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The Effect of Robot-assisted Virtual Reality Therapy on Improving Upper
Limb Functions, Pain, and Daily Living Activities in Stroke Patients

Robot Destekli Sanal Gerceklik Terapisinin Inme Hastalarinda Ust Ekstremite Fonksiyonlart,
Agr1 ve Giinliik Yasam Aktivitelerini Iyilestirmedeki Etkisi
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Ozet

Amag: Bu ¢alismada amacimiz inmeli hastalarda konvansiyonel tedaviye eklenen robot yardimli sanal gergeklik terapisinin (RYSGT) agri, fonksiyonel
durum ve giinliik yasam aktiviteleri tizerine etkisini incelemektir.

Gere¢ ve Yontemler: Calismaya 40 inmeli hasta dahil edildi. Hastalar iki gruba ayrildi. Grup I konvansiyonel terapi (4 hafta boyunca haftada 5 giin, giinde
1 saat) ve ek olarak 4 hafta boyunca haftada 5 giin, giinde 30 dakika olmak tizere 20 seans iist ekstremite RYSGT’si ald1. Grup II ise sadece konvansiyonel
terapi aldi. Tim hastalar tedavi oncesi ve sonrasi degerlendirildi. Hastalarin agrilarin1 degerlendirmek igin Gorsel Analog Skalast (VAS), giinliik yasam
aktivitelerini belirlemek igin Barthel indeksi (BI) ve iist ekstremite motor fonksiyonlarini degerlendirmek igin Fugl Meyer Ust Ekstremite Degerlendirmesi
(FMA-UE) kullanildi.

Bulgular: Hastalarin ortalama yas1 58,25 + 14,7 yil idi. Cinsiyet, egitim durumu, inme sonrasi gegen siire, lezyon tarafi ve lezyon tipi agisindan iki grup
arasinda anlamli bir fark yoktu (p>0,05). Grup I ve II’de tedavi sonras1 (AT) tiim parametreler tedavi 6ncesine (BT) gore anlamli (p<0,05) artis gosterdi.
Ancak VAS, Bl ve FMA-UE skorlarindaki BT/AT degisimi iki grup arasinda anlamli olarak farkli degildi (p>0,05).

Sonug: Bu ¢alisma, RYSGT nin kronik inmeli hastalarin fonksiyonel durumunu, giinliik yasam aktivitelerini ve agr1 skorlarini iyilestirdigini, ancak tedavi-
den sonra iki grup arasinda fark olmadigini gosterdi. RYSGT yaklasimiyla fonksiyonel iyilesmeler kaydedilmesine ragmen, tek basina geleneksel tedaviye
tstlin degildi.

Anahtar kelimeler: Robot Destekli Terapi, Rehabilitasyon, Inme, Ust Ekstremite, Sanal Gergeklik

Abstract

Objective: In the present study, our aim is to examine the effect of robot-assisted virtual reality therapy (RAVRT) added to conventional treatment on pain,
functional status, and daily living activities (DLA) in stroke patients.

Material and Methods: The study included 40 patients with stroke. The patients were divided into two groups. Group I received conventional therapy (5
days a week for 4 weeks, 1 hour a day) and additionally 20 sessions of upper extremity RAVRT for 4 weeks, 5 days a week, 30 minutes a day. Group II
received only conventional therapy. All patients were evaluated before and after the treatment. The Visual Analogue Scale (VAS) was used to evaluate the
patients’ pain, the Barthel Index (BI) to determine DLA, and the Fugl Meyer Assessment Upper Extremity (FMA-UE) to evaluate the UE motor functions.

Results: The mean age of the patients was 58.25 + 14.7 years. There was no significant difference between the two groups in terms of gender, educational
status, time after stroke, lesion side, and lesion type (p>0.05). In groups I and II, after the treatment (AT), all parameters showed a significant (p<0.05)
increase when compared to values before the treatment (BT). However, the BT / AT change in VAS, BI, and FMA-UE scores was not significantly different
(p>0.05) between the two groups.

Conclusion: This study showed that RAVRT improved functional status, activities of daily living, and pain scores of chronic stroke patients, but there was
no difference between the two groups after treatment. Although functional improvements were noted with the RAVRT approach, it was not superior to
conventional therapy alone.
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INTRODUCTION

Loss of motor function in the upper extremities
(UE) is the most common and destructive consequence
of disability due to stroke. The arm is more affected than
the leg in stroke patients. One of the goals of stroke re-
habilitation is to gain independence in DLA, so due im-
portance should be given to UE rehabilitation (1). Vari-
ous techniques are used for the UE rehabilitation. These
are intensive, high-repetitive task-oriented therapies:
constraint-induced movement therapy (CMIT), func-
tional electrical stimulation (FES), virtual reality (VR),
and robot-assisted therapy (RAT). Functional improve-
ment of patients is associated with cortical reorganiza-
tion, and active participation of patients increases this.
This reorganization, called neuroplasticity (2). UE-RAT
provides frequent repetition, intensive training, and in-
teractive feedback (3). Robotic therapy has been shown
to affect the results positively. These systems allow con-
tinuous and repetitive therapy to be performed with
less effort and the less cost. In these systems, visual and
auditory biofeedback can be provided with VR. Thus,
motor learning is increased with neural plasticity (4).
VR refers to the process of complete immersion of the
person or patient in a virtual scenario as close as pos-
sible to the real world, using various devices. VR-based
rehabilitation has been used with many neurological
diseases, especially stroke patients, and there are many
studies supporting its beneficial effects on patients (5,6).

RAT is an effective neurorehabilitation approach

that has been widely used recently, enhances the ef-
fects of physical therapy, and facilitates motor recovery
(7). Many studies on RAT treatment have been exam-
ined (8,9). Results vary according to the type of robot,
study design, and characteristics of the patient. Many
researchers showed that with a robot-assisted VR reha-
bilitation program, although the improvement in DLA
was limited, the movement and muscle strength of the
upper extremities increased. This can be explained by
the limitation of UE-RAT in the proximal part of the
UE. For functional improvement, coordination between
the proximal and the distal parts is required (10-12).

The study aims to reveal how these new technolo-
gies affect the functional recovery of the UE, pain, and
DLA.

MATERIALS AND METHODS

This is a prospective controlled study of patients
with stroke inpatients in the Istanbul Physical Medi-
cine and Rehabilitation Training Research Hospital,
Department of Physical Medicine and Rehabilitation.
Preliminary information was given to the participants
about the study. Written informed consent was signed
voluntarily by all participants or their immediate family
members. 68 stroke patients who developed hemiplegia
after cerebrovascular accident (CVA) and underwent
inpatient rehabilitation were included in the study and
were evaluated prospectively. 40 of these patients met
the inclusion criteria (Figure 1).

Enrollment

Assessed for eligibility (n=68 )

Excluded (n=25)
+ Not meeting inclusion criteria (n=23)

> + Declined to participate (n=2)
+ Other reasons (n=0)
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+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
regsons) (n=2) . reasons) (n=1)
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conventional rehabilitation+robot-assisted conventional rehabilitation
virtual reality therapy
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v
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Figure 1. Flow diagram of Group I and Group II
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Participants were divided into two groups of 20 pa-
tients using the “Random Number Generator Program”
Group I (n=20) received a total of 20 sessions of RAVRT
(30 minutes per day) and conventional treatment (30
minutes per day). Group II (n = 20) received an equal
number of sessions of conventional treatment (1 hour
per day) only. The treatment program was conducted 5
times per week for one month. Conventional therapy
consists of exercises that include passive or active range
of motion exercises, muscle strengthening, gross motor
training, grasping and releasing, and stretching for the
affected side of the upper limb, as well as activities of
daily living.

Inclusion criteria were as follows: ischemic or hem-
orrhagic CVA, 18-85 year old patients with a diagno-
sis of stroke, Brunnstrom UE motor stage >3, at least 3
months had passed after CVA, and modified Ashworth
Score <2. The Brunnstrom stage >3 patients were in-
cluded because patients must have at least level 3 motor
movement to be able to perform the VR program on
the Armeo Spring device. This is a prerequisite for the
completion of the given tasks.

Exclusion criteria were as follows: aphasic patients,
cognitive impairment, standardized mini-mental test
score <24, contracture and/or deformity in the UE, and
patients diagnosed with KBAS.

Armeo Spring device

The Armeo Spring device (http://www.hocoma.
com/en/products/armeo/armeo-spring/;  see  also
Figure 2) is an arm orthosis equipped with various
components, including a pressure-sensitive grip. A

Figure 2. The Armeo Spring is an exoskeleton apparatus with
an integrated spring mechanism allowing variable upper
limb gravity support.

spring-loaded mechanism provides adjustable weight
support for the arm requiring therapy, thus facilitating
functional arm movements.

Adjustable ergonomic arm support functions as an
exoskeleton equipped with integrated springs. It ex-
tends from the shoulder to the hand and enhances the
tull range of motion and neuromuscular control. This
device assists in active movement over a wide 3-dimen-
sional range and balances the weight of the arm with
a consistent force. The pressure-sensitive handgrip is
useful for exercises, connecting to computer software
and games, and functional training for daily tasks. It
also measures movement and functionality, allowing
for intensive grip and release exercises in the early
stages of rehabilitation. The device was attached to the
hemiplegic upper extremities of the patients with up-
per and forearm cuffs. Adjusted for arm, forearm, and
wrist lengths. Exercise programs suitable for the func-
tional status of the patients were determined, and they
were included in an exercise program in the form of
a game (VR) with the monitor placed opposite them.
The patients were enrolled in functional exercise pro-
grams that included activities such as collecting rain in
a glass, grating vegetables, playing goalkeeper, cleaning
the stove, watering flowers, cleaning windows, fishing,
and exploring various landscapes (Figure 2).

Evaluation Parameters

Before and following treatment, the patients were
evaluated. Evaluations were performed by a single
physician while the patient was in the inpatient clinic.
During the evaluations, the following parameters were
recorded.

Pain Inquiry

In this study, a 10 cm line called the VAS, which is
among the visual methods, was used for pain question-
ing. On this line, “0” indicates painlessness and “10”
indicates unbearable pain.

Daily Living Activities Evaluation

BI has been adapted for Turkish patients and includes
10 items that evaluate DLA and mobility. Feeding, wash-
ing, dressing, personal care, bowel and bladder care,
sitting on the toilet, transferring from a wheelchair to
a bed, walking on level ground, and climbing stairs are
evaluated. A score is made based on whether or not the
patient receives assistance while performing these tasks.
A score between 0-20 indicates fully dependent, 21-61
points indicate highly dependent, 62-90 points indicate
moderately dependent, 91-99 points indicate mildly de-
pendent, 100 points indicate fully independent (13).
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Fugl-Meyer Assessment -Upper Extremity
(FMA-UE)

The FMA-UE evaluates the hemiparetic arm’s mo-
bility, including reflexes, the appearance of synergies,
and each of the upper limb’s isolated movements, in-
cluding grasp. Items that assess patients’ dysmetria,
coordination, and velocity are also included in this
measure. It is designed to evaluate reflex activities,
movement control, and muscle strength after the stroke
in the UE. It consists of 33 items, and each item takes
a value between 0-2. No performance is indicated by a
score of 0, partial performance is indicated by a score
of 1, and complete performance is indicated by a score
of 2. As a result of the total score, scores lower than 31
indicate weak capacity, scores between 32-47 indicate
limited capacity, scores between 48-52 indicate remark-
able capacity, and scores between 53-66 indicate full ca-
pacity (14).

Statistical analysis

The mean, standard deviation, median, minimum,
maximum, frequency, and ratio values were employed in
the data’s descriptive statistics. The Kolmogorov-Smirnov
test was used to measure the variables” distribution. The
quantitative data were analyzed using the independent
samples t-test and the Mann-Whitney U test. Repeated
measurements were analyzed using the Wilcoxon and
McNemar tests. Qualitative data were analyzed using the
chi-square test, and when the chi-square test require-
ments were not satisfied, the Fisher test was employed.
The analysis was conducted using the SPSS 22.0 program.

RESULTS

There was no notable difference between group I
and group Il regarding age, gender, marital status, dom-
inant hand, event duration, standardized mini-mental
score, cause, or hemiplegic side (p < 0.05) (Table 1).

Table 1. Sociodemographic and clinical features of patients with conventional treatment +robot-assisted virtual

reality therapy group and conventional treatment group

Conventional treatment+ robot- Conventional treatment
assisted virtual reality therapy p
Mean.+SD/n-% | Med(Min-Max) | Mean.+tSD/n-% | Med(Min-Max)
Age 58,2 £+ 14,1 60 (27 - 76) 58,3 £15,3 60 (18 - 77) 0,914
Female 14 70% 12 60%
Gender 0,507
Male 6 30% 8 40%
Married 17 85% 14 70% 0,256
Marital Status Single 1 5% 2 10%
Widow 2 10% 4 20%
Right 18 90% 18 90%
Dominant Hand 1
Left 2 10% 2 10%
Event duration (month) 13,3 + 15,6 8 (3 - 60) 13,1 + 15,8 7 (3 - 60) 0,807
Standardized mini mental test 26,3 + 2,2 26 (24 - 30) 25,3 + 2,0 25 (24 - 30) 0,141
Etiology
Ischemic CVA 15 75% 15 75%
1
Hemorrhagic CVA 5 25% 5 25%
Right 8 40% 7 35%
Hemiplegia Side 0,744
Left 12 60% 13 65%
Brunnstorm Stage
Upper extremity before treatment 4,0 + 0,9 42 -5) 3,8 + 0,8 43 -5) 0,491

Mann-whitney u test/Wilcoxon test

VAS: visual analog scaleMean.+SD : mean+ standard deviation Med(Min-Max): median (minimum-maximum)
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VAS scores obtained before and after the treatment
were not significantly different in group I and group II
(p > 0.05). The VAS score for shoulder pain decreased
significantly after treatment in both groups (p < 0.05)
when compared to BT (Table 2). The BT/AT change
in VAS scores was not significantly different (p > 0.05)
between the two groups.

BI calculated before and after the treatment was not
significantly different in group I and group II (p > 0.05).
BI increased significantly (p < 0.05) after the treatment
in both group I and group II when compared to BT. The
BT/AT change in BI was not significantly different (p >
0.05) between the two groups (Table 3).

FMA-UE arm score, wrist score, hand score, coor-
dination and speed score, and total score calculated
before and after the treatment were not significant-
ly different (p > 0.05) between group I and group II.
FMA-UE scores increased significantly (p < 0.05) after
the treatment in Groups I and II compared to pre-treat-
ment. The BT/AT change in all FMA-UE scores was

not significantly different (p > 0.05) between the two
groups (Table 4).

DISCUSSION

In this study, we investigated the effect of RAVRT on
pain, motor and functional status, and DLA of patients
with stroke. All patients completed the interventions
without any major problems. The main findings of our
study were that significant improvement was observed
in VAS, Brunstromm, FMA-UE, and BI after the reha-
bilitation in both groups. On the other hand, there was
no noticeable difference in DLA, motor and function-
al condition, or pain between the two groups. Pain is
one of the important symptoms affecting the rehabili-
tation process. Shoulder pain masks the improvement
in the patients motor function. As a result, it affects
the rehabilitation program of the patient and extends
the rehabilitation duration (15). In the literature, the
frequency of hemiplegic shoulder pain varies between
24-64% (16). Analysis of the patients’ VAS pain scores

Table 2. Improvement of VAS values in patients with conventional treatment + +robot-assisted virtual reality

therapy group and conventional treatment group

Conventional treatment+ robot- Conventional treatment
assisted virtual reality therapy p
Mean.#SD/n-% | Med(Min-Max) | Mean.+SD/n-% | Med(Min-Max)

Shoulder VAS
Before Treatment (BT) 1,2 + 1,7 0 (0 - 4) 1,1 £+ 1,7 0 (0 -5) 0,911
After Treatment (AT) 0,6 = 1,2 0 (0 - 4) 0,5 + 0,8 0 (0 -2) 0,725
BT/AT Difference 0,6 + 1,1 0 (0 - 4) 0,6 £ 1,1 0 (0 - 3) 0,986
P 0,034 0,041

t test/Mann-whitney u test/Chi-Square test (Fischer test)

Mean.+SD: mean+ standard deviation Med(Min-Max): median (minimum-maximum) CVA: cerebrovascular accident

Table 3. Improvement of Barthel Index scores in patients with conventional treatment +robot-assisted virtual

reality therapy group and conventional treatment group

Conventional treatment+ robot- Conventional treatment
assisted virtual reality therapy p
Mean.tSD/n-% | Med(Min-Max) | Mean.+tSD/n-% | Med(Min-Max)

Barthel Index
Before Treatment (BT) 69,0 £ 21,3 73 (15 - 100) 65,0 + 24,1 65 (5 - 100) 0,615
After Treatment (AT) 80,0 + 18,7 85 (25 - 100) 73,3 + 21,7 78 (10 - 100) 0,248
BT/AT Difference 11,0 + 10,3 10 (0 - 40) 3,8 +£0,8 5 (0 - 35) 0,319
p 0,000 0,001

Mann-whitney u test / Wilcoxon test

Mean.+SD : mean+ standard deviation Med(Min-Max): median (minimum-maximum)
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Table 4. Improvement of VAS values in patients with conventional treatment + +robot-assisted virtual reality

therapy group and conventional treatment group

Conventional treatment+ robot- Conventional treatment
assisted virtual reality therapy p
Mean.=SD/n-% | Med(Min-Max) | Mean.+SD/n-% | Med(Min-Max)

FEMA-UE

BT 21,6 + 5,2 21 (11-29) 22,3 £ 59 23 (12 - 30) 0,664
Arm

AT 26,3 £ 5,8 27 (14 - 34) 25,9 + 7,0 28 (12 - 36) 0,839
BT/AT Difference 4,7 + 29 5(0-11) 3,6 £ 3,3 3 (0 - 10) 0,211
P 0,000 0,001

BT 2,6 £ 1,8 3(0-6) 39 + 23 50 -7) 0,051
Wrist

AT 4,0 + 3,0 4(0-10) 49 + 3,0 5 (0 - 10) 0,268
BT/AT Difference 1,4 £ 1,6 1(0-5) 1,0 £ 1,3 1 (0 - 4) 0,565
P 0,003 0,005

BT 6,9 + 4,1 7 (1-13) 7,1 + 3.3 8 (0 - 12) 0,892
Hand

AT 9,3 + 3,9 10 (3 - 14) 8,8 + 4,0 10 (0 - 14) 0,703
BT/AT Difference 24 + 272 3(0-6) 1,7 £ 1,7 2 (0 -5) 0,337
P 0,001 0,002

BT 2,7 £ 1,3 3(0-5) 3,1 + 1,2 3(1-6) 0,512
Coordination and speed

AT 35+ 14 3(1-6) 3,8 + 1,5 4 (1-6) 0,415
BT/AT Difference 0,8 £ 1,0 0 (0-3) 0,7 £ 0,8 1 (0 -2) 0,906
P 0,006 0,004

BT 34,3 + 8,4 34 (19 - 49) 36,5 + 10,8 38 (18 - 49) 0,357
Total

AT 43,0 £ 12,0 41 (20 - 63) 432 + 14,0 45 (18 - 66) 0,903
BT/AT Difference 8,7 £ 54 8 (0-18) 6,8 + 5,9 5 (0 - 18) 0,212
P 0,000 0,000

Mann-whitney U test / Wilcoxon test

FMA-UE: Fugl Meyer Assessment Upper Extremity BT: Before treatment AT: After Treatment
Mean.£SD: mean+ standard deviation Med(Min-Max): median (minimum-maximum)

revealed a statistically significant reduction in pain in
both groups and no significant variation in VAS differ-
ence scores between the groups. With these findings,
we can comment that in the worst case, the robotic re-
habilitation program applied to patients does not have
a treatment side effect in terms of pain. The goal in
stroke rehabilitation is to provide the highest level of
independence in the DLA, despite existing motor im-
pairments. It has been shown that the level of function-
al independence gained as a result of the rehabilitation
program in patients with stroke is largely related to UE
and hand motor deficiencies. To maintain the basic
functions in daily life, the use of the UE is important,
and UE paralysis causes problems in maintaining DLA.

In stroke rehabilitation, it should be for the individual
to attain the highest level of independence in activities
of daily living, despite existing motor disabilities (17).
In this study, DLA were evaluated with BI. Both groups
‘ post-treatment scores were statistically higher than
the initial scores. While this increase was 11 points in
group I patients who received UE-RAT, it was 8.3 points
in group II. Although the increase was greater in group
I, this was not statistically significant.

Ju-Hong Kim et al’s study investigated the effect of
the VR program on function in stroke patients. A to-
tal of 24 patients were included, and two groups were
formed. Conventional treatment was applied to both
groups, and the study group also applied a VR-based
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video game exercise program. UE functional assess-
ment was measured using the Fugl-Meyer Assessment
and Manual Function Test, and DLA was measured
with SIS (Stroke Impact Scale), unlike our study. Stroke
patients who underwent extra training with VR games
demonstrated significantly greater improvements in
DLA than those who received only conventional reha-
bilitation therapy. Similar to our study, no significant
difference was observed between the 2 groups in UE
motor functions (18).

VR has become an advantageous treatment mo-
dality by providing many features that are important
in neurological rehabilitation, such as task-oriented,
functional, and repetitive training. Functional recov-
ery, whether spontaneous or secondary to intensive re-
habilitation, is maintained through neuroplasticity and
the restructuring of neurons in the damaged brain in
adults (19,20). Studies on the use of VR for rehabili-
tation purposes are increasing gradually. In the study
conducted by Colomer et al., the effect of Armeo Spring
in chronic stroke patients was evaluated. 23 patients
with ischemic or hemorrhagic stroke were included in
the study, 36 sessions of UE-RAT were applied 3 times
a week, 1-hour sessions, and conventional treatments
continued at the same time. Patients were followed up
before and after the treatment and at the fourth month.
The functional evaluation of the patients was investi-
gated with FMA-UE, and the spasticity was evaluat-
ed with MAS. Statistical analysis showed a significant
improvement in functional scales; however, there was
no significant improvement in muscle tone (2). In the
randomized controlled study of Lum et al.,, RAT and
conventional therapy were compared in UE rehabili-
tation in stroke patients. 27 patients were included in
the study, 24 sessions of RAT were applied to the study
group, and 24 sessions of UE neurodevelopmental
therapy were applied to the control group. As a result
of the study, a significant improvement was observed in
FMA-UE in the 1st and 2nd months after the treatment
in the study group compared to the control group, but
no significant difference was found in the 6th month
evaluation (21). The lack of long-term control is a limi-
tation of our study.

The combination of RT and VR interventions shows
potential to improve UE function; however, additional
research is needed to confirm these findings, investigate
the underlying mechanisms, and assess the consistency
and applicability of the results (22).

Masiero et al conducted a study of 35 patients to
evaluate the effect of robotic therapy on motor devel-
opment and functional activities in patients after acute
stroke who received robot-assisted rehabilitation in

the UE. In addition to the conventional treatment pro-
gram, robotic (NeReBot) rehabilitation was applied to
17 patients included in the robotic treatment group,
two sessions a day, 4 hours a week, and a total of 5
weeks. The robotic rehabilitation program focuses on
the patient’s shoulder and elbow movement patterns.
In the control group of 18 patients, exercise therapy
and robotic therapy were applied twice a week for 30
minutes. The patients were evaluated with FMA, FIM,
Modified Asworth Scale, trunk control test, and muscle
strength before and after the treatment and at 8-month
follow-up. When compared to the control group, in
patients after acute stroke who received robot-assisted
rehabilitation in the UE, the method provided signifi-
cant improvement in motor impairment and functional
abilities, FMA proximal upper arm and FIM parame-
ters, and these gains continued at the third and eighth
months after the treatment. In this study, the treatment
program consisting of conventional treatment (65% of
the exercise time) and robotic rehabilitation (35% of
the exercise time) showed similar results with the con-
ventional treatment group in terms of motor recovery,
DLA, and functional recovery of the hand (23).

Some researchers contend that robotic therapy is at
least as effective as conventional therapy, while others
have demonstrated that robotic systems yield better
outcomes than conventional therapy. In this study, we
found significant improvement in FMA-UE in both
groups. Unfortunately, patients were evaluated before
and after the treatment; follow-up results were not ex-
amined. In this case, we do not have a chance to predict
the permanence of treatment results and make a com-
ment on the improvement among the groups. This is
one of the limitations of our study. Another limitation
is the small sample size of patients.

After a four-week treatment program of 20 sessions,
pain, DLA, and functional status scores increased in
patients who received only conventional treatment,
as well as patients in the robotic treatment group. The
improvement in both treatment groups is not surpris-
ing, because the functional gains of the patients, taking
more care to use their hands during DLA, and being
encouraged in this direction, may have increased the
awareness of the extremity that they normally use less
and brought motor development. However, RAVRT
did not lead to better outcomes compared with conven-
tional rehabilitation. Therefore, it needs to be improved
with new solutions and in clinical practice guidelines,
especially in terms of applicability.

Ethical Approval: The study was prepared in ac-
cordance with the Declaration of Helsinki. Medical eth-
ics committee approval was obtained from Bakirkdy Dr
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Sadi Konuk Training Research Hospital (protocol no:
136, date: 2015/08/31). This clinical trial was registered
at ClinicalTrials. gov (Registration no. NCT05815823).
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