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EFFICACY OF AVIDEO-BASED PHYSICAL
THERAPY AND REHABILITATION SYSTEM IN
PATIENTS WITH POST-STROKE HEMIPLEGIA: A
RANDOMIZED, CONTROLLED, PILOT STUDY

AsstracT

Introduction: The aim of this study was to evaluate the effects of video-based
virtual reality exercises performed using the LeapMotion® device and Fizyosoft®
software on the hand and upper extremity functions of patients with hemiplegia.

Materials and Method: The mean age of the patients in the study group was
63.6 + 7.1 years and the duration of the disease was 13 £+ 10.74 months. The mean
age of the patients in the control group was 63.6 + 9.2 years and the duration of
the disease was 10 + 9.89 months. This study was a randomized, controlled, single-
blind study. The patients were randomly divided into two groups: an experimental
group and a control group. Both groups were arranged to undergo a combination
of a neurophysiological and a conventional exercise program and physical therapy.
In addition, virtual reality training therapy was administered in the experimental
group using the LeapMotion® device. The patients’ range-of-motion (ROM) was
measured using the Fizyosoft® software, which operates with the LeapMotion®
device, and their upper extremity and general function status was evaluated using
the Fugl-Meyer assessment of upper extremity motor impairment (FMA-UE) scale,
the Brunnstrom recovery stage (BRS) scale, the Barthel Index (BI), and the Functional
Ambulation Categories (FAC) scale at the beginning and end of treatment.

Results: Significant improvements were noted after treatment in the upper
extremity range-of-motion values as well as in FMA-UE, BRS, Bl, and FAC scores in the
experimental and control groups. Additionally, there were significant differences in
the ROM measurements of the hand and wrist joints between the groups. However,
no significant differences in clinical test results were observed between the groups.

Conclusion: Virtual reality exercises have a positive effect on range-of-motion
measurements in stroke patients. Studies with a larger number of participants are
needed to demonstrate results more clearly using other scales.
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EFFICACY OF A VIDEO-BASED PHYSICAL THERAPY AND REHABILITATION SYSTEM IN PATIENTS WITH
POST-STROKE HEMIPLEGIA: A RANDOMIZED, CONTROLLED, PILOT STUDY

INTRODUCTION

Cerebrovascular diseases (stroke) are central ner-
vous system disorders that occur as a result of the
blockage or hemorrhage of vessels caused by dis-
orders that develop in cerebrovascular structures
and/or in the properties of the blood passing
through these vessels (1). After stroke, patients with
hemiplegia continue to have major movement- and
function-related problems in >50% of upper ex-
tremity functions (2). The limb affected by stroke
is not used adequately; this tends to contribute to
both reduced movement and dysfunction in daily
living activities.

Neurodevelopmental treatment, propriocep-
tive neuromuscular facilitation, and Brunnstrom
approach are among the conventional approaches
for upper extremity rehabilitation following stroke,
which aim to maximize upper extremity function (3).

With recent developments in computer sys-
tems, virtual reality (VR) applications are increas-
ingly being used in the field of rehabilitation and
have become well-established. Virtual/augmented
reality applications enable users to move various
objects in a virtual environment. The efficacy of this
technology in treatment has been shown in various
disorders, such as neurological diseases, diseases
that cause acute/chronic pain, and fibromyalgia
(4-6). However, it is not possible to adjust exercise
parameters and inspect how accurately the patient
performs the exercise in rehabilitation practices
performed using game consoles. A unique system
that allows these adjustments to be made, includes
customized physical exercises, and uses depth sen-
sors to follow developments and make necessary
interventions, was developed and made available
for use in the field of rehabilitation, and its effec-
tiveness was demonstrated in some studies (7).

The aim of this study was to investigate the effect
of VR applications developed specifically for the re-
habilitation of patients with post-CVA hemiplegia
on upper extremity functions and movements.

MATERIALS and METHODS
Participants

Twenty-four patients aged between 52 and 75
years who had a stroke for the first time and re-
ceived inpatient treatment at the Physical Medi-
cine and Rehabilitation Clinic between March 2016
and March 2018 were included in the study. All the
recruited participants signed informed consent
forms before participating in the study. The ap-
proval of the local Ethics Committee was obtained.

Patient with cognitive impairment, a Mini-Men-
tal State Exam score <23, a disease other than
stroke that would disrupt mobility, severe upper
extremity spasticity (Modified Ashworth Scale
score of 3 and above), a Brunnstrom motor staging
score below 4 for the upper extremity, and patients
who were unable to comprehend and perform in-
structions were excluded from the study.

Patients whose stroke diagnosis was verified
by a neurologist through computerized tomog-
raphy and/or magnetic resonance imaging tech-
niques were randomized. However, the physician
who conducted clinical evaluations in both groups
were blinded to the patient group. Group 1 com-
prised patients who were given only a convention-
al rehabilitation program, and Group 2 comprised
patients who were given both conventional and VR
programs.

Intervention

1- Conventional rehabilitation treatment
program

The treatment program of both the control and
experimental group included physical therapy mo-
dalities and a combination of a neurophysiological
and a conventional exercise program implement-
ed 1 hour a day 5 days a week for a total of 6 weeks.

2- Virtual reality treatment program

VR exercises for the upper extremity (speed,
difficulty, duration, etc.) were implemented for the
experimental group using a developed software.
In recent years, it has become possible to track
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hand movements in space using cameras with
the LeapMotion® device. LeapMotion® is a mo-
tion detection device that uses infrared optics and
cameras to capture and monitor current motion
without the use of conventional interface devices
such as mouse and keyboards (Figure 1-a). Unlike
other motion sensors, its distinctive feature is its
sensitivity to a change of 0.01 mm in the move-
ment of fingers as well as hands, with a capture
rate of 300 Hz. The LeapMotion® controller has a
surface area of 24 cm2 and detects the hand in a
three-dimensional space with a field view of ap-
proximately 150° (Figure 1b-c).

es multiple levels. It was designed for wrist flex-
ion-extension, radial and ulnar deviations, forearm
supination-pronation, and elbow flexion-extension
movements (Figure 1e).

The LeapMotion® device and monitor were set
up in a quiet room with sound insulation where pa-
tients would not be affected by external factors.
Before the patients started the session, they were
instructed how to play the game. Apart from their
routine rehabilitation programs, the patients per-
formed VR exercises twice a week for 6 weeks un-
der the supervision of a therapist.

Figure 1. a. View of hand on LeapMotion® device, b-c. Close-up view of hand in computer environment, d-e. Leapball and

pong game in computer environment.

The LeapBall game application is a rehabilita-

tion game developed for wrist flexion-extension
and finger flexion-extension movements. It was
primarily developed for hand grasp movements,
and the game comprised multiple levels (Figure

1d).

The Pong game application was developed for
wrist and elbow movements, and also compris-

120

Assessment

In this study, the upper extremity subscale of
the Fugl-Meyer assessment of upper extremity
(FMA-UE) scale was used to evaluate the motor
function of the upper extremity. The FMA-UE scale
is an index developed to assess sensorimotor re-
covery following stroke (8).

Evaluation of the neurophysiological recovery
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of the patients was conducted using the Brunn-
strom recovery stages (BRS) developed by Brunn-
strom for the hemiplegic upper extremity and
hand (9). The Barthel Index (BI), for which a validity
and reliability study was conducted on Turkish pa-
tients, was used in our study to evaluate the daily
living activities of the patients (10). The ambulation
status of all patients was evaluated using the Func-
tional Ambulation Category (FAC) test (11).

FMA-UA, BRS, BI, and FAC scores of all patients
were evaluated at the beginning of the treatment
and 6 weeks after the beginning of treatment. In
addition, the ROM results for joints were obtained
using the LeapMotion® device before treatment
and 6 weeks after treatment.

Statistical analysis

The IBM SPSS Statistics 22 software was used
for statistical analysis. In the evaluation of study
data, normal distribution of the parameters was
evaluated using the Shapiro-Wilk test and descrip-
tive statistical methods (mean, standard deviation,

and frequency) were used. Because the quantita-
tive data did not show a normal distribution, the
Mann-Whitney U test was used as a non-paramet-
ric test for comparison between the two groups.
The Wilcoxon signed-rank test was used for intra-
group comparisons of parameters without normal
distribution. The chi-square test or Fisher’s Exact
test were used to compare qualitative data. Pa-
rameters with a value of p < 0.05 were considered
statistically significant.

RESULTS

Twelve experimental patients with a mean age of
63.6 7.1 years and 12 control patients with a mean
age of 63.6 + 9.2 years were included in the study.
Demographic characteristics were similar between
the groups (p > 0.05). The descriptive characteris-
tics of the groups are shown in Table 1. In Group
1, the patients’ body mass index (BMI) was 29 +
4.87, disease duration was 10 = 9.89, and 92% of
patients had an ischemic CVO. In Group 2, the pa-

Table 1. Demographic and clinical characteristics of the groups.

Group 1 (n=12) Group 2 (n=12)
MeanxSD MeanxSD P
Age, years (Mean+SD) 63.6+7.1 63.6+9.2 0.750
Gender, female, n (%) 8(67) 7(58) 1.000
Body mass index, Kg/m2,
(Mean+SD) 29+4.87 27+2.24 0.299
Time since stroke, months,
(Mean+SD) 10+9.89 13+10.74 0.175
Affected extremity, n (%)
Right/left 4/8 (33/67) 5/7 (42/58) 1.000
Dominant 12(100) 12(100)
Comorbidities, n (%) 0.311
no 0(0) 2(17)
Hypertension 5(42) 5(42)
Diabetes mellitus 7(58) 5(42)
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tients’ BMI was 27 + 2.24, disease duration was 13
+10.74, and 75% of patients had an ischemic CVO.

We compared the post-treatment clinical
data of the groups that did and did not receive
VR treatment. When the patients were evaluated
in terms of clinical examination results, no statis-
tically significant difference was found between
the two groups in FAS scale, FM upper extremity,
FM lower extremity, and FM total scores, as well as
their Bl change and Brunnstrom upper extremity,
Brunnstrom hand, and Brunnstrom lower extremity
scores at the end of the 6th week after treatment.

Intragroup evaluation revealed that the im-
provements in the clinical scales resulted in statis-
tically significant improvement in all clinical tests
in both groups before treatment and at 6th week
after treatment (Table 2).

Using this software, it is possible to measure
ROMs of all joints from the elbow onward. In this
respect, we compared the ROMs of the patients

between the groups before and after treatment.
There was no significant difference in the elbow
and wrist ROMs of the groups following treatment.

A statistically significant intragroup improve-
ment was noted before and after treatment in the
plantar-flexion of the wrist in Group 1 and in the
plantar-flexion of the wrist, ulnar deviation of the
wrist, and elbow pronation in Group 2. Although
there was improvement in other elbow and wrist
ROMs, they were not statistically significant (Table
3).

In the analysis of finger movements of the
groups, the ROMs in group 1 and Group 2 did not
show a statistically significant difference. In the in-
tragroup evaluation, it was observed that before
and after treatment, improvement was greater in
finger movements in the VR group, especially in
DIP joint movements. In Group 1, significant im-
provement was not achieved only in the 1st PIP
joint flexion and the 3rd DIP joint flexion; how-
ever, a statistically significant improvement was

Table 2. Baseline and post-intervention comparisons in outcome measures within and between the groups.

Group 1 (n=12) Group 1 (n=12)
el interve:tci’:i p* 2Eeallg interve:toi:tr; p* P§
Mean=SD Mean=SD Mean=SD Mean=SD
FAC 1.92+1.08 3.75+1.14 0.002 2.42+1.16 3.83+£0.94 0.003 0.976
Fugl-Meyer Assessment UE
Total 55.08+7.37 62.08+3.23 0.003 | 48.75+£14.48 | 53.58+13.13 0.003 0.105
Wrist 7.58+2.39 9.17+1.53 0.027 6.17+3.79 7.25+3.47 0.026 0.138
Hand 9.92+2.23 12.92+1.24 0.006 9.92+4.14 10.67+3.98 0.105 0.227
Barthel index 75.42+11.17 | 88.33+14.03 0.003 | 76.67+£11.74 88.75+7.42 0.001 0.596
Brunnstrom Stages
UE 5+0.74 5.83+0.39 0.004 5.25+0.62 5.55+0.69 0.046 0.261
Hand 5.42+0.51 6+0.38 0.008 5.25+0.75 5.55+0.82 0.046 0.058

Statistical analysis, *: Wilcoxon Signed Ranks test, §: Mann Whitney U test. FAC: Functional Ambulation Classification, UE: Upper Extremity.
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Table 3. Comparison of elbow and wrist range-of-motion before and after treatment of hemiplegic patients.

Group 1 (n=12) Group 2 (n=12)
Meanz=SD Mean=SD P
Elbow Pronation Pre 76+26.35 66+25.15 0.562
Elbow Pronation Post 78+23.58 82+18.82 0.603
P 0.893 0.012
Elbow Supination Pre 27+27.71 14+20.45 0.198
Elbow Supination Post 34+34.48 32+33.52 0.707
P 0.386 0.173
Wrist Flexion Pre 11+£11.83 8+7.29 0.536
Wrist Flexion Post 32+£23.65 25+19.3 0.339
P 0.01 0.008
Wrist Extension Pre 51£16.06 42+18.95 0.797
Wrist Extension Post 55+12.62 53+14.3 0.666
P 0.508 0.11
Wrist Ulnar deviation Pre 20+8.26 15+14.81 0.166
Wrist Ulnar deviation Post 23+8.98 26£5.95 0.774
P 0.445 0.038
Wrist Radial deviation Pre 17+£5.79 18+2.94 0.186
Wrist Radial deviation Post 18+4.76 17+6.98 0.678
P 0.463 0.779

achieved in other finger joints. In Group 2, a statis-
tically significant improvement was observed in all
other finger joints expect the 1st PIP, 2nd PIP, 3rd
PIP, 4th PIP, and 5th PIP joint flexions (Table 4).

DISCUSSION

In this study, the effect of VR applications, in addi-
tion to conventional treatments, on upper extremi-
ty functions and movements in patients with hemi-
plegia was investigated. A significant improvement
was observed in the pre- and post-treatment clin-
ical evaluation tests in both the group in which

VR was implemented and the group that received
only conventional rehabilitation therapy. While no
significant difference was observed in elbow and
wrist movements between the two groups, signif-
icant improvements were observed in some hand
movements of the VR group.

It has been shown that because patients find
VR to be more fun and exciting than other conven-
tional rehabilitation programs, they put in more
effort during VR-based treatment and therefore,
more positive results are obtained due to positive
reaction to this treatment and increased motiva-
tion (12). In addition, there are some arguments
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Table 4. Comparison of hand range-of-motion of patients before and after treatment.

Group 1 (n=12)

Group 2 (n=12)

Mean=SD Mean=SD P
MCP Flexion Thumb Pre 36+16.35 34+16.38 0.773
MCP Flexion Thumb Post 50+9.33 53+11.83 0.395
p 0.005 0.003
MCP Flexion Index Pre 40+13.71 36+15.09 0.299
MCP Flexion Index Post 53+11.66 51+10.18 0.525
P 0.005 0.005
MCP Flexion Middle Pre 38+13.86 29+15 0.083
MCP Flexion Middle Post 51+12.61 47+12.47 0.326
P 0.002 0.028
MCP Flexion Ring Pre 32+12.13 28+12.95 0.236
MCP Flexion Ring Post 45+11.68 39+17.42 0.453
P 0.002 0.099
MCP Flexion Little Pre 34+12.59 28+16.46 0.273
MCP Flexion Little Post 51+17.36 46+17.82 0.564
P 0.015 0.01
PIP Flexion Thumb Pre 38+16.84 33+11.23 0.954
PIP Flexion Thumb Post 41+12.49 35+8.45 0.371
P 0.347 0.754
PIP Flexion Index Pre 61+21.47 49+18.85 0.083
PIP Flexion Index Post 73+14.75 74+14.05 1
P 0.023 0.003
PIP Flexion Middle Pre 58+23.94 40+22.45 0.073
PIP Flexion Middle Post 72+15.54 70+20.07 0.686
P 0.023 0.019
PIP Flexion Ring Pre 50£24.48 38+17.57 0.225
PIP Flexion Ring Post 64+23.85 60+26 0.795
P 0.041 0.05
PIP Flexion Little Pre 50+25.91 36+21.49 0.204
PIP Flexion Little Post 67+25.35 65+23.01 0.729
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Group 1 (n=12) Group 2 (n=12)
Mean=SD Mean=SD ?
P 0.019 0.008
DIP Flexion Index Pre 37+18.25 56+16.8 0.013
DIP Flexion Index Post 58+21.74 63+£16.95 0.544
P 0.034 0.213
DIP Flexion Middle Pre 34+21.06 55+19.44 0.02
DIP Flexion Middle Post 53£22.59 58+17.34 0.653
p 0.062 0.594
DIP Flexion Ring Pre 33+21.13 52+19.81 0.035
DIP Flexion Ring Post 54+19.25 58+16.92 0.477
p 0.041 0.241
DIP Flexion Little Pre 34+23.27 57+19.62 0.011
DIP Flexion Little Post 56+21.8 65+14.36 0.374
P 0.041 0.185

MCP: Metacarpophalangeal joints, PIP: proximal interphalangeal joints, DIP: distal interphalangeal joints

that the rehabilitation program implemented by
mimicking the intended physical outcomes is more
effective, and the VR program may be a solution for
this treatment. In other studies conducted in this
field, patients enjoyed performing in realistic envi-
ronments and exhibited sufficient improvement in
their physical abilities (13). In addition, activation
in the corresponding neurological pathways of pa-
tients was demonstrated by functional magnetic
resonance imaging during and after VR performed
in a realistic setting (14).

However, there is little evidence in the literature
showing the improvement of outcomes of rehabil-
itation in the physical environment. Although the
authors have demonstrated that improvement can
be achieved in rehabilitation results with the avail-
able realistic scenario and the rapidly implement-
ed realistic application, research has not yet been
able to show the main reason for the success of

this program in the physical environment (15). This
may be due to the fact that VR studies are difficult
and expensive, and it is not possible to compare
multiple VR programs with each other. Studies have
shown that development has been achieved in up-
per extremity functions in patients diagnosed with
hemiplegia through the game-based virtual reality
application (16). It has been reported that the inte-
gration of an application used for gaming on Win-
dows into the leapMotion® controller has been ef-
fective for the fine motor skills of the hand functions
of patients followed up for hemiplegia and contrib-
uted to the evaluation of fine motor skills (17). Losa
et al. reported that an increase in hand skills was
achieved using the leapMotion® controlled video
games that they developed for adult patients diag-
nosed with subacute stroke (18).

With the virtual reality program that we imple-
mented, the ROMs of all joints can be measured
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from the elbow onward, and the results can be
monitored during patient follow-up. In addition,
the exercises performed by patients at home can
be recorded in the online system and followed up
in a virtual environment.

In rehabilitation, the duration of the exercises
and the number of repetitions of the movements
are essential (19). The proposed virtual reality ap-
plication provides patients with the ability to per-
form an unlimited number of repetitions while also
ensuring the performance of a successful rehabil-
itation by drawing the patient’s attention to the
game environment on the screen. Patients will be
able to be rehabilitated with a previously specified
duration and number of repetitions in their homes
in an environment where they feel comfortable
and safe without having any fear. During the evalu-
ation of results, patients’ awareness of their clinical
scores in the treatment process as well as discus-
sion of the results and scores based on the knowl-
edge and outlook of the patients’ physiotherapist
or physician will be more effective in motivating
the patient (20).

While conventional treatment methods require
minimal cognitive activity in the clinical environ-
ment during treatment, the patient may be unpre-
pared for increased cognitive needs for the same
performance outside of the clinic (such as listening
and responding to someone while eating) (21, 22).
VR may help in achieving the necessary cognitive
attention with a set of adjusted scenarios, so that
it can be ensured that instead of solely physical ac-
tivity, patients’ functions that require cognitive ac-
tivity are also exercised. Researchers have already
begun to write software designed to achieve this
purpose. This software was developed for the re-
covery of impaired balance of patients against an
unexpected stimulus (21, 22).

There are promising studies on the effective-
ness of the VR program; however, studies on this
treatment are still at the initial stages. Inability to
obtain results from some studies may be due to the
fact that researchers had limited time to develop
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and test their own VR programs. Nevertheless, the
VR program is generally effective; in other words, it
is a promising rehabilitation program that does not
yield negative results. Whether or not the VR pro-
gram would have been beneficial as an addition to
conventional rehabilitation had been questioned
until a few years ago; however, it has been recent-
ly included in rehabilitation research and practice.
While there is no doubt regarding its benefit, it is
recommended to perform a cost-benefit analysis
before implementation (15, 23, 24).

Our study also had some limitations. We found
that there was no difference between some ob-
jective tests between the group administered and
the group not administered VR treatment. This
may be attributed to the use of this device, which
is still under trial, in limited durations under hos-
pital conditions. More accurate results may have
been obtained if more patients were included in
the study and if the patients were administered the
treatment five times a week instead of only twice
a week.

The strength of our study is that it is possible
to use VR technology initially in hand and upper
extremity rehabilitation and later in rehabilitation
programs that involve the whole body in the sub-
sequent stages due to the features of the VR tech-
nology and program. One of the most important
advantages of the VR program is its applicability
to all patients who present to rehabilitation clinics.
Another limitation of our study is that it may cause
anxiety and distress in patients using VR because
they are not familiar with the virtual reality environ-
ment and because they feel they cannot. In order
to overcome this situation, we have given patients
a period of familiarization and tried to encourage
patients. We believe that this VR program will be
widely used considering the fact that every house-
hold today possesses a computer.

CONCLUSION

VR technologies used in rehabilitation have cer-
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tain advantages, such as the ability to implement
the program at home, the elimination of time and
space constraints, and the ability of the patient to
use the time that needs to be allocated in a busy
clinic in his/her own home or workplace. Rehabili-
tation programs customized for the patient should
be developed using VR technologies together with
conventional rehabilitation programs. Additional-
ly, the target audience and exercise program of the
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