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Abstract

Background Post-stroke hemiparesis can lead to decreased mobility, gait disturbances, impaired balance, postural instabil-
ity, limitations in activities of daily living (ADL), and long-term disability.

Aims The aim of this study was to examine the effect of non-immersive virtual reality game-based training (nIVRGT) in
addition to conventional rehabilitation in stroke patients on dynamic balance, knee hyperextension control, and ADL.
Methods Twenty-five chronic stroke patients aged between 51 and 70 were included in the study. Stroke patients were
randomized to a control group (n=12) and a study group (n=13). Individuals in control group participated conventional
physiotherapy and rehabilitation program for 60 min, 3 days a week for 6 weeks. individuals in the study group received
40 min of conventional physiotherapy and rehabilitation program plus 20 min nIVRGT. Functional Reach Test, Timed Up
and Go Test, Computerized Gait Evaluation System and Barthel Index were used in the evaluation.

Result The study group improved significantly in dynamic balance, knee control, and ADL (p < 0.05). In the control group,
significant improvements were observed in dynamic balance and knee control (p < 0.05), except ADL (p>0.05). The study
group improved in dynamic balance compared with the control group (p < 0.05). Knee control and ADL improved similarly
in both groups (p > 0.05).

Conclusion Our results showed that conventional and additional nIVRGT rehabilitation improved dynamic balance and
knee hyperextension control in chronic stroke. However, it was observed that the non-immersive virtual reality (nIVR)
approach was more effective in improving dynamic balance in stroke patients than conventional rehabilitation alone.
Clinical trial code NCT05907473
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Introduction

Stroke is a global health problem. Post-stroke patients have
problems maintaining postural control and cannot maintain
balance due to abnormal body imbalance, asymmetrical
posture, and difficulty in weight transfer. Stroke-related
hemiparesis can lead to decreased mobility, gait asymmetry,
impaired balance, postural instability, activities of daily liv-
ing (ADL) difficulties, and long-term disability [1, 2].

Balance is the ability to maintain the line of gravity
within the base of support with minimal postural sway.
Control of human balance is a comprehensive process based
on the integration of visual, vestibular, and somatosensory
inputs into the central nervous system. It is reported that
approximately 83% of stroke survivors experience static
and dynamic balance disorders. Especially dynamic bal-
ance impairment causes short support time, gait and posture
asymmetry, slow gait speed and may increase the risk of
falling [3].

Significant differences in gait biomechanics are also seen
in post-stroke patients [4]. Approximately 65% of stroke
patients are reported [5] to have knee hyperextension,
defined as an abnormal movement from the anatomically
neutral position to extension during the stance phase, rather
than mild knee flexion [6]. Poor eccentric control of the
knee extensors, spasticity of the quadriceps and plantar flex-
ors, weak hamstrings, and proprioceptive deficits are among
the possible causes of knee hyperextension gait in stroke
patients [7, 8]. If knee hyperextension is left untreated, it
can lead to pain, decreased independence in ADL, defor-
mities, and balance disorders [9]. In addition, this biome-
chanical disorder in the knee causes abnormal gait patterns,
negatively affects the patients’ balance, causes increased
energy consumption and decreased gait speed and capacity
[10]. Korkusuz et al. reported that cartilage thickness was
less in the hemiplegic knee joint in stroke patients with knee
hyperextension gait [11].

Applying current treatment methods for impairments in
body structure and functions in hemiparetic individuals is
consequential in improving activity and participation. In
stroke rehabilitation, treatment programs that aim to trans-
fer patients’ clinical achievements to daily life and include
motor and cognitive multitasking, taking into account indi-
vidual-specific motor learning and plasticity principles are
essential [12, 13]. Virtual reality game-based (VRG) sys-
tems combine computer-generated 3D images and anima-
tions with technology. In parallel with usual rehabilitation
therapy programs, VRG systems can motivate patients to
engage in more meaningful practices and also increase the
intensity of purposeful movement [14].

Virtual reality game based systems divided into immer-
sive and non-immersive systems. There are many studies
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in the literature that use nIVRGT to improve gait, balance,
and ADL in post-stroke individuals [15, 16]. However, there
are not enough studies examining the effect of nIVRGT on
knee control.

Considering this information, the aim of our study is to
examine the effect of nIVRGT in addition to conventional
rehabilitation in chronic stroke patients on dynamic bal-
ance, knee control, and ADL. The hypothesizes of the study
are (1) nIVRGT in addition to conventional rehabilitation
improved dynamic balance in chronic stroke patients, (2)
nIVRGT in addition to conventional rehabilitation improved
knee control in chronic stroke patients and (3) nIVRGT in
addition to conventional rehabilitation improved ADL in
chronic stroke patients.

Methods
Study design and participants

Twenty-five chronic stroke patients were included in this
single-blind randomized controlled study, which was con-
ducted to examine the effect of nIVRGT in addition to con-
ventional rehabilitation on dynamic balance, knee control,
and ADL in stroke patients. Ethics committee approval was
received from Bandirma Onyedi Eyliil University Health
Sciences Ethics Committee with protocol code 2023-77.
The Clinical trial registration number is NCT05907473.
The study was carried out at the Private Physical Therapy
and Rehabilitation Clinic between October 2023 and April
2024. Patients who were followed up with chronic stroke
diagnosis were included in the study, considering the inclu-
sion and exclusion criteria.

Inclusion criteria

e At least 6 months have passed since the cerebrovascular
accident,
Being between the ages of 18—70 years,
Getting 24 points or more from the Standardized Mini
Mental Test (SMMT),

e Presence of knee hyperextension in the mid-stance
phase of gait,

e Quadriceps muscle spasticity degree was 1, 1+, and 2
according to Modified Ashworth Scale,

e Mild to moderate motor deficits,

e Having a stroke for the first time,

e Patients who can walk independently for at least 50 m.
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Exclusion criteria

Presence of neglect syndrome,
Bilateral involvement,

e Botulinum toxin application has been made within the
last three months.

e Having an additional neurological disease such as Par-
kinson’s Disease or Multiple sclerosis.

Sample size

The sample size of the study was calculated with G*Power
(G*Power Ver. 3.1, Franz Faul, Universitdt Kiel, Germany)
software, considering the study of McCAin et al. [17] When
the effect size was calculated with the knee hyperextension
angle in this study, the effect size was found to be 1.748108.
With this effect size value, it was determined that 7 patients
in each group should be included in order for the study to
have 80% power. However, considering the possible data
loss, a total of 18 patients, 9 in each group, were planned
to be included. When 9 patients were completed in each
group, post-hoc analysis was performed again and it was
determined that 13 patients should be included in each
group in order for the study to have 80% power. Accord-
ingly, although 13 patients were evaluated and treated in
each group, 1 patient in the control group was removed from
the analysis due to extreme values during the data analysis
phase. Therefore, the study was completed with 25 patients,
12 in the control group and 13 in the study group, with a
power of 79.4% in the balance parameter.

Procedures

Demographic information (age, gender, height, body weight,
occupation, educational status, dominant side, affected side,
duration of disease, treatments received, and use of assis-
tive devices) of all individuals included in the study was
recorded in the patient information form.

Considering the inclusion and exclusion criteria, the
patients included in the study had similar clinical and demo-
graphic characteristics. Therefore, they were divided into
two treatment groups by simple random method.

Dynamic balance assessment

Functional Reach Test (FRT) and Timed Up and Go Test
(TUGT) were used for evaluating the dynamic balance.

FRT It is based on lifting the arm 90° upwards and reaching
forward as much as possible while keeping the feet fixed on

the ground. The risk of falling at 15 cm and below 15 cm
increases significantly, and between 15 and 25 cm indicates
a moderate risk of falling. Values less than 25.4 cm indicate
an increased risk of falling [18].

TUGT TUGT is an objective, reliable and simple measure to
assess balance and functional mobility. It can also be used
to assess fall risk. The person is asked to get up from a chair,
walk 3 m, turn around, walk back to the chair and sit down,
and the score is calculated by measuring how many seconds
it takes to complete the test. Use of a walking aid is allowed
during testing [19].

Knee kinematic analysis

Computerized Gait Evaluation System (Zebris Rehawalk)
was used for evaluating the knee control of the patients. Par-
ticipants were asked to walk on the treadmill at a comfort-
able gait speed. During the gait, the gait was recorded with
the video camera system integrated into the device (Fig. 1).
With the help of the system, the knee joint angle during gait
was calculated with markers placed along the femur and
tibia shaft on the recorded video (Fig. 2) [20, 21].

ADL assessment

The Barthel Index (BI) developed by Mahoney and Barthel
in 1965 was modified by Shah et al. This scale evaluates
activities of daily living such as feeding, washing, self-care,
dressing, defecation control, urinary control, going to the
toilet, ability to move from bed to wheelchair, walking or
being dependent on a wheelchair, and stair climbing on a
scale of 5—15 points (depending on the question). It consists
of a total of 10 items grading (0—15 points in 5-point incre-
ments). On this scale, the higher your score, the higher your
level of independence [22].

Treatment protocol

After the individuals included in the study were random-
ized, individuals in the control group received conventional
rehabilitation, while patients in the study group received
nIVRGT in addition to conventional rehabilitation. Individ-
uals in the control group received conventional rehabilita-
tion for 60 min, with equal session duration in both groups,
while individuals in the study group received 40 min of con-
ventional rehabilitation plus 20 min of nIVRGT training.

Control groups Patients in this group were included in a
conventional rehabilitation program for 6 weeks, 3 days a
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Fig. 1 Computerized Gait Evaluation System

week for 60 min. In the conventional rehabilitation program,
patients were given mat activities, closed kinetic exercises
for knee control, balance training inside or outside the paral-
lel bar, gait and going up and down stairs training.

Study group Patients in this group received balance train-
ing by playing balance and weight transfer with Microsoft
Kinect X Box for 20 min, along with a 40-minute conven-
tional rehabilitation program, three days a week for 6 weeks.

Since the sense of pressure on the sole of the foot,
strength and proprioception develop while playing the
game, static and dynamic balance also develops. Visual bio-
feedback is provided with the games. Patients try to direct
their body movements according to their own simulations
on the screen. The ski games aims to develop functional bal-
ance with kneeling and weight transfer movements.

Before starting the study, the patients were informed
about the game and played a trial game. The patients posi-
tioned themselves in front of the television screen, 250 cm
away from the “Microsoft Xbox 360 KinectTM” sensor, so
that the sensor could fully detect them. A perception test of
the sensor in the game was performed for each patient.

Two games were selected that included knee flexion/
extension and weight-bearing activities. The first of the
games is Skicross and the second is Bounty Super G. In
“Skicross”, the patients were adapted to the game by skiing
normally and were allowed to learn how to ski. In “Bounty
Super G”, the motivation of the patients was increased with
the prizes they collected.
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The patients played the game on a firm surface, wear-
ing comfortable, casual shoes, with their feet shoulder-
width apart. The patients were not allowed to make lateral
trunk flexion movements during the game. They were only
allowed to kneeling and swinging from side to side by trans-
ferring weight to their hips and knees. The patients were
told not to move their arms back and forth to keep their
speed constant throughout the game. Because it was stated
that their sliding speed would increase when they moved
their arms back and forth. The patients used their arms only
to change direction left and right. In this way, they were
allowed to slide at an average speed of 40 mph (miles/hour)
/ (64.37 km/h). The patients tried to balance by transfer-
ring weight to their knees and hips throughout the game;
the soles of their feet did not leave the ground. All patients
started at the same difficulty level. The difficulty level of
nIVRGT was modified by experienced therapists based on
the abilities and therapeutic goals of each participant.

Statistical analysis

IBM SPSS 22.0 for Windows (SPSS, Inc, Chicago, IL,
ABD) analysis program was used for statistical analysis.
Categorical variables were analyzed with Fisher’s exact chi-
square test. Comparisons of the groups before and after the
study were made with the Mann-Whitney U Test. Changes
in the groups before and after the study were evaluated with
the Wilcoxon Signed Rank test. Statistical significance level
was accepted as p <0.05.
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Fig.2 Knee joint angle
measurement

Results
Demographic and clinical characteristics

In our study, 25 chronic stroke patients aged between 51
and 70 were included. The patients were divided into two
groups: control group (8 women, 4 men) and study group (8
women, 5 men). There was no drop-out in the study. Both
groups in our study were found to be similar in terms of
age, gender, disease duration, dominant extremity, affected
extremity and SMMT scores (p > 0.05) (Table 1).

Dynamic balance, knee control, and ADL results in
groups

There was a significant improvement in the FRT and TUGT
values of the patients in the control group after conservative
treatment (p < 0.05). Additionally, it was observed that the
knee angle in the mid-stance phase decreased significantly
in the control group (p < 0.05). No significant difference was
seen in the control group in terms of ADL after treatment
(p>0.05) (Table 2).

When the FRT, TUGT, knee joint kinematic angles, and
BI scores obtained from the first and second evaluation in
the study group were examined, it was determined that the
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Table 1 Demographic and clinical characteristics of the patients

Control Group Study Group Pt
X+ SD X (min—max) X+ SD X (min—max)
Age (year) 62.00+6.63 62.5 (51-70) 61.00+4.88 60 (54-70) 0.531
Disease Duration (month) 18.67+£5.67 16.50 (13-29) 19.23+4.91 19 (12-28) 0.683
BMI 25.73+£2.37 25.87(20.45-29.41) 25.17+2.23 25.01 (20.81-29.32) 0.550
SMMT 27.08 +1.88 26.5 (25-30) 27.15+1.67 27 (25-30) 0.890
n % n % p°
Gender Female 8 66.7 8 61.5 0.560
Male 4 333 5 385
Dominant Extremity Right 9 75 11 84.6 0.459
Left 3 25 2 154
Affected Extremity Right 5 41.7 4 30.8 0.440
Left 7 58.3 9 69.2

X +SD: Mean+Standart Deviation, X (min-max): Median (minimum-maximum), cm: centimeter, sec: second, n: Number of patients, BMI:
Body Mass Index, SMMT: Standardized Mini Mental Test, a: Mann-Whitney U Test, b: Fisher’s Exact Test

Table 2 Dynamic balance, knee control, and ADL results of the control group before and after treatment

Before Treatment After Treatment P°
X+ SD X (min—max) X+ SD X (min—max)
FRT (cm) 19.91+2.31 19.75 (15.50-24.00) 21.70+2.24 21.50 (18.00-26.00) 0.002*
TUGT (sec) 19.63+2.22 19.82 (16.00-23.20) 17.67+2.46 17.50 (13.14-21.30) 0.021*
KA (degree) -5.22+3.19 -4.67 ((-10.94) — (-1.15)) -2.07+3.85 -2.67 ((-7.02) — (5.12)) 0.041*
BI 76.66+4.43 75 (70-85) 77.91+4.50 80 (70-85) 0.083

X +SD: Mean+Standard Deviation, X (min-max): Median (minimum-maximum), cm: centimeter, sec: second, FRT: Functional Reach Test,
TUGT: Time Up and Go Test, BI: Barthel Index, KA: Knee Angle, ¢: Wilcoxon Signed Rank Test, *: p<0.05

Table 3 Dynamic balance, knee control, and ADL results of the study group before and after treatment

Before Treatment After Treatment P°
X+ SD X (min-max) X+ SD X (min-max)
FRT (cm) 20.73 +3.67 20.00 (15.00-27.00) 24.65+3.28 25.00 (20.00-31.00) 0.001*
TUGT (sec) 19.87+3.77 18.84 (12.50-26.45) 15.06+2.90 15.22 (8.20-18.65) 0.001*
KA (degree) -7.01+3.44 -6.92 ((-12.13) - (-1.75)) -5.17+3.48 -5.45 ((-10.35) - (2.01)) 0.002*
BI 79.61+8.52 80 (70-90) 84.23+9.54 85 (70-95) 0.003*

X +SD: Mean+Standard Deviation, X (min-max): Median (minimum-maximum), cm: centimeter, sec: second, FRT: Functional Reach Test,
TUGT: Time Up and Go Test, BI: Barthel Index, KA: Knee Angle, c¢: Wilcoxon Signed Rank Test, *: p<0.05

parameters improved, and these results were statistically
significant (p < 0.05) (Table 3).

Dynamic balance, knee control, and ADL results
between the groups

The groups were determined to be similar in terms of clini-
cal parameters at the beginning of the study (p > 0.05). After
the treatment, FRT and TUGT scores were significantly
different in study group than the control group (p <0.05)
(Table 4). There was no difference in BI and knee angle
between the groups (p > 0.05) (Table 4).
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Discussion

Twenty-five chronic stroke patients were included in this
study, which was conducted to examine the effect of nIVRGT
in addition to conventional rehabilitation in stroke patients
on dynamic balance and knee control. Our study results
showed that conventional rehabilitation and conventional
rehabilitation with nIVRGT were effective in dynamic bal-
ance, knee control, and ADL. However, nIVRGT was more
effective in improving the dynamic balance of the patients.
Our study showed that knee control improved both in
the control group that received traditional rehabilitation
and in the study group that received nIVRGT in addition
to traditional rehabilitation. There are a limited number of
studies in the literature showing the effect of VR on knee
kinematics. Eighteen stroke patients were included in the
randomized controlled study conducted by Mirelman et al.
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Table 4 Comparison of study and control group

Control Group Study Group p?
X+ SD X (min-max) X+ SD X (min-max)
Before Treatment FRT (cm) 19.91+2.31 19.75 (15.50-24.00) 20.73+3.67 20.00 (15.00-27.00) 0.702
TUGT(sec) 19.63+2.22 19.82 (16.00-23.20) 19.87+3.77 18.84 (12.50-26.45) 0.913
KA (degree) -5.22+3.19 -4.67 ((-10.94) — (-1.15)) -7.01+£3.44 -6.92 ((-12.13) — (-1.75)) 0.211
BI 76.66 +4.43 75 (70-85) 79.61+8.52 80 (70-90) 0.485
After Treatment FRT (cm) 21.70+2.24 21.50 (18.00-26.00) 24.65+3.28 25.00 (20.00-31.00) 0.033*
TUGT (sec) 17.67+2.46 17.50 (13.14-21.30) 15.06+2.90 15.22 (8.20-18.65) 0.044*
KA (degree) -2.07+3.85 -2.67 ((-7.02) — (5.12)) -5.17+£3.48 -5.45 ((-10.35) — (2.01)) 0.064
BI 77.91+4.50 80 (70-85) 84.23+9.54 85 (70-95) 0.146

X +SD: Mean+Standard Deviation, X (min-max): Median (minimum-maximum), cm: centimeter, sec: second, FRT: Functional Reach Test,
TUGT: Time Up and Go Test, BI: Barthel Index, KA: Knee Angle, *: Mann-Whitney U Test, *: p<0.05

[4] to examine the effect of VR rehabilitation on gait biome-
chanics. Patients were divided into two groups. One group
was given ankle exercises in the VR system, while the other
group was given exercises without a VR system, that is,
without any auditory or visual feedback, 3 days a week for 4
weeks. Although Mirelman et al. [4] focused on the immedi-
ate effects of training to provide a mechanical explanation
for the changes in gait speed after VR, the results showed
that there were kinetic and kinematic changes in the ankle
and knee. In this study, significant changes in knee range of
motion during stance were found only in patients in the VR
group after training. As a result of the study, it was reported
that the knee joint angle in the VR group showed ROMs
closer to normative values. Inadequate activity of the ankle
plantar flexors during the stance phase of gait in stroke
patients may result in poor control of the tibia. The most
commonly adopted compensation pattern is for the knee
to hyperextend or collapse into flexion to provide stability
during mid-stance. However, improvement in tibial control
may result in less residual flexion and better extension. Dis-
tal control achieved through training can lead to improved
proximal control. In this study, it was reported that the use
of VR improved motor control in the ankle, and possibly,
kinematic and functional improvements were observed in
the knee and ankle joints. In our study, VR training was
combined with conventional rehabilitation, and kinematic
analysis was performed only on knee joint. Also VR games
focused not only on the ankle but also on knee and hip joints
in our study. The results of our study showed that knee con-
trol was improved in both groups. Therefore VR was not
superior to conventional rehabilitation. Our results were dif-
ferent than Mirelman et al. [4]. The improvement in knee
control in both groups might be due to the inclusion of knee-
oriented exercises and tasks in both conventional exercises
and VR.

Bian et al. [23] compared the effects of VR-based inter-
vention and conventional rehabilitation on motor function,
balance, and gait parameters of 44 stroke patients. - The

patients were divided into two groups. One group received
VR-based intervention and the other group received conser-
vative treatment. All participants underwent a S-hour reha-
bilitation program, 5 days a week for 3 weeks. Study results
showed that the maximum knee joint angle in the sagittal
plane enhanced significantly at 6-month follow-up from
baseline with VR-based training. There were also improve-
ments in lower extremity motor function, balance, and gait
performance. However, non-immersive VR-based interven-
tion was no more effective than conservative treatment. The
authors concluded that non-immersive VR-based interven-
tions may thus be a valuable addition to conventional reha-
bilitation to enhance treatment efficacy. Bian et al.(38)’s
study supported our results. The games used in both studies
were similar. The similarity of the games used in both stud-
ies may have provided these results.

In a randomized controlled study conducted by Lee et
al. [24] examining the effect of VR application on balance,
ADL, and quality of life in stroke patients. Berg Balance
Scale, FRT, TUGT, and BI were used as outcome measures.
Both groups showed significant improvements in the Berg
Balance Scale and TUGT. However, no significant dif-
ferences were observed in FRT and BI within or between
groups. In a meta-analysis conducted by Li et al. [16], 16
studies evaluating the effectiveness of VR interventions in
improving balance in acute, sub-acute, and chronic stroke
patients were included. This meta-analysis showed that
stroke patients who received VR interventions had signifi-
cant improvements on the Berg Balance Scale and TUGT
compared to those who did not receive rehabilitation but did
not show significant improvements on the FRT. The TUGT
results of these studies were in accordance with our study.
Contrary to Lee et al. [24] and Li et al. [16], VR rehabilita-
tion was superior to conventional rehabilitation in the FRT
in our study. FRT is a specific dynamic balance test that uses
forefoot sensation. Task variability in games and the fore-
foot sensation of the patients might affect the study results.
The ski games used in our study may have contributed to
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the development of sole pressure sense, strength and pro-
prioception through active squatting and swinging, and
thus, unlike other studies, an improvement may have been
observed in the FRT, where balance is evaluated.

The impairments affect the ADL of stroke patients. There
was a slight increase in the ADL with VR training in addi-
tion to conventional rehabilitation in our study. However,
VR training was not superior to conventional rehabilitation
on ADL. A systematic review by Hao et al. [25] revealed
that the effects of VR-based intervention on ADL were simi-
lar to control interventions. The authors concluded that VR
is a feasible approach and demonstrates comparable effec-
tiveness in functional outcomes with conventional rehabili-
tation in patients with stroke at the early stage. In the early
stage, the recovery rate is high in stroke patients. Therefore
therapeutic interventions support neuroplasticity. In the
chronic stage, habitual movement patterns are developed
during functional activities. The changes in the ADL might
be limited in chronic patients.

A systematic review conducted by Zhang et al. [26]
reported that ADL improved in the VR group compared to
the control group. Data from this review [26] indicate that
VR is more effective than conventional rehabilitation in
improving balance and ADL. The beginning values of ADL
level were moderate in our study. Considering these circum-
stances, there might not have been any change in our study.
Moreover, the improvement of the dynamic balance ability
could not be transferred to ADL abilities in our patients.

A systematic review of randomized controlled trials
examining the effects of virtual reality rehabilitation after
total knee arthroplasty was conducted by Gazendam et
al. Although conducted in a different disease group, the
included studies showed that, similar to our study, balance
ability and knee control improved in the VR rehabilitation
groups compared to the control groups.

The objective kinematic evaluation of the knee is the
strength of the study. The most important limitation of our
study is that it does not include a follow-up evaluation to
evaluate the duration of treatment maintenance.

Conclusion

Many studies examined the effects of VR-based intervention
in the literature. However, there is no consensus between the
studies. Our study results showed that both conventional and
additional nIVRGT improved dynamic balance and knee
control. nIVRGT was effective in improving the dynamic
balance of stroke patients. We suggest that VR-based
interventions combined with conventional rehabilitation
enhance treatment efficacy in chronic stroke. Technology is
an essential part of our life. Technology-based interventions
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support motor learning and enhance the impairments of
stroke patients.
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