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Abstract

Stroke is a leading cause of long-term disability, often resulting in significant motor impairments,
particularly in the upper limbs. This case study explores the use of Virtual Reality-Based
Rehabilitation (VRBR) to improve upper limb motor function, muscle tone, and strength in a 35-year-
old male with left hemiparesis following a stroke. Over an 8-week period, the patient participated in
VR therapy at Saveetha Physiotherapy OPD, engaging in interactive games such as Beat Saber and
Fruit Ninja VR to enhance motor coordination and increase patient engagement. The intervention led
to significant improvements in the patient’s motor function, muscle strength, and tone. The immersive
and engaging nature of VRBR likely helped boost motivation, which contributed to better
rehabilitation outcomes. These results suggest that VRBR is a promising tool for improving motor
skills and supporting neuroplasticity in stroke patients with upper limb impairments. The study
emphasizes the potential benefits of incorporating VR-based therapies in stroke rehabilitation and
calls for further research to evaluate its effectiveness in larger patient populations.

Keywords: Fugl-Meyer Assessment, Hemiparesis, Motor Function, Stroke Rehabilitation, Upper
Extremity Function, Virtual Reality.

Introduction and difficulty performing daily tasks. This
impairs patients' independence and quality of
life. Planning for rehabilitation and allocating
resources effectively requires an understanding
of the incidence of hand function deficits in
stroke patients [4]. Stroke patients exhibit
reduced amplitude and cadence of thumb and
finger movements compared to able-bodied

Stroke continues to be the primary global
cause of long-term disability, affecting
millions of people each year and frequently
resulting in individuals with severe motor
deficits, especially in the upper extremities [1].
Studies on stroke incidence and mortality in
India conducted between 1990 and 2020 have
typically been of short duration and mainly
focused on urban populations [2]. The Global
Burden of Disease (GBD) study revealed
significant variation in stroke incidence and
Disability-Adjusted Life Years (DALYs)
across different states, which are influenced by

individuals. Finger idle time is also greater in
stroke patients, with longer periods of
inactivity [5]. Precise hand functions like grip
force control are often impaired after stroke.
Patients show decreased performance in
dexterity during object manipulation, which is

the demographic and epidemiological correlated with sensory deficits [6]. Up to 80%

.. . . . of stroke survivors have disabilities in their
transitions occurring in those regions [3].

Hand function deficits are a common and hands and arms making fine motor tasks

significant issue after a stroke, often leading to extremely challenging. Muscle atrophy can

decreased dexterity, reduced motor abilities, result from inhibited muscle activation and
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limited hand use, which further affects hand
function [7]. Repetitive exercises and regular
rehabilitation practice improve the chances of
a hand recovery [8]. Physiotherapy is currently
experiencing a revolution due to virtual reality
(VR), which provides new methods to enhance
rehabilitation outcomes and experiences [9].
With the use of headsets and motion-tracking
equipment, virtual reality technology involves
patients in computer-generated settings that
mimic real-world experiences [10]. For
physiotherapy, this immersive approach offers
numerous  significant  advantages [11].
Physiotherapists may develop personalized
therapy programs using virtual reality (VR)
that satisfy the needs and preferences of every
patient. Virtual tasks and activities can assist
patients recover and keep them motivated and
engaged [12]. Therapists can stimulate neural
pathways and support neuroplasticity-the
brain's ability to adapt and modify itself-by
guiding patients through repetitive movements
and exercises in virtual reality. Motor learning
and recovery are improved by this focused
stimulus [11]. Virtual tasks that encourage
relaxing methods like guided visualization or
deep breathing are available to patients [13].
Through the use of VR simulations, patients
can progressively increase the complexity and
intensity of tasks as they improve, providing a
safe and controlled setting for them to perform
functional motions and activities [14]. The
Fugl-Meyer assessment (FMA) scale is used in
which the assessment scores items are based
on the patient's ability to complete each task
using a 3-point ordinal scale, where 0 = cannot
perform, 1 = performs partially, and 2 =
performs fully, with a total possible score of
226 [15]. In addition to the FMA, Manual
Muscle Testing (MMT) was also conducted to
assess the strength of specific muscle groups
in the affected arm [16]. This study reviews
existing literature on different therapeutic
techniques, with a focus on the benefits of
virtual reality-based rehabilitation (VRBR) for
stroke patients. It aims to inform future

rehabilitation methods and evaluate the
effectiveness of VRBR in enhancing upper
function,

extremity improving  patient

engagement, and promoting overall recovery.
Case Description

On October 18, 2024, a 31-year-old male
car workshop technician was admitted to the
ICU after experiencing an ischemic stroke that
led to left hemiparesis. He presented with
sudden weakness and numbness on the left
side of his body, requiring immediate medical
intervention. Neurological evaluations
indicated a nearly complete loss of voluntary
movement in his left upper limb, rated at 1/5,
and diminished sensation in the arm and hand.
The patient had a history of poorly controlled
hypertension, likely a contributing factor to the
stroke. A multidisciplinary ~ team  of
neurologists, physiotherapists, and
occupational therapists was assembled to
address  his  rehabilitation needs. The
rehabilitation plan aimed for both immediate
recovery and long-term independence,
utilizing passive range-of-motion exercises
and electrical stimulation therapy to aid in
neural recovery. Regular assessments were
conducted to monitor progress and modify the
rehabilitation strategies as needed. The main
goals were to restore motor function in the left
upper limb and assist the patient in regaining
the ability to perform daily activities
independently. This case emphasizes the
challenges of upper limb rehabilitation
following a stroke, particularly for a young,
active individual in a physically demanding
role.

Objective Examination

Vital signs were measured before and after
each therapy session. The measurements
varied as follows: respiratory rate ranged from
18 to 24 breaths per minute, blood pressure
spanned from 140/90 mmHg to 210/120
mmHg, temperature ranged between 96°F and
98°F, oxygen saturation (SpO2) was between



96% and 100%, and pulse rate varied from 70
to 93 beats per minute.

On Observation

The patient was alert and oriented, with a
urinary catheter in place. The strength of the
right upper limb was rated at 2/5, while the left
upper limb was assessed at 1/5. Sensation was
present in both lower limbs. Muscle tone,
measured using the Modified Ashworth Scale,
scored 3 for the left upper limb, 1+ for the
right upper limb, and O for both lower limbs.
The patient demonstrated good balance while
sitting and standing, maintaining stability in
both static and dynamic positions.

Outcome Measures

The initial evaluation was performed using
the Glasgow Coma Scale (GCS), with a score
of E3VTMA4 in the ICU. After the patient was
transferred to the ward, Manual Muscle
Testing (MMT) was carried out, showing
scores of 2/5 for the shoulder, 2+/5 for the
elbow, and 2/5 for the wrist. The Fugl-Meyer
Assessment (FMA) was then used to assess
motor, sensory, and joint function, with the
patient scoring 10/36, 5/8, and 5/10,
respectively.

Investigations

The patient underwent CT or MRI scans to
investigate potential strokes or brain lesions,
along with EMG and NCS to evaluate nerve
function. Blood tests, including a CBC,
electrolyte levels, thyroid function, and
vitamin B12, were carried out to exclude any
systemic causes. A carotid Doppler ultrasound
was performed as stroke was suspected, and
cerebrospinal fluid analysis was considered to
rule out infection or inflammation.

Physical Diagnosis

The patient demonstrates signs of upper
motor neuron involvement, with notable
weakness in the right upper limb (2/5) and left
upper limb (1/5), along with increased muscle
tone in the left upper limb (Modified

Ashworth Scale score 3) and mild spasticity in
the right upper limb (1+). Sensation is intact in
both lower limbs, indicating no sensory
deficits. Muscle tone in the lower limbs is
normal (score 0), and the patient shows good
balance and stability when sitting and
standing. These findings suggest an upper
motor neuron lesion, potentially due to a
stroke or brain injury, primarily affecting the
upper limbs while sparing the lower limbs.
Further diagnostic tests would be required to
confirm the underlying cause.

Procedure

This single case study took place at the
Saveetha Physiotherapy OPD within Saveetha
Medical College and Hospital in Thandalam,
Chennai. The study focused on a 35-year-old
male patient with left hemiparesis, who was
thoroughly assessed for upper extremity
function using the Fugl-Meyer Assessment
(FMA). This assessment scores items based on
the patient's ability to complete each task using
a 3-point ordinal scale, where 0 = cannot
perform, 1 = performs partially, and 2 =
performs fully, with a total possible score of
226 [15]. In addition to the FMA, Manual
Muscle Testing (MMT) was also conducted to
assess the strength of specific muscle groups
in the affected arm [16]. The Fugl-Meyer
Assessment  evaluated upper  extremity
movements during virtual reality (VR)
therapy, examining shoulder and elbow
movements, wrist and finger coordination, and
sensory feedback. This comprehensive
evaluation helps monitor progress and shapes
tailored VR exercises, thereby facilitating
recovery for stroke patients [17].

Weeks 1- 2:

The therapy begins with a baseline
assessment using the Fugl-Meyer Assessment
(FMA) to evaluate the patient’s motor
function. The Oculus VR system is then set up
in a comfortable and safe space to help the
patient feel at ease. To acclimate the patient to



the VR experience, light warm-up exercises
are performed, followed by introductory
games such as “Beat Saber” to improve hand-
eye coordination and “Fruit Ninja VR” to
practice reaching and swiping motions. Each
session lasts 45-60 minutes, three times a
week, with breaks as necessary to ensure
comfort and prevent fatigue.

Weeks 4:

Therapy sessions (three times a week for
45-60 minutes) began with warm-up exercises
to prepare the patient for movement. The
primary focus was on improving motor skills
through VR games like "Beat Saber”, which
worked on hand-eye coordination and timing,
and "Fruit Ninja VR", which helped the patient
practice controlled reaching and swiping
motions to enhance voluntary movement.
Progress was tracked using VR metrics, and
feedback  was provided to  guide
improvements. After three weeks, the Fugl-
Meyer Assessment (FMA) was performed to
evaluate motor function progress. Based on
this assessment and the patient’s performance,
the difficulty level of the games was adjusted
to ensure a consistent challenge and support
ongoing recovery.

Weeks 6:

We focused on increasing complexity by
introducing "Robo Recall’, a game that
required the use of both hands, encouraging
better coordination between muscle groups
while also engaging cognitive functions. The
goal was to improve functional independence
through tasks that involved bilateral movement
and multitasking. Each session lasted 45-60
minutes, with breaks to avoid fatigue. The
patient's performance was regularly monitored,
with feedback provided to ensure tasks were

performed correctly and progress was being
made. Task difficulty was adjusted as needed
to ensure the challenges were appropriate for
the patient's current level of ability, promoting
continued improvement.

Week 8:

The final Fugl-Meyer Assessment (FMA)
was performed to measure any changes in
motor function from the initial assessment. A
comprehensive review of the patient’s
progress was conducted, examining VR
metrics, task completion, and improvements in
motor abilities. Based on this evaluation,
further therapy recommendations were made,
and follow-up appointments were scheduled to
continue supporting the patient’s recovery.

Results

The results of this study demonstrate
significant improvements in motor, sensory,
and joint function following an 8-week
rehabilitation program, as assessed by the
Fugl-Meyer Assessment (FMA) in a patient
with moderate impairment. Motor function
scores increased from 33/66 (pre-test) to 57/66
by week 8, indicating substantial recovery.
Sensory function improved from 10/24 to
21/24, reflecting enhanced sensory perception.
Joint function progressed from 15/24 to 23/24,
signifying a reduction in impairment and
improved mobility. These findings suggest that
targeted rehabilitation can effectively enhance
motor control, sensory processing, and joint
mobility, contributing to overall functional
recovery in patients with motor impairments.
After completing the 8-week VR-based
rehabilitation program, the patient showed
significant improvements in upper extremity
motor function [tablel and figurel].

Table 1. Table for the values of the Fugl-Meyer Assessment scale for motor function, sensory function and joint

FUGYL -MEYER ASSESSMENT (FMA)

Weeks Motor function | Sensory function | Joint function




Week O (pre-test) | 33/66 10/24 15/24
Week 2 37166 13/24 17/24
Week 4 41/66 15/24 19/24
Week 6 50/66 20/24 23/24
Week 8 57166 21/24 23/24
FUGYL -MEYER ASSESSEMENT (FMA)
60 57
50
50
41
40 37
33
30
. . - 23 3 23
20 15 5 15
10
10
0 Week 0 Week 2 Week 4 Week & Week 8
m Motor function 33 37 41 50 57
Sensory function 10 13 15 20 21
Joint function 15 17 15 23 23
m Motor function Sensory function loint function

Figurel. Pre and Post Intervention Mean Values of FMA

Discussion

The application of Virtual Reality (VR) in
upper extremity rehabilitation for stroke
patients has gained significant attention,
highlighting its potential to improve recovery
outcomes. This case study emphasizes the
effectiveness of VR-based therapy in
enhancing motor function and overall upper
limb performance in a 35-year-old male
patient with left hemiparesis [18]. VR therapy
offers an immersive experience that engages
patients in interactive tasks simulating real-life
activities, which aids in  promoting
neuroplasticity-a crucial factor in post-stroke
rehabilitation [19]. By facilitating repetitive
practice in a safe and controlled environment,
VR encourages motor learning and reinforces
desirable movement patterns. Findings from
the Fugl-Meyer Assessment (FMA) revealed
substantial improvements in motor function
following therapy, indicating that the
combination of VR and traditional
rehabilitation approaches contributed to these
positive results [20].

Furthermore, one significant advantage of
VR therapy is its ability to boost patient
motivation and engagement, as its gamified
format makes rehabilitation more enjoyable
compared to standard exercises, leading to
increased participation and practice. However,
it is important to consider the limitations of
this study, as the results are based on a single
case and may not be applicable to all stroke
patients. Individual responses to VR therapy
can also vary based on factors such as the
severity of impairment and cognitive abilities.
Consequently, future research should aim to
conduct larger, randomized controlled trials to
further establish the effectiveness of VR
therapy across various patient populations.

In 2023, Debasish Nath observed notable
improvements in chronic stroke survivors,
including better clinical outcomes, increased
cortical excitability, and enhanced task
performance following VR-based
rehabilitation for distal upper limbs. The study
highlights use-dependent neuroplasticity and
recommends further research with a larger



sample size to confirm its potential [21].

Jiali Zhang's 2024 study analysed optimal
parameters, like intensity and duration, for
VR-based rehabilitation to improve upper
extremity function in stroke survivors. It also
assessed their impact on outcomes, aiming to
provide evidence-based recommendations for
clinicians to enhance upper limb recovery
[22].

In a 2024 study, Okamura, Ryohei indicated
that Virtual Reality-based Mirror Therapy
(VRMT), when used alongside traditional
rehabilitation, could improve upper extremity
function after a stroke. However, they
highlighted limitations such as the limited
number of studies, variations in stroke
severity, and differences in VRMT methods,
which may influence outcomes. The authors
recommend that future studies use a
standardized VRMT system and control for
factors like the time since stroke and the
severity of upper limb dysfunction [23].

In 2025 Rambabu et al, reveals that Virtual
reality (VR) has demonstrated immense
potential in  transforming healthcare
procedures, especially in medical education
and rehabilitative therapy. For patients
undergoing rehabilitation, including stroke
survivors, the authors emphasize how virtual
reality (VR) provides immersive, interactive
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