; Rehabilitation robot; Stroke 
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15. Translation of robot-assisted rehabilitation to 
clinical service: a comparison of the rehabilitation 
effectiveness of EMG-driven robot hand assisted 
upper limb training in practical clinical service and 
in clinical trial with laboratory configuration for 
chronic stroke. 

Huang Y1, Lai WP2, Qian Q1, Hu X3, Tam EWC1,2, Zheng Y1. 

Author information 
Abstract 

BACKGROUND: 

Rehabilitation robots can provide intensive physical training after stroke. However, variations of 

the rehabilitation effects in translation from well-controlled research studies to clinical services 

have not been well evaluated yet. This study aims to compare the rehabilitation effects of the 

upper limb training by an electromyography (EMG)-driven robotic hand achieved in a well-

controlled research environment and in a practical clinical service. 

METHODS: 

It was a non-randomized controlled trial, and thirty-two participants with chronic stroke were 

recruited either in the clinical service (n = 16, clinic group), or in the research setting (n = 16, lab 

group). Each participant received 20-session EMG-driven robotic hand assisted upper limb 

training. The training frequency (4 sessions/week) and the pace in a session were fixed for the 

lab group, while they were flexible (1-3 sessions/week) and adaptive for the clinic group. The 

training effects were evaluated before and after the treatment with clinical scores of the Fugl-

Meyer Assessment (FMA), Action Research Arm Test (ARAT), Functional Independence 

Measure (FIM), and Modified Ashworth Scale (MAS). 

RESULTS: 

Significant improvements in the FMA full score, shoulder/elbow and wrist/hand (P < 0.001), ARAT 

(P < 0.001), and MAS elbow (P < 0.05) were observed after the training for both groups. 

Significant improvements in the FIM (P < 0.05), MAS wrist (P < 0.001) and MAS hand (P < 0.05) 

were only obtained after the training in the clinic group. Compared with the lab group, higher FIM 

improvement in the clinic group was observed (P < 0.05). 

CONCLUSIONS: 

The functional improvements after the robotic hand training in the clinical service were 

comparable to the effectiveness achieved in the research setting, through flexible training 

schedules even with a lower training frequency every week. Higher independence in the daily 

living and a more effective release in muscle tones were achieved in the clinic group than the lab 

group. 

KEYWORDS: 

Clinical service; Rehabilitation; Robot; Stroke; Upper limb 
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16. A comparison between electromyography-
driven robot and passive motion device on wrist 
rehabilitation for chronic stroke. 

Hu XL1, Tong KY, Song R, Zheng XJ, Leung WW. 

Author information 
Abstract 

BACKGROUND: 

The effect of using robots to improve motor recovery has received increased attention, even 

though the most effective protocol remains a topic of study. 

OBJECTIVE: 

. The objective was to compare the training effects of treatments on the wrist joint of subjects with 

chronic stroke with an interactive rehabilitation robot and a robot with continuous passive motion. 

METHODS: 

. This study was a single-blinded randomized controlled trial with a 3-month follow-up. Twenty-

seven hemiplegic subjects with chronic stroke were randomly assigned to receive 20-session 

wrist training with a continuous electromyography (EMG)-driven robot (interactive group, n = 15) 

and a passive motion device (passive group, n = 12), completed within 7 consecutive weeks. 

Training effects were evaluated with clinical scores by pretraining and posttraining tests (Fugl-

Meyer Assessment [FMA] and Modified Ashworth Score [MAS]) and with session-by-session 

EMG parameters (EMG activation level and co-contraction index). 

RESULTS: 

. Significant improvements in FMA scores (shoulder/elbow and wrist/hand) were found in the 

interactive group (P < .05). Significant decreases in the MAS were observed in the wrist and 

elbow joints for the interactive group and in the wrist joint for the passive group (P < .05). These 

MAS changes were associated with the decrease in EMG activation level of the flexor carpi 

radialis and the biceps brachii for the interactive group (P < .05). The muscle coordination on 

wrist and elbow joints was improved in the interactive groups in the EMG co-contraction indexes 

across the training sessions (P < .05). 

CONCLUSIONS: 

The interactive treatment improved muscle coordination and reduced spasticity after the training 

for both the wrist and elbow joints, which persisted for 3 months. The passive mode training 

mainly reduced the spasticity in the wrist flexor. 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/19531605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=19531605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tong%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=19531605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19531605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=19531605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leung%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=19531605
https://www.ncbi.nlm.nih.gov/pubmed/19531605


IEEE Int Conf Rehabil Robot. 2011;2011:5975340. doi: 10.1109/ICORR.2011.5975340. 

17. An EMG-driven exoskeleton hand robotic 
training device on chronic stroke subjects: task 
training system for stroke rehabilitation. 

Ho NS1, Tong KY, Hu XL, Fung KL, Wei XJ, Rong W, Susanto EA. 

Author information 
Abstract 

An exoskeleton hand robotic training device is specially designed for persons after stroke to 

provide training on their impaired hand by using an exoskeleton robotic hand which is actively 

driven by their own muscle signals. It detects the stroke person's intention using his/her surface 

electromyography (EMG) signals from the hemiplegic side and assists in hand opening or hand 

closing functional tasks. The robotic system is made up of an embedded controller and a robotic 

hand module which can be adjusted to fit for different finger length. Eight chronic stroke subjects 

had been recruited to evaluate the effects of this device. The preliminary results showed 

significant improvement in hand functions (ARAT) and upper limb functions (FMA) after 20 

sessions of robot-assisted hand functions task training. With the use of this light and portable 

robotic device, stroke patients can now practice more easily for the opening and closing of their 

hands at their own will, and handle functional daily living tasks at ease. A video is included 

together with this paper to give a demonstration of the hand robotic system on chronic stroke 

subjects and it will be presented in the conference. 
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18. A crossover pilot study evaluating the function
al outcomes of two different types of roboticmove
ment training in chronic stroke survivors using 
the arm exoskeleton BONES. 

Milot MH1, Spencer SJ, Chan V, Allington JP, Klein J, Chou C, Bobrow JE, Cramer 

SC, Reinkensmeyer DJ. 

Author information 
Abstract 

BACKGROUND: 

To date, the limited degrees of freedom (DOF) of most robotic training devices hinders them from 

providing functionaltraining following stroke. We developed a 6-DOF exoskeleton ("BONES") that 

allows movement of the upper limb to assist in rehabilitation. The objectives of 

this pilot study were to evaluate the impact of training with BONES on function of the affected 

upper limb, and to assess whether multijoint functional robotic training would translate into greater 

gains in arm function than single joint robotic training also conducted with BONES. 

METHODS: 

Twenty subjects with mild to moderate chronic stroke participated in this crossover study. Each 

subject experienced multijoint functional training and single joint training three sessions per week, 

for four weeks, with the order of presentation randomized. The primary outcome measure was the 

change in Box and Block Test (BBT). The secondary outcome measures were the changes in 

Fugl-Meyer ArmMotor Scale (FMA), Wolf Motor Function Test (WMFT), Motor Activity Log (MAL), 

and quantitative measures of strength and speed of reaching. These measures were assessed at 

baseline, after each training period, and at a 3-month follow-up evaluation session. 

RESULTS: 

Training with the robotic exoskeleton resulted in significant improvements in the BBT, FMA, 

WMFT, MAL, shoulder and elbow strength, and reaching speed (p < 0.05); these improvements 

were sustained at the 3 month follow-up. When comparing the effect of type of training on the 

gains obtained, no significant difference was noted between multijoint functional and single 

joint robotic training programs. However, for the BBT, WMFT and MAL, inequality of carryover 

effects were noted; subsequent analysis on the change in score between the baseline and first 

period of training again revealed no difference in the gains obtained between the types of training. 

CONCLUSIONS: 

Training with the 6 DOF arm exoskeleton improved motor function after chronic stroke, 

challenging the idea that robotictherapy is only useful for impairment reduction. The pilot results 

presented here also suggest that multijoint functional robotic training is not decisively superior to 

single joint robotic training. This challenges the idea that functionally-oriented games 

during training is a key element for improving behavioral outcomes. 
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19. Practice Variability Combined with Task-
Oriented Electromyographic Biofeedback 
Enhances Strength and Balance in People with 
Chronic Stroke. 

Tsaih PL1,2, Chiu MJ3,4, Luh JJ1, Yang YR5, Lin JJ1,6, Hu MH1. 

Author information 
Abstract 

OBJECTIVES: 

To investigate the effects of practice variability combined with task-oriented electromyographic 

biofeedback (EMGBFB) on strength and balance in people with chronic stroke. 

METHODS: 

Thirty-three participants were randomly assigned into the constant force EMGBFB tibialis anterior 

(TA) exercise (constant) group, the variable force EMGBFB tibialis anterior exercise (variable) 

group, or the upper extremity exercise without EMGBFB (control) group. Subjects in each group 

received 6 weekly sessions of exercise training (18 sessions, 40 minutes each). Motor outcomes 

were TA strength, balance (anteroposterior sway amplitude defined by limits of stability test in 

dynamic posturography), walking speed, Timed Up and Go test (TUGT), and six-minute walk test 

(6MWT). Data were measured at baseline, 1 day, 2 weeks, and 6 weeks posttraining. 

RESULTS: 

TA strength increased significantly in both the constant and variable groups after training. 

Balance significantly improved only in the variable group. All participants showed improvements 

in walking speed, TUGT, and 6MWT. 

CONCLUSIONS: 

Task-oriented EMGBFB-assisted TA exercise training improved muscle strength in people with 

chronic stroke. Practicing to reach varying force levels during EMGBFB-assisted tibialis anterior 

exercises facilitated improvements in the ability to sway in the anteroposterior direction while 

standing. Our findings highlight the importance of task-oriented and motor learning principles 

while using the EMGBFB as an adjunct therapy in stroke rehabilitation. This trial was registered 

with trial registration number NCT01962662. 
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20. Effect of neurofeedback and 
electromyographic-biofeedback therapy on 
improving hand function in stroke patients. 

Rayegani SM1, Raeissadat SA2, Sedighipour L3, Rezazadeh IM4, Bahrami MH1, Eliaspour 

D1, Khosrawi S5. 

Author information 
Abstract 

PURPOSE: 

The aim of the present study was to evaluate the effect of applying electroencephalogram (EEG) 

biofeedback (neurobiofeedback) or electromyographic (EMG) biofeedback to conventional 

occupational therapy (OT) on improving hand function in stroke patients. 

METHODS: 

This study was designed as a preliminary clinical trial. Thirty patients with stroke were entered the 

study. Hand function was evaluated by Jebsen Hand Function Test pre and post intervention. 

Patients were allocated to 3 intervention cohorts: (1) OT, (2) OT plus EMG-biofeedback therapy, 

and (3) OT plus neurofeedback therapy. All patients received 10 sessions of conventional OT. 

Patients in cohorts 2 and 3 also received EMG-biofeedback and neurofeedback therapy, 

respectively. EMG-biofeedback therapy was performed to strengthen the abductor pollicis brevis 

(APB) muscle. Neurofeedback training was aimed at enhancing sensorimotor rhythm after mental 

motor imagery. 

RESULTS: 

Hand function was improved significantly in the 3 groups. The spectral power density of the 

sensorimotor rhythm band in the neurofeedback group increased after mental motor imagery. 

Maximum and mean contraction values of electrical activities of the APB muscle during voluntary 

contraction increased significantly after EMG-biofeedback training. 

CONCLUSION: 

Patients in the neurofeedback and EMG-biofeedback groups showed hand improvement similar 

to conventional OT. Further studies are suggested to assign the best protocol for neurofeedback 

and EMG-biofeedback therapy. 

KEYWORDS: 

EMG biofeedback; hand function; neurofeedback; stroke 
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21. The effect of electromyographic biofeedback 
treatment in improving upper extremity functioning 
of patients with hemiplegic stroke. 

Doğan-Aslan M1, Nakipoğlu-Yüzer GF, Doğan A, Karabay I, Özgirgin N. 

Author information 
Abstract 

This study evaluated the effect of electromyographic biofeedback (EMG-BF) treatment on wrist 

flexor muscle spasticity, upper extremity motor function, and ability to perform activities of daily 

living in patients with hemiplegia following stroke. A total of 40 patients were enrolled and were 

randomly assigned to two groups: a group treated with EMG-BF (study group) and a untreated 

(control) group. Both groups participated in a hemiplegia rehabilitation program consisting of 

neurodevelopmental and conventional methods and verbal encouragement to "relax" spastic wrist 

flexor muscles. In addition, the study group received 3 weeks of EMG-BF treatment, 5 times a 

week, for 20 minutes per session at hemiplegic side wrist flexors. Clinical findings were assessed 

before and after rehabilitation using the Ashworth scale (AS), Brunnstrom's stage (BS) of 

recovery for hemiplegic arm and hand, the upper extremity function test (UEFT), the wrist and 

hand portion of the Fugl-Meyer scale (FMS), goniometric measurements of wrist extension, 

surface EMG potentials, and the Barthel Index (BI). There was no statistically significant 

difference between the two groups in terms of age, sex, systemic disease, and the etiology, side, 

and duration of hemiplegia. There also was no statistically significant difference in the 

pretreatment values between two groups. We found statistically significant improvements 

posttreatment in the AS, BS, UEFT, goniometric measurements of wrist extension, and surface 

EMG potentials in the study group. We also noted statistically significant differences in the wrist 

and hand portion of the FMS and the BI in both groups, but with significantly greater 

improvements in the study group. Our findings indicate a positive effect of EMG-BF treatment in 

conjunction with neurodevelopmental and conventional methods in hemiplegia rehabilitation. 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/20880720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do%C4%9Fan-Aslan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20880720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakipo%C4%9Flu-Y%C3%BCzer%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=20880720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do%C4%9Fan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20880720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karabay%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20880720
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%96zgirgin%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20880720
https://www.ncbi.nlm.nih.gov/pubmed/20880720


 

Front Neurol. 2019 Jan 31;10:41. doi: 10.3389/fneur.2019.00041. eCollection 2019. 

22. Effectiveness of Robot-Assisted Upper Limb 
Training on Spasticity, Function and Muscle 
Activity in Chronic Stroke Patients Treated With 
Botulinum Toxin: A Randomized Single-Blinded 
Controlled Trial. 

Gandolfi M1,2, Valè N1,2, Dimitrova EK1,2, Mazzoleni S3, Battini E3, Filippetti M1,2, Picelli 

A1,2, Santamato A4, Gravina M4, Saltuari L5,6, Smania N1,2. 

Author information 
Abstract 

Background: The combined use of Robot-assisted UL training and Botulinum toxin (BoNT) 

appear to be a promising therapeutic synergism to improve UL function in chronic stroke 

patients. Objective: To evaluate the effects of Robot-assisted UL training on UL spasticity, 

function, muscle strength and the electromyographic UL muscles activity in chronic stroke 

patients treated with Botulinum toxin. Methods: This single-blind, randomized, controlled trial 

involved 32 chronic stroke outpatients with UL spastic hemiparesis. The experimental group (n = 

16) received robot-assisted UL training and BoNT treatment. The control group (n = 16) received 

conventional treatment combined with BoNT treatment. Training protocols lasted for 5 weeks (45 

min/session, two sessions/week). Before and after rehabilitation, a blinded rater evaluated 

patients. The primary outcome was the Modified Ashworth Scale (MAS). Secondary outcomes 

were the Fugl-Meyer Assessment Scale (FMA) and the Medical Research Council Scale (MRC). 

The electromyographic activity of 5 UL muscles during the "hand-to-mouth" task was explored 

only in the experimental group and 14 healthy age-matched controls using a 

surface Electromyography (EMGs). Results:No significant between-group differences on the 

MAS and FMA were measured. The experimental group reported significantly greater 

improvements on UL muscle strength (p = 0.004; Cohen's d = 0.49), shoulder abduction (p = 

0.039; Cohen's d = 0.42), external rotation (p = 0.019; Cohen's d = 0.72), and elbow flexion (p = 

0.043; Cohen's d = 1.15) than the control group. Preliminary observation of muscular activity 

showed a different enhancement of the biceps brachii activation after the robot-assisted 

training. Conclusions: Robot-assisted training is as effective as conventional training on muscle 

tone reduction when combined with Botulinum toxin in chronic stroke patients with UL spasticity. 

However, only the robot-assisted UL training contributed to improving muscle strength. The 

single-group analysis and the qualitative inspection of sEMG data performed in the experimental 

group showed improvement in the agonist muscles activity during the hand-to-mouth 

task. Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT03590314. 
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23. Arm stiffness during assisted movement after 
stroke: 
the influence of visual feedback and training. 

Piovesan D1, Morasso P, Giannoni P, Casadio M. 

Author information 
Abstract 

Spasticity and muscular hypertonus are frequently found in stroke survivors and may have a 

significant effect on functional impairment. These abnormal neuro-muscular properties, which are 

quantifiable by the net impedance of the hand, have a direct consequence on arm mechanics and 

are likely to produce anomalous motor paths. Literature studies quantifying limb impedance 

in stroke survivors have focused on multijoint static tasks and single joint movements. Despite 

this research, little is known about the role of sensory motor integration in post-stroke impedance 

modulation. The present study elucidates this role by integrating an evaluation of arm impedance 

into a robotically mediated therapy protocol. Our analysis had three specific objectives: 1) 

obtaining a reliable measure for the mechanical proprieties of the upper limb during robotic 

therapy; 2) investigating the effects of robot-

assisted training and visual feedback on arm stiffness and viscosity; 3) determining if 

the stiffness measure and its relationship with either training or visual feedback depend 

on arm position, speed, and level of assistance. This work demonstrates that the performance 

improvements produced by minimally assistive robot training are associated with decreased 

viscosity and stiffness in stroke survivors' paretic arm and that these mechanical impedance 

components are partially modulated by visual feedback. 
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24. Isometric and isokinetic muscle strength in the 
upper extremity can be reliably measured in 
persons with chronic stroke. 

Ekstrand E1, Lexell J, Brogårdh C. 

Author information 
Abstract 

OBJECTIVE: 

To evaluate the test-retest reliability of isometric and isokinetic muscle strength measurements in 

the upper extremity after stroke. 

DESIGN: 

A test-retest design. 

SUBJECTS: 

Forty-five persons with mild to moderate paresis in the upper extremity > 6 months post-stroke. 

METHODS: 

Isometric arm strength (shoulder abduction, elbow flexion), isokinetic arm strength (elbow 

extension/flexion) and isometric grip strength were measured with electronic dynamometers. 

Reliability was evaluated with intra-class correlation coefficients (ICC), changes in the mean, 

standard error of measurements (SEM) and smallest real differences (SRD). 

RESULTS: 

Reliability was high (ICCs: 0.92-0.97). The absolute and relative (%) SEM ranged from 2.7 Nm 

(5.6%) to 3.0 Nm (9.4%) for isometric arm strength, 2.6 Nm (7.4%) to 2.9 Nm (12.6%) for 

isokinetic arm strength, and 22.3 N (7.6%) to 26.4 N (9.2%) for grip strength. The absolute and 

relative (%) SRD ranged from 7.5 Nm (15.5%) to 8.4 Nm (26.1%) for isometric arm strength, 7.1 

Nm (20.6%) to 8.0 Nm (34.8%) for isokinetic arm strength, and 61.8 N (21.0%) to 73.3 N (25.6%) 

for grip strength. 

CONCLUSION: 

Muscle strength in the upper extremity can be reliably measured in persons with chronic stroke. 

Isometric measurements yield smaller measurement errors than isokinetic measurements and 

might be preferred, but the choice depends on the research question. 
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25. Surface electromyography based muscle  
fatigue analysis for stroke patients at different 
Brunnstrom stages. 

Yinjun Tu, Zhe Zhang, Xudong Gu, Qiang Fang. 

Abstract 

Muscle fatigue analysis has been an important topic in sport and rehabilitation medicine due to its 

role in muscle performance evaluation and pathology investigation. This paper proposes 

a surface electromyography (sEMG) based muscle fatigue analysis approach which was 

specifically designed for stroke rehabilitation applications. 14 stroke patients from 

5 different Brunnstrom recovery stage groups were involved in the experiment and features 

including median frequency and mean power frequency were extracted from the collected sEMG 

samples for investigation. After signal decomposition, the decline of motor unit firing rate 

of patients from different groups had also been studied. Statistically significant presence 

of fatigue had been observed in deltoideus medius and extensor digitorum communis 

of patients at early recovery stages (P<;0.05) and no similar observation had been obtained 

for patients at later stages (P>0.01). It had also been discovered that the motor unit firing 

frequency declines with a range positively correlated to the recovery stage during repetitive 

movements. Based on the experiment result, it can be verified that as the 

recovery stage increases, the central nervous system's control ability strengthens and 

the patient motion becomes more stable and resistive to fatigue. 
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