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ABSTRACT 

 

Background: In stroke patients, upper extremity hemiplegia and loss of hand functions are primary 

impairments. Combined use of Functional Electrical Stimulation and Robotic Hand Glove was done 

to overcome the limitations in separate applications.  

Aims/Objective: To assess the combined effect of Robotic Hand Glove and Functional Electrical 

Stimulation to improve the hand functions and its impact on quality of life in post-stroke patients. 

Methodology:  Different articles published between 2011 and 2022 were searched from online 

sources such as PUBMED, Google Scholar and Cochrane. In this review experimental study, clinical 

trial, preliminary investigation, pilot study, randomized control trial are included. A secondary search 

of the reference list of all identified articles was also conducted. Then each study was reviewed 

independently.  

Result: A total of 30 articles were searched. Out of 30 studies, 10 of them were screened out of which 

4 studies were excluded due to flaws in methodology. The remaining 6 supportive studies reported 

that combining effect of Functional Electrical Stimulation and Robotic Hand Glove were more 

beneficial than conventional therapy alone to improve hand functions.  

Conclusion: Thus, it can be concluded that Functional Electrical Stimulation and Robotic Hand 

Glove were found to be more effective than conventional therapy to improve the specific task such as 

full reach, grasp, release, lifting tasks, drinking water, etc. in post-stroke patients. 
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INTRODUCTION 

According to World Health Organization, 

stroke is defined as a clinical syndrome 

consisting of rapidly developing clinical 

signs of focal disturbance of cerebral 

function lasting more than 24 h or leading to 

death with no apparent cause other than a 

vascular origin.(1)  According to the Global 

Burden of Disease (GBD) study in 1990, 

Stroke was the second leading cause of 

death worldwide.(2) Stroke survivors show 

impairments of body function such as 

significant deviation or loss in 

neuromusculoskeletal and movement related 

function, joint mobility, muscle power, 

muscle tone or/and involuntary 

movement.(3) 

The patients who have had a stroke, a 

common course of recovery from 

hemiparesis reveals the development of 

uncontrolled flexion synergy and patients 

are unable to open the fingers.(4) Grasping, 

holding and manipulating objects are daily 

functions that remain deficient in 55% to 

75% of patients 3 to 6 months post-stroke.(5) 

Conventional therapies used for improving 

hand function for post stroke patients are 

labor-intensive and time consuming. Along 
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with conventional therapies, there are 

variety of interventions have been 

introduced to overcome the limitations of 

conventional therapy to improve hand 

function and dexterity in stroke patients. (6) 

One of them is Robot-assisted training using 

robotic devices which provide highly 

repetitive, intensive and task-specific 

training with less labour. (7) Previous study 

suggests that soft robotic hand could assist 

paretic hands in executing grasp, grip and 

pinch functions among sub-acute and 

chronic stroke patients. (8) Furthermore, it 

reduces the demand of physical work 

required and helps to target the specific 

movements more precisely. But it has been 

found that robotic hand requires complex 

mechanism and therefore not attractive for 

integrated hand and arm training. Also, 

there are limited range of motions possible 

with its application. (9) 

Other one is Functional Electrical 

Stimulation (FES) technique which is used 

to restore impaired function through 

electrical stimulation, (10) resulting in 

inhibition of abnormal reflexes and inducing 

active movements. (11) It is also used with 

robotic assistance device for severe motor 

regulation. FES is prone to cause muscle 

fatigue when used with high intensity and 

may not generate enough torque for the 

desired motion. (12) 

Combined use of FES and Robotic 

Technologies has been proposed as a 

solution to overcome their individual 

limitations, maintain safety and 

effectiveness. (13) This combined approach 

has been named as Hybrid Rehabilitation 

System. Aim of using this Hybrid System is 

to improve the individual functional 

independency by a) improving joint range of 

motion and b) improving the ability to close 

and open hand. Advantages of this system is 

to reduce pain at the stimulating side and 

delay fatigue. Aim of the present study was 

to review on use of Hybrid System for 

improve hand function and dexterity in 

patient with stroke. 

 

MATERIALS & METHODS 

• Search Strategy: 

Different articles published in English 

language between 2011 and 2022 were 

searched from various online data base. 

The search strategy included these types 

of keywords: Functional Electrical 

Stimulation (FES), Robotic Hand Glove, 

Hybrid system, Hand Rehabilitation, 

Stroke. A secondary search of the 

references list of all identified articles 

was also concluded. Then each study 

was reviewed independently. 

• Selection Criteria: 

1. Inclusion Criteria: 

Study Design:  

- Experimental Study 

- Randomized Control Trial 

- Clinical Trial 

- Preliminary Study 

- Pilot Study 

2. Exclusion Criteria: 

- Any other language than English  

- The study conducted prior to 2011 

- Articles on other than stroke survivors 

- In Hybrid System use other stimulation 

than Functional Electrical stimulation 

• Screening and Data extraction 

Out of 30 search results, 10 full text 

articles were screen and 5 were selected 

for review on basis of selection criteria. 

 

• Procedure: 
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RESULT 
No. Author’s 

Name 

Title Of the Study Conclusion 

1. Yansong 

Wang (2020) 

An Assistive System for Upper Limb 

Motion Combining Functional 

Electrical Stimulation and Robotic 
Exoskeleton 

It can be concluded that a hybrid system combined FES and exoskeletal 

work together to facilitate an assistance in all the joints of upper limb. 

This device worked on divide and rule strategy. 

2. Sofia 

Straudi, MD 
(2019) 

The Effects Of A Robot-assisted Arm 

Training Plus Hand Functional 
Electrical Stimulation On Recovery 

After Stroke: A Randomized Clinical 

Trial. 

It can be concluded that an intensive arm training that combined RAT 

and hand-FES, seems to not be superior to a time matched intensive 
conventional arm training, even though people who received RAT + 

FES, at the same level of arm impairment and corticospinal tract 

integrity, reached a higher level of arm recovery. 

3. 
 

 

 

Antonio 
Ribas Neto 

(2019) 

A Hybrid Control Strategy For 
Tendon-actuated Robotic Glove and 

Functional Electrical Stimulation – A 

Preliminary Study 

This study concluded that a hybrid control system is capable to 
improve wrist joint range of motion and potential to decrease fatigue. 

4. Marian S. 

Poboroniuc 

(2015) 

Preliminary Tests Of a New Hybrid 

FES-Exoskeleton Assisting Device 

For The Upper Limb In Stroke 

Patients. 

This study shows that FES and Exoskeleton driven movements can 

result in improving muscle tone and prevent atrophy, reduce spasticity, 

increase blood circulation and skin health. 

5. Ard J. 

Westerveld 

(2014) 

Passive Reach and Grasp With 

Functional Electrical Stimulation and 

Robotic Arm Support 

It has been concluded that combination of FES and Robotic arm 

support can be successful in supporting functional task. This system 

has great potential for support of the movement during post stroke 
functional training. 

6. Sergiu 

Hartopanu 
(2014) 

Towards Human Arm Rehabilitation 

In Stroke Patients By Means Of a 
Hybrid FES and Robotic Glove 

It can be concluded that a hybrid system supports human hand and 

hand activities using a control architecture for dexterity, grip and 
handling. 

 

DISCUSSION 

In stroke patient’s upper limb impairment is 

common in stroke and can have a 

devastating impact on the daily lives of 

stroke survivors. To increase functional 

independency of stroke patients’ 

Total search results  

(30 Articles) 

  

10 full-text articles were screened 

(30 Articles) 

  

Included articles 

(6 articles) 

  

Excluded articles 

(4 articles) 

  

- English literature 

- Study design 

  according to  

  selection criteria 

- Any other language other 

  than English 

- Any study conducted prior 

  to 2011 

 

   

    

- Study design 

  according to  

  selection criteria 
 6 articles 
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rehabilitation of arm and hand function is 

very important. 

Soft Robotic Hand and FES are two 

technologies that may either assist 

movement during tasks or accompany the 

convention protocol for hand function 

therapy. But both systems have their own 

limitations that ultimately leads to reduce 

their use to improve the hand function and 

dexterity. To overcome these nowadays 

hybrid system is more convenient for stroke 

patients to make them functionally 

independent. (12) 

Neto et al. said that how the Hybrid System 

is used to overcome the limitations of 

individual application of FES and Soft 

Robotic Hand. He said that in this system, 

initially FES is used to close the hand, then 

FES will be switched off and Robot-driven-

orthosis is used to maintain the close hand 

posture. Similar procedure will be followed 

for open hand posture. Due to this, fatigue is 

delayed by reduction in time required to use 

FES which in turn results in improved 

grasping and releasing capabilities. (14) 

Yansong Wang also suggested that there are 

two types of Hybrid Exoskeletons: Active 

Exoskeleton and Passive Exoskeleton. So 

Hybrid Exoskeleton can not only useful in 

stroke patients but also useful to treat 

disorders of muscles, joints and skeleton. He 

also said that Exoskeleton hold the finger 

position to prevent non-volitional movement 

when FES is delivered to the fore arm to 

assist the wrist movement. So the Hybrid 

System works on “divide and rule” principle 

and assist upper limb functions such as 

reaching, grasping and lifting objects. 

The present review complied the available 

articles that reported functional outcome 

obtained through the use of the hybrid 

system in people living with stroke. In 

present articles they focused on different 

clinical goals and use multiple assessment 

tools to evaluated functional outcome such 

as Wolf Motor Function Test (WMET), Box 

and Block Test, Fugl-Meyer Motor 

Assessment Scale of Upper Extremity 

(FMA-UE) and Action Research Arm Test 

(ARAT), etc. 

 

 
 

Period sustained 

by orthosis + FES 

 
Fig. 1. (a) Generic waveform of FES, and (b) the new proposed waveform for FES and/plus tendon-driven orthosis. 
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CONCLUSION 

Thus, it can be concluded that combined use 

of Functional Electrical Stimulation and 

Robotic Hand Glove were found to be more 

effective than individual use of these 

interventions to improve the specific tasks 

such as full reach, grasp, release, lifting 

tasks, drinking water, etc. in post-stroke 

patients. 
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