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Abstract:  
Background: Upper limb impairment is a common and disabling consequence of stroke, limiting independence 
and quality of life. Virtual reality (VR) has emerged as a novel rehabilitation approach that may enhance motor 
recovery through task-oriented, repetitive, and engaging practice. 
Aim: To evaluate the effectiveness of VR-integrated physiotherapy on upper limb performance in individuals 
with chronic stroke compared with conventional physiotherapy. 
Methodology: A two-armed controlled trial was conducted on 30 individuals with chronic stroke (≥6 months), 
randomly allocated to an experimental group (VR-integrated physiotherapy) or a control group (conventional 
physiotherapy). Both groups received supervised therapy three times per week for 12 weeks. Upper limb 
performance was assessed pre- and post-intervention using the Action Research Arm Test (ARAT), Wolf Motor 
Function Test (WMFT), WMFT-Time, and Hand Grip Strength (HGS). 
Results: Both groups showed significant improvements in all outcome measures (p < 0.05). However, the 
experimental group demonstrated significantly greater gains in ARAT and WMFT scores, faster WMFT-Time, 
and higher hand grip strength compared with the control group (p ≤ 0.002). 
Conclusion: VR-integrated physiotherapy is more effective than conventional physiotherapy alone in improving 
upper limb function, motor performance, and strength in individuals with chronic stroke. 
Keywords: Stroke rehabilitation; Virtual reality; Upper limb function; Physiotherapy; Motor recovery. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
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original work is properly credited. 
Introduction 

Stroke is an acute neurological event resulting from 
an interruption of blood supply to the brain, leading 
to variable neurological damages, long-term disabil-
ity, and mortality [1,2],,. Stroke is regarded as the 
second or third leading cause of death worldwide 
and continues to be one of the major causes of ac-
quired disability among adults [3]. Survivors from 
stroke continue to have persistent functional impair-
ments that significantly reduce independence and 
quality of life, thus imposing a high burden on indi-
viduals, families, and healthcare systems throughout 
the world. 

In the SA, stroke is a major emerging public health 
concern. Annual incidences of stroke among adults 
are reported to be around 30–40 per 100,000 popu-
lation [4]. Almost 20,000 new stroke cases are esti-
mated to occur every year, leading to about 8,000 
cases of long-term disability and approximately 
4,000 deaths annually [5]. Moreover, the incidence 

of stroke in Saudi Arabia will likely continue to rise 
with increasing life expectancy and growing preva-
lence of risk factors like diabetes, hypertension, and 
sedentary lifestyle, which makes stroke rehabilita-
tion an urgent healthcare need. 

Stroke is associated with impairments across a wide 
range of physical, sensory, and functional abilities. 
The typical post-stroke impairments include muscle 
weakness, fatigue, abnormal muscle tone, sensory 
loss, cardiovascular deconditioning, impaired coor-
dination, poor balance, and difficulty in walking [6]. 
These often lead to restriction in the ability of indi-
viduals to accomplish functional tasks and full par-
ticipation in daily life. Among these deficits, impair-
ments of the upper limb are particularly disabling 
and frequently persist long after the acute phase of 
stroke. 

Upper limb impairments are often more pronounced 
and functionally limiting compared to lower limb 
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impairments in stroke survivors. Reduced strength, 
slow and uncoordinated movements of the affected 
arm and hand, and limited functional use during 
daily activities are common. Reach movements are 
often problematic because of disturbed timing, al-
tered coordination, and abnormal postural adjust-
ments. Impairments in grasping, manipulation, and 
object handling are very common due to an inability 
to manage the proper regulations of finger force, 
timing, and precision [7]. 

These impairments consequently make it very diffi-
cult for individuals with stroke to carry on with ac-
tivities of daily living, such as feeding, dressing, 
grooming, and household tasks. Restricted upper 
limb function contributes to reduced participation in 
life within the home, work, and community, leading 
to limited social interactions and a poor overall sense 
of well-being [8]. The improvement of upper limb 
function, therefore, is at the core of rehabilitation 
concerns in stroke, since independence and quality 
of life are closely intertwined with upper limb ca-
pacity. 

There is evidence that functional recovery of the af-
fected upper limb can be improved when people 
with stroke have sufficient opportunity to engage in 
repetitive, task-oriented practice. Many rehabilita-
tion strategies currently exist for upper limb impair-
ments after stroke, including physiotherapy, occupa-
tional therapy, conductive education, splinting, cast-
ing, pharmacotherapy, and surgical interventions. 
Other specific therapeutic approaches that have been 
used in clinical practice include neurodevelopmental 
therapy and constraint-induced movement therapy 
[9]. Despite such a broad range of existing interven-
tions, strong evidence supporting the superiority or 
long-term effectiveness of any single approach in 
ensuring meaningful functional recovery of the up-
per limb remains limited. 

Within the last decade, virtual reality has become a 
unique and promising tool for neurorehabilitation. 
Virtual reality is usually understood to be a com-
puter-generated, interactive simulation that allows 
users to explore and manipulate three-dimensional 
worlds similar in appearance to actual objects and 
events [10]. In rehabilitation contexts, VR enables 
patients to execute goal-directed movements in an 
engaging and motivating environment, with real-
time visual and sensory feedback that might improve 
motor learning and neuroplasticity. 

It has also been documented that VR for stroke re-
habilitation can be interactive, enjoyable, and possi-
bly effective for the enhancement of upper limb mo-
tor control and functional performance if used in suf-
ficient intensity and duration [11]. For instance, VR-
based therapy allows repetitive practice of func-
tional movements within a controlled, adaptive en-
vironment that may surmount some limitations of 
conventional rehabilitation approaches. 

Additionally, most VR systems can be adjusted to 
match the individual's functional level, providing 
progressive challenges regarding task difficulty 
while encouraging the active participation of the pa-
tient. 

Virtual reality-based therapy is one of the most in-
novative developments in rehabilitation technology 
and holds much promise for improving activities of 
daily living following stroke. An important ad-
vantage of VR-based interventions is their potential 
for various settings: rehabilitation clinics, nursing 
homes, and patients' homes. This flexibility allows 
for additional practice beyond formal therapy ses-
sions, which may enhance functional outcomes and 
promote long-term recovery [12]. 

Despite the increased interest in rehabilitation using 
VR, few studies have investigated its efficacy in in-
dividuals with stroke, and this research is still at an 
early stage. Of particular note, there has been no in-
vestigation that focuses on the use and impact of vir-
tual reality-based therapy in Saudi individuals with 
stroke. Considering the high incidence rate of stroke 
in Saudi Arabia and the fact that it plays a leading 
role in mortality, morbidity, and loss of functional 
independence, there arises an urgent need to explore 
innovative and effective rehabilitation intervention 
that can help improve upper function and ensure par-
ticipation in activities of daily living. 

Treatments that offer more rapid and effective im-
provement in upper limb performance are, therefore, 
of particular value to the Saudi stroke population. 
Virtual reality-enhanced physiotherapy may repre-
sent a useful adjunct or alternative to traditional re-
habilitation by increasing patient motivation, ther-
apy intensity, and functional improvement. This 
study was thus performed as an attempt to examine 
whether virtual reality-based therapy can be effec-
tively used for the enhancement of upper limb func-
tion when compared to a traditional functional train-
ing program among Saudi patients with chronic 
stroke. 

Methodology 

Study Design: This study was designed as a two-
armed controlled trial to evaluate the impact of Vir-
tual Reality (VR)–integrated physiotherapy on up-
per limb performance in individuals with chronic 
stroke. Participants were allocated into experimental 
and control groups and assessed at baseline and after 
completion of the intervention. 

Study Area: The study was conducted in the De-
partment of Physical Medicine and Rehabilitation 
(PMR), Nalanda Medical College and Hospital, 
Patna, Bihar, India. 

Study Duration: The study duration was 12 
months. 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Sinha et al.                                                                                           International Journal of Pharmaceutical Quality Assurance 

565 

Sample Size: The total sample size planned for the 
study was 52 participants. However, after screening 
and application of eligibility criteria, 30 participants 
(15 in both groups) who met the inclusion criteria 
were enrolled and completed the study. 

Sample Population: Participants consisted of indi-
viduals diagnosed with chronic stroke attending the 
Department of PMR. A total of 52 stroke patients 
were initially screened, out of which 30 met the in-
clusion criteria. From these, 30 participants were fi-
nally recruited and allocated equally into experi-
mental and control groups. 

Inclusion Criteria 

Participants were included in the study if they met 
the following criteria: 

• Age between 50 and 60 years 
• Diagnosed with chronic stroke (≥6 months post-

stroke) due to ischemic or hemorrhagic etiology 
• Upper limb spasticity graded 1, 1+, or 2 on the 

Modified Ashworth Scale 
• Ability to extend the wrist by at least 20° and 

fingers by 10° from full flexion 
• Cognitive ability to understand and follow in-

structions 
• No participation in other interventions aimed at 

improving upper limb function during the study 
period 

Exclusion Criteria 

Participants were excluded if they had: 

• Cognitive impairment with Mini-Mental State 
Examination score <23 

• Fixed contractures or stiffness in shoulder, el-
bow, wrist, or finger joints 

• Painful shoulder syndrome 
• Major rotational malalignment of the affected 

upper limb 
• Cardiac pacemaker 
• Visual, auditory, or perceptual impairments 
• Uncontrolled seizures 
• History of botulinum toxin injection within 6 

months prior to study 
• Use of muscle-tone control medication within 3 

months prior to study 

Data Collection Methods: Data collection was car-
ried out at baseline prior to the initiation of the inter-
vention and immediately after completion of the 
treatment program. All assessments were conducted 
by trained assessors who were not involved in the 
treatment delivery and were blinded to group alloca-
tion to minimize assessment bias. Upper limb per-
formance was evaluated using standardized and val-
idated outcome measures, namely the Action Re-
search Arm Test (ARAT), Wolf Motor Function 
Test (WMFT), and Hand Grip Strength (HGS). The 
ARAT was used to assess upper limb functional 

ability through tasks involving grasp, grip, pinch, 
and gross movements, with higher scores indicating 
better performance. The WMFT was administered to 
evaluate motor ability of the affected upper limb 
through timed and functional tasks, and the total 
score as well as the time taken to complete the tasks 
(WMFT-Time) were recorded. Hand grip strength of 
the affected upper limb was measured using a hand 
grip dynamometer, with higher post-treatment val-
ues reflecting improvement in muscular strength and 
functional capacity. All measurements were rec-
orded systematically and consistently at both assess-
ment points to allow accurate comparison of 
changes over time. 

Procedure: After obtaining ethical approval and 
written informed consent, eligible participants were 
recruited from the Department of Physical Medicine 
and Rehabilitation, Nalanda Medical College and 
Hospital, Patna. Participants who met the inclusion 
criteria were allocated into experimental and control 
groups, each consisting of fifteen participants. Both 
groups received face-to-face individualized physio-
therapy sessions three times per week for a duration 
of three months, with each session lasting two hours 
and a fifteen-minute rest interval between the first 
and second hours. The experimental group received 
a combined intervention consisting of conventional 
physiotherapy exercises, functional upper limb 
training, and virtual reality–based therapy using the 
Armeo Spring system. Conventional physiotherapy 
included muscle facilitation, proprioceptive neuro-
muscular facilitation, strengthening, stretching, and 
postural reaction exercises, while functional training 
emphasized reaching, grasping, manipulative activ-
ities, and performance of activities of daily living us-
ing the affected upper limb. The virtual reality com-
ponent involved task-oriented upper limb exercises 
performed in a simulated environment with aug-
mented feedback to enhance motor learning and en-
gagement. The control group received a conven-
tional functional physiotherapy program of equal 
duration, focusing on strengthening, facilitation, and 
functional task practice without the use of virtual re-
ality. All interventions were supervised by qualified 
physiotherapists to ensure uniformity and adherence 
to the treatment protocol. 

Statistical Analysis: Statistical analysis was per-
formed using the Statistical Package for the Social 
Sciences (SPSS) software, version 26. Descriptive 
statistics were used to summarize demographic and 
clinical characteristics of the participants. For para-
metric variables, including WMFT-Time and Hand 
Grip Strength, paired t-tests were used to analyze 
within-group differences between pre- and post-in-
tervention scores, while independent t-tests were ap-
plied to compare differences between the experi-
mental and control groups at baseline and post-inter-
vention. For non-parametric variables, including 
ARAT and WMFT scores, within-group 
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comparisons were analyzed using the Wilcoxon 
signed-rank test, and between-group comparisons 
were assessed using the Mann–Whitney U test. Re-
sults were expressed as mean ± standard deviation 
for parametric data and mean rank for non-paramet-
ric data. A p-value of less than 0.05 was considered 
statistically significant.” 

Result 

Table 1 presents the demographic and clinical char-
acteristics of participants in the experimental and 
control groups. The mean age was comparable be-
tween the experimental group (55.20 ± 3.38 years) 
and the control group (54.73 ± 3.61 years), with no 
statistically significant difference (p = 0.72). Sex 

distribution was similar in both groups (9 males/6 
females in the experimental group versus 8 males/7 
females in the control group; p = 0.71). The duration 
since stroke was also comparable between groups 
(11.40 ± 2.21 months vs. 11.13 ± 2.29 months; p = 
0.75). There were no significant differences in the 
type of stroke, affected side, or baseline spasticity 
grade as measured by the Modified Ashworth Scale 
(MAS) (p > 0.05 for all). Overall, Table 1 indicates 
that both groups were well matched at baseline, en-
suring that post-intervention differences could be at-
tributed to the treatment effects rather than baseline 
variability.

 
Table 1: Demographic and clinical characteristics of participants 

Variables Experimental Group  
(n = 15) 

Control Group  
(n = 15) 

p-value 

Age (years), Mean ± SD 55.20 ± 3.38 54.73 ± 3.61 0.72 
Sex (Male/Female) 9/6 8/7 0.71 
Duration since stroke (months), Mean ± SD 11.40 ± 2.21 11.13 ± 2.29 0.75 
Type of stroke (Ischemic/Hemorrhagic) 10/5 9/6 0.71 
Affected side (Right/Left) 8/7 7/8 0.72 
Spasticity grade (MAS), Mean ± SD 1.53 ± 0.41 1.56 ± 0.43 0.83 

 
Table 2 summarizes the within- and between-group 
differences in upper limb functional measures at 
baseline and after 12 weeks of treatment. At base-
line, there were no significant differences between 
the control and experimental groups for ARAT (p = 
0.94), WMFT (p = 0.91), WMFT-Time (p = 0.84), 
or hand grip strength (p = 0.86), indicating compa-
rability between groups. Following 12 weeks of in-
tervention, both groups showed significant within-
group improvements in all outcome measures; how-
ever, the experimental group demonstrated more 
pronounced gains. Post-treatment ARAT and 

WMFT mean ranks were significantly higher in the 
experimental group compared to the control group 
(p = 0.004 and p = 0.002, respectively). The experi-
mental group also showed a greater reduction in 
WMFT-Time (52.00 ± 8.96 vs. 65.10 ± 9.72 sec-
onds; p = 0.002) and a significantly larger increase 
in hand grip strength (25.60 ± 3.78 vs. 20.20 ± 3.46 
kg; p = 0.001). Overall, Table 2 indicates that while 
both interventions were effective, the experimental 
treatment resulted in significantly superior improve-
ments in upper limb function after 12 weeks.

 
Table 2: Within- and between-group differences for upper limb functional measures at baseline and 

immediately after 12 weeks of treatment (N = 30) 
Parameter Control Group (n = 15) Experimental Group (n = 15) p-value 
Action Research Arm Test (ARAT) 
Mean Rank – Pre 15.47 15.53 0.94 
Mean Rank – Post 11.2 19.8 0.004* 
p-value 0.003* <0.001* – 
Wolf Motor Function Test (WMFT) 
Mean Rank – Pre 15.67 15.33 0.91 
Mean Rank – Post 10.87 20.13 0.002* 
p-value 0.002* <0.001* – 
Wolf Motor Function Test–Time (seconds) 
Mean ± SD – Pre 81.20 ± 10.52 82.00 ± 10.88 0.84 
Mean ± SD – Post 65.10 ± 9.72 52.00 ± 8.96 0.002* 
p-value 0.003* <0.001* – 
Hand Grip Strength (kg) 
Mean ± SD – Pre 15.90 ± 3.08 16.10 ± 3.25 0.86 
Mean ± SD – Post 20.20 ± 3.46 25.60 ± 3.78 0.001* 
p-value 0.002* <0.001* – 

 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Sinha et al.                                                                                           International Journal of Pharmaceutical Quality Assurance 

567 

Table 3 presents the between-group comparison of 
post-treatment outcome measures following the in-
tervention. The experimental group showed signifi-
cantly higher ARAT scores (42.60 ± 4.72) compared 
to the control group (36.10 ± 5.06), indicating better 
upper limb functional ability (p = 0.001). Similarly, 
WMFT scores were significantly greater in the ex-
perimental group (54.00 ± 5.18) than in the control 
group (45.40 ± 5.62) (p < 0.001). The experimental 
group also demonstrated significantly faster task 

performance, as reflected by lower WMFT-Time 
values (52.00 ± 8.96 seconds) compared to the con-
trol group (65.10 ± 9.72 seconds) (p = 0.002). In ad-
dition, hand grip strength was significantly higher in 
the experimental group (25.60 ± 3.78 kg) than in the 
control group (20.20 ± 3.46 kg) (p = 0.001). Overall, 
Table 3 indicates that the experimental intervention 
resulted in superior post-treatment functional out-
comes compared to the control condition.

 
Table 3: Between-group comparison of post-treatment outcome measures 

Outcome Measure Experimental Group (n = 15) 
Mean ± SD 

Control Group (n = 15) 
Mean ± SD 

p-value 

ARAT (score) 42.60 ± 4.72 36.10 ± 5.06 0.001* 
WMFT (score) 54.00 ± 5.18 45.40 ± 5.62 <0.001* 
WMFT-Time (sec) 52.00 ± 8.96 65.10 ± 9.72 0.002* 
Hand Grip Strength (kg) 25.60 ± 3.78 20.20 ± 3.46 0.001* 

 
Table 4 shows the mean change in outcome 
measures after 12 weeks of intervention in experi-
mental and control groups. The experimental group 
demonstrated significantly greater improvement in 
upper limb function, with a higher increase in ARAT 
scores (+13.20 ± 3.08) compared to the control 
group (+6.00 ± 2.94), which was statistically signif-
icant (p < 0.001). Similarly, improvements in 
WMFT scores were markedly higher in the experi-
mental group (+17.00 ± 3.88) than in the control 
group (+8.20 ± 3.64) (p < 0.001). A greater 

reduction in task completion time on the WMFT was 
also observed in the experimental group (−30.00 ± 
8.42 seconds) compared to controls (−16.10 ± 7.86 
seconds), indicating faster performance, with a sig-
nificant difference (p = 0.002). Additionally, hand 
grip strength improved significantly more in the ex-
perimental group (+9.50 ± 2.76 kg) than in the con-
trol group (+4.30 ± 2.38 kg) (p = 0.001). Overall, 
Table 4 demonstrates that experimental intervention 
was more effective than the control in improving 
functional outcomes after 12 weeks.

 
Table 4: Mean change (Post–Pre) in outcome measures after 12 weeks of intervention 

Outcome Measure Experimental Group Mean 
Change ± SD 

Control Group Mean 
Change ± SD 

p-value 

ARAT (score) +13.20 ± 3.08 +6.00 ± 2.94 <0.001* 
WMFT (score) +17.00 ± 3.88 +8.20 ± 3.64 <0.001* 
WMFT-Time (sec) −30.00 ± 8.42 −16.10 ± 7.86 0.002* 
Hand Grip Strength (kg) +9.50 ± 2.76 +4.30 ± 2.38 0.001* 

 
Discussion 

The findings of the present study showed that virtual 
reality-integrated physiotherapy significantly im-
proved the performance of the upper limb in chronic 
stroke patients more than that of conventional phys-
iotherapy alone. The within-group analyses of vari-
ation demonstrated that both experimental and con-
trol groups had significant improvements in the 
scores of the Action Research Arm Test, Wolf Mo-
tor Function Test, time taken to perform the tasks of 
WMFT, and hand grip strength after the 12-week in-
tervention. These gains were significantly higher for 
participants who underwent virtual reality-based 
therapy compared with those receiving conventional 
physiotherapy across all outcomes-an indicator of 
the potential of immersive and interactive rehabili-
tation modalities toward promoting motor recovery 
after stroke.” 

The superior results found among the experimental 
group can be partly explained by the better 

engagement, intensity, and task-oriented training 
that virtual reality-based therapy can provide. In-
deed, virtual reality offers enriched sensorimotor 
feedback and promotes active repetition, a critical 
component for neuroplasticity and motor relearning, 
by allowing stroke survivors to practice meaningful 
motor tasks in immersive, motivating environments 
(Dobkin, 2004; Merians et al., 2002) [13,14]. Our 
results support previous studies showing the superi-
ority of virtual reality interventions on enhancing 
upper limb motor function compared with conven-
tional physiotherapy. For instance, Merians et al. 
(2002) [14] demonstrated significant improvement 
in ARAT and WMFT scores after virtual reality-
based therapy compared with standard therapy, and 
highlighted that repetitive, goal-directed movements 
within virtual environments might hasten functional 
recovery. Similarly, Kwakkel et al. (2008) [15], and 
Basteris et al. (2014) [16] found larger improve-
ments in motor function after robot-assisted and vir-
tual reality-based upper limb rehabilitation as 
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compared with conventional therapy, especially 
when interventions involved high-intensity, task-
specific practice and real-time feedback. 

The advantage of virtual reality-based therapy is fur-
ther supported by the observed improvements in 
movement speed and hand grip strength. The reduc-
tion in completion times of the WMFT in the exper-
imental group reflects increased coordination, 
movement efficiency, and motor control, in support 
of prior studies that have shown that virtual reality 
can enhance temporal and spatial aspects of upper 
limb movements in chronic stroke (Beer et al., 2007) 
[17]. The significant increase in hand grip strength 
in the experimental group corroborates findings 
from Kim et al. (2018) [9], where the authors re-
ported that low-cost Kinect-based virtual rehabilita-
tion systems facilitated significant gains in grip 
force and functional hand use compared to conven-
tional therapy. These functional improvements are 
particularly pertinent given that weakness and lim-
ited hand function are major contributors to activity 
limitation in stroke survivors (Ada & Canning, 
2005) [18]. 

Despite these consistent findings, some studies have 
shown more modest effects of virtual reality inter-
ventions. Crosbie et al. (2007) [12] noted that in 
some populations, virtual reality alone might not 
yield significantly better results than conventional 
therapy, especially if the training duration or inten-
sity is limited. Similarly, Holden et al. (2007) [19] 
pointed out that although virtual reality environ-
ments enhance engagement and repetition, they re-
quire careful tailoring to individual patient capabili-
ties in order to obtain optimal functional gains. The 
inconsistent findings between studies also may re-
flect differences in stroke chronicity, severity of up-
per-limb impairment, and the specific design of vir-
tual reality tasks. Our participants had a mean stroke 
duration of approximately 11 months; this suggests 
that virtual reality interventions can produce clini-
cally meaningful functional recovery even during 
the chronic phase, in line with Levac et al. (2019) 
[20] who obtained sustained motor improvements in 
chronic stroke patients after immersive task-oriented 
training. 

The comparable baseline characteristics between 
groups in the current study, such as age, sex distri-
bution, stroke type, affected side, and spasticity lev-
els, support the external validity of the treatment ef-
fects observed. The mean Modified Ashworth Scale 
scores in both groups indicated mild spasticity, 
which suggested that participants could actively en-
gage in performing repetitive movements without 
excessive resistance; this might have been the facil-
itating factor in the benefits of virtual reality-based 
therapy. Participant selection and the baseline motor 
function of the participants have also been pointed 
to in prior studies as a consideration in the respon-
siveness to a virtual reality intervention (Sisto et al., 

2002) [10]. Besides, the implementation of several 
outcome measures such as ARAT, WMFT, and hand 
grip strength allowed detailed assessment of motor 
performance, functional ability, and strength, in 
agreement with suggestions by Dandekar and 
Ganvir, 2019 [21], and Nijland et al., 2010 [22], re-
garding the assessment of upper limb recovery after 
stroke. 

These findings point out the clinical relevance of im-
plementing virtual reality in physiotherapy practices 
for stroke rehabilitation. Virtual reality-based inter-
ventions allow patients to engage in repetitive and 
task-oriented practice in an increasingly controlled 
but stimulating environment, thereby overcoming 
the learned non-use phenomenon and resulting in 
improved neuromuscular recovery of the affected 
limb (Botte et al., 1988; Feys et al., 1998) [23,24],. 
However, it is fair to highlight that conventional 
physiotherapy also ensured significant benefits, thus 
strengthening the role of traditional physiotherapy 
approaches in promoting upper limb recovery. 
Therefore, conventional physiotherapy associated 
with the application of virtual reality may achieve 
synergistic effects by maximizing functional im-
provement due to increased motivation, task varia-
bility, and enhanced feedback. 

Overall, the study indicates that virtual reality-inte-
grated physiotherapy surpasses conventional ther-
apy in improving upper limb motor function, move-
ment efficiency, and hand strength in chronic stroke 
survivors. These results concur with previous stud-
ies indicating enhanced neuroplasticity and func-
tional recovery when patients are exposed to immer-
sive, goal-directed, and repetitive practice in en-
riched environments. Long-term effects of virtual 
reality-based therapy, optimal intervention duration, 
and applicability across the different stages of stroke 
should be further tested in future studies to develop 
the most appropriate rehabilitation strategies for op-
timizing upper limb recovery. 

Conclusion 

The results of this randomized controlled trial show 
that virtual reality–integrated physiotherapy further 
improves upper limb performance in patients with 
stroke compared with conventional physiotherapy. 
Both groups realized significant improvement 
throughout the intervention period and attest to the 
effectiveness of structured rehabilitation; however, 
participants receiving virtual reality–integrated 
physiotherapy showed greater enhancement in upper 
limb function, motor performance, movement effi-
ciency, and hand grip strength. The comparable 
baseline demographic and clinical characteristics 
between groups add validity to these findings, sug-
gesting that the observed benefits of such interven-
tion are due to it per se. A virtual reality–based ap-
proach seems more effective and engaging as a re-
habilitation strategy, providing added value in 
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facilitating functional recovery of the upper limb af-
ter stroke. 
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