T.C.
YEDITEPE UNIVERSITY
INSTITUTE OF HEALTH SCIENCES

DEPARTMENT OF PHYSIOTHERAPY AND REHABILITATION

THE EFFECT OF DIFFERENT VISUAL STIMULI
PROVIDED BY VIRTUAL REALITY ON
POSTURAL CONTROL IN HEALTHY SUBJECT

MASTER THESIS

SAHRA SIRVAN CAN, PT.

ISTANBUL-2021



T.C.
YEDITEPE UNIVERSITY
INSTITUTE OF HEALTH SCIENCES

DEPARTMENT OF PHYSIOTHERAPY AND REHABILITATION

THE EFFECT OF DIFFERENT VISUAL STIMULI
PROVIDED BY VIRTUAL REALITY ON
POSTURAL CONTROL IN HEALTHY SUBJECT

MASTER THESIS

SAHRA SIRVAN CAN, PT.

ADVISOR

Assist. Prof. CIGDEM YAZICI MUTLU

ISTANBUL-2021



THESIS APPROVAL FORM

Institute : Yeditepe University Institute of Health Sciences
Programme : Phsiyotherapy and Rehabilitation

Title of the Thesis  : The Effect of Different Visual Stimuli Provided by Virtual
Reality on Postural Control in Healthy Subject

Owner of the Thesis : Sahra Sirvan Can
Examination Date  : 06.10.2021

This study have approved as a Master Thesis in regard to content and quality by
the Jury.

Title, Name-Surname (Institution)
Chair of the Jury: Prof Dr Feryal SUBASI

Yeditepe University
Supervisor: Assist. Prof. Cigdem YAZICI MUTLU

Yeditepe University
Member/Examiner: Prof Dr Feryal SUBASI

Yeditepe University
Member/Examiner: Assist. Prof. Cigdem YAZICI MUTLU

Yeditepe University
Member/Examiner: Assist. Prof. Anil TOSUN

Fenerbahge University

APPROVAL

This thesis has been deemed by the jury in accordance with the relevant articles of
Yeditepe University Graduate Education and Examinations Regulation and has been
approved by Administrative Board of Institute with decision dated 06.10.2021 and
numbered 2021/10.06

Prof. Dr. Bayram YILMAZ

Director of Institute of Health Sciences

il



DECLARATION

I hereby declare that this thesis is my own work and that, to the best of my
knowledge and belief, it contains no material previously published or written by
another person nor material which has been accepted for the award of any other

degree except where due acknowledgment has been made in the text.

06.10.2021

Sahra Sirvan CAN

il



DEDICATION

I would like to dedicate my thesis to my family and friends who are too many to
write their names, and to my the one and only advisor Assist. Prof. Cigdem YAZICI
MUTLU.

v



ACKNOWLEDGEMENTS

First of all, I would like to express my respects and gratitude to my thesis advisor
Assist Prof Cigdem Yazict Mutlu, who is more than just an advisor and helps me in every

stage of my thesis.

I would like to thank our head of department Prof Dr Feryal Subas1 and all my lecturers
who have supported us in all matters and contributed to my development since my

undergraduate period.
I am grateful to Omer Faruk Basargan and Ozgiin Esim for their support in software.

I would also like to extend my endless thanks to Dogukan Tongar who we have
progressed together in every stage of life. I extend my best wishes to all my friends for

believing and encouring me.

I offer my love to my whole family, especially to my grandmother Goniil Demirsu,

who is with me in all my material and spiritual imrovement.



TABLE OF CONTENTS

THESIS APPROVAL FORM.....cciiiiiiiiiieieeeee ettt il
DECLARATION ..ottt ettt il
DEDICATION ..ottt ettt sttt sttt sbe b e eaes v
ACKNOWLEDGEMENTS ..ottt v
TABLE OF CONTENTS ..ottt vi
LIST OF TABLES ..ottt viii
LIST OF FIGURES ....ciiiiiiiieieeeeee ettt ix
LIST OF SYMBOLS AND ABBREVIATIONS ......cccooiiiiieirieeeeeeee xi
ABSTRACT ...ttt ettt Xiii
OZET (TUIKISH) 1.t xiii
1. INTRODUCTION AND PURPOSE ......c.cccoiiiiiiiiniinieieieieeesee e 1
2. GENERAL INFORMATION AND THEORETICAL FRAMEWORK.......... 4
2.1 BaLANCE ...ttt 4
2.2. POStUral CONIOL ......eeuiiiiiiiiiiinieeieeieseee ettt 4
2.2.1. Types of Postural Control ...........ccccuieiieiieeiieniieiiesie e 5
2.2.2. POStUTAl Strat@@ICS.....ecvuveeiieieieeiieeiieeieeeieeieeete ettt et e eae et e seaeeseeseeeenne 5
2.2.3 Variables of Postural Control..........c..cocevieriiiieniiniiienienieeieseeeeee e 7
2.2.4. Assessment of Postural Control............coceviinieiiniininienienecieneeee 11
2.2.5. Systems Responsible for Postural Control..............ccceeevieiiiniiieniiiniiee. 12
2.2.5.1. NEIrvOUS SYSIEIM ..cueviiiiiieiiiieeiiie ettt ettt seeesbee e ee e sbeeeeieee e 12
2.2.5.2. Musculoskeletal SYStem.........cceciereiierieiiieiieiiieee et 13
2.2.5.3. SENSOTY SYSIEIM ..eeeiiiiiiiieeiiieeiieeeitee ettt e et e e st e e ebteesbeeesebeeesabeessneeeennee 13
2.2.6. Disturbing Postural Conditions.............cceeeieeriieriieniienieeniieeie e see e 15
2.3. Virtual Reality (VR) c.cooiiieiieieceeeee et 17
2.3.1. ViSual DISPIays ....cecvieiiieiiieiieeie ettt ettt st 17
2.3.1.1. Head Mounted Displays (HMD)........cccceeeuiriiiniieienieeiieeie e 17
2.3.2. Use of VR in Rehabilitation..........ccoceeviriieriinieiienieneeienieicceseeeee 18
2.3.3. VR and Motor Learning............ccoeeveeiieriienieeniieeieeiie e seeeiee e e 19
2.3.4. Use of VR in Balance Rehabilitation............cccceeevieiieniiinieniiiciiecieee, 20
2.3.5. Use of VR in Postural Control Assessment...........cccceevuereenueeieneeniennenn 21
3. MATERIALS AND METHOD ......cccooiiiiiiiiiiineeeeeeeiee e 23
3.1 PartiCIPANES....eeviieiieeiie ettt ettt ettt ettt ettt et ettt e eabe e s e saneenee 23

Vi



3.2 EVATUALIONS ...coeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et 24

3.2.1. Demographic characteristics of the participants............cocceeevevereeriennenne. 24
3.2.2. Evaluation of Hand Dominance...........ccccceceeverienieneniieneenenenieeeeee 25
3.3. The Study Protocol .........cooiieiiiiiiieiieieeeee e 25
3.3.1. Creating the Image of Laboratory Environment..............ccceceeeveeniiennnnnne. 28
3.3.2. Application of Virtual Reality ..........ccccceeviiiiiieniiiiieiecieeeeeeeee, 30
3.4. Evaluation of Static Balance...........ccoceevieviiniininiiinieecieeceeeeee 31
3.5. StatistiCal ANALYSIS......cccvieriieiieiie ettt 33
A RESULTS Lottt ettt ettt sttt 34
4.1. Descriptive Characteristics of Participants ..........c..ccoceveeverieneenenieneennns 34
4.2. Hand Dominance of Participants ............ccoecueeviierieeniienieeiesie e 34

4.3. Comparison of the distance from the center of the average of CoP values of
the participants under 5 different conditions. ..........cccceeerveniininiieniininiineens 35
4.4. Comparisons of the A-P Sway Velocity and M-L Sway Velocity of
participants under 5 different conditions. ...........ceccevvieriiinienieieneeee 40

4.5. Comparison of the Sway Area and Perimeter values of the participants

under 5 different CONItioNS. ........ceveeriiriieriiniieieeiere e 42
5. DISCUSSION ..ottt ettt st et eeeens 45
0. CONCLUSION ... oottt sttt ens 50
7. REFERENCES ..ottt 51
8. APPENDICES .....ooiiiiiiiiieiietee ettt sttt 62
8.1. Appendix 1. Informed Voluntary Consent Form..........c.cccoceeviniinenncnnenne. 62
8.2. Appendix 2. Ethical Committee Approval.........cccceeveiieniiniienieniieieee, 65
8.3. Appendix 3. Demographic FOrm ..........cccccooviiiiiiiiiiniieieeieeee e, 67
8.4. Appendix 4. Edinburgh Handedness Inventory ...........ccccceeeeeevieeniienieennnnnne. 71

vii



LIST OF TABLES
Table 4.1 The demographic characteristics of participants...........cocceveveeereeveeneenennene 34

Table 4.2 Comparison of the distance from the center of average of CoP values of the

participants under 5 different conditions. ..........ccceeveeriereniiinienieiee e 39

Table 4.3 Comparison of the A-P Sway Velocity and M-L Sway Velocity values of the

CoP values of participants under 5 different conditions. ...........ccceverveerieneerenienennene 41

Table 4.4 Comparison of the Sway Area and Perimeter values of the participants under 5

QIETETENT CONAILIONS. ... enenmnn 43

viii



LIST OF FIGURES

Figure 2.1 Balance illustration with CoG in BOS (5)...cccovieiiiiiiiiiiiiieeeeeeeeee e, 4
Figure 2.2 Postural strate@ies (20). ......ceeeieeiiienieeiieie ettt ettt 6
Figure 2.3 Representation on the human body a) CoG (25). b) CoP (26). ......ccccueeunnneee. 8

Figure 2.4 Change of BoS in different stance positions (10). a) Double legged stance b)

Single legged stance ¢) Tandem StANCE ..........c.eeveeriieriieeiiieiiieeie e 9
Figure 2.5 Sample representation pictures a) SA (31) b) Perimeter (32). .......cccuenneeen. 10

Figure 2.6 Sway velocity. Changing degrees per second during CoG's movement from

the starting position to the end position (35). ....ccceviieiieriieiieiie e 11

Figure 2.7 Example of force platform diagram used for postural control assessment in

StALIC POSTEION (37). weeutieieiieiieeieeite et et e ettt e ettt e bt e sate e bt e saaeesbeesaseenseessseenseessseenseensseenns 12
Figure 2.8 Two loop mechanisms that contribute to postural control (41).................... 13
Figure 2.9 Application of virtual reality to the participant with HMD (64). ................. 18
Figure 3.1 Leaflet introducing the study used to identify volunteer participants.......... 23
Figure 3.2 The protocol of StUAY........ccceeviiiiiiiiiiiiee e 27

Figure 3.3 Figure 3.3. Prokin PK 252 device a) using in the study to evaluate postural

control b) taking measurements to create the virtual image. ..........cccceeveveevierieeneennnne. 28

Figure 3.4 Reflecting Prokin PK 522 device to virtual reality image a) the screen of the
device b) the platform of the deVICe. .......ccueiviiiiiieriieiiieieee e 28

Figure 3.5 Changing the position of the VR screen according to the height of the

PATLICIPANL. ...ttt ettt ettt ettt s bt ettt esbe et e ea b e s bt e be et e sbte bt entesanenes 29
Figure 3.6 VR BOX glasses with a remote control used in the study. ........cccccocuereenene 31
Figure 3.7 Application of visual stimuli during postural control assessment................ 32

X



Figure 4.1 Hand dominance distribution of the participants............c.ccceccverevierienieennnens 34

Figure 4.2 Distribution of the average of the CoP values of the participants according to
the conditions a) Eyes Open (EO) b) Eyes Closed (EC) c) Virtual Reality without
feedback (LVR) d) Virtual Reality with Negative Feedback (LVR-) e) Virtual Reality
with Positive Feedback (LVRA) ...cooiiiiiiiiiee e 36

Figure 4.3 Comparison of CoP values of all participants and right-handed only
participants in the VR CONAItION. .........oovuieiiiiiiiiiiieiieieeieee e 37

Figure 4.4 Comparing the distance of the participant’s average CoP values to the center

under 5 different vVISual SHIMULL ...ooooiiiiiiiiiiiiiieee et 38

Figure 4.5 Comparing A-P Sway Velocity and M-L Sway Velocity under 5 different

VISUAL STIMIULL. oo 42

Figure 4.6 Comparing Sway Area and Perimeter values under 5 different visual stimuli.



2D:

3B:

3D:

A-P:

ANOVA:

BM:

BMI:

BoS:

CoG:

CoM:

CoP:

CP:

EC:

EO:

GA:

GK:

HMD:

LSSD:

LVR-:

LVR+:

LIST OF SYMBOLS AND ABBREVIATIONS

Two—Dimentional

3 Boyutlu

Three-Dimentional
Anterior-Posterior

Analysis of Variance

Basing Merkezi

Body Mass Index

Base of Support

Center of Gravity

Center of Mass

Center of Pressure

Cerebral Palsy

Eyes Closed

Eyes Open

Gozler Agik

Gozler Kapali

Head Mounted Display
Large-Screen Stationary Displays
Virtual Reality with Negative Feedback

Virtual Reality with Positive Feedback

X1



MS:

PD:

SA:

SD:

SG:

SGL:

SGLN:

SGLP:

SPSS:

TBI:

VR :

VRL:

VRLN:

VRLP:

Medial-Lateral

Multiple Sclerosis

Parkinson’s Disease

Sway Area

Standart Deviation

Sanal Gergeklik

Sanal Gergeklik — Laboratuvar

Sanal Gergeklik — Laboratuvar (Negatif Geribildirim ile)
Sanal Gerg¢eklik — Laboratuvar (Pozitif Geribildirim ile)
Statistical Package for Social Sciences

Traumatic Brain Injury

Virtual Reality

Virtual Reality Image of Laboratory

Virtual Reality Image of Laboratoy with Negative Feedback

Virtual Reality Image of Laboratoy with Positive Feedback

Xii



ABSTRACT

Can, Sirvan, S. (2021). The effect of different visual stimuli provided by virtual
reality on postural control in healthy subject. Yeditepe University, Institute of
Health Sciences, Department of Physiotherapy and Rehabilitation, MSc Thesis,
Istanbul.

The aim of this study is to investigate the effect of the real environment image reflected
in the virtual reality environment and the positive and negative feedbacks added to it on
postural control. 20 healthy young people (F/M 10/10) aged between 18-30 years were
included in the study. The visual stimuli in the virtual reality (VR) environment used in
the study were created after modeling the laboratory environment where the study would
take place and transforming this model three-dimensional (3D) with the Unity program.
Participants were evaluated in a state of static balance in terms of the svay velocity, sway
area and perimeter variables of the center of pressure (CoP) using Prokin PK 252 balance
device under 5 different conditions: eyes open (EO), eyes closed (EC) and three VR
images: laboratory environment image (VRL), positive (VRLP) and negative (VRLN)
visual feedback added to this image. Statistical analysis of the data was performed using
the SPSS analysis program using arithmetic mean, standard deviation, repeated ANOVA
and Bonferroni method in multiple comparisons. CoP, Sway velocity, Sway area and
Perimeter obtained as a result of five different visual stimuli (EO, EC, VRL, VRLP,
VRLN) were compared. There was no significant difference between conditions in terms
of the distance of the participants' average CoP values to the center (p>0.05). Although
the Sway velocity was significantly lower in the EO condition (p<0.05), there was no
significant difference between all other conditions in terms of sway velocity (p>0.05).
The sway area and perimeter obtained at the EO were significantly decreased (p <0.05)
and also the perimeter ah the EC were significantly increase (p<0.05). Although it was
observed that the sway area in the EC was increased than the LVR, there was no
significant difference (p> 0.05). It was found that the sway velocity, sway area and
perimeter variables increased significantly in the VR compared to the EO, however this
increase was less than the EC. In addition, it was observed that there was no significant

difference between the visual feedback added to the VR environment.

Key words: Postural Control, Static Balance, Virtual Reality, Visual Stimulus, CoP
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OZET (Turkish)

Can, Sirvan, S. (2021). Sanal Gerceklik Aracihig1 ile Saglanan Farkh Gorsel
Uyaranlarin  Saghkh Kisilerde Postural Kontrol Uzerine Etkisi. Yeditepe
Universitesi, Saghk Bilimleri Enstitiisii, Fizyoterapi ve Rehabilitasyon Béliimii,

Yiiksek Lisans Tezi, istanbul.

Bu ¢alismanin amaci, gercek ortam, sanal gerceklik ortamina yansitilmis olan gergek
ortam goriintiisii ve buna eklenen pozitif ve negatif geri bildirimlerin postural kontrole
olan etkisini arastirmaktir. Calismaya 18-30 yas arasindaki 20 saglikli geng (yas: 22.68 £
1.79, K/E 10/10) dahil edilmistir. Caligmada kullanilan sanal gerceklik (SG) ortamindaki
gorsel uyaranlar, calismanin gerceklesecegi laboratuvar ortaminin modellenmesi ve bu
modelin Unity programu ile {i¢ boyutlu (3B) hale getirilmesi sonrasinda olusturulmustur.
Katilimcilar statik denge durumunda; gozler acik (GA), gozler kapali (GK), ii¢ SG
gOriintli: laboratuvar ortami goriintlisii (SGL), bu goriintiiye eklenen pozitif (SGLP) ve
negatif (SGLN) gorsel geri bildirimler olmak {izere 5 farkli kosulda Prokin PK 252 denge
cihaz1 kullanilarak, basing merkezinin (BM) olusturdugu salinim hizi, alan1 ve ¢evre
degiskenleri acgisindan degerlendirilmistir. Verilerin istatistiksel analizi SPSS analiz
programi aracilifi ile aritmetik ortalama, standart sapma, tekrarli ANOVA ve ¢oklu
karsilagtirmalarda Bonferroni yontemi ile gerceklestirilmistir. Caligmada bes farkl
gorsel uyaran (GA, GK, SGL, SGLP, SGLN) sonucunda elde edilen CoP salinim hizi,
alan1 ve cevresi karsilastirildiginda; GA pozisyonunda elde edilen salinim hizi, alani ve
cevresinin diger gorsel uyaranlara gore istatistiksel olarak anlamli diigiik oldugu (p<0.05)
ve ayrica GK pozisyonunda elde edilen salinim g¢evresinin SG gorsel uyaranlarina gore
anlamli bir sekilde yiiksek oldugu bulunmugstur (p<0.05). GK pozisyonunda salinim
alanmmin SG pozisyonlarina gore yiiksek oldugu goriilmekle birlikte anlamli bir fark
olusturmamistir (p>0.05).Postural kontrol degiskenleri incelendiginde, ger¢ek ortam ile
kiyaslandiginda SG ortaminda salinim hizi, alan1 ve ¢evre 6l¢iimiiniin anlamli olarak
artt1g1 fakat bu artisin GK durumundan daha az oldugu bulunmustur. Ayrica SG ortamina
eklenen gorsel geri bildirimler arasinda postural kontrol degigkenleri yoniinden anlamli

bir fark olmadig1 goriilmiistiir (p>0.05).

Anahtar Kelimeler: Postural Kontrol, Statik Denge, Sanal Gergeklik, Gorsel Uyaran

X1v



1. INTRODUCTION AND PURPOSE

Newton's 1st law states that unless a net force acts on a stationary object, the object
remains fixed and in balance (1). In addition, when the object's center of gravity (CoQG)
falls on its base of support (BoS), this is referred to as a state of balance (2). If the CoG
of the object moves out of the BoS, the balance is disturbed and the object falls (1,2).

The existence of gravity made it necessary throughout life to maintain the position
and to ensure the alignment of the body parts during possible position changes (3). As

with objects, the CoG must be within the BoS in order to achieve balance in humans.

Humans have a relatively high CoG and a relatively small BoS, which makes it
difficult to maintain balance (4). However, unlike objects, humans have the ability to
control their balance by using their muscles in case of any change of position or threat of

stability. This is referred to as postural control (5).

The terms balance and postural control are often used synonymously. While the
term balance is used more in the clinic, the term postural control is preferred for
quantitative data (6). Postural control; is a process in which the relationship between the
center of mass (CoM) of the body and the center of pressure (CoP) is regulated by using
different strategies thanks to the organization of the central nervous system, sensory

system and musculoskeletal system (7).

Postural control is needed in situations such as maintaining a position, performing
voluntary movements, or responding to any external force that might disturb balance (5).
It is provided in four different forms such as static, reactive, anticipatory and adaptable.
Static postural control maintains the CoM within the BoS in the static position, whereas
reactive postural control manages the unexpected movement of the CoM within the BoS.
While the necessary postural adjustments made before movement express anticipatory
postural control, the change in motor response as a result of environmental variation is

defined as adaptive postural control (7).

Postural control should be maintained under both traditional and different

challenging conditions for a good balance. For this purpose; it can be evaluated under



different environmental conditions by using different support surfaces such as static or
dynamic and applying mechanical perturbation or sensory manipulations at different

durations (8).

Oscillation variables of the CoP are frequently used in studies investigating
postural control (9). These oscillation variables are calculated from ground reaction forces
through a force platform. Variables such as mean, velocity, perimeter and area of the CoP
oscillation are obtained. However, there is no consensus on which variable reflects the

changes of postural control better (10).

Postural control requires the integration of the motor and multi-sensory functions
of the brain. The integration of visual, vestibular and proprioceptive information obtained

through the sensory system plays a key role in ensuring precise postural control (11).

There are studies in the literature investigating the superiority of sensory stimuli
over postural control (8). In this context, mostly visual, auditory, proprioceptive and
haptic stimuli were used (11, 12). As a result of the studies, it has been shown that visual
information has a leading position on postural control compared to other senses (12, 13,

14).

In previous studies, the effect of visual information on postural control was
examined both by removing visual stimuli and by using different visual perturbations. In
a study conducted by Chander et al., an increase in postural oscillation was observed as a
result of a visual illusion applied by creating the perception that the room is moving (14).
In another study in which the effects of these stimuli on balance training were investigated
by creating central and peripheral vision fields, it was concluded that the peripheral vision

field was a more effective visual stimulus for postural control and balance training (15).

Thanks to the development of technology in recent years, virtual reality
applications have started to be included in physiotherapy. Virtual reality is used in both
clinical and academic studies for the purpose of training rather than evaluation. In the
literature, it has been emphasized that traditional balance training does not have any
superiority over virtual reality and virtual reality training can be used as a practical
alternative in the long term (16,17). Furthermore, the feedback provided by virtual reality

games is effective in the patient's participation in the treatment.



Different visual stimuli created using virtual reality can affect postural control in
different ways (18). In addition, there is no study comparing the effect of real image and
virtual reality image on postural control by transferring the current environment to virtual
reality. The study aimed to investigate the effect of the real environment image reflected
in the virtual reality environment and the positive and negative feedbacks added to it on

postural control.
Two hypotheses were determined in this study.

HO: There is no significant difference between the real environment and three

virtual reality environment on postural control in healhthy subject.

H1: There is a significant difference between the real environment and three

virtual reality environment on postural control in healthy subject.



2. GENERAL INFORMATION AND THEORETICAL FRAMEWORK
2.1. Balance

Balance refers to the situation where the net force on an object is zero. The CoG
line of an object must be within the support surface in order to maintain balance (Figure
2.1). If the CoG line of an object moves outside the BoS, the balance is disturbed and the
object falls (5).

Balance can be divided into two categories as static and dynamic. Static balance
refers to keeping the CoG line within the BoS while the body parts are fixed. Although
dynamic balance is the ability to maintain postural stability while body parts are in motion

(19).

Figure 2.1 Balance illustration with CoG in BoS (5).

2.2. Postural Control

Unlike objects, humans have the ability to control their balances using
musculoskeletal and sensory systems when the CoG line is out of the BoS. The ability of

humans to control their balance is called postural control.

Balance and postural control are often used synonymously. While balance is a
clinically observable term, the term postural control is preferred when it comes to

investigating the balance in a measurable and objective manner (6).



2.2.1. Types of Postural Control

Postural control includes four types such as static, reactive, anticipatory and
adaptive. Static postural control refers to maintaining stability by keeping the CoM in the
BoS. In this case, the net force affecting the body is zero. Although in this case the balance

is assumed to be static, CoP shows oscillations during this time.

Reactive postural control is activated by the unexpected displacement of the CoM.
Different postural strategies can be observed depending on the displacement speed of the

CoM and whether it exceeds the BoS limits.

Postural adjustments made before performing any voluntary movement are
referred to as anticipatory postural control. Meanwhile, the central nervous system
stimulates the relevant postural muscles and preparation for movement takes place.
Before the actions such as stepping, reaching or lifting a load, the person plans these
movements and adjusts the posture accordingly. Experience is crucial for anticipatory

postural control.

Finally, adaptive postural control occurs in response to unexpected external
changes. It is produced in response to conditions such as external perturbations, ground

changes, environmental changes or reduction of visual stimulus (19).
2.2.2. Postural Strategies

In order to maintain the standing position, the relationship between CoG and BoS
must be constantly and actively regulated. As a result of any possible perturbation, it is
aimed to balance the CoG by taking the CoG back into the BoS and prevent falling, thanks

to postural strategies. These postural strategies occur involuntarily and automatically.
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Figure 2.2 Postural strategies (20).

Postural control, which is threatened as a result of perturbation, can be provided in
two different ways as slowing the CoM while the BoS does not change (fixed support) or
positioning the BoS according to the CoM (change in support) (Figure 2.2.) (20).

Fixed Support Strategies: In strategies with fixed support, CoM movement caused
by postural perturbation is decelerated with the contraction of the upper extremity and
trunk muscles instead of the lower extremity. It can be expressed as the first defense
against postural perturbation and it have to occur quickly (20). According to the studies,

there are two strategies in which BoS is fixed: ankle strategy and hip strategy (21).

1. Ankle Strategy: The postural strategy provided by the rotation of the ankle as a
result of perturbation is called the ankle strategy. In cases where the CoG shifts forward,
contraction occurs in the posterior compartment muscles of the ankle, whereas when the
CoG shifts backward, contraction occurs in anterior compartment musles of the ankle.
While the name of this strategy is the ankle strategy, the knee and hip joints are also
involved (20).



2. Hip Strategy: In the hip strategy, the dominant muscle contraction is on the hip
muscles. When the CoG shifts forward, the posterior compartment muscles of the thigh
and trunk and when the CoG shifts to the backward, contraction occurs in the anterior
compartment muscles of the tight and trunk. The stabilization force is much greater
compared to the ankle strategy. Therefore, if the level of perturbation is low, the ankle
strategy is dominant. However as the perturbation level increases, the hip strategy is

essential (20).

Change in Support Strategies: Strategies in which the BoS increase in response to
perturbation is accomplished by stepping or reaching using extremities are included in
change in support strategies. The increase in BoS results in a better tolerance of CoM
motion caused by perturbation. It is often used even in situations where postural control

can be achieved without the need to change the BoS (20).

1. Stepping Strategy: is used in larger perturbations where ankle or hip strategy is
not sufficient. In other words, the correction effect of the stepping strategy is greater than
the ankle and hip strategy (22). It is aimed to provide the postural control by expanding
the BoS width with stepping.

2. Reaching Strategy: refers to reaching and holding on to any object near the
person in order to prevent falling after perturbation. It is the last line of defense that the
body creates against a fall. It is observed when the level of perturbation is highest and

other strategies are inadequate and initiated much faster than step-taking strategies. (20).
2.2.3 Variables of Postural Control

People have some oscillation even in a standing position. The reason for this is
gravity and small movements such as breathing and looking. Quantitative data such as
CoG, CoP, BoS, sway area (SA), perimeter, sway velocity are used to evaluate postural
control objectively. However, there is no consensus in the literature about which variable

expresses the postural control change more accurately (10).

CoG which can also be defined as the balance point, is the point where all forces
on the body are equal to zero. It is a passive variable that can also be expressed as the
point where the body's weight concentrates (23). In the anatomical position, the center of

gravity is in the anterior part of the sacral spine (Figure 2.3.a). However, because humans



are constantly in motion, CoG also moves and does not remain stationary. In addition, the

proportion of body parts is among the factors affecting the location of CoG.

However, CoP is the center of the total force applied to the support surface (Figure
2.3.b). CoP is a variable dependent on CoG. Depending on the CoG movement, changes

are seen in CoP in order to maintain balance (10).

Although people do not know the location of CoG and CoP, they are unconsciously
aware of their limits. There is a change in the support surface in order to compensate for
any changes in CoG. In such cases, people use strategies such as taking steps to position
the support surfaces according to the CoG. (23, 24). Although both CoG and CoP are
important in evaluating postural control, CoP changes are used more frequently in studies

(10).

c.g.

a) b)

Figure 2.3 Representation on the human body a) CoG (25). b) CoP (26).

BoS is defined as the horizontal step width in case of both feet come into contact
with the ground (27). The CoG line must be located within the BoS in order to maintain
balance (28).

BoS width can affect postural stability in different ways. In other words, a larger

BoS means a better postural stability (28, 29). BoS has constantly changed in positions



such as lying down, crawling, sitting and standing up in the developmental process.
However, in the upright position the human body has a relatively small BoS width
compared to CoG (5). At the same time, the BoS is different from each other in double-
legged stance, single-legged stance and tandem stance as it is presented in Figure 2.4.
(10). During normal walking, the BoS is approximately in the range of 50-100 m.

Decrease in BoS width is among the factors that make it difficult to maintain balance.

In cases where the BoS remains constant despite the displacement in CoG, the
balance is disturbed. Postural control strategies emerge with the movement of the BoS

for compensation when the CoG is displaced (5).

Figure 2.4 Change of BoS in different stance positions (10). a) Double

legged stance b) Single legged stance c¢) Tandem stance

Body sway can be evaluated by measuring CoP displacement using a force
platform. Factors such as disorders of central nervous system, musculoskeletal system
and sensory system, neurological problems and aging can cause an increase in body sway

(30).



The SA refers to the total area obtained by the displacement of the COP and is
expressed of mm ? (Figure 2.5.) while perimeter is the total displacement of CoP (Figure

2.5.). The smaller the sway area and the perimeter means better postural control (8).

a) b)

Figure 2.5 Sample representation pictures a) SA (31) b) Perimeter (32).

Postural Sway Velocity is an objective data which refers to the average
displacement of CoP per second expressed in mm / sec (Figure 2.6.). It can be evaluated
separately as anterior-posterior (AP) and medial-lateral (ML), and is measured with a
force platform (33). Faster sway velocity indicates that CoG can be controlled faster.
Studies have shown that sway velocity is the most reliable parameter in evaluating

postural control (34).
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L Sway velocity

(degree/second)

L ]
Force platform

Figure 2.6 Sway velocity. Changing degrees per second during CoG's movement from

the starting position to the end position (35).
2.2.4. Assessment of Postural Control

Postural control assessment provide more objective results compared to evaluation
of balance used without equipments. In postural control evaluation, CoP displacement is
usually analyzed under an uncomfortable condition such as external perturbation (6).
Standard deviation (SD), sway area, perimeter and velocity of CoP are among the

objective variables investigated in the postural control assessment.

Instrumental tests that allow kinetic, kinematic and electrophysiological analysis
should be used for detailed analyses. Force platforms that examine the CoP variables are
most common device to assess the postural control (Figure 2.7.) (36). It provides
quantitative data on the different parameters of whole body CoP (37). There are load

sensors under the force platforms and the platform can be used with or without motion

(8).
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PC

COP sway

Figure 2.7 Example of force platform diagram used for postural control assessment in

static position (37).
2.2.5. Systems Responsible for Postural Control

Postural control is a complex process that requires the organization of the central
nervous system, musculoskeletal system and sensory systems. Complex neuromuscular
mechanisms are necessary to maintain the upright position and maintain balance during

movements.
2.2.5.1. Nervous System

Postural control is a complex motor system that requires the integrated operation
of the nervous system including the forebrain, brainstem, cerebellum and spinal cord.
Injury in any part of the nervous system causes many problems during upright posture
and walking. There are studies showing that the tone of the antigravity muscles increases
as a result of electrical stimulation of the dorsal and ventral tegmental areas in the brain
stem and certain parts of the cerebellum (38). The reticular formation, which has many
neurons on the brainstem, helps to form postural strategies as well as regulate muscle

tone.

There are two closed loop neural mechanisms that act on postural control as it is
shown in Figure 2.8. The first loop is located in the spinal cord and provides corrective
motor responses and spinal reflexes, thanks to the information it receives through
mechanoreceptors. The other mechanism is located in the brainstem and motor cortex and
provides information about head position from the visual and vestibular system in

addition to the information it receives from mechanoreceptors. Vestibulospinal and
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reticulospinal pathways contribute to postural control through this mechanism (39).
According to studies conducted on cats, an increase in the activation of these pathways
mediated by the brainstem was observed with the change in the angle of inclination of the

BoS (40).

Visual and
Supraspinal vestibular signals
corrective

Brain commands

Spinal
cord

Load and ]_ Spinal postural Fore limb
position afferents I_&<:jt mechanisms afferents
L1
ﬁ Hind limbs

Postural
corrections

[

Figure 2.8 Two loop mechanisms that contribute to postural control (41).
2.2.5.2. Musculoskeletal System

Muscles, bones, joints and ligaments are very important to maintain the postural
control. Antigravity muscles are required to maintain the upright position of the body
against gravity. These muscles usually involve the extensor muscles and play a primary
role in maintaining balance. Lower extansor muscles (muscles of the foot, ankle plantar
flexors, tibialis anterior, knee flexors, gluteal muscles), upper extremity muscles
(shoulder flexors) and body and neck muscles are important muscles contribute to
postural control (19). In addition, normal muscle tone, muscle strength and muscle

coordination are required to maintain a posture and support movement (42).
2.2.5.3. Sensory System

Integration of sensory systems such as visual, vestibular and somatosensory
systems is essential for maintaining postural control. The nervous system obtains
information about CoM through the organization of sensory systems. In healthy adults,
these sensory systems are well organized and other systems compensate for the absence

of any system (43).
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Gravity is perceived with vestibular sensory cues and the postural contol is
maintained accordingly. Visual cues provide visual orientation of the environment and
the head. Finally, the support surface, which is significant for postural control, is

perceived through proprioceptive information (7).

Vestibular System; Postural control is carried out by the organization of many
systems. However the vestibular system has more specific tasks among these systems.
Vestibular system affects postural control at all levels such as cortical, midbrain, medulla
oblongata and spinal cord (44). Movement perception and spatial orientation are provided
through the vestibular input. The vestibular receptors, which can also be expressed as the
balance organ in the inner ear, are specialized for the sense of the position of the head in
space. Through vestibular labyrinths, the position of the head against gravity is detected
and its orientation is provided (45). In addition, postural control difficulties are generally

observed in patients with vestibular system damage (46).

The vestibulospinal path activates the trunk and lower extremity antigravity
muscles and contributes to an upright posture by regulating muscle tone. In both static
and dynamic situations, vestibulospinal reflexes are essential in maintaining the position
of the head and maintaining an upright posture against gravity. Stimulation of the
vestibular organs causes activity in many muscle groups, especially the neck and spine
muscles. In addition, thanks to the vestibuloocular reflex, the eye can be fixed when the

head position changes. This provides an opportunity to receive visual stimuli (44).

As a result, while the vestibular system is important in providing postural control
even alone, it works in an organized manner with many other systems in central nervous

system, leading to an effective postural control (47).

The somatosensory system is essential for postural control, with the contribution
of the visual and vestibular systems. It transmits the information received from inside and
outside the body to the upper centers through neurons and pathways. It contributes to the
postural control by allowing the motor response to occur as a result of the processing of

the information about the body position transmitted to the upper centers (48).

Humans primarily need proprioceptive and cutaneous input to maintain upright
posture and maintain postural control in daily living activities. Mechanoreceptors located
in muscle spindles, which provide information to the nervous system about the length of

the muscle and the rate of contraction, have the ability to perceive the joint motion and
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position sense. Afferent feedback received through the muscle spindles enables the

necessary voluntary movements and reflexes to be revealed (48).

Golgi tendon organ, which is located at the muscle tendon interface and is
sensitive to small changes about tensile forces, is another organ that contributes to the

proprioceptive system (47,48).

The visual system plays a key role in postural control relative to other sensory
systems by providing synchronized information about body position and environment.
Postural sway increases by approximately %36 under any visual perturbation compared
to normal vision (49, 50). As a result of the researches, it has been observed that visual
impairment is a risk factor for falling (51). In addition, effective postural control is

achieved by increasing the visual stimulus and improving the visual environment.

The contribution of the visual system to postural control has been studied either
by removing visual stimuli or by using different visual perturbations such as moving room
or virtual reality (7, 52). In a study conducted by Chander et al., an increase in postural
sway was observed as a result of a visual illusion applied by creating the perception that
the room is moving According to studies, it has been shown that eye movements increase
postural sway in healthy (53). In another study in which the effects of visual stimuli on
balance training were investigated by creating central and peripheral vision fields, it was
concluded that the peripheral vision field was a more effective visual stimulus for postural

control and balance training (15).

Visual information helps other systems contributing postural control to function
properly as well. Despite any incorrect or insufficient information coming from the visual
system negatively affects the function of other systems, as a result of the failure of any

sensory system, other systems can compensate for this.
2.2.6. Disturbing Postural Conditions
Postural control can be evaluated under many uncomfortable conditions. For this,

usually motor, sensory, and cognitive manipulations are used (8).

External Mechanical Disturbance: The condition that aims to disrupt postural
control and displace CoM through external factors is defined as external mechanical
disturbance. Postural reactions that help maintain body balance are revealed by using

mechanical disturbances such as perturbations or pushing of body segments. In addition,
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mechanical disturbance can be caused by external factors that cause changes in the BoS,

such as using a moving platform (8).

Sensory Disturbance: Postural control was evaluated using many sensory
manipulations in order to examine the effects of different sensory systems on postural
control. However, manipulation created for one sensory system also alters the

contribution of other sensory systems to postural control (8).

Since the visual stimulus plays a key role in balance and postural control,
disturbing of the visual stimulus is often used in studies. Examples of disturbances in the
visual system can be given by reducing the field or brightness of vision. Mostly, the visual

stimulus is removed completely by closing the eyes. (8).

Disruption of proprioceptive information is usually accomplished by vibration
applied to the muscle tendon. Usually the applied vibration frequency is between 30-100
Hz and the higher the frequency increases the postural reaction that occurs (8,54). In
addition, the proprioceptive system can be disrupted by the application of neuromuscular

electrical stimulation to the muscle or nerve (55,56).

Postural control can also be disrupted by creating anesthesia through hypothermia
using ice water, using a foam surface or reducing plantar cutaneous sensitivity by
provoking ischemia. Among these methods, it seems that the most effective and safe is

the use of a foam surface (57, 58, 59).

Cognitive Disturbance: Postural control is not a completely automatic process and
requires the use of cognitive functions (60). For this reason, the decrease in cognitive
functions such as attention with increasing age is one of the factors that cause falls (61,
62).

Dual tasks are often used during postural control assessments. Tasks such as
attention, calculation, memory, visual search, and verbal fluency are used simultaneously
during the evaluation of postural control (63). In addition, the reaction time given to visual
auditory sensory stimuli is among the secondary tasks used simultaneously during

maintaining postural control (8).
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2.3. Virtual Reality (VR)

According to Sherman and Craig's definition, VR can be defined as computer
stimulation that provides synthetic stimulation of one or more senses by getting
information about the direction and position of the user. While more visual and auditory
stimuli are used in virtual reality, it includes the sense of touch, vestibular, taste and smell
rarely (64). VR is used in many areas such as architecture, natural experiences, medical,
social sciences, psychology, digital marketing, learning, flight, space and art. However,
especially since the early 1990s, it has been used rapidly in the field of physiotherapy and
rehabilitation (65).

2.3.1. Visual Displays

Sensory images can be presented to the user through different devices. Although
the most familiar are Head Mounted Displays (HMD), there are display tools such as
Large-Screen Stationary Displays (LSSD) that cover the vast majority of the user's view,
Destkop VR Displays delivered via the computer monitor, and Hand Based VR Displays,
which are not used much and provide limited field of view. The cost, field of view,

portability, usage and immersion of all these devices are different from each other (64).
2.3.1.1. Head Mounted Displays (HMD)

HMD, the most familiar display device, is placed on the user's head and offers VR
to the user through the screen positioned in front of the eyes (Figure 2.9.). Because the
motion of the image transferred with HMD is created according to the user's movements,
the screen does not need to be moved. It is enough for the user to move his head for the
movement of the image. The most important advantage of HMD is that it can provide
100% viewing angle with the user's head movements. Additionally, it is less expensive,
takes up much less space, and is portable than large screens. However, its weight is a
disadvantage considering it is placed on the user's head. Finally, it is limited to a single

user and does not allow sharing of experience (64)
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Figure 2.9 Application of virtual reality to the participant with HMD (64).

2.3.2. Use of VR in Rehabilitation

Since traditional treatment is expensive and time consuming, alternative
rehabilitation methods have been needed over time. In this context, VR is used not only
by medicine and surgery, but also by physiotherapists for the rehabilitation of disabled
individuals since 1990s (65). Due to the fact that VR is flexible, programmable and
controllable, it has been used in physiotherapy sessions recently. Thanks to VR, patients
perceive themselves in an artificial environment and different sensory inputs and enriched
experience is provided to the patient. In addition, different environments that cannot be

provided to the patient in the hospital can be reached through VR (66).

Gamification of exercises is effective in keeping patients' attention focused and
motivated. Among the important benefits of VR for rehabilitation are that the difficulty
level of the exercise can be adjusted and that it increases the motivation by offering

environments according to the special interests of the person (67).

In addition to the advantages of virtual reality, there are also some limitations. The
time it takes for the sensory stimulus to be provided and the motor response to be
perceived by the system is expressed as the latency of system. This situation causes a
sensory conflict that may impair postural control. In addition, the distance achieved with
virtual reality is perceived less than the real environment. This can be considered as a

limitation for balance assessment (68).
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Studies have shown that VR is promising in motor learning after stroke (69, 70). In
addition, many benefits of Kinect-based systems have been observed for muscle atrophy
in children with cerebral palsy and neuromuscular disease (71). Studies conducted on
patients with diseases such as Parkinson’s Disease (PD), Multiple Sclerosis (MS),
Traumatic Brain Injury (TBI) have shown many benefits on balance and gait in these

diseases (72).

Many positive effects of VR on walking, balance, upper extremity and cognitive
rehabilitation have been demonstrated (66). Some studies have even suggested that VR
may be more effective in rehabilitation than conventional therapy (72,73). However,
VR's superiority over traditional therapy in rehabilitation remains questionable. It is not
known how much the skill acquired in virtual reality is transferred to the real environment

and how effective it is in daily life (66).
2.3.3. VR and Motor Learning

Rehabilitation means re-teaching movement in congenital or acquired disabilities.
The aim of physiotherapy and rehabilitation is to make the individual independent in daily
life activities by compensating for a lost motor skill and gaining a new motor skill (74).
Motor learning is a process that causes relatively permanent changes in motor skills
depending on practice and experience. Experience, augmented feedback, non-repetitive
repetition, imagination, observational learning, motivation, and the use of different
environments are important components for motor learning. The application of these

components to rehabilitation supports motor learning by increasing neuroplasticity (75).

These motor learning components required for rehabilitation are inherent in VR
applications. The number and intensity of practice are among the factors that improve
motor learning. Compared to traditional treatment, it is possible to practice much more

and involving different environments with virtual reality (65).

In order to increase the effectiveness of motor learning, the training environment
and task should be as close as possible to the environment and tasks that will be used in
daily life (76). Through VR, different degrees of specification of the task and the

environment can be achieved (65).

Augmented feedback is one of the most important factors supporting motor

learning. The frequency, duration, timing and type of feedback for effective rehabilitation
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has been studied for many years (77). As a result of the study by Molier et al., it has been
shown that increased feedback supports stroke rehabilitation (78). VR applications
provide more consistent and simultaneous visual, auditory, or tactile feedback compared
to the real environment. Thanks to virtual reality, an objective and numerical summary is
provided through game scores. With the additional tactile feedback provided, a realistic

environment can be presented to the user (65).

Observational learning contributes to motor learning as a result of imitating
targeted movement patterns by means of mirror neurons. With virtual reality, the user
receives visual feedback about his body position and perceives the correctness of his
movements. This allows movement errors to be detected faster learning becomes easier

(65).

Finally, motivation is important to increase the number of repetitions. The fact
that it is a new application, that the games are goal-oriented and includes feedback and
rewards, unexpected variations and advances in difficulty, can be customized are among

the features that make VR motivating (65).
2.3.4. Use of VR in Balance Rehabilitation

Virtual reality applications are frequently used in rehabilitation because they allow
to adjust the number of repetitions, intensity and difficulty level by providing visual,
auditory and tactile feedback (79). Especially in balance training, feedback on the
correctness of movement is essential (80). Supporting neuroplasticity in neurological
patients and being effective in overcoming fear of falling are among the advantages of
balance training given by virtual reality application (17). According to the researches,
although using virtual reality applications in rehabilitation provides benefits in terms of

motivation, this benefit is difficult to quantify (81).

Balance problems, especially encountered in neurological diseases, seriously
affect daily living activities. For this, effective techniques to be used in rehabilitation are
needed. VR-based balance rehabilitation is frequently used in neurological diseases such
as stroke, PD, TBI, and Cerebral Palsy (CP). Although it has been shown in studies that
virtual reality applications performed in these diseases give better results compared to

traditional treatment, there is no gold standard for VR applications. In addition, there is a
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need for research on parameters such as which training devices are more useful in which

disease, frequency and intensity of education (72,81).

However, virtual reality applications that involve movements where treatment
parameters cannot be individualized, difficulty levels cannot be changed, and movements
that are not physically possible in the real environment can be dangerous for motor
learning. The abundant, frequent and rewarding feedback provided by virtual reality may
cause addiction to the person. In addition, it may be insufficient to perceive the small

developments recorded by the person. This condition may result in discouragement for

the user (82).

Additionally, there is a need for studies on the transfer of motor skills obtained with
virtual environment to the real environment. There is no consensus on which motor
learning variable is more important for treatment and how this transference can be
achieved better. Moreover, complications of patients in order to increase their game
performance should also be taken into consideration. For this, in virtual reality treatment,
the physiotherapist should take an active role in evaluating the quality of the movement,

deciding the appropriateness of the treatment and the progress of the training (82).
2.3.5. Use of VR in Postural Control Assessment

VR is used for objective evaluation of postural control by manipulating
environments as well as for rehabilitation. Thanks to VR, environments can be
manipulated in the real world in a way that is possible or unsafe. In this way, postural
control can be evaluated in many different conditions in people with balance problems.
However, it is limited to evaluate the contribution of sensory systems to postural control

in the real environment (83).

In addition, people can feel as if they are navigating real-life scenarios under
manipulated conditions provided through VR, and lifelike postural reactions can be
achieved in the lab. It can use many different difficulty levels for postural control
assessment with virtual reality applications (84). Especially in patients with balance
problems and fear of falling, dangerous conditions that are not safe to be performed in a
real environment can be presented safely through VR. VR significantly contributes to the
evaluation of motor-sensory incompatibilities of neurological patients through sensory

perturbations. In VR-based postural control assessments, both visual and vestibular
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stimuli can be further complicated compared to sensory interventions such as eyes open-

closed, soft-hard ground, which are limited in the real environment (83,85).

Such assessment devices can contain VR applications such as the Wii balance
board, or can be presented externally to patients with visual resources such as HMD that
stimulate sensory stimuli. Additionally, many different types of posturography are used
to evaluate postural control by changing visual, vestibular and somatosensory stimuli with
the VR method (84). In this way, it is ensured that postural control is evaluated in all

planes and a personalized treatment is programmed accordingly (86).
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3. MATERIALS AND METHOD
3.1. Participants

This study was conducted with healthy young volunteers between the ages of 18-
30 between January 2021 and September 2021. The sample size of the study was
determined as 20 using GPower program, type 1 error value (o) = 0.05, Power (1-p) =
0.80 and effect size f value as 0.25 by calculating from the moderate reference article.
The participants of the study were recruited from Yeditepe University students who
volunteered after the study was introduced with a leaflet (Figure 3.1.). The voluntary
participants who agree to participate in the study were informed about the study and a
signed consent form was obtained from the participants (Appendix 1). The study protocol
was approved by the Yeditepe University Ethical Committee with the issue number of
202106077 (Appendix 2). Inclusion and Exclusion criteria of this study were mentioned

below.

ARASTIRMAMI2 A
DAVETLISINI2

Sanal Gergeklik Ortam:
ile Saglanan Farkh Gorsel
Uyaranlarm Saghkh
Kisilerde Postural Kontrol
Vzerine Etkisi

isimli yilksek lisans tez ¢alismamiza
davetlisiniz.

Figure 3.1 Leaflet introducing the study used to identify volunteer participants

Participants of the study were selected according to the following criteria:

Inclusion Criteria
e Being between the ages of 18-30

e The absence of any medical diagnosis
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e Having visual acurity or corrected visual acurity

e Being volunteer

Exclusion Criteria

e The presence of any medical diagnosis

e The presence of any neurologic symptoms

e The presence of any sensory problems

e The presence of any balance problems

e The presence of any vestibular problems

e Previous ortophedic surgery

e The use of an additional assistive device

3.2. Evaluations

3.2.1. Demographic characteristics of the participants

Demographic and clinical information of the participants were collected with a

form called “General Information Evaluation Form”. The questionnaire was applied face

to face to the participants. The information was obtained from participants are as follows:

(Appendix 3).

Participant’s age, height (cm), weight (kg), body mass index (BMI),
Gender (female / male),

Dominant side,

Whether there is any medical diagnosis,

Whether they have neurological, sensory, balance or vestibular problems,
Whether there is any surgical applications,

Whether there is an additional assistive device used,

Drug use

HES codes

24



3.2.2. Evaluation of Hand Dominance

Hand Dominance of the participants was determined by Edinburgh Handedness
Questionnaire with Turkish validity and reliability (87) (Appendix 4). Participants were
asked which hand they preferred in 10 activities involving different motor tasks that they

use in their daily lives.
The activities included in the questionnaire were:

o  Writing

¢ Drawing

e Throwing

e Using scissors

e Using tootbrush

e Using knife

e Using spoon

e Using broom

e Attracting attention (for example, when calling the waiter)

e Opening the box or jar lid

The Edinburgh Handedness Questionnaire was delivered to the participants over
the internet via Google Forms and they were asked to complete it. The resulting data were
calculated according to the Geschwind scoring (Tan, 1988). According to this scoring,
+10 points for each right hand answer, -10 point for each left hand answer and 0 point for
both hands equal answers were given. As a result, participants with +40 points and above
were recorded as right hand dominant, with -40 points and below recorded as left hand

dominant, and with scores between +40 and -40 were recorded as both-handed.
3.3. The Study Protocol

After the demographic characteristics of the participants such as age, gender,
height, body weight, dominant hand and other information were obtained, their static
balance was evaluated using the Prokin PK 252 device under five conditions. Data of
postural control variables were obtained through the computer connected to the device.

Each trial repeated 3 times for 30 seconds for each condition. The duration of evaluation
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for all conditions took approximately 40 minutes with resting parts. The obtained data
were averaged and recorded. The trials of each condition were applied in different orders

to prevent the order effect.

The study protocol consisted of five conditions with real and virtual environment
visual stimuli. Real environment consisted of two conditions as open and closed eyes.
The VR environment included three conditions, the first in which the real laboratory
environment was projected into the virtual reality environment, and the second and third,
in which positive and negative feedback was added to it. The image to which the feedback
was added contained two different visual feedback conditions as positive and negative.
Positive and negative feedbacks created as two separate VR condition. All feedback was
set to appear in the image at 5th, 10th, 15th, 20th and 25th seconds of the static balance

assessment.

The visual stimuli that constitute five different conditions used in the evaluation

of static balance are as follows and are shown in the flow chart. (Figure 3.2.)
1. Eyes open (EO)
2. Eyes closed (EC)
3. Virtual Reality without feedback (LVR)
4. Virtual Reality with positive visual feedback (LVR+)

5. Virtual Reality with negative visual feedback (LVR-)
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3.3.1. Creating the Image of Laboratory Environment

The measurements of the laboratory environment where the study will take place and
the PK 252 Prokin device were taken and modeled in SketchUp Software Pro (Figure
3.3.). The modeled environment was reflected into a virtual reality environment to be

used (Figure 3.4.).

2) b)

Figure 3.3. Prokin PK 252 device a) using in the study to evaluate postural control b) taking
measurements to create the virtual image.

b)
Figure 3.4 Reflecting Prokin PK 522 device to virtual reality image a) the screen of the

device b) the platform of the device.
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In order to prevent neck flexion and extension angle due to height difference of
participants while looking the computer screen, a software has been added to the virtual
reality application that allows the position of the screen to be adjusted according to the
participant's height (Figure 3.5.). Thus, the taller participants were prevented from neck
flexion and the shorter participants were prevented from neck extension during the

assessment.

SENARYOYU BASLAT

SENARYOYU BASLAT

Figure 3.3 Changing the position of the VR screen according to the height of the
participant.

In addition to the prepared visual stimulus, positive and negative feedback that
will occur independently of the participant's balance results during the evaluation was
added to this image. These added feedbacks were used separately as positive and negative

and formed the other two visual stimuli.
Positive feedback phrases were included as following:

e Wonderful

e Well done

e You are doing very well
e Excellent

e Congratulations
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Negative feedback phrases were included as following:

e [t can be better

e Good deal

e Below average

e You are losing control

e You are going bad

The feedbacks used were presented to the participants visually in a virtual reality
image. Although it was thought that the participants' feedback sentences were given
specifically in response to their static balance, in fact, feedback stimuli were used as an

independent variable.
3.3.2. Application of Virtual Reality

Visual stimuli were applied to the participants via VR-Box Virtual Reality Glasses
which can be managed by remote control. The dimensions of the virtual reality glasses
used in the study are 19.5 x 14 x 11 cm and have a weight of 820 gr. The glasses has 2
bands as one horizontal and one vertical. Thanks to the bands, the virtual reality glasses
were worn on the participants' heads and the virtual reality image was presented to the

participants.

The VR conditions, which was turned into a mobile phone application, was
reflected to the virtual reality glasses via a smart phone. When the participants were on
the platform of the static balance assessment device, the application was started on the
phone, placed the virtual reality glasses and the participants were asked to wear virtual

reality glasses with bands after their height was recorded.

The positive and negative stimuli used were initiated by the remote control of the
virtual reality glasses. The virtual reality image in the phone was operated simultaneously

with the remote control via bluetooth (Figure 3.6.).
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Figure 3.4 VR BOX glasses with a remote control used in the study.

3.4. Evaluation of Static Balance

The Prokin device was used for the assessment for static balance through “Static
Stability Assessment Program”. Prokin PK 252, the proprioceptive-stabilometric
assessment device, is a proprioceptive system used for static and dynamic balance
assessment and training (Figure 3.6.). It provides detailed and precise data through

stabilometry platform and the sensor placed on the trunk.

Stabilometry allows to participants to be evaluated in static situation with the
oscillation of the CoP. CoP sways of the participants are detected by the platform of the
Prokin PK 252 device and the postural control data are transferred to the computer

screen.
The data were obtained from PK 252 system are as follows (88).

e Average CoP X (mm)

e Average CoP Y (mm)

e Average Forward-Backward Velocity (mm/sec)
e Average Medium-Lateral Velocity (mm/sec)

e Perimeter (total covered distance of COP [mm)])

o Ellipse area, (total area, which is circumscribed by the COP [mm2])

Bipedal static balance assessment was performed under 5 different conditions

including eyes open, eyes closed, virtual reality without feedback, with positive feedback
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and negative feedback. Evaluations were carried out 3 times for 30 seconds for each visual

stimuli. The average of the obtained data was taken and recorded.
The assessment was performed by following the steps below;

e After the assessment was explained to the participants, they were asked to reach
the platform without shoes in accordance with the reference points.

e Participants were asked to be in a position facing the screen opposite, with their
arms at the side of the body and 10 cm distance between their feet and form an
angle of 15-300.

e The participants were registered on the computer to which the Prokin device is
connected.

e During the assessment, participants were asked to hold their position while
looking forward with the head is in a neutral position for 30 seconds.

e Assessments were conducted with eyes open, eyes closed and using 3 virtual
reality images in different orders (Figure 3.7.)

e FEach experiment was carried out 3 times and the average of the data were
calculated.

e Between each assessment, the participants were asked to sit down and rest while
the device is recalibrated.

e At the end of the assessment, the data were printed through the printer of the

computer to which the Prokin device is connected.

a) Eyes Open b) Eyes Closed ¢) Virtual Reality

Figure 3.5 Application of visual stimuli during postural control assessment.
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3.5. Statistical Analysis

SPSS (Statistical Package for Social Sciences) version 26 was used to
evaluate the data obtained from the study. Mean, SD, median, minimum and
maximum values were used for the presentation of continuous variables
(quantitative variables) and frequency and percentage values were used for the
presentation of categorical variables (qualitative variables). Repeated measures
one way analysis of variance (ANOVA) within subjects test was used to
investigate the difference between postural control variables of participants
under 5 different conditions. In addition, sphericity and distribution were tested
with Mauchly’s test. Bonferroni test was used at 95% confidence interval in
multiple comparisons. In all statistical analyses, p <0.05 was accepted as the

level of significance.
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4. RESULTS
4.1. Descriptive Characteristics of Participants

This study was conducted with healthy young volunteers (n=20) between the ages
of 18-30 between December 2020 and June 2021. The demographic characteristics of
participants includes, values of mean age, weight, height and BMI are presented in Table
4.1.

Table 4.1 The demographic characteristics of participants

Measure Mean SD
Age (years) 22.80 1.82
Weight (kg) 77.44 27.61
Height (cms) 174.75 11.16
BMI 24.98 7.19

4.2. Hand Dominance of Participants

Right Handed
80%

Figure 4.1 Hand dominance distribution of the participants
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According to the Edinburgh Handedness Questionaire, 80% of the
participants in this study were right-hand dominant (n=18: right-handed, n=2:
left-handed) (Figure 4.1).

4.3. Comparison of the distance from the center of the average of CoP values of the

participants under 5 different conditions.

The CoP values of the participants are distributed in different ways in 5
different conditions (EO, EC, LVR, LVR-, LVR+) on the coordinate plane. The
distribution of the average CoP values of the participants in the coordinate plane

according to the conditions is presented in Figure 4.2.

35



y - axis y - axis
r T v X - axis
-10 10 20
50
-100-
a) b)
y - axis
100+
w.
r T T T T 1 X - axis
-20 -10 0 20 30
40-
-100-
<)
FoANS y - axis
50+
o 5°I
. J ..—.-'. X - axis
- i r ™% T 1 s
10 10 20 o 30 ol -20 -10 (=3 10 20 30
@ Y P Ll ..
@ e n o
50{® . °®
¢, g 4004 * »
-100- -150-
d) e)

Figure 4.2 Distribution of the average of the CoP values of the participants
according to the conditions a) Eyes Open (EO) b) Eyes Closed (EC) ¢) Virtual
Reality without feedback (LVR) d) Virtual Reality with Negative Feedback (LVR-)
e) Virtual Reality with Positive Feedback (LVR+)

The graph of CoP values in the VR condition was repeated by removing 2
participants with left hand dominance, and the left shift of CoP values in the X axis
continued (Figure 4.3.).
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Figure 4.3 Comparison of CoP values of all participants and right-handed only

participants in the VR condition.

The graph comparing the distance of the participants' average CoP values to the

center under 5 different conditions is presented in Figure 4.4.
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Figure 4.4 Comparing the distance of the participant’s average CoP values to the center

under 5 different visual stimuli.

The mean and SD of the distance of CoP to center (cm) under 5 difference
conditions are presented in Table 4.2. There was no significant difference between
conditions in terms of the distance of the participants' average CoP values to the center
(respectively 33.85+24.74, 31.04+22.93, 37.94+25.63, 38.29+19.31, 37.77+28.52)
(p>0.05).
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Table 4.2 Comparison of the distance from the center of average of CoP values of the

participants under 5 different conditions.

Repeated ANOVA (Within subject)

$
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]

1=
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2 Lab Enviroment VR Enviroment

£

=

S

@]

=

5 EO EC LVR LVR- LVR+ P value
2 F
£ meanztsd meanztsd meanztsd meanztsd meanztsd

P

=

8

8

8

=

x

2

=

§ 33.85+24.74 31.04+22.93 37.94+25.63 38.29+19.31 37.77+28.52 69 0.60
2 .
>

A

=}

&}

EO: Eyes open, EC: Eyes Closed LVR: The image of the laboratory environment reflected in the virtual
reality environment without feedback LVR-: The image of the laboratory environment reflected in the
virtual reality environment with negative visual feedback LVR+: The image of the laboratory environment

reflected in the virtual reality environment with positive visual feedback.
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4.4. Comparisons of the A-P Sway Velocity and M-L Sway Velocity of participants

under 5 different conditions.

The mean and SD of the sway velocities of the participants in the A-P and M-L

directions under 5 different conditions are presented in Table 4.3.

There was a significant difference between the sway velocities of participants in
A-P and M-L directions among EC, EO, LVR, LVR-, LVR+ applied to the participants
(respectively A-P: 5.95 +1.91, 10.25 £3.96, 8.85+3.04, 8.17 +2.46, 8.07 £2.97 M-L: 4.17
+1.96, 5.25 +2.35, 5.02 £1.77, 4.77 +£1.55, 4.77 +£1.85) (p<0.05).

Sway velocity was found significantly decreased in EO condition compared to all
EC, LVR, LVR- and LVR+ conditions in A-P direction (respectively 5.95 +£1.91, 10.25
+3.96, 8.85+3.04, 8.17 £2.46, 8.07 +£2.97) (p<0.05). In addition, there was a significant
difference between the EC condition and the LVR- and LVR+ conditions (respectively
10.25 £3.96, 8.17 £2.46, 8.07 +2.97) (P<0.05).

Sway velocity in the M-L direction was found to be significantly lower in the EO
condition compared to the EC and LVR conditions (respectively 4.17 £1.96, 5.25 £2.35,
5.02 £1.77) (p<0.05). However, no significant difference was found between other

situations (p>0.05).
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Table 4.3 Comparison of the A-P Sway Velocity and M-L Sway Velocity values of the

CoP values of participants under 5 different conditions.

Post-Hoc Bonferronni
Repeated ANOVA (Within subject)

(Between Subject)

2

=

]

Eo

«

2 Lab Enviroment VR Enviroment

=}

S

=

=

@]

=

= Conditions

4 EO EC LVR LVR- LVR+

1=

A~ F p value p value
(EO, EV, LVR,

meanztsd meantsd | meantsd | meantsd | meantsd
LVR-, LVR+)
EO-EC 0.00*
EO-LVR 0.00*
EO-LVR- 0.00*
R 2543, 8543, . d . .00*

g 5.95 10.25+3 8.85+3.0 8.17 8.07 16.52 0.00 EO-LVR+ 0.003%

2 +1.91 96 4 +2.46 +2.97

; EC-LVR 0.15

‘E EC-LVR- 0.006*

2 EC-LVR+ 0.002*

< LVR-LVR- 0.55
LVR-LVR+ 0.50
LVR+-LVR- 1.00
EO-EC 0.00*
EO-LVR 0.04*

. EO-LVR- 0.13

-g 4.17 5.25 5.02 4.77 4.77 4.56 EO-LVR+ 0.10

c +1.96 +2.35 +1.77 +1.55 +1.85 01*

i EC-LVR 0.26

§ EC-LVR- 0.14

7]

; EC-LVR+ 0.07
LVR-LVR- 0.34
LVR-LVR+ 0.29
LVR+-LVR- 1.00

EO: Eyes open, EC: Eyes Closed LVR: The image of the laboratory environment reflected in the virtual

reality environment without feedback LVR-: The image of the laboratory environment reflected in the

virtual reality environment with negative visual feedback LVR+: The image of the laboratory environment

reflected in the virtual reality environment with positive visual feedback.
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Graphs comparing A-P Sway Velocity and M-L Sway Velocity under 5 different

visual stimuli are presented in Figure 4.5.
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Figure 4.5 Comparing A-P Sway Velocity and M-L Sway Velocity under 5 different visual

stimuli.

4.5. Comparison of the Sway Area and Perimeter values of the participants under 5

different conditions.

The mean and SD of the Sway Area and Perimeter of CoP under 5 different

conditions are presented in Table 4.4.

Sway area was found significantly decreased in EO condition compared to all
other conditions (respectively 118.82+74.23, 282.25+153.60, 257.57+143.79,
250£152.06, 292.55+207.69) (p<0.05). Perimeter decreased significantly in the EO
condition compared to other conditions, whereas it increased significantly in the EC
condition (respectively 258.10+75.56, 404.70+130.30, 341.57+100.42, 320.60+83.60,
319.62496.76) (p<0.05).
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Table 4.4 Comparison of the Sway Area and Perimeter values of the participants under 5

different conditions.

Post-Hoc Bonferronni
Repeated Anova (Within subject)
(Between Subject)
Lab VR Enviroment
Enviroment
)
&
=
=
] Conditions
=
t
g
E EO EC LVR LVR- LVR+ (EO, EV, | p value
F p value
LVR, LVR-,
meantsd | meantsd meanzsd | meantsd | meanzsd LVR+)
EO-EC 0.001*
118.82+7 | 282.25+153 | 257.57+1 | 250+152. | 292.55+2 EO-LVR 0.00*
*
4.23 .60 43.79 06 07.69 2.31 .00 EO-LVR- 0.001*
EO-LVR+ 0.012*
EC-LVR 1.00
- EC-LVR- 1.00
%
= EC-LVR+ 1.00
)
g LVR-LVR- 1.00
(7]
LVR-LVR+ 1.00
LVR+-LVR- 1.00
EO-EC 0.00*
10+ 70+ 57+ .60+ 62+
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5.56 .30 00.42 3.60 6.76 5.03 .00*
EO-LVR- 0.001*
EO-LVR+ 0.008*
EC-LVR 0.005*
. EC-LVR- 0.00*
P
g EC-LVR+ 0.00*
=
~ LVR-LVR- 0.77
LVR-LVR+ 0.54
LVR+-LVR- 1.00

EO: Eyes open, EC: Eyes Closed LVR: The image of the laboratory environment reflected in the virtual

reality environment without feedback LVR-: The image of the laboratory environment reflected in the

virtual reality environment with negative visual feedback LVR+: The image of the laboratory environment

reflected in the virtual reality environment with positive visual feedback.
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Graphs comparing Sway Area and Perimeter values under 5 different visual

stimuli are presented in Figure 4.6.
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Figure 4.6 Comparing Sway Area and Perimeter values under 5 different visual stimuli.
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S. DISCUSSION

The aim of our study was to investigate the effect of the real environment image
reflected in the virtual reality environment and the positive and negative feedbacks
added to it on postural control. For this purpose, 3D postural control variables such as
the distance from the center, area, perimeter and velocity of the CoP were obtained in

2D on the platform under five visual conditions.

The distance of the average CoP values of the participants from the center is
greater in VR environment than the real environment, Although no significant
difference was found between five conditions (EO, EC, LVR, LVR-, LVR+).
Considering the average CoP values of the participants in the coordinate plane, it was
noted that there was more intensity on the left side of the x-axis in the VR environment
compared to the real environment. In this regard, according to the study conducted by
Cioncoloni et al. It has been suggested that the dominant hemisphere plays a critical
role in the selection of the appropriate postural control strategy and there is a functional

asymmetry between both primary motor areas (89).

In the present study, according to the Edinburgh Handedness Questionaire, 80%
of the participants in this study were right-handed predominantly (n=18: right-handed,
n=2: left-handed). After that, according to the results of the analysis performed by
excluding the two left-handed participants, the left shift of the CoP values in the X-axis
continued. Thus, it was concluded that this situation did not occur only due to left-
handed participants. Therefore, our current study does not provide evidence that the
leftward shift in the X-axis seen in the VR condition may be associated with hemisphere
dominance. In addition, since this situation is not related to the main question of our

study, it is thought that there is a need for further studies on this subject.

In this study, it was determined that there was a significant increase in the sway
velocity values in both A-P and M-L directions in the VR environment compared to the
EO condition. Since the sway velocity represents the sway degree per second, the higher
value obtained indicates impaired postural control. In parallel with our study, in the
study of Chander et al., the sway velocity has been found to be significantly higher in
VR environment compared to the real environment (14). However, in the study

conducted by Imaizumi et al., although there was an increase in sway velocity in the A-
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P direction in the VR environment compared to real environment, no significant
difference was found between these two condition in the M-L (90). In addition, In the
study of Park et al., sway velocity was evaluated in real environment and two different
VR environments (fixed or moving). Accordingly, it has been observed that the sway
velocity increases only in the moving VR environment compared to the real

environment (91).

In another study, Assldnder et al. used the laboratory environment as a VR image.
They evaluated postural control in four different conditions: EO, EC, VR1 (photo-
realistic copy of lab environment) and VR2 (abstract image of lab environment).
Contrary to our results, the sway velocity was found to be similar with in real laboratory
environment and photo-realistic virtual copy of the laboratory environment. However,
a significant increase in sway velocity was found in an abstract VR environment of

laboratory environment (92).

Looking at the values of sway velocity in condition with eyes closed, in the current
study found that there was no significant difference between EC and VR conditions in
terms of sway velocity. The virtual reality environment has shown almost similar effects
with the EC condition. Similar to our study, Luo et al. also showed that there was no
significant difference in sway velocity between the EC and VR conditions in both the
A-P direction and the M-L direction (18). In addition, Horlings et al. found that there
was no significant difference between EC and VR conditions in terms of sway velocity
regardless of whether the surface is firm or foam (93). However, unlike our study, the

sway velocity was evaluated based on the shoulder sway.

Sway area is expressed as the total area (mm?) covered by the participants' CoP
sway. In this manner, an increase in this value indicates that the CoP sway over a period
of time spreads over a larger area. In the study, sway area significantly increased in the
VR environment compared to the EO condition. Nevertheless, there were no significant

difference between the EC and the VR conditions in terms of sway area.

The study by Imaizumi et al. found that the sway area increased significantly in
VR environment like our study. Unlike our study, they also evaluated the effect of
proprioceptive stimulation created by the VR glasses. They examined the sway area

both with EC while wearing or not VR glasses. As a result, they found that the sway
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area did not increase significantly in the VR glasses with EC condition, as in the VR
glasses with EO condition. Thus, they suggested that the proprioceptive input created
by VR glasses was not effective on the increase in sway area alone (90). Gotardi et al.
evaluated balance by following eye movements. As a result, it was found that the haptic
effect caused by whether or not a head-mounted eye tracker was attached made a
significant difference in terms of CoP value in the ML direction (94). According to the
study conducted by Schmuckler et al., It was concluded that even the non head-mounted
haptic input decreases the mean velocity, and the more stable the haptic input the mean

velocity decreases at the same rate (15).

In contrast, in our study, when the same environment is reflected in virtual reality,
the visual stimulation provided through the VR-Box glasses increased body sway under
all conditions. On the other hand, the effect of proprioceptive information created by VR-

Box glasses on postural control alone was not examined in our study.

In the another study, where a moving visual stimulus is provided through VR as
expected and unexpected visual perturbation, it has been found that the sway area
increases significantly compared to the real environment only when it is provided
unexpected (14). Although visual perturbation was not used in our study, a significant
difference was observed between EO and VR conditions in terms of sway area. This

situation made us think that even the use of VR alone can be perceived as perturbation.

In the present study, perimeter variable was found to be significantly increased in
VR environment compared to real environment. Additionally, unlike the sway area, a
significant difference was found between the EC and the VR condition. The mentioned
perimeter variable represents the distance covered by the CoP values of the participants

(mm).

In the study of Chander et al., The perimeter variable was expressed as CoP
displacement and investigated separately in the A-P and M-L directions. According to the
results of the study, although there was no significant difference between the real and the
VR environment in terms of CoP displacement in the M-L direction, there was a
difference in A-P direction between the real and VR environment only in the unexpected
condition. Additionally, it was emphasized that when visual perturbation is anticipated,

CoP displacement is similar to the baseline condition. In addition, in another study by
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Norris et al. investigating the effects of altered visual input and auditory stimulation on
balance, the reason for the A-P sway being higher than the M-L sway was attributed to
the greater support surface in the M-L direction in human posture. In the study conducted
by Imaizumi, CoP displacement was found to be significantly increased in both A-P and
M-L directions in VR environment compared to the real environment. In the study
conducted by Park et al., The perimeter variable was stated as the sway length. When the
visual stimuli provided with VR are moving, a significant difference was found in terms
of sway length compared to the real environment. However, fixed visual stimuli did not

significantly alter the sway length variable.

Additionally, the current study observed that positive or negative feedback added
to VR did not have any significant effect on the postural control between VR conditions.
As far as is known, there is no study in the literature investigating the effect of different
feedback provided through VR on postural control. On the other hand, Tossavaienen et
al. compared the real environment with four VR environments. It has been shown that

certain visual stimuli had more disruptive effects on postural control (95).

Although different results were obtained in the literature, the fact that the
perimeter variable increased in the VR environment compared to the EO condition in the
current study might be indicates that postural control is impaired in the VR environment
compared to the real environment. In addition, the perimeter variable was found to be
significantly increased in the EC condition compared to the VR environment might be

indicates that the VR environment is not as impaired as the EC condition.

Due to the differences in the terms expressing the postural control variable in the
literature, the measurement devices and the measurement data, the use of different stimuli
in the study models also creates difficulties in the interpretation of the results obtained.
Although the use of VR technology in the medical field is rapidly becoming widespread,
it is seen that the effects of visual stimuli in VR studies on balance are still not clear.
Insufficient information in the literature and differences in study designs create
difficulties in interpreting the results. According to the results obtained in this study, we
can state that the VR environment has a negative effect on the balance in terms of CoP
sways compared to the real environment. It is clear that future studies are needed to

understand the effects of the virtual environment on balance.
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As a technical limitation of this study, a VR glasses with higher resolution could
be used to provide visual stimuli. In addition, the proprioceptive effect of VR glasses
alone on postural control could be demonstrated by adding a condition in which the VR

glasses were applied with the closed eyes.
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6. CONCLUSION

In present study, it was found that there is a significant difference between the real
environment and reflection of the real environment to the VR environment in terms of

postural control variables. Thereby, findings of this study corroborated our hypothesis.

The effect of the visual stimulus provided by VR on postural control might be
between the EO and EC condition.

Positive and negative feedback provided by VR did not have any significant effect

on postural control variables.

More studies are needed on this subject in order to shed light on VR training in

the field of physiotherapy.
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8. APPENDICES
8.1. Appendix 1. Informed Voluntary Consent Form
BILGILENDIRILMIi$ GONULLU OLUR FORMU
Sayin katilimet,

Davet edildiginiz “Sanal Gergeklik Ortami ile Saglanan Farkli Gorsel Uyaranlarin
Saghkli Kisilerde Postural Kontrol Uzerine Etkisi” isimli bu calisma; Yeditepe
Universitesi Saglik Bilimleri Enstitiisii Fizyoterapi ve Rehabilitasyon Boliimii tarafindan
yuriitiilmektedir. Arastirmacinin yiiriitiiciisi Fzt Sahra Sirvan Can ve Sorumlu
aragtirmaci Dr. Ogr. Uyesi Cigdem Yazic1 Mutlu’dur.

Bu calismanin temel amaci, gercek ortam ve sanal gergeklik ortami ile saglanan
gorsel uyaranlarin saglikl kisilerde postiirel kontrol lizerindeki etkisini kargilastirmaktir.
Bu ¢alismada katilimcilar, Prokin PK 252 Denge Cihazi’nda gorsel girdiler degistirilerek
5 farkli kosulda degerlendirilecektir. Degerlendirme testleri her biri 30 saniye siirecek
sekilde 3’er kez tekrarlanip, toplam 30 dakika siirecektir. Degerlendirmelerden elde
edilen postural salinim hizi, basing merkezinin taradig1 alan ve ¢evre verileri bilgisayara
kaydedilecek ve sonuglar analiz edilecektir. Katilimeilarin kimlikleri ve verileri gizli
tutularak kamuoyuna aciklanmayacaktir. Bu c¢aligmaya klinik tanisi olmayan 20

katilimcry1 kaydetmeyi hedefliyoruz.

Katilimin istege bagh oldugunu ve katilmayr reddetmenin herhangi bir cezaya
veya herhangi bir menfaat kaybina yol agmayacagini belirtmek isteriz. Ayni sekilde
istediginiz zaman arastirmadan ¢ekilebilirsiniz. Arastirmamizda katilimcilara uygulanan
degerlendirmelerin bilinen herhangi bir zarar1 bulunmamaktadir. Degerlendirme
stirecinde herhangi bir beklenmedik hasar olmasi durumunda, bilgiler size derhal
verilecektir. Katilimcilarin herhangi bir zarar goérmesi durumunda gerekli basvurular
herhangi bir riicu olmaksizin arastirmacilar tarafindan karsilanacaktir. Bunun ig¢in ne
sizden ne de sosyal giivenlik sigortanizdan herhangi bir iicret talep edilmeyecektir.
Arastirmaya katilmak size hemen yardime1 olmamakla birlikte, arastirma sonuglarimizin
gelecekte organizasyon, toplum veya bilim i¢in faydalart olacagi umulmaktadir.
Arastirmanin amaglari veya bagli oldugunuz sosyal giivenlik kurumu i¢in sizden herhangi

bir ticret alinmayacaktir.
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Damisman: Arastirmaci:
Dr. Ogr. Uyesi Cigdem Yazic1t Mutlu Fzt. Sahra Sirvan Can
Yeditepe Universitesi Yeditepe Universitesi
Saglik Bilimleri Fakiiltesi Saglik Bilimleri Enstitiisii
Fizyoterapi ve Rehabilitasyon Fizyoterapi ve Rehabilitasyon Yiiksek
Bolimii Lisans Programi
TIf: TIf:

Onay Formu

Bilgilendirme formundaki tiim agiklamalan okudum. Bana, yukanda konusu ve
amaci belirtilen ¢alisma ile ilgili yazili ve sozlii agiklama arastirmaci tarafindan yapildi.
Arastirmaya katilmaya goniilli oldugumu, istedigim zaman gerekgeli veya gerekcesiz
olarak aragtirmadan ayrilabilecegimi biliyorum. S6z konusu calismaya hicbir baski ve
zorlama olmaksizin kendi rizamla katilmayr ve sonuglarimin kullanilmasim

kisitlamamay1, yayin, rapor ve benzeri bilimsel dokiimanlarda kullanilmasini kabul

ediyorum.

Goniilliiniin Adi Soyadi  Adres  Telefon Numasi Tarih Imzas:
Tamk AdiSoyadi  Adres Telefon Numasi Tarih  Imzasi
Yiiriitiicii Arastirmact Adi Soyadi  Adres Telefon Numasi Tarih Imzasi

Sorumlu Arastirmaci  AdiSoyadi  Adres Telefon Numarasi Tarih Imzasi
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Katilimciya calisma ve yapilacak islemler hakkinda gerekli bilgileri verdim.
Katilimeinin bu bilgileri anladigina, sormak istedigi sorular1 sorduguna, 6zgiir iradesiyle

stireci kabul ettigine inantyorum.

Arastirmaci: Fzt. Sahra Sirvan Can Adres: Yeditepe Universitesi TIf

Email: Tarih: Imza:
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8.2. Appendix 2. Ethical Committee Approval

T.C. YEDITEPE UNIVERSITESI Ve,s,lygn No
//A GIRISIMSEL OLMAYAN KLINiK ARASTIRMALAR :

ETiK KURULU Sayla2/2

BASVURU NUMARASI: 202106077
KARAR 4.08.2021

X KABUL [JRET

[] kapsam Dis! (GIRISIMSEL)

[ BiLIMSEL VE/VEYA ETIK KURALLARA AYKIRI

[C] BiR SORUMLU ARASTIRMACININ (TEZ ISE TEZ DANISMANI), BIR TOPLANTIYA IKi (2)
ADETTEN FAZLA CALISMA BASVURUSUNDA BULUNMAS!

[J kURUM il BASVURULARINDA YEDITEPE UZANTILI E-POSTA HESABI ILE GIRIS YAPILMAMIS

OLMASI
] SARTLI KABULDE BELIRTILEN REVIZYONLARIN ZAMANINDA VE/VEYA [STENILDIGI SEKILDE
YAPILMAMIS OLMASI
Prof. Dr. Didem OZDEMIR GZENEN Dog. Dr. Gékhan ERTAS " Dog. Dr. Elif SUNGURTEKIN EKCI
Bagkan ¢ _ ... _BaskanYardmasi o.......Raportér

|Ii§ki 5 5 Katiim ! |Ii§ki

Katlllm

Katlhm

Fz:e

...............................................

E]Var ! [:]Yok ! DVar ! DYok | |:|Var DYok ! DVar [:lYok ! [:]Var i DYok [ |:]Var | |:]Yok

A [ — ssasmsensan s ane sl chotos smsmssninlnn suans . S G i P

g""'""".s;'o'f'is;"p"e};;i's‘ﬁﬁs"r'"""";‘"""""‘i;a&:'ﬁ}:‘s'e‘.;;;uz'ijﬁ"""""";"""b‘o';:B}:‘M;.‘.};.‘;i‘é;;gi.'{'c'z‘ﬁ;‘é"""';

Katlllm

Katlllm

."DVar [:]Yok ‘ é].\-/ar DYok I:]Var : DYok I

i DVar DYok i DVar i

Dr. Ogr. Oyesi E. Cigdem ALTUNOK Dr. Ogr. Uyesi Binnur OKAN BAKIR Dr. Ogr. Uyesi E. Nur 6ZDAMAR
; Katlllm Iligki Katlhm : M Katihm ILsﬂ

4 4
-eememas smememsamemes ..-.,..-.. qmmmnes

DVar i [:]Yok i DVar i Dvok i |:]Var i E]Yok i DVar i E]Yok ! DVar i |:]Yok ! DVar : DYok

Aragtirmanin Baghg  Sanal Gergeklik Ortami ile Saglanan Farkh Gorsel Uyaranlarin Saglikh Kisilerde Postural
Kontrol Uzerine Etkisi

Arastirmacilar Can S., Yazici Mutlu C.
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T.C. YEDITEPE UNIVERSITESI Versiyon No

i ash o 1.0
// GIRISIMSEL OLMAYAN KLINIK ARASTIRMALAR
A ETiK KURULU smial/2
KARAR FORMU
4.08.2021

Etik Kurulun Adi Yeditepe Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu
= ‘= | Agik Adres Yeditepe Universitesi Dis Hekimligi Fakiiltesi, Bagdat Cad. No. 238 Goztepe 34728
s =] Kadikoy, Istanbul
i 9 |linternet Sayfasi | http://goetik.yeditepe.edu.tr/
B @ |[Telefon 0216 363 60 44

E-posta goetik@vyeditepe.edu.tr

Islak imzal bagvuru dosyasi, CD’si ve elektronik basvuru

Arastirma bashgi ve arastirmacilarin isimleri

Basvuru dilekgesi

Arastirmanin;

o Niteligi

e Onemive 6zgiin degeri

e Amag ve hedefleri X
* Yontemi

e Yonetimi

* Yaygin etkisi

e Arastirma

butgesi (Mevcutsa)

e Suresi ve uygunlugu (Zaman cetveli)

e Kaynaklan

Arastirma izin belg

esi / belgeleri

Bilgilendirilmis Gonulli Olur Formu (yapilan arastirmaya 6zel olarak hazirlanmisg)

XXIXIXIX

Taahhitname-1

DEGERLENDIRILEN
BELGELER

taahhit

Diinya Tip Birligi Helsinki Bildirgesinin son versiyonunun ve Saghk Bakanhgr' nin ilgili tim kilavuzlarinin okunmasina dair

Taahhttname-2
Daha énce yapilmis eti

Y

k kurul basvurulari mevcut olup olmadigina dair taahhit

Taahhutname-3

X

Arastirma sirasinda arastirma biitgesinde yer almayan ve génillinin kendisine veya Sosyal Glvenlik Kurumuna ek yiik
getirecek hicbir islem uygulanmayacagina dair taahhit

Taahhutname-4
COVID-19 hastalannda

tedavi yaklagimlar ve bilimsel aragtirmalar genelgesi okunmasina dair taahht

Arastirmacilarin her birisine ait 6zge¢mis formu

Ek belgeler (Varsa kullanilan 6lcek izinleri vb.)
‘&= [ Basvuru Numarasi 202106077
S & [Toplant Tarihi 18.06.2021
g 9 | Toplant: Yeri Cevirim ici (Google Meet)
‘@ | Karar No 19

Aragtirmanin Baghg  Sanal Gergeklik Ortami ile Saglanan Farkli Gorsel Uyaranlarin Saglikh Kisilerde Postural

Kontrol

Uzerine Etkisi

Arastirmacilar Can S., Yaziat Mutlu C.
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8.3. Appendix 3. Demographic Form

...... /Y R
GENEL BILGILER
Adi-Soyadz:
Yas:
Cinsiyet:
Boy:
Viicut Agirhigr (kg):
VKI:

Dominant Taraf: Sag ( ) Sol( )

1. Herhangi bir tibbi teshisiniz var m1?

() Evet— Eger evet ise, nedir?

( ) Hayir
2. Diizenli olarak kullandiginiz herhangi bir ila¢ var m1?

() Evet— Eger evet ise, nedir?

( ) Hayir
3. Herhangi bir ameliyat gecirdiniz mi?
() Evet

( ) Hayir
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Eger evet ise, liitfen hangi islem oldugunu belirtiniz.

Operasyon ne zaman yapildi?

4. Herhangi bir yardimei cihaz kullanmiyor musunuz?

( ) Evet

( ) Hayir

5. Herhangi bir sistemik (kalici) bir hastaligimiz var mi?
( ) Hayir

() Vestibiiler (Denge ile ilgili) hastaliklar

() Kardiyovaskiiler Hastaliklar (kalp yetmezligi, ritim bozuklugu, tansiyon,

anemi vb.)

() Solunum Hastaliklar1 (Astim, Alerji, KOAH vb.)

( ) Kulak Bozukluklari (Isitme sorunlar1 vb.)

() Sinir sistemi Bozukluklar1 (Vertigo, epilepsi, ndropati, his kayb1 vb.)
() Enfeksiyon Hastaliklar1 (Bademcik iltihabi, otitis vb.)

() Hormonal Bozukluklar (Diyabet, guatr, insiilin direnci vb.)

( ) Kas Iskelet Hastaliklar1 (Kas, Eklem, Tendon, Romatoid hastaliklar1 vb.)

() Sindirim Sistemi, Metabolizma Bozukluklar1 (Gastrit, iilser, iilser, bagirsak

hastaliklar1 vb.)

() Gorme Bozuklugu

AKTIVITE BIiLGILERI

6. Egzersiz yapiyor musunuz? Evet ise, ne siklikla egzersiz yaparsimz?
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() Yapmiyorum

( ) Haftada 1-2 kez

( ) Haftada 3-4 kez

() Her giin

() Ayda 3 giinden az

Egzersiz yapiyorsaniz, her egzersiz en az kag dakika stirer?

7. Yapmay tercih ettiginiz spor nedir?

() Futbol ( ) Basketbol ( ) Voleybol ( ) Tenis ( ) Kosu ( ) Yiizme

Diger

8. Spor yapanlar icin, sporunuz her seferinde ka¢ dakika siiriiyor?
() 20 dakika veya daha kisa

() 21-30 dakika

() 31-50 dakika

() 50 dakikadan daha fazla

ALT EKSTREMITENIN DEGERLENDIRILMESi (KALCA, DiZ, AYAK
BILEGI, AYAK)

9. Son alti1 ayda alt ekstremitelerinizden (kal¢a, diz, ayak bilegi, ayak)

yaralandiniz mi1?
( ) Hayir

( ) Kalga ( )Diz () Ayak bilegi () Ayak
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10. Son alt1 ayda alt ekstremite (kal¢a, diz, ayak bilegi, ayak) ameliyati
oldunuz mu?

() Hayir () Evet - Evet ise liitfen belirtiniz.

11. Hi¢ ayak bilegi burkulmamz oldu mu?

() Evet () Hayir (Hayir ise, 17. soruya gegin)
12. Hangi tarafta burkulma yasadiniz?

( ) Evet ( ) Hayir

13. Burkulma ne kadar 6nce oldu?
( )Sonlay ( )Son6-12ay ( )Son 12-24 ay () 24 aydan daha fazla

14. Hi¢c aym ayak bileginizde tekrarlayan bir burkulma oldu mu?
( ) Evet— Evet ise, kag kez?

( ) Hayir

15. Burkulma sikayetinizden sonra fizik tedavi gordiiniiz mii?
() Evet

() Hayir — Hayir ise, 17. soruya gegin.

16. Fizik tedavi aldigimiz tarih nedir?

17. Please write your HES code.

Tesekkiir ederiz.
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8.4. Appendix 4. Edinburgh Handedness Inventory

18.06.2021 Edinburg El Tercihi Anketi

Edinburg El Tercihi Anketi

Cevaplariniz bizim igin gok 6nemli. Bu yiizden liitfen faaliyetleri daha 6nce
deneyimlediyseniz, hayal ederek en dogru cevabi vermeye galigin.

* Gerekli
1. E-posta*
2. Ad-Soyad *

Latfen asa@idaki faaliyetlerde el kullanimindaki tercihlerinizi belirtin. Latfen tim
sorulari yanitlamaya calisin ve yalnizca SiZIN tim nesne veya gdrev konusunda
deneyiminiz yoksa bos birakin.

3. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle

N o . Her zaman sol
sag sag esit sol

Yazma

4. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle

N N ) Her zaman sol
sag sag esit sol

Cizme

https://docs.google.com/forms/d/IKNp7Z8BDKM8CCZ1zMOKpe4bUCyoSV2nZIKO7RvbGnhA/edit
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18.06.2021 Edinburg El Tercihi Anketi
5. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle

N y ) Her zaman sol
sag sag esit sol

Atma @ Q O O O

6. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle Her zaman
sag sag esit sol sol
akas O O O O O

kullanimi

7. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle Her zaman
sag sag esit sol sol
D firgas: O O O O O

kullanimi

8. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman  Genellikle  Herikiel Genellikle Herzaman
sag sag esit sol sol

Bigak kullanimi (gatal Q O Q Q O

olmadan)

https://docs.google.com/forms/d/1IKNp7Z8BDKM8CCZ1zMOK pe4bUCyoSV2nZIKO7RvbGnhA/edit
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18.06.2021 Edinburg El Tercihi Anketi
9. Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her zaman Genellikle Her iki el Genellikle Her zaman
sag sagd esit sol sol
Kasie O O O O O

kullanimi

10. Hangi eli tercih ediyorsunuz?
Her satirda yalnizca bir sikki isaretleyin.

Her zaman  Genellikle Her ikiel  Genellikle  Her zaman
sag sag esit sol sol

Siipiirge kullanimi S @) O @) @)

(Ust el)

11.  Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her Her
Genellikle Her iki Genellikle
zaman N ) zaman
N sag el esit sol
sag sol

ilgi gekme (6rnegin O ) O @D D

garsonu c¢agirirken)

12.  Hangi eli tercih ediyorsunuz?

Her satirda yalnizca bir sikki isaretleyin.

Her Her
Genellikle  Heriki  Genellikle
zaman N ) zaman
N sag el esit sol
sag sol

Kutunun veya kavanozun Q Q @ Q Q

kapagini agma

https://docs.google.com/forms/d/1IKNp7Z8BDKM8CCZ1zMOK pe4bUCyoSV2nZIKO7RvbGnhA/edit
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