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Abstract 

Background: Virtual reality exercise (VRE) and mirror ex-
ercise (ME) are two innovative approaches being explored for 
improving function of upper extremity in stroke patients. Both 
exercise types have shown pledge in enhancing motor recovery 
and reducing the risk of complications associated with stroke. 
While traditional physical therapy methods have been the pri-
mary focus for rehabilitation, the integration of VRE and ME 
offers a new frontier in rehabilitation of stroke patients. This 
study highlights the importance of exploring these novel inter-
ventions to better understand their effects on upperextremity-
function in stroke patients. 

Aim of Study: Is to review the effect of the VRE and mir-
ror therapy (MT) on upper limb sensory motor function, gross 
manual dexterity, hand grip strength, and pinch grip strength of 
stroke patients. 

Conclusion: Virtual reality exercises and mirror exercis-
es show promise as a non-harmful, feasible, and effective ap-
proach for enhancing upper limb function in stroke patients. 
However, to fully establish their clinical effectiveness and 
develop standardized protocols, additional high-quality rand-
omized controlled trials are still required. 

Key Words: Stroke – Virtual reality exercise – Mirror exercise 
– Review. 

Introduction 

THE mortality rate associated with strokes has seen 
a significant decline, largely due to the increased 
availability of various acute stroke treatment op-
tions [1]. This decline has led to an increased focus 
on improving functional outcomes for neurologi-
cally impaired individuals, particularly in terms of 
upper limb (UL) function. Previous studies empha- 
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sized the importance of UL function in daily activ-
ities, highlighting the need for effective rehabilita-
tion strategies [2]. 

Motor rehabilitation for stroke patients involves 
a combination of spontaneous recovery and motor 
learning during the rehabilitation process [3]. Ef-
fective rehabilitation programs should incorporate 
repetitive and task-specific practice at high intensity 
in a multidisciplinary environment to promote neu-
ral plasticity and facilitate motor recovery [3]. 

Recent studies have explored the use of virtual 
reality exercises (VRE) and mirror therapy (MT) 
as therapeutic interventions to enhance neuroplas-
ticity [4,5]. These interventions have shown promise 
in promoting motor recovery, [6,7] but most stud-
ies have focused on their effectiveness in isolation 
without directly comparing them to other rehabilita-
tion methods. 

This review aims to provide a comprehensive 
understanding of the relative effectiveness of VRE, 
a relatively new and innovative approach, and MT, 
a traditional method, in the field of stroke rehabili-
tation. By examining the advantages and limitations 
of each approach, this review aims to inform the 
development of more effective rehabilitation strat-
egies and aid in determining the cost-effectiveness 
and accessibility of VRE and MT. 

Virtual reality exercise’s clinical effect on func-
tions of upper extremity in stroke patients: 
Mechanism of action of virtual reality exercises: 

Virtual reality (VR) exercises contribute to im-
proving upper limb sensory-motor function through 
several mechanisms: 

Cortical reorganization occurs as VR training 
activates the primary and secondary motor cortex, 
facilitating adaptation and compensation for mo-
tor impairments [8,9]. The interactive and engaging 
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nature of VR games increases patient motivation 
to participate in rehabilitation, which is essential 
for effective motor recovery. Also, VR allows for 
high-intensity, repetitive, and task-oriented training, 
crucial for neuroplasticity and functional recovery 
[10]. In addition, VR allows for high-intensity, repet-
itive, and task-oriented training, which is crucial for 
neuroplasticity and functional recovery. This repet-
itive practice promotes a shift in activity of sensori-
motor cortex from ipsi lateral/bilateral to contra lat-
eral regions [8]. Moreover, VR provides interactive 
multi-sensory stimulation in real-time, including 
auditory and visual cues, which enhances the learn-
ing process and promotes motor recovery [11]. VR 
exercises involve a wide range of movements, im-
proving upper limb flexibility and range of motion, 
enabling more complex, precise movements [9,12]. 
Furthermore, VR exercises require coordination 
and timing between different body parts, enhancing 
the overall coordination and timing of the affected 
upper limb [13]. The increased repetition and fre-
quency of movement help to strengthen and retrain 
the affected muscles, leading to improved dexterity. 

These factors collectively explain the improve-
ments observed in upper limb gross manual dexter-
ity, grip strength, and overall upper extremity func-
tion in stroke patients after VRE [14]. 

Previous Studies about the effect of Virtual Real-
ity Exercises on Upper Limb Function: 

Several studies have investigated the effects 
of VR exercises on upper limb function in stroke 
patients. Previous study reported that after a six-
week intervention, the Fugl-Meyer Assessment 
Scale for Upper Extremity (FMA-UE) score of the 
Xbox Kinect training group (XKGT) significant-
ly higher than the score of exercise training group 
(ETG) [9]. Another study showed that Kinect-based 
virtual reality game training combined with tradi-
tional therapy resulted in statistically significant im-
provements in FMA-UE and Box and Block Test 
(BBT) scores [15]. Not only, It was reported that 
Kinect technology improved shoulder flexion range 
of motion (ROM) and stability, allowing for better 
manual hand dexterity, [16] but also it was report-
ed significant improvements in hand grip strength 
after Kinect-based VR training, indicating upper 
limb function improvements [17]. In another way 
Arman et al., found that Kinect games increased 
pinch grip strength in children and adolescents with 
juvenile idiopathic arthritis (JIA) [18]. Another pre-
vious study demonstrated significant improvements 
in pinch grip strength using a virtual reality system 
compined with robot-assisted haptics [19]. 

However, some studies did not find significant 
differences between VR and conventional therapy 
groups. A previous study revealed that patients who 
received VRE and those who received convention-
al therapy showed similar improvements in upper 
limb function as measured by FMA-UE, Manual  

Function Test, and Korean version of the Modified 
Barthel Index. This discrepancy could be attribut-
ed to stroke stage (acute stage), small sample size 
(26 patients), and the specific VR system used was 
not described [20]. The study by Shin et al., found 
that both VRE combined with occupational therapy 
(OT), and OT alone led to significant improvements 
in function of upper limb, however, no significant 
intergroup differences were observed. This could be 
due to differences in study designs, sample sizes, 
and populations [21]. Another study did not found 
a statistically significant difference in FMA-UL 
scores between the groups. This may be attributed 
to the upper limb impairment severity of partici-
pants (82.8% with severe impairment) and the very 
acute stage of stroke (less than 6 weeks after stroke) 
[22]. The study by Brunner et al., revealed that the 
VRE group and the control group exhibited compa-
rable results in BBT scores, both immediately after 
the intervention and during the follow-up period, 
indicating no statistically significant differences 
between the two groups. The study was conducted 
on sub-acute stage stroke patients, which may have 
influenced the results. Additionally, approximately 
40% of patients had severe impairment in the wrist 
and hand [23]. 

In summary, VRE offer a safe training method 
and engaging environment for patients to improve 
upper limb function. The feasibility and cost-effec-
tiveness of VR tools suggest their potential use in 
stroke rehabilitation centers and outpatient clinics 
to enhance upper limb function in chronic stage 
stroke patients. 

Mirror exercise’s clinical effect of on functions 
of upper extremity in stroke patients: 
Mechanism of action of mirror exercises: 

Mirror exercises (ME) contribute to improving 
upper limb function through several mechanisms: 

Mirror therapy creates the illusion that the para-
lyzed limb is moving in synchronization with the 
non-paralyzed limb. This interlimb transfer helps 
stimulate the motor cortex and promote motor re-
covery by reorganizing the neural connections be-
tween the two limbs [24,25]. The ME trick the brain 
into perceiving movement in the affected limb, 
even though it is not actually moving. This illusion 
stimulates the central nervous system, leading to 
increased neural activity and improved motor func-
tion [26]. Also, Providing a visual representation of 
movement can help reduce the non-use phenome-
non, where patients tend to avoid using the paralyz-
ed limb [27]. In addition, the use of mirror therapy in 
stroke patients has been shown to alter the initially 
unbalanced pattern of brain activation observed dur-
ing bimanual tasks, leading to a more symmetrical 
pattern of activation [28]. Moreover, Mirror therapy 
can involve exercises that target key muscle groups 
for hand and grip function, such as the wrist exten-
sors, finger flexors/extensors, and forearm supina- 
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tors. By practicing these movements while observ-
ing the mirrored reflection, patients can re-activate 
and strengthen these impaired muscle groups [29]. 

Previous Studies about the effect of mirror exer-
cises on Upper Limb Function: 

A comprehensive analysis revealed that mirror 
therapy is an effective intervention for enhancing 
motor function, as assessed by FMA-UL. Further-
more, it was found to have a positive impact on 
ADL and pain perception among the studied pop-
ulation [30]. Champaiboon et al., compared MT to 
a sham group and found that the group receiving 
MT demonstrated significant improvements in their 
Motor Assessment Scale scores and lateral pinch 
strength, though the 10-session duration may have 
been insufficient for sustained effects [31]. The ef-
fectiveness of task-based mirror therapy in improv-
ing upper limb motor function and activities of dai-
ly living (ADL) was explored in individuals with 
subacute stroke. The researchers conducted a study 
involving 30 patients and found that task-based mir-
ror therapy was more effective than sham therapy 
in enhancing upper limb motor function and ADL 
performance, However, further research with larg-
er sample sizes and longer-term follow-up is need-
ed to confirm and expand upon these findings [32]. 
Another study also found better upper limb motor 
improvement with MT compared to control, though 
they did not include neurophysiological measures to 
elucidate the underlying mechanisms [33]. 

A research aimed to compare MT and tradition-
al therapy and found no substantial differences be-
tween the two groups on FMA-UL and Modified 
Ashworth Scale at the end of the four-week inter-
vention period. The small sample size (34 patients) 
and short intervention duration may have contrib-
uted to the lack of significant findings. The study 
also did not control for factors like stroke severity, 
patient age, or pre-intervention motor function lev-
els [34]. Similarly, another researchstudied the effec-
tiveness of self-administered MT on upper extremi-
ty function in acute stroke patients. They randomly 
assigned 36 patients to control and experimental 
groups and assessed outcomes using the FMA-UL, 
Wolf Motor Function Test, and Modified Barthel In-
dex. However, there were no significant differences 
between groups at the end of the 4-week interven-
tion. The small sample size of 36 patients at a single 
center may have limited the ability to detect signif-
icant differences and the generalizability of the re-
sults [35]. A recent study Arfianti et al., investigated 
MT’s effectiveness in enhancing upper limb motor 
recovery and independence in stroke patients. While 
the mirror therapy group exhibited advancements in 
Brunnstrom and Functional Independence Measure 
(FIM) scores compared to the control group, the dif-
ferences were not statistically significant (p>0.05). 
The small sample size of 18 patients may explain 
the lack of significant findings [36]. 

Conclusion: 
Virtual reality exercises and mirror exercises 

demonstrate potential as safe, practical, and benefi-
cial approaches for improving upper limb function 
in individuals who have experienced a stroke. These 
interventions appear to have a positive physiolog-
ical impact. To confirm the clinical efficacy and 
establish standardized protocols, further well-de-
signed randomized controlled trials with a high lev-
el of quality are necessary. 
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