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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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THE EFFECT OF SOFT ROBOTIC GLOVE ON THE FLEXION AND EXTENSION OF 
HAND FOR STROKE PATIENTS: A CLINICAL TRIAL

Tameem T. Mayouf*, Mohammed B. Al-Jubouri.
Department of Adult Nursing, College of Nursing, University of Mosul, Ninevah, Iraq.

Abstract.
Background: Stroke defined by diminished cerebral blood 

flow, results in brain damage and neurological impairments. 
It often leads to considerable difficulties, such as limited 
mobility and compromised hand function, usually manifesting 
as a weakening in the ability to open and shut the hand. 
Objective: The study evaluates the differences between 
opening and closing hands when utilizing a soft robot. 
Methods: The study was conducted in the Mosul Specialist 
Rehabilitation Center which involved 68 participants, all over 
20 years old, with visual impairments. The Iranian Clinical 
Trials Registry and Ministry of Planning approved the study, 
The Fugl-Meyer Assessment for Upper Extremity Action 
Research Arm Test, and Arm Motor Ability Test were used to 
assess finger extension and flexion. Results: A study revealed 
that stroke patients who utilized a soft robotic glove experienced 
notable improvements in hand functionality. Average hand 
closure scores increased significantly, from 8.14 to 20.36 out 
of 21 points. Women demonstrated greater progress in hand 
opening rates compared to men, with an average improvement 
of 1.91 times between pre- and post-assessments. In contrast, 
the control group exhibited similar hand-opening advancements 
across genders. Patients with both ischemic and hemorrhagic 
strokes showed enhanced abilities in opening and closing their 
hands. Additionally, the study identified a statistically significant 
improvement in hand function improvements based on stroke type. 
Conclusion: The study found that stroke patients using a soft 
robotic glove showed significant improvements in hand-closing 
abilities, while exercise had minimal impact. Women showed 
an average increase in hand opening rate. Both male and female 
patients showed improvement, with hemorrhagic strokes 
showing remarkable advancements.

Key words. Flexion, extension, robotic, glove, stroke, clinical 
trial.
Introduction.

Reduced or blocked cerebral blood flow, which results in brain 
tissue damage and impaired neurological function, characterizes 
a stroke [1-4]. It predominantly occurs in older individuals [5-
7], leading to severe disabilities by weakening their muscles and 
limiting their movement [8].

Most individuals who have experienced a stroke will encounter 
difficulties with their hands [1,8], rendering them less functional 
for daily activities [9-11]. The extent of their impairment is 
contingent upon the severity of the stroke [12]. This impairment 
modifies hand function and affects the performance of everyday 
activities [11-15]. The body's coordination, strength, and 
dexterity are needed to do daily tasks with the hands. 

People who have experienced stroke affecting the motor system 
often exhibit more varied movements [12-18]. Regardless 

of coordination patterns, discrepancies in force management 
were observed during bilateral movements [19]. Following a 
stroke, the balance between the two hemispheres of the brain 
changes, as does the direction of the ascending pathways [20]. 
The findings indicated that neurons undergo alterations during 
activity in both hemispheres [20-22]. Stroke patients, like 
healthy individuals, face increased challenges in performing 
anti-phase motions compared to in-phase movements [23,24]. 
In healthy individuals, these movements are managed by 
different areas of the brain [20,21,25]. Individuals who have had 
strokes in either the left or right hemisphere are likely to face 
distinct challenges with coordinating their left and right sides 
[19,25,26]. However, it remains unclear what effects strokes in 
the left and right hemispheres have on limb performance during 
bilateral movements [17,27]. The study aimed to examine the 
performance variations between hand-opening and hand-closing 
motions using a soft robotic system.
Materials and Methods.

From July 21, 2024, to November 20, 2024, randomized control 
trails were conducted in the Mosul Specialist Rehabilitation 
Center on how to use a soft robotic glove with a randomized 
control design to evaluate patients' hand opening and closing 
abilities. Figure 1 guided the selection of participants. They had 
to be at least two weeks post-stroke, older than twenty years old, 
and able to understand or follow simple instructions without 
visual impairment. Cognitive abnormalities, vision impairment, 
tremors, diabetes, and upper limb spasms that hindered device 
placement were the exclusion criteria. The study looked at 
68 people who had thrombotic or hemorrhagic strokes. They 
were split into two groups: a robotic glove group (n = 35) 
and a control group (n=33). The cross-sectional sample size 
calculation was used to figure out the sample size. Researchers 
offered daily help, including appointment reminders, progress 
tracking, and transportation support. The study was approved 
by the Iranian Clinical Trials Registry on July 15, 2024 (IRCT 
registration number: IRCT20240623062222N1). The Ministry 
of Planning, the Faculty of Nursing at Baghdad University, and 
the Nineveh Health Directorate all gave their ethical approval as 
well. Patients who have agreed to participate in the study were 
asked to sign the consent form after verbal explanation of the 
study and the aims of the study.

In addition to being utilized during the training phase, the soft 
robotic glove was also utilized during the first and second post-
assessment phases. During these phases, the glove was utilized 
for each patient for a minimum of eight weeks, with three to 
four sessions per week.

Outcome measurements: The research team utilized widely 
recognized hand function tests for stroke patients to design 
the hand functional tasks used in this study. These included 
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the Fugl-Meyer Assessment-Upper Extremity (FMA-UE), 
the Action Research Arm Test (ARAT), and the Arm Motor 
Ability Test (AMAT). By assigning tasks that emphasized 
finger extension and flexion, the researchers assessed and rated 
participants' ability to perform activities of daily living (ADLs) 
both with and without the SR Glove. All evaluations were 
conducted on the affected hand, with higher scores reflecting 
improved performance or greater functional ability.
Scoring system: 

The ARAT is scored on a four-level ordinal scale (0-3) 
0 = cannot perform any part of the test,
1 = performs the test partially,
2 = completes the test, but takes abnormally long, time
3 = performs the test normally
Note. ARAT=Action Research Arm Test; ARAT score range, 

0-57.
Low ability=scores 0-19.
†Moderate ability=scores 20-38.
‡High ability=scores 39-57.
ARAT scores range from 0 to 57, with 57 indicating optimal 

performance. As an observational assessment of mobility, 
the ARAT has no cutoff scores. It predicts upper extremity 
functional recovery after stroke, with scores of <10, 10-56, and 
57 corresponding to poor, moderate, and satisfactory recovery, 
respectively

Statistical analysis: Eleven patients were excluded from the 
statistical analysis due to noncompliance with the rehabilitation 
protocol. Statistical analyses were performed utilizing SPSS 
for Windows, version 27. The mean, standard deviation, and 
paired t-test were utilized to compare outcomes between open 
and closed-hand conditions across the two groups. The data 
were tested for normal distribution. A p-value below 0.05 was 
deemed statistically significant.
Results.

The patients who used the soft robotic glove got better at 
opening their hands, going from 7.26 out of 21 to 19.86 out of 
21. The control group, on the other hand, didn't change much, 
with an average increase of only 3.15 between pre-and post-
tests.

The study revealed that stroke patients who used robotic gloves 
experienced a significant improvement in hand closure, with a 
range of 8.14 to 20.36 out of 21 points. The control group's hand 
closure variance, on the other hand, was 8.05 to 13.15, which is 
a good difference.

Hand closing was significantly different between the pre- 
and post-tests for both groups (p<0.05). Opening the hand 
was significantly different after using a soft glove robot with a 
p-value below 0.05, but exercise had no effect on opening the 
hand in the control group.

Figure 1. Flowchart for choosing samples in a randomized controlled experiment (RCT).
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In correlation with sex differences, women who used the 
soft robotic glove improved their hand opening rate by 3.43 
times more than men in the same group, who saw an average 
improvement of 1.91 times between the pre- and post-tests.

The improvement in hand opening was similar for both genders 
in patients who did not use a soft robotic glove (control group), 
with a maximum score of 3.71.

Hand opening was significantly different between the pre- 
and post-tests for both males and females among the soft robot 
group, while there were no significant differences between 
males and females in the control group (p<0.05). 

Closing the hand was significantly different after using a soft 
glove robot among males and females, in addition to that there 
were significant differences among males between pre and post-
test, while there were no significant differences among females 
in the control group (p<0.05).

It was found that patients who had both ischemic and 
hemorrhagic strokes got much better at opening their hands 
between the pre-and post-tests, with the highest convergent score 
being 7.83. Similarly, the hand-closing process demonstrated a 
significant maximum improvement rate of 10.24. There was 
a statistically significant difference between the two types of 
strokes in how well they opened and closed their hands in all 
tests (p<0.05).

The control group showed improvement in the ability to open 
and close their hands for both stroke types, achieving an average 
score of 5.42. The study discovered that there were statistically 
significant differences in how patients who had hemorrhagic 

strokes moved their hands before and after the test. These 
differences were not present in patients who had ischemic 
strokes.
Discussion.

The study discovered that after the intervention, patients' 
ability to open and close their hands improved more than twice 
as much as those in the control group. This result may have the 
same effect as Lim’s study which found Opening and closing 
the fingers are fundamental functions of hand movement. 
Similar results were found that the glove actuator may reduce 
flexion torque and facilitate finger extension, depending on 
the degree of spasticity, this has been summarized in the study 
of Lim [28]. Other studies divide participant scores in hand 
function tasks into categories such as hand-opening and hand-
closing, highlighting the variations in scores between unassisted 
and assisted conditions for each individual. All participants 
achieved the same mean scores in both tasks, regardless of 
assistance [28,29]. The similarity in the results stems from 
conducting studies on a similar number of patients, adhering 
to the same selection criteria, selecting samples of similar ages, 
and utilizing 30 minutes for each session.

These results differed from a study involving 10 stroke 
patients who used a robotic glove for 4 weeks, participating in 
25 rehabilitation sessions of up to 20 minutes each. At the end 
of therapy, the average improvement in extension was 88% in 
grip force assessment [30]. The discrepancy in results stems 
from researchers using 25 sessions and a limited number of 

Group
Testing Glove group Control group P-value

Hand opening
Pre 7.26±3.58 6.12±2.74 0.067
Post 19.86±11.96 9.27±6.51 0.0001
P-value 0.0001 0.062

Hand closing
Pre 8.14±4.92 8.05±4.72 0.09
Post 20.36±14.49 13.15±9.51 0.0001
P-value 0.0001 0.048

Table 1. Means of hand opening and closing by study groups.

Testing Glove Group P-value Control Group P-valueMale Female Male Female

Hand opening
Pre 9.17±6.46 5.35±2.08 0.01 6.40±2.99 5.30±2.19 0.08
Post 11.08±8.12 8.78±5.07 0.01 10.11±7.98 8.43±5.43 0.01
P-value 0.0001 0.0001 0.069 0.064

Hand closing
Pre 4.63±1.87 3.51±1.66 0.062 3.66±1.86 4.39±1.73 0.09
Post 12.64±8.91 7.90±4.87 0.001 6.06±2.70 7.09±4.33 0.06
P-value 0.0001 0.048 0.041 0.062

Table 2. Means of hand opening and closing by study groups according to sex differences.

Testing Glove Group Control Group
Hemorrhagic Ischemic Hemorrhagic Ischemic

Hand opening
Pre 7.73±4.84 5.04±3.52 5.15±3.63 4.10±2.86
Post 15.56±10.09 12.63±8.90 10.88±8.01 9.65±6.64
P-value 0.0001 0.0001 0.0001 0.047

Hand closing
Pre 8.36±5.44 7.08±3.03 7.11±3.05 6.94±4.01
Post 18.52±12.54 13.85±9.87 12.53±8.71 10.22±7.82
P-value 0.0001 0.0001 0.043 0.068

Table 3. Means of hand opening and closing by study groups according to types of strokes.
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patients with the robotic glove, potentially leading to inflated 
improvement rates compared to this study's findings.

The study revealed that men showed greater progress than 
women in hand movements, particularly in closing hands, with 
significant differences observed, this finding contradicts multiple 
research studies indicating that gender does not influence the 
ability to open and close the hands, while simultaneously 
revealing statistically significant differences in hand function 
based on gender [28,31,32].

The study found no difference in hand closing and opening 
improvements based on stroke type, but significant differences 
in hand movements between hemorrhagic and ischemic strokes. 
This aligns with previous research suggesting stroke types don't 
affect a patient's ability to close and open the hand [28,31,33]. 
Owing to different risk factors, including hyperlipidemia, 
malhemodynamics, and ischemia [34-36], hand-focused 
rehabilitation methods can be used for both strokes, as the ability 
to close and open the hand is independent, the study emphasizes 
the importance of tailored therapy based on individual patient 
needs, rather than stroke classification. Future research could 
explore other functional aspects of motor recovery [32,33]. 
Non-significant improvement in finger opening and closing 
after using the robotic glove on 11 patients, averaging 20 years 
old, who completed only 12 rehabilitation sessions [28]. 

The limited number of sessions with young patients, particularly 
those under 20 experiencing right-hand weakness, has 
contributed to minimal improvement in overall hand function, 
especially in finger movement and hand opening. To address 
this issue, a more robust rehabilitation plan should be adopted, 
incorporating consistent therapy sessions and targeted exercises. 
Advanced techniques, such as neuromuscular stimulation or the 
use of assistive devices, could further accelerate recovery and 
improve hand mobility. 

This study excluded 11 out of 68 participants due to protocol 
deviations, resulting in a final sample of 57 patients analyzed 
under a per-protocol (PP) approach rather than an intention-
to-treat (ITT) analysis. Since ITT is the gold standard for 
randomized controlled trials (RCTs), the exclusion of these 
participants may introduce selection bias, as the analyzed group 
may not fully represent the original randomized population. 
This could overestimate treatment efficacy if dropouts had 
poorer outcomes. 

One key limitation of this study is the potential for measurement 
bias due to the lack of comprehensive metrics assessing the 
impact of improved hand function on ADLs, independence, 
and quality of life. Additionally, performance bias may arise 
if participants receive varying levels of conventional therapy 
alongside the robotic intervention, potentially confounding 
the results. The lack of a blinded assessor could also introduce 
observer bias, as evaluators may be influenced by their 
expectations of the robotic glove’s effectiveness. Future studies 
should incorporate functional and patient-reported outcome 
measures to better evaluate the clinical relevance of the soft 
robotic glove in enhancing stroke rehabilitation.
Conclusion.

The research demonstrated that stroke patients using a soft 
robotic glove experienced significant improvements in hand-

closing abilities. ًWhereas exercise alone had a minimal impact 
on hand opening within the control group. Women using a soft 
robotic glove exhibited an increase in hand opening rate relative 
to males, with an average enhancement of two times between 
pre- and post-assessments. The study also found that hand-
opening and hand-closing functions improved in both male and 
female patients who did not use the soft robotic glove. Patients 
with both ischemic and hemorrhagic strokes showed significant 
progress in hand-opening and hand-closing functions. While the 
control group exhibited minimal improvement, patients with 
hemorrhagic strokes displayed remarkable advancements in 
hand mobility compared to those with ischemic strokes.
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