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Research Paper
Investigating Upper Extremity Function and Quality 
of Life Following Long-term Hand Biofeedback 
Electromyography Exercise in Elderly Stroke Patients

Purpose: Biofeedback therapy is widely used as a treatment method for rehabilitating stroke 
patients. This study examines the effects of long-term hand biofeedback therapy on the upper 
limb function and quality of life of elderly people who have had a stroke. 

Methods: A total of 40 stroke patients were divided into a control group and an electromyography 
biofeedback training group. After two years of treatment, evaluations were performed to assess 
the impact of electromyography biofeedback training on upper limb function and quality of life 
for both groups. 

Results: The results indicated that after two years of hand biofeedback, only the quality of life 
improved, while the function of the upper limb did not show significant changes (P≤0.05). 

Conclusion: Long-term use of the biofeedback exercise method in stroke patients primarily 
impacts their quality of life rather than significantly affecting the function of their upper limbs.
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Introduction

troke is the most common neurological 
disease that leads to death and disability 
[1]. The most common and broadest cause 
of disability in stroke is motor disability, 
which usually affects one side of the body 
and causes mutual functional disability of 

the brain [2]. After a stroke, a person usually becomes 
disabled in movement control and lag in movement and 
neurological skills; meanwhile, their adaptation and 
learning, and the implementation of new tasks of their 
movement program are disturbed [1]. Accordingly, dis-
ability after a stroke usually deprives patients of proper 
participation in daily life activities. It prevents them from 
social interactions [3] and as a result, it causes a decrease 
in the quality of life of these people [4]. In other words, 
following a stroke, patients’ work performance decreas-
es, and they become incapable of meeting their expected 
needs and functional demands in their daily activities, 
such as self-care tasks, bathing, climbing the stairs, and 
achieving independence in life [5, 6].

Previous research indicates that functional disability 
following a stroke is more common in the upper limb 
than in the lower limb [7]. Damage to the middle cerebral 
artery, which supplies the majority of blood to the brain 
for upper limb and hand function affects stroke patients 
[1], leading to motor disability in the hands and upper 

limbs [3]. This disability significantly impacts daily life 
activities. Studies show that most stroke patients experi-
ence dysfunction in their hands or upper limbs, becom-
ing dependent on daily activities [3, 8]. Furthermore, 
only some stroke patients with upper limb issues return 
to normal function, while others regain some abilities, 
and do not recover any normal upper limb function [9].

Rehabilitation is used to help stroke patients regain 
their previous social roles, improve their performance, 
reduce hospitalization time, decrease economic and so-
cial costs and achieve relative independence [10-12]. 

Recent advancements in science have led to the de-
velopment of new rehabilitation techniques for stroke 
patients [8, 13, 14]. Biofeedback therapy is widely used 
as a treatment method for rehabilitating stroke patients 
[5, 6, 8]. Some authors have noted that biofeedback 
electromyography rehabilitation has positive effects 
on improving motor control and functional capacities 
in stroke patients [1]. This approach provides valuable 
physiological and physical performance information 
in areas that may be challenging to assess using other 
methods [2, 15]. Past research directly demonstrates the 
positive effects of this treatment method on post-stroke 
rehabilitation, including improvements in hand func-
tion, muscle strength, active range of motion, and motor 
skills [16, 17]. Some studies even suggest that biofeed-
back electromyography produces better results in upper 

S

Highlights 

● Long-term use of the biofeedback exercise method in stroke patients impacts their quality of life.

● After two years of hand biofeedback function of the upper limb did not show significant changes.

● It is advisable to incorporate long-term biofeedback as a complementary treatment in long-term rehabilitation.

Plain Language Summary 

Recent advancements in science have led to the development of new rehabilitation techniques for stroke patients. 
Biofeedback therapy is widely used as a treatment method for rehabilitating stroke patients. This study examines the 
effects of long-term hand biofeedback therapy on the upper limb function and quality of life of elderly people who 
have had a stroke. All patients were initially evaluated for upper limb function and quality of life, and their scores 
were recorded. Rehabilitation sessions, with and without biofeedback exercises, were conducted by a specialist. After 
two years of treatment, post-test evaluations were performed to assess the impact of electromyography biofeedback 
training on upper limb function and quality of life for both groups. The results indicated that after two years of hand 
biofeedback, only the quality of life improved, while the function of the upper limb did not show significant changes. 
Therefore, biofeedback therapy can be incorporated as a complementary treatment in long-term rehabilitation, focusing 
on improving stroke patients’ overall quality of life.
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limb function recovery, especially in hand-functional 
training for stroke patients, compared to physiotherapy 
and occupational therapy alone [4, 8, 18]. On the oth-
er hand, some studies maintain that using this method 
alone has no benefits [19], while others suggest that it 
does not affect overall health, range of motion, func-
tional ability, or activity [8, 20].

This study examines the effects of long-term hand bio-
feedback therapy on the upper limb function and quality 
of life of elderly people who have had a stroke. There 
is a lack of comprehensive research in this area, hence, 
this study fills the and addresses any conflicting findings 
from previous studies.

Materials and Methods 

This study was designed as a randomized controlled 
trial (RCT) with a causal-comparative approach, using 
a pre-test and post-test design. The subjects of the study 
were stroke patients who were referred to the rehabilita-
tion clinic by a neurologist. The diagnosis of stroke was 
confirmed through clinical evaluations and brain imag-
ing conducted by a neurologist. To be included in the 
study, the patients had to be over 60 years old, able to 
walk independently (showing proper movement return 
in the lower limb), be at the fourth stage of Branstrom 
for upper limb function [1] and have experienced the 
stroke more than a year before. Meanwhile, the exclu-
sion criteria were cognitive disorders affecting commu-
nication, sensory disorders in the upper limb, history of 
upper limb surgery or fractures, and participation in a 
previous rehabilitation program for at least the last three 
months [3]. Patients voluntarily consented to participate 
by signing a written consent form and the entire treat-
ment process was explained to them.

A total of 40 stroke patients were selected for this study 
based on the inclusion and exclusion criteria. They were 
divided into two groups using a double-blind process, 
namely a control group (10 men and 10 women) and an 
electromyography biofeedback training group (EMG-
BF) (9 men, 11 women). All patients were initially 
evaluated for upper limb function and quality of life, and 
their scores were recorded. Rehabilitation sessions, with 
and without biofeedback exercises, were conducted by a 
specialist. After two years of treatment, post-test evalu-
ations were performed to assess the impact of electro-
myography biofeedback training on upper limb function 
and quality of life for both groups.

The patients’ upper limb function and quality of life 
were assessed using the disabilities of the arm, shoulder, 
and hand (DASH) questionnaire [21] and the short form 
36 health survey questionnaire (SF-36) before any inter-
vention [22]. The DASH test is a reliable, valid, and re-
sponsive assessment tool designed to evaluate upper limb 
function. It consists of 30 self-report items and is used to 
measure the rate of upper limb disability and the impact 
of activity in individuals with upper limb musculoskele-
tal conditions. The final score ranges from 0 to 100, with 
a higher score indicating greater disability [21]. The SF-
36 test is also a valid and reliable questionnaire used to 
assess the quality of life in different groups. It evaluates 
eight important concepts: Physical performance, role 
limitations due to physical health, bodily pain, general 
health, vitality, social functioning, role limitations due to 
emotional health and mental health. The score for this 
test ranges from 0 to 100, with a higher score indicating 
better overall health. This test is also recognized as valid 
for stroke patients and the elderly [22].

After the initial assessment, the control group’s patients 
underwent traditional rehabilitation for two years, with 
5 weekly sessions, each lasting about 60 min. The reha-
bilitation program included manual therapy techniques, 
such as passive and active motion, mobilization, stretch-
ing, proprioceptive neuromuscular facilitation, and the 
rood approach [23]. The intervention group received a 
similar rehabilitation program, but with the addition of 
EMG-BF exercises for 15 min at the end of each session. 
Before starting the exercise protocol, the rehabilitation 
specialist evaluated the voluntary muscle contraction of 
all patients. Each patient had a training session to be-
come familiar with the biofeedback device and treat-
ment. During the treatment session, the patient sat 1 m 
away from the computer monitor and had surface EMG-
BF sensors attached to the skin on the extensor muscles 
of the wrist and fingers. The patient was then asked to 
contract these muscles for 5 s, followed by 10 s of rest, 
and this cycle was repeated for 15 min during each ses-
sion [24] (Figure 1).

The SPSS software, version 22, was used for statistical 
analysis. Descriptive statistics, such as Mean±SD for two 
groups were analyzed. The Shapiro-Wilk test was used to 
check if the data had a normal distribution. To examine the 
impact of long-term biofeedback exercises on the quality 
of life and DASH in cerebrovascular accident people be-
fore and after the exercises, an inferential paired t-test with 
a significance level of P≤0.05 was used.
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Results

The results of descriptive statistics for the subjects’ char-
acteristics and research variables can be found in Table 1.

The test for data normality indicated that the data 
had a normal distribution.

Table 2 displays the results of the paired t-test and the 
impact of long-term EMG-BF innervations on upper 
extremity function and quality of life in stroke patients. 
Accordingly, there was no significant difference in up-
per extremity function in both the control (P=0.94) and 
EMG-BF groups (P=0.179) after two years. However, 
there was no noticeable difference in the quality of life 
of the control group (P=0.391). There was a significant 
difference after long-term use of EMG-BF (P=0.00) in 
the intervention group (P≤0.05).

Discussion

This study investigated the impact of long-term bio-
feedback training on the upper limb function and quality 
of life of stroke patients. The results indicated that after 

two years of hand biofeedback, only the quality of life 
improved, while the function of the upper limb did not 
show significant changes.

Long-term stroke rehabilitation is a significant research 
topic [25]. Different methods have varying effects on 
patients’ performance and quality of life [25]. Previous 
research has looked at the impact of biofeedback exer-
cises on stroke patients [26, 27], with some focusing on 
long-term use [28, 29]. However, there has been no di-
rect study specifically investigating the long-term effects 
of hand biofeedback on upper limb function and quality 
of life, as discussed in this article. Some previous studies 
have compared the effects of using biofeedback on upper 
limb function in stroke patients, showing varying results 
consistent and inconsistent with the present study [20, 
28, 30]. A systematic review study found that biofeed-
back was effective only in shoulder abduction and did 
not directly impact other upper limb movements [30]. In 
our study, we did not specifically look into shoulder ab-
duction. The findings indicated that biofeedback did not 
have a direct impact on upper limb function, particularly 
the shoulder. Meanwhile, in a study similar to this study, 
a combined biofeedback and rehabilitation program was 

Figure 1. Biofeedback therapy process 

Table 1. Subjects’ characteristics and research variables

Groups

No. Mean±SD

Sex Affected Side
Age (y) BMI (kg/m2) CVA Background 

(Months)

Coma Background 
After CVA
(Months)Male Female Right Left

CON 10 10 9 11 62.1±13.98 25.02±4.92 7.7±3.11 None

EMG-BF 9 11 11 9 58.15±13.97 25.26±6.82 7.9±3.38 None

Abbreviations: CON: Control group; EMG-BF: Biofeedback group; BMI: Body mass index; CVA: Cerebrovascular accident; 
SD: Standard deviation.

Yousefian Molla R, et al. Upper Extremity Function and Quality of Life Following Biofeedback Exercise in Elderly Stroke Patients. PTJ. 2025; 15(1):51-58.
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Table 2. Results of inferential statistics using a long-term biofeedback exercise on upper limb function and quality of life in 
stroke patients

Variable Groups Mean±SD t P Variable Groups Mean±SD t P

DASH

CON pre-test 84.20±17.70
0.007 0.94

SF-36

CON pre-test 38.25±13.30
-2.22 0.391

CON post-test 84.20±17.67 CON post-test 39.55±13.49

EMG-BF pre-test 58.54±15.96
-1.39 0.179

EMG-BF pre-test 43.65±12.98
-7.12 0.00*

EMG post-test 60.77±16.14 EMG post-test 58.55±13.71

Abbreviations: DASH: Disabilities of the arm, shoulder, and hand questionnaire; SF-36: Short form 36 health survey question-
naire; CON: Control group; EMG-BF: Biofeedback group; SD: Standard deviation. 
 *P≤0.05.

effective for stroke patients. However, the evaluation 
method used in most of the reviewed studies differs from 
the functional test of the DASH [31]. Furthermore, a me-
ta-analysis study showed that biofeedback has a positive 
effect on the evaluation of some upper limb tests, but in 
evaluations, such as functional independence measure, 
consistent with the present study, it has no effect [26]. 
Several studies have highlighted the positive impact of 
utilizing biofeedback on hand function [17, 27], How-
ever, as the present research focuses on the entire func-
tion of the upper limb, it is not possible to directly align 
with these two studies. On the other hand, a study closely 
related to the current research compared the short-term 
and long-term effects of using biofeedback on stroke. It 
acknowledged that biofeedback has a positive short-term 
effect on stroke factors but has no long-term impact [28].

The positive effects of biofeedback on the quality of 
life of people with various complications have been con-
firmed [32, 33]. There have been several studies exam-
ining the impact of biofeedback on the quality of life of 
individuals who have had a stroke [27, 30], However, 
none of these studies have considered the long-term ef-
fects of this intervention. One study [30] looked at the 
effect of biofeedback on hemiplegic stroke patients and 
found that the quality of life for stroke survivors did not 
improve significantly after just five weeks of biofeed-
back. These results were inconsistent with the findings 
of our research, which is likely one of the reasons for the 
lack of agreement, and our research also looked at the 
long-term use of the biofeedback method. However, day 
14 and day 16 showed a positive effect that was consis-
tent with our study regarding the impact of biofeedback 
on the quality of life of the elderly, even when used for 
a short time.

The results of this research can be justified as not all 
factors affecting quality of life are linked to shoulder 

function. Quality of life encompasses a wide range of 
variables for improvement. This study only examined 
the impact of biofeedback and does not necessarily 
mean that all rehabilitation methods would have the 
same results. Additionally, the biofeedback method 
used in the study focused solely on the hands. Improv-
ing hand and finger function can directly impact qual-
ity of life, which may not be directly tied to shoulder 
function. For example, some stroke patients may have 
shoulder function issues but still have adequate mobil-
ity in the lower part of the upper limb, allowing them to 
perform daily activities reasonably. 

Conclusion 

Long-term use of the biofewedback exercise method 
in stroke patients primarily impacts their quality of life 
rather than significantly affecting the function of their 
upper limbs. Therefore, it is advisable to incorporate 
biofeedback as a complementary treatment in long-term 
rehabilitation, focusing on improving these patients’ 
overall quality of life.

One of the main limitations of our research is the limit-
ed number of samples for examination and the use of the 
biofeedback training method for less than 2 years. This is 
something we hope will be considered in future research.
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