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a b s t r a c t 

Objective: To investigate the effect of electromyography (EMG)-driven robotic therapy on the recovery of 

the hand in a stroke case lasting 9 years. 

Case: An 18-year-old patient with hemiparesis due to the ischemic lesion was admitted to our clinic with 

hand impairment. Fifteen sessions (5 weeks x 3 times) of robotic rehabilitation were applied with the 

Hand of Hope. Average EMG (mV) of flexor digitorum superficialis (FDS) muscle, average force (N) and 

the rate of force development (RFD)( N /s) were also assessed before and after the treatment following 

the 5th and 10th sessions and at the end of treatment. Also, Fugl-Meyer Assessment of Upper Extremity 

Scale (FMU-UE), Motor Activity Log (MAL), Canadian Occupational Performance Score (COPM) and Visual 

Analog Scale (VAS) were used for assessment before and after the treatment. 

Results: The average EMG measured from FDS increased from 0.093-0.133 mV. The average force and 

average RFD increased from 45.6-97.7 and from 135.6-172.6 respectively. While affected and/or unaffected 

side force ratio increased dramatically from 54%-82%, the FMA-UE score increased from 56-59. The MAL 

quality of use score increased from 3.93-4.13. Performance and satisfaction scores of COPM changed from 

5.25-7.25 and 4.5-8.25 respectively. VAS score for fatigue changed from 6 to 4. 

Discussion: The improvement achieved 9 years later with 15 sessions of rehabilitation suggests that im- 

provement may be possible for chronic stroke patients. 

© 2021 Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

Introduction 

It has been reported that upper limb disability is common after

stroke and many people cannot fully recover. 1 As a result, stroke
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affects the quality of life of individuals in various aspects including

their roles at work, home, and in society. 2 After stroke rehabilita-

tion, there is some improvement in the proximal motor functions

of the shoulder and elbow joints, but the functional recovery of

the wrist and hand is much more limited. 3 Patients who have flask

patterns in their upper extremities after 2 weeks following stroke

suffer from lack of recovery in hand motor skills after 6 months’

and only a few of them regain their hand functions. 4 The recov-

ery of hand functions after stroke reaches a plateau nearly after

a year. 5 , 6 In addition, improvement was observed in the studies

carried out with patients whose stroke duration ranged from 1-5

years, which indicates that post-stroke recovery is not limited to 1

year. However, there is no available data on the effect of rehabili-

tation in longer cases. 7-9 
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Fig. 1. Cup test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intensity and frequency of stroke rehabilitation are very impor-

tant as they contribute to the improvement of functional impair-

ment 8 . Since the treatment should be conducted under the super-

vision of a therapist, it limits the total amount of time available

for treatment and reduces the efficiency of rehabilitation in the

treatment process. 10 Therefore, robot-assisted therapy plays an im-

portant role in the rehabilitation program by giving an opportu-

nity for more intensive and reproducible practice. 11 Electromyog-

raphy (EMG) is frequently used in the control of robotic systems.

The EMG signal of the respective muscle is generated in the direc-

tion of movement desired from the patient. The amplitude of EMG

signal is correlated to the muscle activity level. The use of this

mechanism in patients with serious loss of motor function, such

as stroke, is very important in terms of patient participation and

effectiveness of treatment in rehabilitation. 12 

The purpose of this paper is to report the effects of EMG-driven

robotic therapy on the recovery of the hand in a stroke case lasting

9 years and make a contribution to the previous studies reporting

the improvements in long lasting stroke cases. 

Materials and methods 

This case report was designed to follow the case report guide-

lines of CARE. 13 The study was approved by ……. University (Ap-

proval number:….), and the written consent of the patient was re-

ceived. The study was conducted in the department of neurology

at …….Hospital. 

Patient description 

The patient was an 18-year-old left-handed female. Taking

anamnesis and examining the MR images of the patient, we identi-

fied that she had a stroke 9 years ago because of ischemia affecting

the basal ganglia on the right side (ICD I-63). The chief complaint

of the patient, who had taken therapy at different intervals for 6

years, was her dissatisfaction with her limited ability to use her

hand, and she stated that the improvement stopped in the last 3

years. The patient applied to our clinic since she was getting tired

and suffering from limited ability while using her hand although

she was able to use it to perform daily activities. The patient’s

Modified Rankin Score 14 was 1. 

Until she applied to our department, she had received treat-

ments including neurophysiological approaches and electrotherapy

applications, but she had never undergone robotic rehabilitation.

The patient did not have any limited range of motion, spasticity, or

any orthopedic problems that would affect the upper extremity or

cause cognitive problems to prevent robotic rehabilitation. Her to-

tal sensory score, passive joint motion and joint pain scores were

full according to Fugl Meyer UE assessment. 

Outcome measures 

All assessments were based on ICF classification. For the body

structures and functions, we used the Cup Test for the evaluation

of EMG and force signals, the Fugl-Meyer Assessment of Upper Ex-

tremity Scale (Fugl-Meyer UEA) for the development status of the

upper extremity. We employed the Motor Activity Log (MAL) to

evaluate activities, the Canadian Occupational Performance Mea-

surement (COPM) and the Visual Analog Scale (VAS) for the evalu-

ation of patient’s participation. The cup test was performed before

the first treatment session, after the 5th,10th sessions and at the

end of the treatment (4 times in total). Other measurements were

undertaken before and after the treatment. 
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Tests for body structures and functions 

Cup test: It was performed in order to evaluate the improve-

ment in muscle activity for grasping a cup ( Fig. 1 ). For this pur-

pose, surface EMG signals from flexor digitorum superficialis (FDS)

muscle, and the force exerted to grasp the cup were measured. The

patient was asked to grasp a cup for 4 seconds after being given

the verbal and auditory stimulus; meanwhile, EMG signals and

the grasp force were recorded. The EMG sensors (SX230, Biometric

Ltd) were placed according to Hand of Hope (HOH) manual. 15 The

EMG signals were amplified and bandpass filtered at 20-460Hz.

The force signal was detected by load cells (F2812, 5kg, TECSIS Co

Ltd), then amplified and bandpass filtered at 5-100 Hz. The EMG

signals from FDS and ED muscles and the force signal were digi-

tized by a 14-bit DAQ (USB6009, National Instrument) with a sam-

pling rate of 20 0 0 Hz and stored on a computer. The cup test was

repeated 3 times with at least 2-minute intervals between grasping

movements on the unaffected and affected sides. The data were

collected and analyzed with Matlab (ver 2018a, Mathworks). 

After the experiments, the EMG onset, and EMG offset for FD,

force onset, force offset, and the first peak of force were manually

selected. The average EMG amplitude, average force, and the rate

of force development were calculated as given below. 

The average amplitude of EMG (mV) was calculated as the Root

Mean Square (RMS) value of the acquired EMG signal between the

onset and offset time with a 100 ms moving window. 

The average Force ( N ) was calculated as mean value of force

between the onset and offset time with a moving average window

of 100 ms. 

The rate of force development (RFD) was calculated as half of

the magnitude of the 1st peak force divided by the time for force

to reach half value of its first peak. 

RF D 50% = 

1 
2 

F orce | 1 st peak (
t | F = 1 2 1 st peak − t | F orceOnset 

)

Fugl-Meyer UEA (0-66 points) was used to assess movement

performed in and out of synergy patterns, coordination, speed, and

reflexes. A greater than %10 change in Fugl Meyer motor score rep-

resents a minimal clinical importance difference (mcid). 16 
e effect of Electromyography (EMG)-driven Robotic Treatment on 
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Fig. 2. Application of hand of hope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

Patient Scores for the Fugl-Meyer UEA, Motor Activity Log, COPM, and VAS. 

Measure Before the treatment After the treatment 

Fugl-Meyer UEA 
• Upper extremity sub-score 56 59 

Motor Activity Log 
• QOM 3.93 4.13 
• AOU 3.5 3.13 

COPM 

• Performance 5.25 7.25 
• Satisfaction 4.5 8.25 

VAS 6 4 

MAL = motor activity log, AOU = amount of use, QOM = quality of movement, 

COPM = canadian occupational performance measurement, VAS = visual analog 

scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tests for activity 

The MAL is a scale used for patients with hemiparetic stroke to

assess the amount of use (AOU) and quality of movement (QOM)

of paretic arms and hands during daily activities. 17 A change of %10

of the range of the scale was proposed as mcid. 18 

Tests for participation 

The COPM was used to assess the performance and satisfac-

tion of the case in daily activities. 19 , 20 In the literature, clinically

importance value of COPM has shown 2-points change. 21 Holding

onto grab rails and handles in the bus, washing her hair in bath,

chopping vegetables and holding a tablet were identified as the ac-

tivities that our patient had difficulty in. 

VAS: The VAS which is commonly used to measure pain inten-

sity was also employed to assess fatigue severity. 22 , 23 The VAS is

originally a 100 mm horizontal line used in various modified ver-

sions. 24 Numerically rated version (0-10) was used to assess fatigue

severity in our study. 

Physiotherapy interventions 

The patient received 15 sessions of robot-assisted training 3

times per week by using the Hand of Hope (HOH) 25 ( Fig. 2 ). After

FDS and ED EMG sensors were placed as described previously the

patient was seated comfortably on a chair and the hand of the pa-

tient was placed on the HOH. The shoulder was positioned in slight

abduction and internal rotation and the elbow was positioned at

90 ° flexion. The hand and fingers were fixed with velcro straps in

the hand brace. 

At the beginning of each session, the maximal voluntary con-

traction (MVC) was recorded for 6 seconds in the HOH system.

Each robot-assisted training session lasted for approximately 1

hour. Three training modes were used in all sessions: The CPM

mode, trigger, and go mode and trigger and maintain mode. Within

all these modes; hand grasping, hand opening, and hand grasp-

ing and opening can be performed. 26 Our treatment protocol was
Please cite this article as: O.E. Ogul, D.K. Coskunsu, S. Akcay et al., Th
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as follows: Initially, the treatment started in the CPM mode and

lasted 10 minutes for warming up, then hand opening and grasping

in the trigger and go mode, hand opening in the trigger and main-

tain mode and hand grasping in the trigger and maintain mode

were performed; each lasted 10 minutes and each was applied se-

quentially with 2-minute intervals between the sequences. 

Results 

There were improvements in the force and EMG values ob-

tained from the cup test. While the average force on the affected

side increased by 114%, the force on the unaffected side increased

by 42% as well ( Fig. 3 ). In addition, the affected and/or unaffected

side force ratio increased dramatically from 54%-82%. The average

RFD on the affected and unaffected side increased by 27% and 83%

respectively ( Fig. 4 ). While the average amplitude of FD EMG on

the affected side increased by 41%, average amplitude of FD EMG

on the unaffected side increased by 81% ( Fig. 5 ). 

The values obtained via the Fugl-Meyer UEA Scale are given

in Table 1 . The upper extremity sub-score improved from 56-59,

while no changes in the remaining sub-scores were observed. 

The COPM performance scores of the patient for the impaired

activities increased from 5.25-7.25 and the average satisfaction
e effect of Electromyography (EMG)-driven Robotic Treatment on 
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Fig. 3. Improvement of the average force in the CUP test. 

Fig. 4. Improvement of the rate force development in the CUP test. 

Fig. 5. Improvement of the average FD EMG in the CUP test. 

 

 

 

 

 

 

 

 

 

 

 

score increased from 4.5-8.25 after the treatment ( Table 1 ). The

activities reported by the patient as problems are provided in

Table 2 . In the MAL test, QOM increased from 3.93-4.13 and

AOU decreased from 3.5-3.13 ( Table 1 ). When the patient was

asked to rate the severity of fatigue on the VAS, she rated 6

before the treatment but it decreased to 4 after the treatment

( Table 1 ). 
Please cite this article as: O.E. Ogul, D.K. Coskunsu, S. Akcay et al., Th
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Discussion 

We presented the effect of robotic rehabilitation on the hand

functions of an 18-year-old female with a 9-year history of stroke.

Improvement was observed in her muscle strength, ability to use

her hand in activities, and performance and satisfaction of her ac-

tivities after 15 sessions of a robotic rehabilitation program. To the
e effect of Electromyography (EMG)-driven Robotic Treatment on 
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Table 2 

The activities reported by the patient as problems. 

Level of 

importance 

Before the treatment After the treatment 

Goal 1.PS 1.SS 2.PS 2.SS 

Bathing 7 6 5 7 8 

Cutting and/or Chopping 7 7 5 8 9 

Holding the bus handle 6 4 5 7 7 

Holding tablet 5 4 3 7 9 

PS = performance score, SS = satisfaction score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

best of our knowledge, the presented case is the first report show-

ing the effect of robotic rehabilitation after 9 years of stroke. 

In this study, we observed an improvement in the results of

force-EMG test evaluating the gross finger muscle strength. It is

stated in the literature that repetitive and high-intensity practice

contributes to functional improvement by increasing the muscle

strength in patients with chronic stroke. 8 , 27 , 28 In the light of this

studies, it can be argued that robotic rehabilitation performed with

a total of 450 repetitions and 50%-60% intensity of MVC within

the scope of our study may be responsible for the increase in fin-

ger muscle strength reflected in the force-EMG test. Furthermore,

our results support Liao et al. who found improvements in mus-

cle strength and motor functions in chronic stroke patients treated

through robotic systems 9 . 

As it is very well defined in the literature, training 1 side of the

body increases strength in the same muscle on the untrained side

which is called as the ‘cross-education effect’. 29 The fact that there

was an increase in muscle strength in the unaffected side as well

as in the affected side may be due to this cross-education effect. 

In this study, we observed a progress in the Fugl-Meyer UEA

and a clinically significant improvement in satisfaction and per-

formance on the COPM ( + 3.75 and + 2, respectively) after the

treatment. Previous robotic rehabilitation studies have shown im-

provements in Fugl-Meyer assessment, 30 , 31 9-hole peg test 30 and

COPM 

31 outcomes. There are a number of studies showing that

robotic rehabilitation increases the performance of motor func-

tions and daily life activities. 7 , 27 Considering our results along with

these previous studies, robotic rehabilitation in chronic stroke sur-

vivors shows significant promise. 

It is also noteworthy that those progress in the sub-items of

the Fugl-Meyer UEA is compatible with the increase in the QOM

in the activities that require wrist circumduction in MAL (lather-

ing and rinsing hands, putting on the cream on face, open a door

by turning a door knob and/or handle) and in COPM (washing hair

during bath). It has been observed that the changes seen in the

MAL are due to partial differences in a few items rather than rad-

ical changes in a single item. Considering all the outcomes, it was

seen that improvement in COPM is reached in clinically importance

level. Despite the progress of Fugl-Meyer UEA and MAL scores,

they were not reached in clinically importance level. The patient

had a higher baseline manual dexterity score compared to most of

the patients with chronic stroke. Thus, our results support Hsieh

et al. who suggest that chronic stroke patients with high dexterity

have clinically significant functional and motor gains after robotic

rehabilitation. 32 Although the decreases detected in AOU score of

MAL after the treatment could not be understood at first glance,

it was revealed in the detailed questioning that the patient stayed

in someone else’s house during the treatment. Therefore, she could

not perform every activity she did in her own home, such as us-

ing a TV remote control. This might explain the decrease in the

frequency of hand use of the patient. 

Before our treatment, one of the main reasons for the decrease

in her performance during daily activities was fatigue, which most
Please cite this article as: O.E. Ogul, D.K. Coskunsu, S. Akcay et al., Th
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patients after stroke complain about. After 15 sessions of robotic

rehabilitation, the fatigue score decreased from 6 to 4 in VAS in

our case and the patient stated, “I now feel less tired in the activi-

ties in which I use my hand”. It made us believe that the decrease

in VAS score associated with the increase in muscle strength and

this was reflected in daily activities. 

It is stated that RFD, which is often used to diagnose muscle

strength and to monitor the effectiveness of the training, is highly

sensitive to acute and long-term fatigue and is used to estimate

the degree of fatigue. 33 In our study, there was a 37.01 increase in

RFD value after the rehabilitation and a decrease (2 units) in the

fatigue complaints that the patient reported subjectively during ac-

tivities of daily living . There are a limited number of studies in

the literature about the effect of robotic rehabilitation on fatigue.

Since fatigue is a common problem for patients after stroke and

adversely affects the quality of life, clarifying the effects of robotic

rehabilitation on fatigue can be beneficial. 

Stroke rehabilitation is actually a never-ending process and it

can be said that the best results are achieved when the gains ob-

tained during rehabilitation sessions are transferred to daily life.

Which rehabilitation approach leads to functional gains in real life

is still an unanswered question. We believe that determining the

effect of treatments on neuroplasticity will be effective in answer-

ing this question. In this context, we think that the data provided

through the EMG-driven systems used in this study indirectly give

an idea about neuroplasticity, and we believe that the studies that

will be supported by neurophysiological methods and conducted

in the form of a case study will light the way for science and may

open up new horizons. Although the short-term effects of the in-

tensive treatment we applied had a positive impact on daily life,

the reflection of the treatment on the long term had remained a

matter of concern. In this context, our study has raised a research

question for future studies. Although the patient in our case is

young, it is not easy to achieve improvement after a period of 15

sessions in a stroke patient of 9 years by means of motor functions

their reflections in daily life. The present study revealed questions

to be answered by prospective studies like “Is robotic rehabilita-

tion more effective than traditional neuro-rehabilitation studies in

chronic cases?”, “At what stage and intensity should robotic reha-

bilitation be added to chronic stroke treatment?”, “Do application

of robotic rehabilitation with other treatments effect the impact of

treatment?” and “Should robotic rehabilitation be applied in com-

bination with other treatments?” Limitations: 

Several potential limitations of the present study should be

mentioned. Firstly, our case is young and it should not be forgotten

that the same effect cannot be achieved in all ages since capacity

of improvement changes with age. 

Moreover, intensive, and long therapy was used because of age

and the performance capacity of the patient. On the other hand;

it may consider as a preliminary study so the results cannot be

generalized. But the results obtained may light the way for future

studies. 
e effect of Electromyography (EMG)-driven Robotic Treatment on 
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Lastly; in this study immediate effect was shown, we couldn’t

do that but, it would be more helpful to assess the patient a couple

of months later for seeing carry-over effect. 

Take-home messages: 

1- There is a need for new studies in stroke cases that are quite

chronic. 

2- It may be beneficial to support subjective evaluations used in

stroke rehabilitation with objective evaluations such as electro-

physiological measurements. 

3- The robotic rehabilitation system has some advantages, such as

providing high repetitive activities, compared to the traditional

rehabilitation approaches. 

4- In stroke rehabilitation, it should be aimed to transfer the gains

obtained after the treatment to daily life. 

Conclusion 

This early study presents improvement in objective measure-

ment (force and EMG) and the quality of hand use, and the in-

crease in patient satisfaction and the decrease in fatigue during

hand use in daily activities after 15 sessions of robotic rehabili-

tation in the case with 9 years stroke. The findings support the

assumption that robot therapy can significantly influence therapy

outcomes and transfer the gains to everyday life in chronic stroke.

Our give an evidence that, even if in a chronic period not to aban-

don rehabilitation, especially in young patients with stroke. These

critical results will be promising in future studies. 

Acknowledgments 

The authors thank Rehab-Robotics Company for providing the

robotic system and the system for cup test. 

References 

1. Sabini RC , Dijkers MP , Raghavan P . Stroke survivors talk while doing: develop-

ment of a therapeutic framework for continued rehabilitation of hand function

post stroke. J Hand Ther . 2013;26:124–131 . 
2. Ang KK , Guan C , Chua KSG , Ang BT , Kuah C , Wang C , et al. A clinical study

of motor imagery-based brain-computer interface for upper limb robotic reha-
bilitation. Engineering in Medicine and Biology Society. 2009. EMBC 2009. Annual

International Conference of the IEEE IEEE; 2009:5981–5984 . 
3. Ho NSK , Tong KY , Hu XL , Fung KL , Wei XJ , Rong W , et al. An EMG-driven ex-

oskeleton hand robotic training device on chronic stroke subjects: task training

system for stroke rehabilitation. Rehabilitation Robotics (ICORR), 2011 IEEE Inter-
national Conference on IEEE; 2011:1–5 . 

4. Nelles G , Jentzen W , Jueptner M , Müller S , Diener HC . Arm training induced
brain plasticity in stroke studied with serial positron emission tomography.

Neuroimage . 2001;13:1146–1154 . 
5. Muellbacher W , Richards C , Ziemann U , Wittenberg G , Weltz D , Boroo-

jerdi B , et al. Improving hand function in chronic stroke. Arch Neurol .

2002;59(8):1278–1282 . 
6. Paquin K , Ali S , Carr K , Crawley J , McGowan C , Horton S . Effectiveness of com-

mercial video gaming on fine motor control in chronic stroke within communi-
ty-level rehabilitation. Disabil Rehabil . 2015;37:2184–2191 . 

7. Fasoli SE , Krebs HI , Stein J , Frontera WR , Hogan N . Effects of robotic therapy
on motor impairment and recovery in chronic stroke. Arch Phys Med Rehabil .

2003;84:477–482 . 
Please cite this article as: O.E. Ogul, D.K. Coskunsu, S. Akcay et al., Th

the recovery of the hand Nine years after stroke, Journal of Hand Ther
8. Fasoli SE , Krebs HI , Stein J , Frontera WR , Hughes R , Hogan N . Robotic therapy

for chronic motor impairments after stroke: Follow-up results. Arch Phys Med
Rehabil . 2004;85:1106–1111 . 

9. Liao WW , Wu CY , Hsieh YW , Lin KC , Chang WY . Effects of robot-assisted up-

per limb rehabilitation on daily function and real-world arm activity in pa-
tients with chronic stroke: a randomized controlled trial. Clinical Rehabilitation .

2012;26:111–120 . 
10. Eriksson J , Mataric MJ , Winstein CJ . Hands-off assistive robotics for post-stroke

arm rehabilitation. In9th International Conference on Rehabilitation Robotics,
2005. ICORR 2005 IEEE; 2005:21–24 . 

11. Masiero S , Celia A , Rosati G , Armani M . Robotic-assisted rehabilitation of the

upper limb after acute stroke. Arch Phys Med Rehabil . 2007;88:142–149 . 
12. Kommu SS, ed. Rehabilitation Robotics . Vienna: I-Tech Education and Publishing;

2007 . 
13. Gagnier JJ , Kienle G , Altman DG . The CARE guidelines: consensus-based clinical

case reporting guideline development. J Med Case Rep . 2013;7:223 . 
14. Van Swieten JC , Koudstaal PJ , Visser MC , Schouten HJ , Van Gijn J . Interob-

server agreement for the assessment of handicap in stroke patients. Stroke .
1988;19:604–607 . 

15. Rehab-Robotics Company Ltd. . Hand of Hope (HOH) Therapy Device, Instruc-

tions for Use. Sha Tin, Hong Kong. Manuel . 2018 . 
16. Gladstone DJ , Danells CJ , Black SE . The Fugl-Meyer assessment of motor recov-

ery after stroke: a critical review of its measurement properties. Neurorehabil
Neural Repair . 2002;16:232–240 . 

17. Taub E , McCulloch K , Uswatte G , et al. Motor activity log (mal) manual. UAB
Training for CI Therapy . 2011;1:18 . 

18. Van der Lee JH , Beckerman H , Knol DL , De Vet HCW , Bouter LM . Clinimetric

properties of the motor activity log for the assessment of arm use in hemi-
paretic patients. Stroke . 2004;35:1410–1414 . 

19. Law M , Baptiste S , McColl M , Opzoomer A , Polatajko H , Pollock N . The Cana-
dian occupational performance measure: an outcome measure for occupational

therapy. Can J Occup Ther . 1990;57:82–87 . 
20. Chan CC , Lee TM . Validity of the Canadian occupational performance measure.

Occup Ther Int . 1997;4:231–249 . 

21. Wressle E , Marcusson J , Henriksson C . Clinical utility of the Canadian occupa-
tional performance measure-Swedish version. Can J Occup Ther . 2002;69:40–48 .

22. Lee KA , Hicks G , Nino-Murcia G . Validity and reliability of a scale to assess fa-
tigue. Psychiatry Res . 1991;36:291–298 . 

23. Aaronson LS , Teel CS , Cassmeyer V , Neuberger GB , Pallikkathayil L , Pierce J ,
et al. Defining and measuring fatigue. Image J Nurs Sch . 1999;31:45–50 . 

24. Scott J , Huskisson EC . Graphic representation of pain. Pain . 1976;2:175–184 . 

25. Weber LM , Stein J . The use of robots in stroke rehabilitation: a narrative review.
Neurorehabilitation . 2018;43:99–110 . 

26. Tong KY , Ho SK , Pang PMK , Hu XL , Tam WK , Fung KL , et al. An intention
driven hand functions task training robotic system. Engineering in Medicine and

Biology Society (EMBC), 2010 Annual International Conference of the IEEE IEEE;
2010:3406–3409 . 

27. Staubli P , Nef T , Klamroth-Marganska V , Riener R . Effects of intensive arm train-

ing with the rehabilitation robot ARMin II in chronic stroke patients: four sin-
gle-cases. J Neuroeng Rehabil . 2009;6:46 . 

28. Harris JE , Eng JJ . Strength training improves upper-limb function in individuals
with stroke: a meta-analysis. Stroke . 2010;41:136–140 . 

29. Sun Y , Ledwell NM , Boyd LA , Zehr EP . Unilateral wrist extension training af-
ter stroke improves strength and neural plasticity in both arms. Exp Brain Res .

2018;236:2009–2021 . 

30. Calabrò RS , Accorinti M , Porcari B , Carioti L , Ciatto L , Billeri L , et al. Does hand
robotic rehabilitation improve motor function by rebalancing interhemispheric

connectivity after chronic stroke? Encouraging data from a randomised-clini-
cal-trial. Neurophysiol Clin . 2019;130:767–780 . 

31. Page SJ , Hermann VH , Levine PG , Lewis E , Stein J , DePeel J . Portable neuro-
robotics for the severely affected arm in chronic stroke: a case study. J Neurol

Phys Ther . 2011;35:41–46 . 
32. Hsieh YW , Lin KC , Wu CY , Lien HY , Chen JL , Chen CC , et al. Predicting clini-

cally significant changes in motor and functional outcomes after robot-assisted

stroke rehabilitation. Arch Phys Med Rehabil . 2014;95(2):316–321 . 
33. Rodríguez-Rosell D , Pareja-Blanco F , Aagaard P , Gonzalez-Badillo JJ . Physiologi-

cal and methodological aspects of rate of force development assessment in hu-
man skeletal muscle. Clin Physiol Funct Imaging . 2018;38:743–762 . 
e effect of Electromyography (EMG)-driven Robotic Treatment on 

apy, https://doi.org/10.1016/j.jht.2021.04.022 

http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0001
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0001
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0001
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0001
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0002
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0003
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0004
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0005
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0006
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0007
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0008
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0009
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0010
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0010
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0010
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0010
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0011
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0011
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0011
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0011
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0011
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0012
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0013
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0013
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0013
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0013
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0014
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0015
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0015
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0016
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0016
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0016
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0016
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0017
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0017
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0017
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0017
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0017
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0018
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0019
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0020
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0020
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0020
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0021
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0021
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0021
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0021
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0022
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0022
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0022
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0022
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0023
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0024
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0024
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0024
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0025
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0025
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0025
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0026
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0027
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0027
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0027
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0027
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0027
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0028
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0028
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0028
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0029
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0029
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0029
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0029
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0029
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0030
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0031
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0032
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0033
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0033
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0033
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0033
http://refhub.elsevier.com/S0894-1130(21)00069-7/sbref0033
https://doi.org/10.1016/j.jht.2021.04.022

	The effect of Electromyography (EMG)-driven Robotic Treatment on the recovery of the hand Nine years after stroke
	Introduction
	Materials and methods
	Patient description
	Outcome measures
	Tests for body structures and functions
	Tests for activity
	Tests for participation
	Physiotherapy interventions

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


