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ABSTRACT

EFFECT OF ACHILLES T ENDON VIBRATION AT A DAPTING TO
DIFFERENT SENSORY CONDITIONS

Carlak Renan Arda
Master of ScienceEngineering Sciences
SupervisorAssist. Prof. DrSeni h G¢r ses

September 201965pages

The aim of the study is tavestigate the effect of Achilles tendon vibrat{@TV) on
postural sway behawi and backward body tilt (falbesponse at adapting ddferent
sensory conditionsThe effect of anticipation on postural responses during ATV is
also examined. Twadlifferent somat@ensory environments are create@tlich are
without and with bodily somatosensory (touch) cue, respectivalythese different
sensory environmentbjpedalquiet stand test is appliemh a force platform in both
eyesopen and eyeslosed conditions, inthe absencend the presence of ATV,
respectivelyThe experiments were conducted on two sports groups (handball players
and swimmers) and one control groupdentary subjectsiCenter of pressurealue

in antereposteriordirection (CoPx) was computed and used in data validation and
interpretation of the result§he results showed that independent from the groups,
ATV always altered the proprioceptive infortizan resulting backward body tilt (fall)

and an increase in postural sway at adapting to all designed sensory conditions.
However, it was observed that the anticipation of the vibration reduced the effect of
ATV. Furthermore, independent from the groupbe tcontribution of touch
information to reduce the effect of ATV was found more ttaan contribution of
visual information.The most interesting result of this study was that when visual and

touch information were supplied together to the sensory negd#igdback



mechanism, integroup differences in terms of postural resportkging ATV were
vanished.

Keywords: Bipedal Quiet Stance, Posture Control, Proprioception, Somatosensory
System, Tendon Vibration
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CHAPTER 1

INTRODUCTION

1.1.Literature Review and Motivation of the Study

Chronological summary of the milestoreasd significant indications of the previous
researches and publications which is yielded by an extensive literature survey is
submitted below with the intent of presenting a historical perspective of the field of

this study.

Postural control mechanisms mege started to study in terms of systematical
experiments over a century ago Gpldscheider [74] who compared even minimal
joint rotations by gantifying systematically thawareness of body part positions and
orientations and published his results thatl@fjoint has the highest threshold where

the shoulder exhibits the lowest threshold in 1889. Shortly aftér tha term
Apropriocept i onfirsttime frooh&Heirimyrd [58F i0 190625h e
Systematic experimental studies were further agped and pioneering work of
human upright stance (quiet stance) began to be researched and investigated with force
platforms by Nashner in 1976 [75]. Allum [37] in 1983, conducted human postural
control studies to examine evoked characteristic posturpbness by employing
transient stimuli (e.g., sudden support surface motidmg)990, Horak, Nashner and
Diener [49] conducted the experiment in quiet stance during somatosensory and
vestibular loss condition to understand the role of vestibular and csemaory
(consisting of proprioceptive information) information in postural control. They
emphasized the significance of the role of somatosensory information from the feet
and ankles and the necessity of the vestibular information in the maintenance of
equilibrium. Horak and Macpherson [44] in 1996, manipulated the vision and

somatosensory information fatyslexic and noyslexic childrento illuminate



mechanisms of balance control with both biomechanical and neurophysiological
approachesPrieto, Myklebust, Hoffmann Lovett, andMyklebust[72] published a

study that investigate the differences between postural steadiness with respect to eye
conditions (eyeslosal (EC) and eyespen (EO)) in a young and old adult greiny

the evaluation of relative setigity of centerof-pressure (CoP) measurement.
Postural responses against galvanic vestibular stimulation was examined by Watson
and Colebatch [73]. Soon afterwards, artificial stimulation of individual sensory
receptors (muscle or tendon vibration) waplied to understand postural control
mechanism in case of illusory input implication [2Z8Bhen, inverted pendulum model

was described by Jek@ie, Sc h° ner , Di j[2R] sandrPaterka H.&] fos o0 n
human upright stance mechanism where human bodylsapivoting tool around

the ankles during quiet standing; moreover, the notion of sensorimotor integration was
stated and presented to investigate further. By the waltonMiller, Wojtys,
Huston, and FWelch [25] investigatethe relationship betweethe proprioception

and the physical exercise by includiathletesn their experimental participants and
therefore, they tried to find an answer to the quesfio@an pr opri oception r e

i mproved by exercises?o0

Inspiring all these previous reseles and publicationthe motivation of the study is
to investigate the effeadf Achilles tendon vibration othe postural sway behavior
and backward body tilt (fall) response at adaptinditierent sensory conditions and
its relation with the sportiveackgroundMoreover, the effect of the anticipation on

postural responses during ATV is also examined.

1.2.Human Upright Stance

Collinear structure of the longitudinal axis of the lower limbs with that of the body is
the particular feature of human uprigtarsce which distinguishes humans from other
animals having bipedal locomotion. Maintaining this erect posture is a complex

developmental task for humans such that having small support surface (foot area),



high position of the center of gravity and forwdrackward asymmetry are the factors
that makethe human orthograde postunéerently ungable The study of regulation
of the orthograde posture is a vital topic of motor cori8@] because of the great
significance of the mechanisms involved in botim&intain the static posture, and to

ensure body stability during various locomotory movements [15].

Because of the fact that bipedal upright stance is inherentighigsa small deviation

from a perfect orthograde position results in a torque dueatdgtgrthat accelerates

the body further away from the upright position; thus, destabilizing torque due to
gravity must be applied by the feet against the support surface to maintain upright
stance Deviation of body orientation from a certain referencetosis detected by
multisensory system of the postural control mechanism, and individual error signals
are summed and an appropriate corrective torque is generated as a function of this

summed signdtL1].

Sway, defined as horizontal movement of the liody cent er of ma s s
person is standing st{lL7]. The studies have verified that stimulation of visi3&,

33], vestibular[34, 35, 36],and proprioceptivg28, 37] systems evoke body sway.
There has to be a limit of any backward or forwardybdelviations for free stance in
order to be stayed in the limits of postuequilibrium and not to fafl2]. Sway is
limited by appropriate corrective torques produced by muscles, primarily at the hip
for sway in the frontal (leftight, LR) plane and ahe ankle for sway in the sagittal
(anteriorposterior, AP) pland38]. It is suggested that sway behavior of human
upright stance differs in terms of the anatomical plarieélse body movemenEigure

1.1 demonstratethe anatomical planes of motion ftire human bodybelow. It is
indicated that body deviations in the sagittal (antepmsterior, AP) plane are
typically twice as much as in the frontal (leiyht, LR) plane; hence, the sttgi plane
shows more inheremstability property in comparisomith the frontal plangl7]. As

in this thesisthe majority of the experiments of the postural sway studies of human

guiet stance are conducted according to the sagittal [38and0].
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Body Planes

Sagittal/Anteroposterior FrontalTateral Horizontal Transverse
Plane Plane Plane

Figurel.1. Anatorical planes of motion for the human body [41]

1.3.Postural Control

Human orthograde stance is maintained by a posture control mechanism the goal of
which is to align body segments upright with respect to gravity vertically by
continuous muscular correctiorthat are realized by receivingnd integrating
multisensoryinformation from visual sensors of the eyes, vestibular sensors of the
inner ears, proprioceptive sensors of the muscles and tendons, and somatosensory
senses from skin receptors are regularly iféd the central nervous system (CNS)

[20, 21, 42, 43]. In other wordeuman posture is controlled by the integration of
information from the visual, vestibular, proprioceptive, and somatosensory systems
[21]. Hence, human stance control can be explayecbntinuous sensory feedback
system [11, 19, 43].



Horak and MacPherson stated that posture serves two main behavioral goals of the
body: balance and orientation [44]. Postural control system has two main functions:
the first one is to build up postureaagst gravity and ensure that balance is maintained

and the second is fix the orientation and position of the segments of the body. The first
function is actually mechanical antigravity function that built up stance (reference
posture) and maintain equitibm. The second one provides that the position and
orientation of body segments such as the head, trunk or arms serves as a reference
frame for perception and action with respect to the external \i|d

1.3.1.Balance

In biomechanics, balance is definedtahhe abi |l ity to maintain
mass within the base of support with minimal posture sway [45]. In human upright
stance condition, maintenance of equilibr
center of mass projection within a limitedneoof the total support area which is
located 35 cm in front of the axis of the ankle joint without exceeding the mean
deviation of 11.5 cm. This depicted center of mass projection is an essential
characteristic property of posture which is not modifisdioading the body with
additional weight or by active trunk movements [15]. Maintenance of equilibrium
during human upright stance depends on not only the collecting commands from CNS,
but also the availability as well as accuracy of somatosensory igeeptive sensors

on the muscle, joint, and skin; pressure receptors), visual and vestibular inputs

(motion, equilibrium, spatial orientation) [44,46].

There are two main mechanism of CNS to maintain balance in the case of distortion
by a perturbation. Thérst one is feed forward control, which is the anticipatory
postural adjustments (APA) prior to the expected body perturbations and the second
one is feedback control, which is the compensatory postural adjustments (CPA)
initiated by the sensory feedbasignals after the perturbations [44]. The distinction

between these two strategies can be emphasized that APAs have a function of



minimizing the displacement of the bodyos

as to reduce the effects of gravitoindrtiarces prior to the expected body

C ¢

perturbations while CPAs work as a restorat

mass after a prurbation has already occurrgld. The effect of altered proprioceptive
information on CPAs is investigated and the stsidsbow that bilateral Achilles
tendon vibration affects body kinematics and CoP displacementgdd@$ection
1.6.)

1.3.2.0rientation

Multisensory (visual, vestibular, proprioceptive and cutaneous) inputs contribute to
orienting the bdy segments with respeto botheach other and the vertical gravity

vector (external world). The intended and actual body position is continuously
monitored by O6postural body schemedé t hat

body geometry to crosscheck the body orientetith respect to verticality [21].

1.3.2.1.Postural Body Scheme

APostur al body schemeo is definedysas an
configuration and dynamig¢45]. According to Gurfinkel [48], internal representation

of the body (postural body samne) deals with the body kinematics and kinetics as

well as the orientation of the body with respect to the vertical; nevertheless, it is not
primarily based on sensory informatighl tused far the perception of body position

and its orientation in spacand is also used for motor control, including reactions

directed towards maintainingebleb o dy posi ti ono.
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1.3.2.2.Reference Frame

It is suggested that postural body scheme may form a reference frame [15] which is
originated from an unconscious representatio o f t he bodyods or i
relationships with the external world and continuously used by CNS to restore the
body's balance and whel®dy orientation [44] and postural verticali§NS operates

via information that is supported by reference framehsag on the dynamics and
geonet ry of t he bobnhgs motibroraayive ® eachesensoeyreference
(i.e., the direction of gravity for vestibular cues, visual world orientation for visual
cues, and support surface orientation for propriocepiwes) [11].Moreover, the
information about the ankles organizes posture in a betfeframe of reference [28]

in particular when the body is perturbed at loeginencies [49]. MergneHlavacka,

and Schweigart[50] stated that the role of vestibular apbprioceptive inputs in
human selmotion perception in space also depends on the reference frame.

1.4.Sensory Systems

Human postural control is achieved by the integration of sensory systems that are

somatosensory, vestibular, visual, and proprioceptigstesys [21].

1.4.1.Somatosensory Systerand Light Touch

The somatosensory system is a complex system comprising of nerve cells (sensory
receptors) that is sensible and respondent to the surfaces of itself or outer of the body
that are touched, and changes titernal state of the body. Somatosensory receptors
are found in many parts of the body such as skin, skeletal muscles, bones and joints,
internal organs, and the cardiovascular system. Somatosesysbeyn is responsible

for the perception of touch, pressu pain, temperature, position, movement, and
vibration. [51,52]. The primary role of somatosensory system is to provide

somesthetic information about contact surface forces and properties such as texture



and friction and the relative configuration tie body segments [44]. Althoughe
perception of body orientation is often considered to be primarily based on vestibular
information and secondarily on somesthetic information, several authors have
challenged this view. There are studies fhr@sentghe limit of otolith contribution

in quasi static body orientati¢®]. To illustrate, it is showed that perception of upright
body orientation becomes considerably inaccurate when somesthetic information
(haptic cues) are changed (by full body water immoesiThus, it is suggested that

the somesthetic system plays a major role in estimagpnght body orientation and

the threshold of the otolith organs in detecting upright body orientation is higher than
that of the somesthetic systg@j. Moreover,Peteka [11] statedfiSomatosensory
information is a dr i \Onthgothéerhhandekaetah[2 al ance cc
showed that body sway is sensitive to the position and velocity of a somatosensory
stimulus. Additionally, Fitzpatrick and McCloskey [b3are claimed that
somatosensory inputs provide the most sensitive information for perception of small

increments othe postural sway.

Light touch is mechanically nesupportive touch effect (usually through very small
part of the body in contact withdfstationary point e.g. index fingemhis part of the

body in light contact with atable surface serves as a sengongtor probe for
controlling body position by minimizing force changes at the contact surface,
automatically stabilizes the body and ntains sway at levels far below those
adequate to stimulate the vestibular system or ankle proprioception [4]. Light contact
cues (even from just a single fingertip) provide somatosensory informatibance
postural control and diminish body sway, eventlse applied contact forces are
physically insufficient to stabilize the body [18]. It is stated that it is as effective as
visual information (sight) and vestibular information in controlling body sway during
quiet stance [54When light touch (fingertipouch) is applied during normal bipedal
stance, reduced CoP fluctuations in the (léableplane in comparison with frontal
plane) sagittal (AP) plane is reported. Furthermore, Jeka and Lackner [54] observed

that in upright stance control experimelnght touch in nevision condition is equal



or better than in available vision condition in terms of steadiness of balance detected
by CoP fluctuations. It is claimed that light contact enhances proprioceptive feedback
provided by muscle and joint receptanghe arm, trunk and lower limbs [17]ight

touch is proved as a powerful orientation reference for improved control of upright

stance in the light of many studies [18].

1.4.2.Vestibular System

The vestibular system is a complex sensory system to supplyrgentmmation

about motion, equilibrium, and spatial orientation that is responsible from maintaining
balance and spatial orientation. The vestibular system is constituted by the vestibular
apparatus which is located in each ear including the partsthobogans (the utricle

and saccul e), and three semicircular cal
utricle and saccule determine gravity (vertical orientation of the body or body
segments) and linear movement. The semicircular canals determirt@nadta
movement which are filled with a fluid called endolympph [ 55] . Vesti bul a
stimulated by head acceleration and rotation. Otolith organs are responsive to linear
acceleration including the direction of gravity and contribute a varietyflekes that

are related to body posture contf4] whereas semicircular canals perceive angular
acceleration of the head in three dimensid®§ so thatvestibular organ work as an

inertial measuring device which provides to sensersetion with respeicto the

degrees of freedom in spatkree rotational and three translational, in the absence of
external sensory cues, vision et8ynthesis of these linear and angular motion
perception is required since the signals provided by the two subsystetitk Eystem

and semicircular canal system) are not ideal, due to physical properties of the sensors
[12]. The vestibular system sends symmetrical impulses in terms of consistency of the
impulses of the right side and the left side of the vestibularrapsato the brain in

proper operation conditior9].



It is not possible to notice the functions of vestibular system by observation because
of the fact that it is not easy to perceive the information receiving from the vestibular
apparatus consciously.egtibular organ is differed from the other senses with this
property. Gravitational and inertial forces are measured by vestibular organ and
converted a signal that drives our motor system for many cases such as gaze
stabilization, balance control, adjusjihead directions with respect to gravity. These

behaviors are unconscious and automatic acfitdls

1.4.3.Vision

Vision has a significant role in balance and orientation. Visual sensory recapgors

located in eyes provides viduaformation (sight) anddrma vital sensory system of

our |lives. ASensory receptors in the retina
responsible from improved vision in low light condition (e.g. at night time), cones are

responsible from color vision, and the finer detail [ 557 . Sensory recept
impulses to the brain for providing visual cues that identify the position and orientation

of oneself relatived other objects and environmg®{. The significance of visual

information in postural control is well recoged. It is claimed that approximately

onethird of the orientation information is derived from visual inputgh§ in eyes

open quiet stancfll]. In postural control studies, visual information removal is

demonstrated to have increasing effect in bodwys Moreover, Uchiyama and

Demura documented that body sway is improving with decrease in visual acuity, and

reaching maximum in blindfolded (hgsion) conditions [56]. It is presented that

vision has an impact on postural control system as shorterarigtémcy of postural

responses [21]. The other finding is about the interaction of vision with vestibular
system: APretty nearly twenty percent of t he

the vestibular systea [ 55 .
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1.4.4.Proprioception

In daily life activities we are able to respond to the external world and react quickly

in altering circumstances thanks to the signals coming from our mobile bodies. We
owe the knowledge about position and movement of the limbs to these sensations that
allow us to maneter our way around obstacles in the dark and be able to manipulate
objects out of viewl4]. The mentioned ability of coordinated movement arises from
Apr opr i drctlee@bséncengdoprioception, controlled movements would be
impossible without coimuous visual guidance, maintenance of equilibrium is

severely impaired, and a tremor devel@py.

Scaliger was originally described the positimovement sensation as a "sense of
locomotion” in 1557. Then, the idea of a "muscle sense"” which is acaeptkd first

description of physiologic feedback mechanisms came from Bell in 18261{57].
1889,Goldscheidef74] became one of the first sciensigtho systematically quantify

the awareness of body segment positions and orientations A&5¢ited ty Gibson

[23], Goldscheides t at ed i n 1898, Alt i s known that
of the body and all of its parts relative to one another. This is an articular sense, not a
muscle sense, and the joints yield information about joint possowell as joint
rotation. o Soon after that the concept o
Sherrington in 1906 [58], who coined the
(re)ceptus (the act of receivingys cited by Proske [14], he iden&fi proprioception

as sensation of innervation and stated, |
acting as a stimulus to its own recepfbish e pr opri oceptors. o Pl

described as fAsixth sensed by Wade [59].

Kinesthesia, a term intduced by Bastian in 1880 [60], is used here to refer to
comprise two senses: the sense of limb position and the sense of movement. One of
the reasosmfor combining two sensations as one tésrthat both senses share inputs
from the same receptor, the pang endings of muscle spindles which play major role

in kinesthesia with some skin receptors providing additional information. Kinesthesia
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refers to the ability to detect, without visual input, the spatial position and/or

movement of limbs in relation ttié rest of the body [14].

1.4.4.1 Proprioception and Postural Control

Visual, vestibular, cutaneous, and muscle proprioceptive sensory systems are involved
in postural control [28]. Sensory systems are described that send inputs to CNS to
control of posture athe somatosensory system; the vestibular system; and the visual
system, and stated that somatosensory system consists of several types of receptors
such as mechanoreceptors, thermoreceptors, pain receptors, and propri¢2éptors

In this view, propriocefive sensory system is counted as a subsystem of the
somatosensory systeVith this perception, it is documented that maintenance of
upright posture is contributed by somatosensory (including proprioception) (70%),
vestibular (20%) and visual (10%nformation for healthy subjects in a w4ithhted
environmental condition with a solid base of support [Prpprioception which
continuously inform the CNS about the position of each part of the body in relation to
the others seems to have a major impact astysal control for the reason that the
representation of the body's static and dynamic geometry might be largely based on
muscle proprioceptive inputs receiving from proprioceptive receptors distributed
throughout the body [28].

1.4.4.2. Proprioceptive Receptors(Proprioceptors)

Proprioception is the cumulative neural input to CNS from specialized nerve endings
that receive and transmit afferent information about mechanical stimuli generated
within the body, especially fra the musculoskeletal framewqgrkcalled

proprioceptors (sensory units responsible for the proprioception), that are located in
the joints, capsules, ligaments, muscles, tendons and skin, and supply tissue

deformation input to the CNS along with information on shape, size, and mass of body
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segmentgo regulate muscle tension and the orientation, position, as well as velocity
of our body and limbs during movemdad].

Receptors can sense input that is generated within the organism (interoception), or
sense input that forms from external stimulatjerteroception)Proprioceptiorthat

Is the unique sense in terms of supplying internal information of the body such as the
relative position Btheanhieterdceptornamaong all semsess e g me
while the other sensors gather informatioont outside of the body and classified as

extoreceptor [10].

There are three main kinds of proprioceptors that are muscle spindle, Golgi tendon
organ, receptors in joint capsules. They supply information about kinesthesia sense
and skeletal muscle lengteense of tension in tendon, and the sense of pressure,
tension, movement at the joint, respectively [6AHditionally, emerging views
suggest that Golgi tendon organ has a contribution to proprioception through the
senses of force and heavineBsaditionally, the term proprioceptor refers to receptors
concerned with conscious sensations, and these include the kinesthetic sense (the
sense of limb position and movement), the sense of tension or force, the sense of effort,
and the sense of balandet].

1.4.4.3.Muscle Spindles

Proske and Gandevia4] suggested that proprioceptors such as muscle spindles and
tendon organs also play important roles in the unconscious, reflex control of

movements. Muscle spindles are evaluated as the principal proprioceptors.

Goodwin, McCloskey and Matthews [62] provdalr the first timethat signals from
muscle spindles provided sense of limb position and movement (kinesthetic sense).
The reason why muscle spindles are able to induce a position signal is the fact that
they are strieh reflex receptors argive information about the length of the muscles

to be used in conscious judgements of limb posifibt]. Muscle length and the
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spindle discharge is directly proportional. This relationship yields a proportional
spindle firing rag that is used by the CNS to derive information about the length of
the muscle, and therefore the position of the limb. Hence, it is ordinarily accepted that
muscle spindle afferents are mainly responsible for the sense of position and the
perception of inb movemen{24]. In addition,muscle spindles feature prominently

in the control and appreciation of body orientation, body configuration, movement
execution, and also sensomotor adaptation. Lackner and Dizid] claimed,
AMuscl e s pi n ibdtesbothtotinnbypaosition sense astvell as to perceived

body orientation relative to the upright.

In the structure of a skeletal muscle, intrafusal muscle fibers (or spindles) that are
innervated by gamma motoneurons of the spinal cord lie paratlelthe extrafusal

fibers that are innervated by the alpha motoneurons of the spinal cord and responsible
from the actual muscle contraction. The intrafusal muscle fibers comprise of sensory
receptor endings, namely primary and secondary endings, whdoertiee generates

large myelinated la afferents and the latter forms myelinated group Il afferents. While
primaries have sensitivity to both muscle length and velocity (rate of length change of
the muscle,) secondaries are sensitive to length alone [4heffore, the primary

endings of spindles are largely responsible for the illusion resulted from viljdion

1.4.4.4 Proprioception and Exercise

It is sure that whether the proprioception can really be improved by exercise is an
important and in great demanaestion to be illuminated. Ashtavliller et al. [25]
examined this question and conducted a study including some comparisons among a
gymnast whdas beertraining for 10years and a control group whoshaot trained
specifically. The outcome of the stubflects that sensory receptor density cannot be
ascended by any amount of training; however, some proprioception supportive
learnings are quite possible. In that case, one may learn (a) routinely increase to

fusimotor drive to the spindles during such lvaging trainings, (b) regularly to
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enhance the gain of spinocerebellar and dorsal celmethal lemniscal networks,
describes a sensory pathway conducting haptic impulses to the cortex, which receives
muscle spindle afference, and (c) to spend unintezcugttention to perceive related
afferent cues with higher possibility and/or enhance proprioceptive somatosensory
field in the sensory cortex. In the event of driving any or all of mentioned fatiers,
gymnast may be able more credibly to direct akbenand perceive smaller postural
changes after 10 years of training contribution. Consequentlyhabhexperienced
successful training oriented to proprioception. Like that proprioceptor density is not
an improvable property with the effect of exerci@d][ proprioceptive threshold
sensitivity is not affected by exercise. Studies demonstrate that kinaesthetic sensitivity
does not vary acroghe groups of gymnasts, negymnasts athletes, as well as non
athletes [63] which is proposed that proprioceptitieeshold sensitivity is not
diminished in gymnasts or athlet@$. Although there is no threshold low is detected,
athletes have showed ascendant standing balance control [64], faster responses to
disturbances and greater neuromuscular control [65] nmpaeoison with nofathlete
healthy subjects. It is suggested that the improved proprioceptive ability of the athletes

is the result of repetitive athletic movements [26, 66].

1.5. Sensorimotor Integration (Multisensory Fusion)

Human orthograde stance that istsined by feedback mechanisms generating an
appropriate corrective torque based on the little, continuous motions around the
vertical upright (i.e. postural sway) is a complicated control process such that the
control system is tied together by linkage$2][ between visual, vestibular,
somatosensory and proprioceptive sensory information. Because of the fact that
sensory information to contribute the postural control process is not always available
(e.g., eyes closed) or accurate.qg., compliant support wgface), postural control
system develops a strategy to form and maintain upright stance in a changeable

sensory conditions by integrating inputs from multiple sources which is called
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Asensorimotor integrationo [ 1l1lcgcontanbus, t he
the integration of multiple sensory systems.

Visual, vestibular, somatosensory and proprioceptive sensory systems supply
convergent and redundant information under normal conditions that yields flexible
control of stance. The redundant inpthat are generated by these multiple sources
are required for the resolution of perceptual ambiguities about body orientation and
motion [44]. To illustrate, a moving image can be alternatively perceived as moving
visual environment or as satiotion. CNS integrates visual information and
vestibular information to resolve this ambiguity where the latter determines linear
acceleration of the head and signalize-s®tion rather than moving visual surround.
Thus, perceptual ambiguities are resolved by narsry fusion, namely
sensorimotor integration. Consequently, the integration of sensory inputs from
multiple sources is necessary even for a simple daily activity. As cited by Jeka, Oie
and Kiemel [13], Lackner [67] has clarified the importance and thHe ob
sensorimotor integration with the perspectiv
any terrestrial circumstance involving natural movements, changes in peripheral
vestibular activity will be accompanied by changes in the activity of somatosgnsory
proprioceptive, visual and auditory receptors. Consequently, it is difficult to ferret out

a specifically vestibular contriut i on t o orientation (p. 308).0¢C

It is needed to reintegrate sensory information after each modification of the available
sensorynformation by redefining the respective contribution of the particular sources
of sensory input for regulation of the posture [7]. Sensory reweighting is a process that
CNS designates a weight to each sensory input during reintegration of sensory
information. The integration process, sensory reweighting, yields a single sensation as
an output which creates a unigue and coherent estimation to be used in postural control
system [29]. In order to form and maintain orthograde posture as sensory conditions
or parameters alter, multisensory inputs are dynamicallyeighted [44]. It is
required to increase the weight of certain sensory inputs when synchronically

diminishing the weight of others for flexible balance contirothe case of parameter
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changes (e.gamplitude) in sensory input, CNS proceeds in two ways as by re
weighting that altering sensory signal as well as byeghting other sensory signals
whose parameters are consti@jt

Vuillerme, Teasdale and Nougier [7] examined the relationship betWweeificiency
of the sensorimotor integration and exercise, and suggested that specific exercise such
as gymnastics can considerably enhance the efficiency of reweighting of the sensory

inputs as a part of sensorimotor integration.

1.6.Balance Evaluation

In postural control studies alteration of proprioception is one of the widely used
method. Tendon vibration is frequently used among the alteration of proprioception
techniques. Quantification of the postural control study is a vital necessity to compare
and comment on the results of an applied technique which is called posturography.
The most common posturographic measure is the quantificatioentdr of pressure

(CoP) changes ithe anteriotposterior (A°) direction from a single force platform

[6].

1.6.1.A Proprioception Alteration Technique: Tendon Vibration

Postural control is supported by proprioception by processing code for endpoint
position of a limb from afferent signals generated during a moveit@niAlterations

in the accuracy of proprioceptiveformation affect the postural control [1].

A number of proprioception alteration techniques hasenused in postural control
studies which are local anesthesia, cuff compression, lower legs cooling, and relatively
easyto-implement way of proprioceptioalteration technique: vibrating the muscle
tendons [1]. The tendon vibration technique has been widely used to investigate the
influence of proprioception by generating illusory limb displacement, especially

muscle spindle endings in spatial perceptioth amotor contro[2].
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In the tendon vibration technique, vibration with sufficient amplitude and frequency
is applied to a muscle or tendon which activates mainly the primary spindle endings
connected to the large la afferent fibres in order to generatiag rfate of spindle
which is commented by CNS as stretching of the corresponding muscle [68]. This
artificial comment is resulted with illusory sense of joint displacement [62, 68], and/or
contraction of the vibrated muscle (tonic vibratory reflex J6ahd/or compensatory
postural responses [69,2]. Since perceigeaprioceptive information that does not
match with the actual body positiothe body starts tilting in the direction of the
vibrated muscles, besides body sway increases [69,15]. Moretieesfians in the
proprioceptive input clearly changed muscle activation patterns and COP
displacements in spite of the presence of vision [1].

In Achilles tendon vibration, a lengthening of the calf muscles is stimulated [68].
These stimuli are perceivéyy the subject as a forward body tilt. Thus, when Achilles
tendon vibration is applied to the freely standing subjects,ackviard body
displacements seen [69,28]. This response mimics the postural correction occurred
by a natural proprioceptive stimuilah in case of a stretching of the calf muscles by a
forward sway[2]. In other words, a perceived tilt in the opposite direction of the
applied vibration is compensated by leaning in the direction of the applied vibration
[62, 28,3].

The maintenance of uight stance during external stimuli of tendon vibration is
controlled mainly by a sensory negative feedback mechanism which consists of the

inputs from visual, vestibular and ankle angle proprioceptive recei@,rt].

During Achilles tendon vibration,illusory body movement or body inclination is
manifested particularly under eyelwsed condition [69]. Vibration has strong effects

on human orthograde stance, not only because of the blurring of the receptor input,
but also t he s ulllgsergdf movement Gusediby vibsation [69, t h e
68, 28,5].
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1.6.2.A Posturographic Method: Center of Pressure (CoP) Measurement

Posturography is the techniqufeat isused to measure body sway or to quantify
postural contrbin upright stancePosturography calpe either static, measurement of
quiet erect posture of the subject, or dynamic, measurement of the response to a
disturbance applied on the subject [30]. The most common posturographic measure
used in the control of posture in quiet stance is the quattdn of center of pressure
(CoP) changes in the anterposterior (A/P) direction from a single force platform

[6].

Winter, Prince, Frank, Powell, and ZabjfK defines the center of pressure (CoP) as

a displacement measure to describe the humanrabstuay and the location of the

vertical ground reaction vector that is equal and opposite to a weighted average of all
downward (action) forces acting bet ween t
and location of these forces are under the cowtrall the muscles associated with
posture and balance. o0 I n the case of uni
net center of pressure (CoP) lays within that foot. However, in the case of bidepal
standing (both feet are in contact with the gijumet CoP lays somewhere between

the two feet as a virtual point that depends on the relative weight taken by each foot.
Thus, there are separate CoPs under each foot in bidepal standing [70,71]. The CoP
measure is quite independent of the center of niadsrather itis the net
neuromuscular response to control of the center of the mass [6]. When the subject
stands on a force plate the corrective torques and ground reaction forces originated
from the effect of gravity are defined in terms of foetoequepairs for each of the-x

y- and zaxes which are represented in terms of the frontatniigfit, LR) and the

sagittal (anterioposterior, AP) components of the centre of pressure (CoP). It is
indicated that the fluctuations in the sagittal (antepiogerior, AP) components of

the CoP are typically twice as much as of in the frontal-(igfit, LR) component

suggesting better inherent stability in the frontal plane than the sagitta[p#ne
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1.7.Scope of Thesis & hesis Statemenrd

Achilles tendon vibrdon (ATV) techniqueis an alteration method of the
proprioceptive information. This alteratian perception of gravity verticatauses
illusional informationa b o u ts ownrupright stancanditis r esul ted with on
backwardall [5]. Therefore,he maintenance of upright stance during external stimuli

of tendon vibration is controlled mainly by a sensory negative feedback mechanism
which consists of the inputs from visual, vestibular and ankle angle proprioceptive
receptorg19,44].1t is well known that forno-touchcondition, backward fall and body
sway inEO (EyesOpen visual information is availabjecondition are lower respect

to in EC (EyesClosed deprivation of visual informatigrcondition during ATV[56,

27, 16] In this thesis, it was wantdeo reveal the effects of ATV on postural responses
during upright stance at adapting to such different sensory conditions that include both
EO and EC conditions while providing bodily somatosensory information (touch
information) to the sensory negatife@dback mechanisriurthermorein this thesis,

it was also wanted to reveal the effectsddferent training environmentsn the
evaliation of bodily somatosensonyformation(touch information)during ATV. In
accordance with these purpostst, two different sports groupwere specified as
swimmers and handbadlayerswhere sedentary subjects form the control grthgn

S u b j e clysorsatosensdrs were activaigdeSection2.2 for detail).The reason

why the experiments conducted on thesatspus is thatswimmers, who train in
water, mayimprovesomeadaptive features touch infornation evaluation different

than land athletes (handball playershhis differenceas we predict, shoulde
originated froman adaptation to watenvironment.As a land animal, humans are
adaptedto the atmospheric environmenn atmospheric environmenés a fluid
material, air flows over thdboody wi t h o n esdsensednbymdilye nt s
somatosenso@nd CNS makesome relations between movement directioms air

flows sensations. On the other hand, watera idenser materiatespect toair.
Accordingly, water flows over théody causes intenser sensations respect to air.

Therefore, adaptation to the water environment may build stronger relation between
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bodily somatosensg@r systemand proprioceptive systemsespect to atmospheric

environment

To enlighten these, experiments were conducted in different sensory conditions
(environments) and adaptation differences to these conditions (envir@hment
reveaéd bythe postural sway anthe backward body tilt responses during Achilles
tendon vibratiorandits relation with the sportive background

Hypotheses of the thesis are indicated below.

1. For each groupat adapting tdhe different sensory condition$EOTC, EAC,
EOTO, ECTO which are designated at Table 2AT)V altersthe proprioceptive
information, causgillusion, increase in postural sway and tlaekward body til{fall)

response

2. For each ATV trial, independent from the sensory conditaamthe groups due
to theeffects ofadaptation / learningdnticipationto the ATV, the effect of ATV on
postural swaybehaviorand backward body til{fall) responseduring the second

vibration will decrease respecttteefirst vibration.

3. 1. Independent fronthe groups and falk, the effect of ATV on postural sway
behaviorand backward body tilt (fallyesponseat adapting tatouchopen TO)
conditionwill decreasavith respect taouchclosed(TC) condition for botleyesopen
(EO) andeyesclosed(EC) conditions(TO, TC, EO, EC are defined in detail at Section
2.2)

3. 2 For botheyesopen EO) andeyesclosed EC) conditions the maximum trends
of change irtheeffect of ATV onpostural swaypehaviorand backward body tilt (fall)
responsédetweeradaptingto different touchconditions (TO and TC conditions)ill

be observed in swimmer group.

4. 1. Independent fronthe groups and falk, the effect of ATV on postural sway
behaviorand backward body tilt (fgllresponseat adapting toeyesclosed EC)
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condition will increasewith respect teeyesopen EO) condition forbothtouchclosed
(TC) andtouchopen TO) conditions.

4. 2 As a probable result of the land trainings, somatosensory system of the foot of
handball players may become more sensitive.

I. Therdore, for touchclosed TC) condition,the minimumtrends of change
in the effect of ATV onpostural swayehaviorand backward body tilt (fall)
response between adapting to different eyes conditions (EO and EC
conditions)will be observed irthe handballplayers.

lI. Therefore, in toucitlosal (TC) conditionthe handball players demonstrate
lesspostural swaybehaviorand backward body tilt (fallyjesponsan both
visual sensory conditions (EO, EC) duriddV in comparison withthe

swimmers.

4. 3. Due to the stronger relation between bodily somatosensory system and

proprioceptive systems,

[) for touchopen [TO) condition,the minimum trends of change the effect
of ATV on postural swaybehaviorand backward body tilt (falljesponse
betweeradapting tadifferent eyesonditions (EO and EC conditionsjll be

observed irtheswimmers.

[I) in touchopen (TO) conditiomheswimmers demonstratesspostural sway
and backward body tilt (falllesponsen both visual sensory conditions (EO,

EC) duringATV in comparison withhhe handball players.

5. Athletesshow lessposturalsway and backward body tilfall) responsen all

sensory conditions duringTV in comparison witthe sedentary subjects.

6. Due to the contribution of somatosensory informatisnmore than visual
information to maintain upright posturgl1], during ATV, bodily somatosensory
informationwould contributeto thesensory negative feedback mechanismontrol

the maintenance of upright stanoere than visual information.
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1.8.Thesis Outline

In this thesis, experiments are performe@iomechanics Laboratory of Meanical
Engineering Department #/ETU and MODSKMMER wit h t he
voluntary healthy young male subjects standing on Beiffeforce platform which is

used for data collection.

Chapter 1 is an introduction that contain a brief literature review to be able to present
the historicalperspective of the field of the study and clarify the motivation of the
thesis, and alsgive general information about the mechanisms and the main concepts
of postural control, sensory systems and sensorimotor integration, posturography and
tendon vibrabn technique asa balance evaluation approacin Chapter 2,
experimental setip and experimental protocol are indicated. Also, a brief information
about participants, data collection equipment and process, and data aasdysis
covered bythesecond chager. Chapter 3 provides detailed experimental results with
brief interpretations. Discussion and conclusion part is presented ipteChé.
Bibliography, Appendiceshat is consisting of CoPvs time plotsandthe subject

informationtableare found at thend of the thesis.
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CHAPTER 2

THE EXPERIMENT

2.1.Experimental Setup

In this thesis, experiments are performed in Biomechanics Laboratoryabiavieal
Engineering Department MET U and MO DrSoked/BrgrBund reaction
forces measurement system (BertecE Force
MVN Bl OMECHE) were used to collect kinet|

2.1.1.BertecE Force Plate

From an isolated pgpective,we can say that every joint finds its mechanical balance
within self in every orientation. From an integrated approach, in human bipedal

upright posture feet are tinehole body balance controller

I n this thesis, Bert ecE piftdwasuBed oaalecte Pl a't
the data of the subjectsd postusshbwnsway b

in Figure2.1.

Figure21.Bert ec E FP4060 Force Pl ate
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It collects this kinetic data in therm of three ground reaction force signals as Fx, Fy,

Fz (components of the ground reaction forces in x,y,z axes, respectively) and three
moment signals as Mx, My, Mz (components of the moment in X,y,z axes,
respectively. Fx represents the friction foréetweerthe force plate and feet of the
subject in AP direction, while Fy is the representation of the friction force between
theforce plate and feet of the subjectMi. direction. Fz is the vertical force applied

to the force plate by the subject aheérefore, it is equal to the weight of the subject

in quiet stanceThree components of the ground reaction forces in xxes are

demonstrated iffigure2.2.

Figure2.2. Three components of the groundcegon forces in x, y, z axes (Fx, Fy, Fz) [76]

Mx and My represent the moments <created
directions, respectively where Mz is the representation of the torsional moment
applied to the force plate by the subjeiree omponents of the moments in x,y,z

axes are demonstratedkigure2.3.
It is important to give emphasis that all these described representations are valid for

guiet stance condition with no inertial forces to be considered [10].
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Figure2.3. Three components of the moments in x,y,z axes (Mx,My,Mz) [76]

21.2Mot i on Capture System (Xsens MVN Bl OME

Xsens MVN BI| OME-®HSE, costefficent systansfor ftlbdy human

motion capture system which consi®f 15 inertial sensors. The system is based on
these unique and miniature inertial sensor devices which act as inertial measurement
units and measure acceleration, angular velocity and the magnetic field #gpice.

2.4 demonstrates Xsens MVN BIOMEEH human motion captur e

inertial sensor.
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Figure24. Xsens MVN Bl OMECHE human motion capture syst

Besides the mentioned feature of acting as inertial measuremealssiXsens MVN

Bl OMECHE involves algorithms that supply est
with respect to a global fixed coordinate system by using magnetic field vector for

calibration. This orientation information can be represented or stored|bgternion,

a rotation matrix or Euler angles. Therefore, relative and absolute positions of the body

portions (foot, limbs, trunk and head) can be computed and estimated in three

di mensi onal space [10]. Xsens MVN Bl OMECHE
local coordinate axis and physiologically meaningful axis problem which is a

fundamental trouble in inertial measurement units used in human motion analysis by

using the static posture to specify the coordinates of physically meaningful axes in the

upper ad lower sensor coordinate system [77].
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2.2.Subjects and Experimental Protocol

The experiments are conducted with the participation of voluntary, healthy, young, male

university studentassubjects standing on Bertedorce platform which is used for data
collection.Age, height, weight, health conditions and sportive backgroundwiata
recorded for each subjelsefore starting experimenénd the table including subject
information is presented at Appendic&s keep thebjectsin naive statgtheywere

not informed aboupurposes of the experiment.

Three groupsof subjectswhich consists oftwo sports (handball playersné
swimmers) groups and one sedeyt@ontrol) groupare constitutedTwo different
somatosensory environment areatedvhich are vithout (TC /TouchClosed) and
with (TO/ TouchOper) bodily somatsensory cue @uch) respectivelyin each trial,
subjects wora harness in ordes give subjectsddily somatosensory cue stsnding
while 1-2% ofthe subjet 6 s we i g ht bteehamgss fixad o phe aeilihg d
To manuallyset the 12 % of weight suspensiosubjectéweights were measured by
theforce platformFigure2.5 shows a subject who worn the harnelih isfixed to
the ceilingby attaching to the top of each shouldéthe subjecstanding quiet with
weight suspension that isehiepresentation of TO (Tou€Dpen) condition for this
experiment On the other hand, TC (Tou€losed) condition is the condition where
subjects wore the harness (no taking off phase betisiaés), but in this case there is
no weight suspension effect and also, the harness is not tighter amohtoyenake

feel cutaneous sense to the subject.
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Figure2.5. Subject standing quiet in toudpen (TO) condition during experiment

In eachtrial (during whole experimentjwo vibrators werealwaysattached tdoth
Achilles tendons ofthe subjects tobreak the expectation of vibrationstimuli.
Therefore,the sensory environment that contaitiee canposition of three sensory

inputs whichare visual, haptiand proprioceptive were created.

Each group consisbf eight male subjects. Each subjstand on the force platform
in quiet stance to collecthe center of pressure data in ant@asterior coodinate
(CoPx). Eight successive trials warenductedvhere each trial lasfor 180 seconds

as ofdata recording was started

The first four trials conducted in eyagpencondition(EO) where visual information
is availableand eyeslosedcondition(EC) where visual informatiotis deprived by
voluntarily closing the eyelid$or both touchopen (TO) and touehlosed (TC)

conditions This quiet stanc€QS) part of the experimentsésnducted with the aim

of the comparison of thésual and haptic sensoeffects in theabsence (QS3nd the
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existence (PS) of ATV at adapting to different sensory conditidhe.bst four trials
were the repetition ahefirst four trials with 80 HzAchilles tendonvibration. This
vibration frequency has been demonstratedoé optimal for revealing postural
responses during quistancg3]. In thelast fourtrials, whereafteidata recording was
startedthesubject received 10 secawdbration two timesas the first ibetween 5t-
60" andthe second is betwedr2("-130" secondsMoreover, the time between the
first vibration end (69 second) and second vibration start (12@cond) is kept
constant to observe how learning / anticipation a$fpotstural sway anbackward
body tilt responses. Howevdn alter the leaning effect for the first vibratiorthere is

a random tire before the data recording wa&tarted in each vibration trigFor each
subject, trials were conducted without shuffling, applied in order of¥tigal to 8"
trial in order to maintain the fefct of condition changes constant among the subjects.
Table2.1 showseach trial with its sensory conditions.

Table2.1. QS & PS Trials

Quiet Stance (QS) Trials Perturbed Stance (PEYibration Trials
1sttrial : EOTC(EyesOpen,Touch-Close) 5" trial : EOTC(EyesOpen,Touch-Closel)
2"%trial : ECTC(EyesClosed Touch-Closal) | 6 trial : ECTC(EyesClosed TouchClose)
3trial : EOTO(EyesOpen,Touch-Open 7™M trial : EOTO(EyesOpen,Touch-Open
4" trial - ECTO (EyesCloseal, Touch-Open 8" trial : ECTO(EyesClosal, Touch-Open

2.3.Data Acquisition and Data Analysis
2.3.1.CoPx Evaluation

When the subject stands on fbece plate the corrective torques and ground reaction
forces originated from the effect of gravitseadefined in terms of forerque pairs

for each of the x y- and zaxes which are represented in terms of the frontal (left
right, LR) and the sagittal (anteriposteior, AP) components of the centof

pressure (CoP).
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In this study,n orderto interpret the postural swadehaviorsand backward body tilt
(fall) responsesf thesubjects irAP direction,CoPx dah was computed for each trial
which is thecenter of pressure data in x direction (Cof@melythe AP component
of center of pressure. Crks the negative value dhe proportion oMy to Fzas seen
in Eqn 1. Also, Eqgn. Xescribes the CoPyeBause of thiact that data wereollected
through 180 secosdvith 100 Hz for each trial, array size is 18000.

CoPx=- My(i) / Fz (i) , i= 1é 1 800 (Eqn. 1)
CoRy= Mx (i) [/ Fm00q i) , iEgn 2)eé

After CoPx calculations were don€oPx time series was divided into five time
segmentgor each PS trials. Each segment was named as éppdlable2.2. shows

each epoch with its time interval and vibratgituation.

Table2.2. EpochTime IntervalVibration relations

Epoch(e) | Time Interval (seconds] Vibration
1° 0i 50" Off
2nd 50" 60" On
3 60" 120" Off
4 120" 130" On
5 130"7 180" Off

To studypostural sway behavior arghckward body tilt (fall)response which are
originated fromthe Achilles tendonvibration experienced at the second and fourth
epocls of the last four tris, RMS (Root Mean Square) amklta (qd metrics were
calculatedfrom CoPx datarespectivelyA sample plot of CoPx vBme is shown in

Figure2.6.
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Figure2.6. A Sample Plot of CoPx vs Time

Delta(_ ) :

To evaluate the magnitude of the baekd body tilt (fall) response in vibration
periods(2™and 4"epochs)the delta values were calculated by difference between
theminimum value of the CoPx in vibration periatié minimum poirg of CoPx plot
in 2" and 4" epocts) and the averagealue of the CoPx in nowibration period (I
and 3% epochs)m andge indicatethefirst andthe second fall respectivelgee Eqn.
3, 4 & 5). Delta values are shown with negative humb&herefore,increase in the

backward body til(fall) cause highemegative delta value.

P aQHED GdE 6E D (Egn. 3)
P GOHED AQOEED (Eqgn.4)
GQOEED -B  6€0 (Eqgn.5)

Root Mean Square (RMS)

To evaluate the postural swhghaviorsin vibration period€2"@ and 4" epochs) the

RMS values of CoPx were calculatedsee Eqn. 6)

mr

YO W £ D ————, n=1000 (Eqn. 6)
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2.3.2.Statistical Analysis

In this study, for the statistical analysis, mixed type ANGWere designewvith a

significance level of 0.06yusingl BM SPSS St at iSwtistical sE soft war e.
analyses were conducted with postural samag backward body tilt (fglimetrics.

Designed ANDVAs are listed below:

1. To analyze th&S (quiet stancepostural sway behaviors in between adapting to
different sensory conditions, thew&ay mixed ANOVA was formed by two
within-subjects factors (independent variables / repeatedsures) as eyes
conditions (EO, EC) and touch conditions (TC, TO) and one betsi@gects
factoras the subject grougsedentary, swimmers, handball players).

2. To analyzethe effect of ATVon postural sway behavi@nd backward body tilt
(fall) responsdetweenadapting to different sensory conditiorntse #-way mixed
ANOVAs wereformed bythree withinrsubjecs factors(independent variables /
repeated measuneas eyes conditions (EO, E@uch conditions (TC, TOGand
epoch (29 4™ / delta (cp, g@) and one betweersubjecs factor as the subject
groups(sedentary, swimmers, handball players).

3. To analyzethe effect of ATVon postural sway behavi@nd backward body tilt
(fall) responsebetweenadapting todifferent touch conditiors for both eyes
conditions respectilg, the 3-way mixed ANOVASs were formed bywo within-
subjecs factors (independent variables / repeated measasdelich conditions
(TC, TO) and epoch 2 4" / delta(qn, gz) and one betweesubjecs factor as
the subject grougp(sedentary, swimmers, handball players

4. To analyzethe effect of ATVon postural sway behaviand backward body tilt
(fall) responsebetweenadapting todifferent eyes conditios for boh touch
conditions respectely, the3-way mixed ANOVAs were forme bytwo within-
subjecs factors (independent variables / repeated measaseyes conditions
(EO, EC) and epoch 2 4" / delta(qn, gz) and one betweesubjecs factor as

the subject groupsedentary, swimmers, handball players).
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. To analyze the effect of ATdn postural sway behavi@and backward body tilt
(fall) response between adapting to EOTC and ECTO conditiswsy mixed
ANOVA was formed by two withisubjects factors as sensory condition (EOTC
and ECTO) and epodB™, 4" / delta(ca, o) and one betweesubjecs factoras
the subject groupsedentary, swimmers, handball players

. To analyzethe effect of ATVon posturdsway behavioand backward body tilt
(fall) responsebetweenadapting todifferent touch conditios for both eyes
condition® e ac h f @y the2-waymiyectAtl©OVIAswere formed byne
within-subjecs factor (independent variables / repeated meaguas touch
conditions (TC, TO)and one betweesubjecs factor as the subject groups
(sedentary, swimmers, handball players

. To analyzethe effect of ATVon postural sway behavi@and backward body tilt
(fall) responsebetweenadapting todifferent eyes conditiors for both touch
conditionsd ehgtheB-wdymiked ANOEAS \peeedornied/byne
within-subjecs factor (independent variables / repeated meajuees eyes
conditions EC, EO) and one betweesubjecs factor as the subject groups
(sedentary, swimmers, handball players

. To analyzethe effectof adaptation learning /anticipation to the AT\on

postural sway behavi@nd backward body tilffall) responset adapting to
different sensory conditiomgspectiely, the2-way mixed ANOV Aswere

formed by one withirsubjecs factor (independent variables / repeated measures)
as epoch (2, 4" / delta(ca, q2) and one betweesubjecs factoras the subject

groups(sedentary, swimmers, handball players).

35



36



CHAPTER 3

RESULTS

3.1.Results forRMS

RMS metric gives information about postural svihavios.

3.1.1.RMS Results for QS Trials

Here, to analyze the postural swaghaviorin QS (quite stanceip between adapting
to different sensory conditions, theagy mixed ANOVA was formed by twaithin-
subjecs factors (independent variables / repeated measas eyes conditions (EO,
EC) andtouch conditions (TC, TOand one betweesubjectsfactor as the subject

groups(sedentary, swimmers, handball players).

This statistical analysisas conducted wih RMS metrics ofls, 24 39 and4™ trials
of all groupstogether Figure3.1. shows RMS data fo¥12"9, 39 and 4" trials. Tests
of within-subjects effects for-@ray mixed ANOVA for RMS data are shownTiable
3.1. Tests of betweesubjects effector 3-way mixed ANOVA for RMS data are
shown inTable3.2. Also,Table3.3. shows descriptive statistics for the RMS $f 1

2" 39 4" trials. The results ofttis analysis arstated below.
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RMS Mean (in mm)

12,0000
10,0000
8,0000
I 6 @
6,0000
>
4,0000 !

2,0000

0,0000

Handball Sedanter
Group

Error Bars: 95% CI

Error Bars: 95% CI

Swimmer

Figure3.1. RMS Data for ¥, 29, 39 & 4" Trials
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Table3.1. Tests of WithinSubjects Effects for-8vay mixed ANOVA for RMS

Tests of Within-Subjects Effects
Source F p
Eyes 6.040 | 0.023
Eyes * Group 0.568 | 0.575
Touch 0.307 | 0.585
Touch * Group 0.125| 0.883
Eyes * Touch 0.021 | 0.887
Eyes * Touch * Group | 0.720 | 0.498

Table3.2. Tests of BetweetSubjects Effects for-8vay mixed ANOVA for RMS

Tests of BetweerSubjectsEffects

Source F

p

Group 0.370

0.695
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Table3.3. Descriptive Statisticfor the RMS of ¥, 24, 39, 4" Trials

Trial | Cond. | Group Mean | S.D. N
1% EOTC | Handball | 4.8374 | 1.7743 8
Sedentary | 6.6248 | 4.8950 8
Swimmer | 45879 | 1.5955 8

Total 5.3500 | 3.1438 | 24
2nd ECTC | Handball | 55340 | 2.0510
Sedentary | 58734 | 3.6864 8
Swimmer | 55567 | 1.2536 8
Total 5.6547 | 2.4330 | 24
3 EOTO | Handball | 538260 | 2.8618 8
Sedentary | 6.7842 | 4.8039 8
Swimmer | 66004 | 3.6311 8
Total 6.4035 | 3.7025 | 24
4th ECTO | Handball 5.5750 | 1.9318 8
Sedentary | 7.5003 | 5.5495 8
Swimmer | 6.6428 | 4.3490 8
Total 6.5727 | 4.1125 | 24

[o¢]

According to the P eyes = 0.028dependent fronthe groups andouch conditios,
postural swaybehaviors at adapting to EO condition is significantly different with
respect to EC conditiohereforeduring QSjndependent frorthegroups andouch
conditions deprivationof visual information significantlyncreases the postural sway
Thisresultis also confirmed biiterature [27, 16, 17, 56].

According to the P eyes * group = 0.575; independent from touch condbetmgeen
the groupstrends of changes postural sway behavioksetweeradapting taEO and
EC conditions aresimilar. This indiates thatduring QS, independent from touch

conditions,evaluations of eyes information show similarities betwibemgroups

According to the P touch = 0.58idependent fronthe groups and eyesonditiors,

postural sway behaviors atlapting to TO contlon is similar with TC condition.

39



Therefore during QS,independent fronthegroups and eyesonditions existenceof
touch information is not significantly changes the postural sway

According to the P touch * group = 0.883; independent from eyes comglitetween
thegroups, trends of changesgaostural sway behaviolsetweeradapting torO and
TC conditions are similarThis indicates thatluring QS, independent from eyes
conditions, evaluations of touahformation show similarities betwedhe groups

According to the P eyes * touch = 0.887; independent floegroups, trend®of
changes ipostural sway behaviors between adaptinBOTO and EOTC conditions
(or between adapting EOTC and ECTC conditionsind between adapting to ECTO
and ECTC conttions (or between adapting to EOTO and ECTad¢ similar. This
indicates that independent frotime groups, evaluations of toughformation show
similaritiesin betweerEO and EC conditions.

These results indicate that during QS, independent frengroyps, postural sway
behavior changes between adapting to the different eyes conditions; however, does
not significantly change between adapting to the different touch conditions. Moreover,

evaluation of both touch and eyes information show similarities legithe groups.

3.1.2.RMS Results for PS Triak

Here, b analyze the effect of ATWn postural sway behaviar PS (perturbed stance),
which defineghevibration trials,in betweeradapting to different sensory condits,

the 4way mixed ANOVA wadormed by hree withinsubjecs factors (independent
variables / repeated measures) as eyes conditions (EO, EC), touch conditions (TC,
TO) and epoch (¥, 4" and one betweesubjectsfactor as the subject groups

(sedentay, swimmers, handball players).

This statisical analysisvas conducted with RMS metrics bt and 2¢falls of 3", 6",
7" and 8" trials of all groupstogether Figure3.2. shows RMS data fof'and 29falls
of 5", 6", 7" and &'trials. Tests of withirsubjects effects for-dvay mixed ANDVA
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for RMS data are shown ihable 3.4. Tests of betweesubjects effects for-dvay

mixed ANOVA for RMS data are shown Trable3.5. Also, descriptive statisti¢sr

the RMS of 8, 6", 7", 8" trials are shown iTable 3.6 The results ofhis analysis
arestated below

®RIMS_PECTC2
@RMS_PECTCY
50,0000 ®RMS_PECTC2
®RMS_PECTCA
® RMS_PECTO2
400000 @ RMS_PECTO4
= ® RMS_PECTO2
E ®RMS_PECTO4
c I RMS_PECTC2
‘E 30,0000 - ERMS}'EOTCA
5 I RMS_PECTC2
2 I RMS_PECTC4
» 4 * . ~ RMS_PECTO2
= 20,0000 I RMS_PEOTO4
4 L ‘ RMS_PECTO2
{ } o + | I RMS_PECTO4
T = P! 4 e
10,0000 % + T 8 ) %
0,0000
Handball Sedanter Swimmer

Group

Error Bars: 85% Cl
Error Bars: 95% Cl

Figure3.2. RMS Data for 1st & 2nd Falls &", 6", 7" and & Trials

Table3.4. Tests of WithinSubjects Effects for-fvay mixed ANOVAfor RMS

Tests of Within -Subjects Effects

Source F p

Eyes 24.166 | 0.0001
Eyes * Group 0.923 | 0.413
Touch 8.260 | 0.009
Touch * Group 0.192 | 0.827
Epoch 8.703 | 0.008
Epoch * Group 0.621 | 0.547
Eyes * Touch 0.852 | 0.366
Eyes * Touch * Group 1.607 | 0.224
Eyes * Epoch 5.707 | 0.026
Eyes * Epoch * Group 0.414 | 0.666
Touch * Epoch 2.908 | 0.103
Touch * Epoch * Group 0.010 | 0.990
Eyes * Touch * Epoch 6.457 | 0.019
Eyes * Touch * Epoch * Group| 0.111 | 0.896
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Table3.5. Tests of Betweeibubjects Effects for-vay mixed ANOVA for RMS

Tests of BetweerSubjects Effects

Source

F

P

Group

0.781

0.471

Table3.6. Descriptive Statistickor the RMS of &, 6", 7, 8" Trials

1s Fall 2nd Fall

Trial | Cond. | Group Epoch Mean S.D. Epoch Mean S.D. N
Handball 122152 | 7.1356 127216 | 45243 8
Sedentar

sh | EoTC . Y| g 231517 | 181096 | ,. | 182861 | 163878 8
Swimmer 162762 | 65692 155178 | 4.0989 8
Total 172144 | 122353 155085 | 9.9229 24
Handball 209000 | 170920 135628 | 3.8719 8
Sedentar

sh | ECTC . Y| g | 282953 | 227888 | . | 175045 | 137318 8
Swimmer 262755 | 9.8842 188078 | 10.1404 8
Total 251569 | 169371 166250 | 9.9214 24
Handball 101712 | 4391 8.8059 3.4090 8
Sedentary

2 | EOTO . ong | 103373 | 4.8504 an 87593 6.5144 8
Swimmer 110417 | 4.3934 9.6950 | 4.0488 8
Total 105168 | 4.3648 9.0867 46514 24
Handball 107171 | 4.8823 103010 | 3.0177 8
Sedentar

s | ECTO . Y| onq | 154208 | 136218 | . | 134494 | 58678 8
Swimmer 135147 | 6.8144 132830 | 6.9255 8
Total 132175 | 9.0418 123444 | 54801 24

According to the P eyes =001 independent from touch conditisrepochs anthe

groups the effect of ATV on postural sway behavieat adapting to EO cwlition is

significantly different with respect to EC conditionTherefore, during vibration,

independent from touch conditigrepochs anthe groups,existence/ deprivationof

visual informatiorsignificantly changethe postural swalehavios.

According to the P eyes group = 0413 independent from touch conditions and

epochspetweenthegroups, trends of changesthe effect of ATV on postural sway
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behavios betweenadapting todifferent eyes conditions (EO and EC)are not
significantly different.This indicates thatndependent from touch conditions and
epochsgvaluations of eyes information show similarities betwidergroups

According to the P touch =@09 independent from eyes conditgrepochs anthe
groups the effect of ATV on posturbsway behavicg at adapting to TO conditiois
significantly different with respect to TC conditionTherefore, during vibration,
independent from eyes conditigrepochs anthe groups,existence/ deprivationof

touchinformationsignificartly change the postural swapehavios.

According to the P touch group = 0827; independent from eyes conditions and
epochs, btweernthegroups, trends of changesthre effect of ATV on postural sway
behavios betweenadapting todifferent touch conditions (TO and TC) are very
similar. This ndicates thaindependent from eyes conditions and epoetaluations

of touchinformation show similarities betwedhe groups

According to the P epoch 0.008 independent fronthe groups,touch and eyes
conditiors, the effect of ATV on postural sway behavisiis significantly different
between > and 4" epochs. Thereforéndependent fronthe groups, touch and eyes
conditions, adaptation / learning / anticipation to the ATnificantly change

postural sway behavisin between ¥and 29 falls.

According to the P epoch * group = 0.54independent from touch and eyes
conditions, betweethe groups, trends of changestime effect of ATV on postural
sway behavis between 2 and 4" epochsare not significantly differem This
indicates thatndependent from touch and eyes conditidhs,effect of adaptation /
learning / anticipation to the ATWn postural sway behavioshows similarities

betweerthegroups.

According to the P eyes * touch = 0.366; independent fpmechs and the groups
trendsof changes irthe effect of ATV on postural sway behavidretweeradapting
to EOTO andEOTC conditions(or between adapting EOTC and ECTC conditions)
and between adapting to ECTO and ECTC conditfonbetween adapting to EQT
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and ECTOMpre ot significantly differentThis indicates that independent from epochs
and the groups, evaluations of touctmformation (or eyes information)show
similaritiesin betweerEO and EQconditions(or in between TO and TC conditions)

Accordirg to the P eyes * epoch = 0.026¢ependent from touch conditions athe
groups, betwee and 4" epochstrends of changes theeffect of ATV onpostural
sway behaviorbetweeradapting talifferent eyes conditions (EO and E€)nditions
aresignificantly different.This indicates thahdependent from touch conditions and
the groups, evaluations of eyes infornaat showsignificantly changein between1®
and 29falls.

According to the P touch * epoch = 0.103; independent from eyes conditiotiseand
groups, betwee and 4" epochsirends of changes theeffect of ATV onpostural
sway behaviors between adapting ddferent touch conditions (TO and TC)
conditions are nosignificantly different.This indicates that independent from eyes
condtions andthe groups, evaluations of touch information are not significantly

different in betweersand 29 falls.

According b the P group = 0,471Independent fronepochs and sensory conditions,
the effects of ATV on postural sway behaviors mot significantly different between

thegroups.
Later comparisons are insignificant.

These results indicate thddiring vibration, independent frothegroupstheeffect of
ATV on postral sway behavior charegboth at adapting tahe different sensory
conditions andadapting tahe ATV. Moreover the effect of adaptation to the ATV
and evaluation of both touch and eyes infation show similarities between the

groups.

Further topics are constituted to specify the current results with detailed analyses.
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3.1.2.1.RMS Results for Anticipation Effect

As stated in SectiorB.1.2, independent fronthe groups anddifferent sensory
conditions (trials),adaptation / learning / anticipation to the ATV significantly
changs postural sway behaviois between 1 and 29 falls. Moreover independent
from different sensory conditions (trialthe effect of adaptation / learning /
anticipation to the AT\Von postural sway behavioshows similarities betweerthe
groups.

Here, b analyze the effect of adaptatioriearning /anticipaton to the ATV on
postural sway behaviat adapting to different sensory conditigtig@ls) respectiely,
the 2way mixed ANOV/As were formed by one withisubjecs factor (independent
variables / repeated measures) as epoth4? and one betweesuljects factor as
the subject groupsedentary, swimmers, handball players)

Thesestatistical analysewereconducted with RMS metrics af* and 29 falls of 51",
6", 7" and & trials for each grouprespective). The results oftiis analyss arestate

below

3.1.21.a.RMS Results for Anticipation Effect in 5" Trial (€2 vs e3

Tests of withirsubjects effectfor 2-way mixed ANOVA for RMSof 5"trial data are
shown inTable3.7. Tests of betweesubjects effectfor 2-way mixed ANOVA for
RMS of 5"trial data are shown ifiable3.8. Also, descriptive statistider the RMS

of 5" trials are shown iffable3.9

Table3.7. Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMSof 5 Trial

Testsof Within -Subjects Effects
Source F p

Epoch 0.801| 0.381
Epoch * Group | 0.724 | 0.497
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Table3.8. Tests of Betweeiubjects Effects for-@vay mixed ANOVA for RMSof 5" Trial

Tests of BetweerSubjects Effects
Source F p
Group 1.381 0.273

Table3.9. Descriptive Statisticor the RMS of & Trial

Trial | Cond. | Fall | Epoch| Group Mean S.D. N
Handball | 122152 | 7.1356 8
Sedentary 231517 | 181096 | 8
Swimmer | 162762 | 6.5692 8
Total 172144 | 122353 | 24
Handball | 127216 | 45243 8
Sedentary 182861 | 1.3878 8
Swimmer | 155178 | 4.0989 8
Total 155085 | 99229 | 24

5h | EQOTC| 1t | 2

5" |EOTC| 2 | 4"

According to the P epoch =381; in EOTC condition (% trial), independent frorthe
groups,the effect of ATV onpostural sway behavioiis not significantly different
between > and 4" epochs. Thereforéndependent fronthe groups,adaptation /
learning / anticipation to the ATYh 5" trial doesnot significantly change postural

sway behaviors in betweeff and 29 falls (see inTable3.9).

According to the P epoch * group = 0Z9n EOTC condition (% trial), betweerthe
groups, trends of changesthe effect of ATV on postural sway behaviors betwee
24 and 4" epochs are not significantly different. This indicates thateffect of
adaptation / learning / anticipation to the ABY postural sway behavioirs 5™ trial

shows similarities betweethe groups.
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According b the P group = 0,273 EOTC condition (" trial), independent from
epochsthe effect of ATV on postural sway behavioiis not significantly different
betweerthe groups.

However, as denoted ifable 3.9, in EOTC conditionthere aresome difference
between the means thfe groups for both £ and 29 falls.

3.1.21.b. RMS Results for Anticipation Effectin 6" Trial (€2 vs e4)

Tests of withinsubjects effects for-ay mixed ANOVA for RMS of 8trial data are
shown inTable3.10. Tests of betweesubjects effects for-&ay mixed ANOVA for

RMS of 8"trial data are shown ifiable3.11. Also, descriptive statistifsr the RMS
of 6" trials are shown iTable3.12

Table3.10. Tests of WithinSubjects Effects for-vay mixed ANOVA br RMSof 6" Trial

Tests of Within-Subjects Effects
Source F p
Epoch 11.891| 0.002
Epoch * Group | 0.209 | 0.813

Table3.11 Tests of Betweetsubjects Effects for-2vay mixed ANOVA for RMSof 6" Trial

Testsof BetweenSubjects Effects
Source F p
Group 0.486 0.622
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Table3.12. Descriptive Statisticfor the RMS of & Trial

Trial | Cond. | Fall | Epoch| Group Mean S.D. N
6" | ECTC| 1t | 2" | Handball | 209000 | 170920 | 8
8
8

Sedentary 282953 | 22.7888
Swimmer | 262755 | 9.8842
Total 251569 | 169371 | 24
6" | ECTC| 2™ 4" | Handball | 135628 | 3.8719 8
Sedentary 175045 | 137318 | 8
Swimmer | 188078 | 101404 | 8
Total 166250 | 99214 | 24

According to the P egzh = 0.002in ECTC condition (8 trial), independent frorthe
groups,the effect of ATV on postural swaybehaviors issignificantly different
between > and 4" epochs. Thereforandependent fronthe groups, adaptation /
learning / anticipation to th&TV in 6™ trial significantlydecreasepostural sway in
2" fall with respect to %fall. (see inTable3.12).

According to the P epoch * group = 0.818ECTC condition (8 trial), betweerthe
groups, trends of changesthe effect of ATV on posttal sway behaviors between
2@ and 4" epochs are very similar. This indicates thae effect of adaptation /
learning / anticipation to the ATWn postural sway behavioirs 6" trial shows close

similarities betweethegroups.

According b the P group= 0,622;in ECTC condition (8 trial), independent from
epochsthe effect of ATV on postural sway behavioiis not significantly different

betweerthegroups.

As denoted iTable3.12 in ECTC condition, there are some differences between the
means othe groupsfor both B and 2 falls. Adaptation / learmig / anticipation to
the ATV dcesnot change the mean distribution tbe groupsand the inteigroup

differencesn 2™ fall.
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3.1.21.c RMS Results for Anticipation Effect in 71 Trial (e2 vs e4)

Tests of withinsubjects effects for-@ay mixed ANOVA for RMS of trial data are
shown inTable3.13. Tests of betweesubjects effects for-&ay mixed ANOVA for
RMS of #"trial data are shown ifiable3.14. Also, descriptive statistiésr the RMS
of 7" trials are shown iTable3.15

Table3.13. Tests of WithinSubjects Effects for-gvay mixed ANOVA for RMSof 7" Trial

Tests of Within-Subjects Effects
Source F p

Epoch 2.155| 0.157
Epoch * Group | 0.006 | 0.994

Table3.14. Tests of BetweeiSubjects Effects for-2vay mixed ANOVA for RMSof 7" Trial

Tests of BetweerSubjects Effects
Source F p
Group 0.118 0.889

Table3.15. Descriptive Statisticor the RMS of ¥ Trial

Trial | Cond. | Fall | Epoch| Group Mean S.D.
7 | EOTO| 1% 2 | Handball | 101712 | 4.3911
Sedentary 103373 | 4.8504
Swimmer | 110417 | 4.3934
Total 105168 | 4.3648 | 24
7" | EOTO| 2™ 4" | Handball | 8.8059 3.4090
Sedentary 8.7593 | 65144 | 8
Swimmer | 96950 | 4.0488 | 8
Total 9.0867 46514 | 24

o| o o Z

(00}
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According to the P epoch = 0.15@ EOTO condition (trial), independent frorthe
groups,the effect of ATV onpostural sway behaviors ot significantly different
between 2 and 4" epochs. Thereforéndependent fromhe groups, adaptation /
learning / anticipation to the ATVh 7\" trial doesnot significantly change postural

sway behaviors in betweeff and 29 falls (see inTable3.15).

According to the P epoch * group = 0.994EOTO condition (1 trial), betweerthe
groups, trends of changestime effect of ATV on postural sway behaviors between
24 and 4" epochs are almost the same. This indicatesthiesgffect ofadaptatn /
learning / anticipation to the ATWn postural sway behavioirs 7" trial is almostthe
samebetweerthegroups.

According b the P group = 0,889 EOTO condition (% trial), independent from
epochstheeffectof ATV on pogural sway behaviors &milar betweerthe groups.

Therefore, as denoted ifable3.15 in EOTO condition, the means thie groups are

almostthe same.

3.1.21.d. RMS Results for Anticipation Effect in 8" Trial (€2 vs e4)

Tests of withirsubjects effects for-way mixed ANO/A for RMS of 8"trial data are
shown inTable3.16. Tests of betweesubjects effects for-&ay mixed ANOVA for
RMS of 8"trial data are shown ifiable3.17. Also, descriptive statistiésr the RMS

of 8" trials are shown ifable3.18.

Table3.16. Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMS8™" Trial

Tests of Within-Subjects Effects
Source F p

Epoch 0.370 | 0.550
Epoch * Group | 0.148 | 0.864
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Table3.17. Tests of BetweeiSubjects Effects for-gvay mixed ANOVA for RMS8" Trial

Tests of BetweerSubjects Effects
Source F p
Group 0.728 0.495

Table3.18. Descriptive Statistickor the RMS of 8 Trial

Trial | Cond. | Fall | Epoch| Group Mean S.D.
gh |ECTO| 1t | 2" | Handball | 107171 | 4.8823
Sedentary 154208 | 136218
Swimmer | 135147 | 6.8144
Total 132175 | 9.0418 | 24
gh |ECTO| 2@ | 4™ | Handball | 103010 | 3.0177
Sedentary 134494 | 5.8678 8
Swimmer | 132830 | 6.9255 8
Total 123444 | 54801 | 24

o| o o Z

(o]

According to the P epoch = 0.550 ECTO condition (8 trial), independent frorthe
groups,the effect of ATV on postural sway behaviors ot significantly different
between > and 4" epochs. Thereforeindependent fronthe groups, adaptation /
learning / anticipation to the ATV in"8trial doesnot significantly change postural

sway behaviors in betweeff and 29 falls (see inTable3.18).

According to the P epoch * group = 0.8@#ECTO condition (8 trial), betweerthe
groups, trends of changesthe effect of ATV on postural sway behaviors between
2" and 4" epochs are very similar. This indicates thae effect of adaptation /
learning / anticipation to the ATWn postural say behaviorsn 8" trial shows close

similarities betweethegroups.

According b the P group = 0,49%1 ECTO condition (8 trial), independent from
epochsthe effect of ATV onpostural sway behavioiis not significantly different

betweerthegroups.
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Therefore, as denoted ifiable3.18 in ECTO condition, the means thie groups are
close to each other; however, not close as in EOTO condition.

3.1.2.2.RMS Results for TouchEffect
As stated in SectioB.1.2,

- During vibration, independent from eyes condiipepochs anthe groups,
existence / deprivation of touch information significamthangs the postural
sway behaviors

- Independent from epochs atfte groups, evaluations of touch information
show similarities in between diffent eyes conditions

- Indeendent from eyes conditions anlde groups, evaluations of touch
informationare not significantly changa between epochs.

- Independent from eyes conditions and epochs, evaluations of touch

information show similarities betweehe groups

Here, to analye the effect of ATV ormpostural sway behavidsetween adapting to
different touch conditions for both eyes conditions respectively, thay3 mixed
ANOVAs were formed by two withisubjects factors (independent variables /
repeated measures) as touch dgmas (TC, TO) and epoch 12 4" and one
betweensubjecs factor asthe subject groups (sedentary, swimmers, handball

players).

These statistical analyses were conducted with RMS metricsanfdL2 falls of 5"
and 7" trials for in EO condition aoh 1% and 29 falls of 6" and & trials for EC

conditionfor each grouprespectivelyThe results ofttese analyses astated below
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3.1.22.a RMS Results for Touch Effect in EO Condition (3" vs 7" Trials)

RMS Results for Touch Effedtetween5" & 7 Trials (15t & 2™ falls integrated
analysis)

Here, to analyze the effect of ATV qostural sway behavidretween adapting to
different touch conditions foEO condtion, the 3way mixed ANOVA wasformed

by two within-subjects factors (independerariables / repeated measures) as touch
conditions (TC, TO) and epoch'f24™ and one betweesubjecs factor ashesubject
groups (sedentary, swimmers, handball players).

This statistical analysis waenducted with RMS metrics of‘and 29 falls of 5" and
7" trials for in EO conditiorfor each grouprespectively

Figure3.3. shows RMS data fot & 2" falls of 5" and 7" trials. Tests of withia
subjects effectfor 3-way mixed ANOVA for RMSof 5" and 7" trials data are shen
in Table3.19 Tests of betweenubjects effectfor 3-way mixed ANOVA for RMS
of 5" and 7" trials data are shown iffiable 3.20 Also, descriptive statisticlr the
RMS of 1tand 2¢ falls of 5™, 7" trials are shown iTable3.21 The results oftiis

analyss arestated below

® RMS_PECTC2
@ RMS_PECTC4
® RMS_PECTO2
® RMS_PECTO4

RMS_PECTC2
I RMS_PECTC4
30,0000 I RMS_PECTO2
RMS_PECTO4

40,0000

20,0000

~thig L Ty

0,0000

RMS Mean (in mm)

Handball Sedanter Swimmer
Group

Error Bars: 95% Cl
Error Bars: 95% CI

Figure3.3. RMS Data for 1 & 2" Falls of 8" & 7™ Trials
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Table3.19. Tests of WithinSubjects Effects for-8vay mixed ANOVAfor RMS of 5" & 7™ Trials

Tests of Within-Subjects Effects
Source F p
Touch 16.947 | 0.0005
Touch* Group 2.307 | 0.124
Epoch 2.778 | 0.110
Epoch * Group 0.809 | 0.459
Touch * Epoch 0.014 | 0.909
Touch * Epoch * Group | 0.428 | 0.658

Table3.20. Tests of BetweeiSubjects Effects for-8vay mixed ANOVA for RMSof 5" & 7" Trials

Tests of BetweerSubjects Effects
Source F p
Group 0.809 0.459

Table3.21 Descriptive Statistics for RMS of$1& 2" falls of 3" & 7™ Trials

13t Fall 2" Fall
Trial | Cond. | Group | Epoch| Mean S.D. Epoch| Mean SD. N
5" | EOTC| Handball | 277 | o o0 | 5 3c61 | 2" | 127016 | 45043 | 8
Sedentary 23.1517 | 18.10966 18.2861 | 16.3878 | 8
Swimmer 16.2762 | 6.56921 155178 | 4.0989 | 8
Total 17.2144 | 12.23538 15.5085 | 9.9229 | 24
7 | EOTO| Handball | 207 | "o o 420110 | %" | ssose | 34000 | 8
Sedentary 10.3373 | 4.85043 87593 | 6.5144 | 8
Swimmer 11.0417 | 4.39343 9.6950 | 4.0488 | 8
Total 105168 | 4.36484 9.0867 | 4.6514 | 24

According to the P touch =@05; in EO conditionindependent frorepochs anthe
groupstheeffect of ATV on postural sway behavioas adapting to TO conditiof?™"

trial) is significantly different with respect to Té@ndition (5" trial). Therefore, during
vibration, independent fronrepochs anthe groups, existeceof touchinformationin

EO conditionsignificartly decreasehe postural swagseetotal mean valuem Table
3.2)).
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According to the P touch * group = 0.124 EO conditionindependent from epochs,
betweerthegroups, trends of changesheeffect of ATV onpostural sway behaviors
between adapting t6O (7" trial) and TC(5" trial) conditionsare not significantly

different This ndicates that independentom epochs, evaluations of touch

informationin EO condition are not significantly differebetweerthe groups

According to the P epoch = 0.11A EO condition independent fronthegroups and
touchconditiors, the effect of ATV on postural sway behawis is not significantly
different between @ and 4" epochs. Thereforéndependent fronthe groupsand
touch conditios, adaptation / learning / anticipation to the ATV in EO conditioes
not significantly change postural sway behaviors in betwéeantl 24 falls (As it is
known, from botts™ and 7" trials, thereis no anticipation effecbbserved irpostural

sway behavior)

According to the P epoch * group = 0.547EO condition independent from touch
conditiors, betweerthe groups, trends of @mges inthe effect of ATV on postural
sway behaviors betweer™and 4" epochs are not significantly different. This
indicates thatin EO condition independent fromtouch conditios, the effect of
adaptation / learning / anticipation to the AT postual sway behaviorshows
similarities betweerhe groups(As it is known, from botts™ and 7" trials, similar

anticipation effet on postural swalgehavioris observedetween the groups

According to the P touch * epoch = 0.908;EO condition indepadent fromthe
groups, betweeland 4" epochstrends of changes theeffect of ATV onpostural
sway behaviors between adaptingT® (7™" trial) and TC(5™ trial) conditions are
almostthe same This indicates thain EO condition independent fronthe groups,

evaluations of touch information are almtst same in betweet and 2 falls.

According b the P group = 0,45%dependent fronepochs and touch conditioribe
effect of ATV on postural sway behaviors in EO comalits is not significanlty

different betweemhe groups.

Touch * Epoch * Group comparison is insignificant.
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RMS Results for Touch Effedtetween5h & 7™ Trials (' & 2™ falls individual
analysis)

Here, b analyze the effect of ATV opostural sway behavidretween adaptingot
different touch conditiongn EO conditionfor the each fallrespectively, the -2vay
mixed ANOVAswere formed by one withisubjects factor (independent variables /
repeated measures) as touch conditions (TC, TOpaedetweersubjecs factoras
the sibject groupgsedentary, swimmers, handball players).

Thesestdistical analysewereconducted with RMS metrics oftand 29 falls of 5"
and M trials for in EO conditiorfor each grouprespectivelyTests of withinsubjects
effects for 2way mixed ANOVA for RMS of 5" and 7" trials data are shown ifiable
3.22. Tests of betweesubjects effects for-day mixed ANOVA for RMSof 5" and
7" trials data are shown ifiable3.23.Descriptive statistics fot* & 2" falls of 5" &
7" trialswere demonsated inTable3.21. aboveThe results ofttis analyss arestated

below.

Table3.22 Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMSof 5" & 7™ Trials

Tests of Within-Subjects Effects

2" epoch (St fall) | 4" epoch @ fall)
Source F p F p
Touch 10.394| 0.004 11.536 0.003
Touch* Group 2.364 0.119 0.759 0.481

Table3.23. Tests of Betweetsubjects Effects for-2vay mixed ANOVA for RMSof 5" & 7™ Trials

Tests of BetweerSubjects Effects

2" epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Group 1.129 0.342 0.383 0.687
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According to the P toucfist rany = 0.004 and P touckpnd ray = 0.003 in EO condition,
independenfrom the groups,the effect of ATV on postural sway behaviors between
adapting to TO conditio(v*" trial) andTC condition (%' trial) is significantly different
for both2"¢and4™ epochs Therefore, during vibration, independent frtmagroups,
existence otouch information in EO condition significantly decrease the postural
swayin both F'and 29falls (see inTable3.21). P touch values offland 2 falls are
almostthesame It is also stated in integrated analysisSection3.1.22.aas P touch

* epoch = 0.909independent frorthegroups, betwee™ and 4" epochd 1%tand 2¢
falls, trends of changeebweenTC (5" trial) and TO (7" trial) conditionsare almost
the sameBecausgindependent fronthe groups,adaptation / learning / anticipation
to the ATV in5" and 7" trials daesnot significantly change postural sway behaviors
in between ¥ and 2¢ falls.

Figure 3.4. demonstrates the statistical effects of anticipation and touch information

on sway behavior for EO condition.

Significantly different
5 trial — 1% fall 7 trial — 1% fall
Not significantly Mot significanthy
different different
S trial — 27 fall 7 trial — 20 fall
Significantly different

Figure3.4. Statistical effects of anticipation and touch informatonsway behavidior EO
condition
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According to the P touch * groups fary = 0.119 andP touch * groupzndfany = 0.481;

in EO condition betweenthe groups, trends of changes tine effect of ATV on
postural sway behaviors between adaptiri§@dq7™" trial) and TC(5" trial) conditions
are not significantly differertbothin 2"¢ and4™ epochg(t is alsostated in integrated
analysisof Section3.1.22.a as P touch * group = 0.124; independent from epéchs
falls, between the groupsrends of changeebween TC(5" trial) and TO (7' trial)
conditionsare not significantly differeft This ndicates that evaluations of touch
informationin EO @ndition are not significantly differemetweerthegroupsin both
1%tand 29 falls. However, ait is seenin Table3.21andFigure3.4, ssdentary group
benefits fromevaluation oftouch information more than athletegoup does and

swimmers benefitnore than handball players do.

In here, the thing worthy to notice is that in EO condjtindependent frorthegroups

belong to athletes or sedentaryconsequence of thexistenceof touch information

al |l groupso® mean and bSthdecrease artbgagne almmoét post ur al
the samgsee inTable 3.21). Decreasan S.D. values state thaxistenceof touch

information decrease 4group differencesOn the other hand, almost the same mean

and S.D. values state thaatistencef touch informationn EO condition, vanish inter

group differenceand unites them in terms of postural sway.

According b the P groupist fay= 0,342 and P grouphdrany = 0.687;independent from
touch conditionsthe effect of ATV on postural swg behaviors in EO cdditions is
not significantly different betweethe groupsin both15tand 2 falls (It is alsostated

in integrated analysisf Section3.1.22.a as P group = 0.459; independent from
epochs/ falls and touch conditionshetweenthe groups,the effect of ATV is not

significantly differenj.

Therefore, as denoted ihable 3.21, in EOTO condition, integroup postural sway
differences which areobservedn EOTC conditionarevanishedby the existenceof

touch information
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3.1.22.b.RMS Results for TouchEffect in EC Condition (6™ vs 8" Trials)

RMS Results for Touch Effedtetween6™ & 8™ Trials (1%t & 2™ falls integrated
analysis)

Here, to analyze the effect of ATV qostural sway behavidretween adapting to
different touch conditions folEC conditon, the 3way mixed ANOVA wasformed

by two within-subjects factors (independent variables / repeated measures) as touch
conditions (TC, TO) and epoch'f24™ and one betweesubjecs factor ashesubject
groups (sedentary, swimmers, handball players)

This statistical analysis w&onducted with RMS etrics of £and 29 falls of 6" and
8" trials for in ECconditionfor each grouprespectivelyFigure3.5. shows RMS data
for 15t & 2" falls of 6" and & trials. Tests of withiasubjects effects for-&ay mixed
ANOVA for RMS of 6" and &' trials data are shown ifiable3.24. Tests of between
subjects effects for-8/ay mixed ANOVA for RMSof 6" and & trials data are shown
in Table 3.25. Also, descriptive statistider the RMSof 15tand 29 falls of 6", 8"

trials are shown iffable3.26 The results ofttis analyss arestated below
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Figure3.5. RMS Data for 1 & 2" Falls of 8" & 8™ Trials
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Table3.24. Tests of WithinSubjects Effects for-8/ay mixed ANOVA for RMSof 6 & 8™ Trials

Tests of Within-Subjects Effects
Source F p
Touch 19.792 | 0.0002
Touch* Group 0.156 | 0.856
Epoch 7.218 | 0.014
Epoch * Group 0.230 | 0.797
Touch* Epoch 14.264 | 0.001
Touch * Epoch * Group | 0.084 | 0.920

Table3.25. Tests of BetweeiSubjects Effects for-8vay mixed ANOVA for RMSof 6" & 8" Trials

Tests of BetweerSubjects Effects

Source

F

P

Group

0.627

0.544

Table3.26. Descriptive Statistics fors1& 2" falls of 6" & 8™ Trials for RMS

1 Fall 27 Fall

Trial | Cond. Group | Epoch Mean S.D. Epoch Mean S.D. N

6" | ECTC)| Handball |2 | ,0 0000 | 17.0020 | %" | 135628 | 3.8719 8
Sedentary 28.2953 | 22.7888 17.5045 | 13.7318 | 8
Swimmer 26.2755 | 9.8842 18.8078 | 10.1404 | 8
Total 25.1569 | 16.9371 16.6250 | 9.9214 | 24

8" | ECTO| Handball | 2 | 2171 | 4 ggp3 4" 1 103010 | 3.0177 8
Sedentary 15.4208 | 13.6218 13.4494 | 5.8678
Swimmer 13.5147 | 6.8144 13.2830 | 6.9255 8
Total 13.2175 | 9.0418 12.3444 | 54801 | 24

According to the P touch =@02; in EC condition independent frorepochs anthe
groupstheeffect of ATV on postural sway behavioas adaptingo TO condition (8

trial) is significantly different with respect to TC conditioif'¢(8ial). Therefore, during
vibration, independent frorepochs anthe groups, existeceof touchinformation in
EC condition significantly decrease the postural sggagtotal mean valuem Table
3.26).
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Accordirg to the P touch * group = 0.856 EC condition independent from epochs,
betweerthegroups, trends of changesheeffect of ATV onpostural sway behaviors
between adapting tdO (8" trial) and TC (6™ trial) conditionsare similar. This
indicates that independent from epochs, evaluations of todicimation in EC

conditionare similarbetweerthegroups

According to the P epoch = 0.018 EC condition independent fronthegroups and
touch conditiors, the effect of ATV on postural sway behaviors wsignificantly
different between @ and 4" epochs. Thereforéndependent fronthe groups and
touch conditios, adaptation / learning anticipation to the ATV in EQondition
significantly changeposturalsway behaviors in betweeff and 29 falls (This result
originatedfrom the anticipation effecbn thepostural sway behavior ir"@rial).

Accordirg to the P epoch * group = 0.797@ EC condition independent from touch
conditions, betweethe groups,trends of changes ithe effect of ATV on postural
sway behaviors betweerf2and 4" epochs are similarThis indicates thain EC
condition independent from touctonditions, the effecof adaptation / learning
anticipation to the ATVon postural swy behaviorsshows similarities betweerthe
groups(As it is known, from bott6™ and &" trials, similar anticipation effect on

postural sway bedvior isobserved betweethe groups)

According to the P touch * epoch = 0.00ibh EC condition independentrébm the
groups, betweeland 4" epochstrends of changes theeffect of ATV onpostural
sway behaviors between adaptingT® (8" trial) and TC(6™ trial) conditions are
significantly different This indicates thatn EC condition independent fnm the
groups, evaluations of touch information aignificantly differentin betweer® and
2" falls. (This resultoriginatedfrom the anticipation effect on the postural sway
behavior in 8 trial. Anticipation in 8" trial decreases the mean and Sobpostural
sway in 29 fall with respect to 3 fall. Therefore, the trend of changebetweerg"
and 4" delta became significantlglifferent For this reason, evaluation of touch

information is actually not significantly different in betweehahd 29 falls).
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According b the P group = 0,92ihdependent frorepochs and touch conditiortbe
effect of ATV on postural sway behaviors in E@nditions isalmost the same
betweerthegroups.

Touch * Epoch * Group comparison is insignificant.

RMS Resultsfor Touch Effectbetween6™ & 8™ Trials (I & 2™ falls individual
analysis)

Here, b analyze the effect of ATV opostural sway behavidsetween adapting to
different touch conditiongn EC conditionfor the each fallrespectively, the -2vay
mixed ANOVAswere formed by one withisubjects factor (independent variables /
repeated measures) as touch condstiorC, TO) and one betwesnbjecs factor as

the subject groups (sedentary, swimmers, handball players).

Thesestaistical analyses wereonductedvith RMS netrics of £ and 29 falls of 6"
and & trials for in ECconditionfor each grouprespectivelyTests of withinsubjects
effects for 2way mixed ANOVA for RMSof 6" and & trials data are shown ifiable
3.27. Tests of betweesubjects effets for 2way mixed ANOVA for RMSof 6" and
8" trials data are shown ifiable3.28 Descriptive statistics fols' & 2" falls of 6 &
8Mtrialsare demonstrated able3.26.above The results oftiese analyses astated

below.

Table3.27. Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMSof 6" & 8™ Trials

Tests of Within-Subjects Effects

2" epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Touch 27.238 | 0.0000 | 5.282 0.032
Touch* Group | 0.148 0.864 | 0.127 0.882
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Table3.28. Tests of BetweeiSubjects Effects for-2vay mixed ANOVA for RMSof 6 & 8™ Trials

Tests of BetweerSubjects Effects

2"4 epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Group 0.468 0.633 0.874 0.432

According to the P touchst fary= 0.0000 and P touchnd fay= 0.032 in EC condition,
independent fronthe groups,the effect of ATV on postural sway behaviors between
adapting to TO conditio(8" trial) andTC condition(6™ trial) is significantly different
for both2" and4™ epochs Therefore, during vibration, independent frdvagroups,
exigence of touch information in ECondition significantly decrease the postural
sway in both 1 and 29 falls (see inTable 3.26). The difference betweeR touch
values of #and 29falls are also stated in integrated analysiSection3.1.22.b as

P touch * epoch = 0.00Independent fronthe groups, betwae2" and 4" epochs
1%tand 29 falls, trerds of change dédweenTC (6™ trial) andTO (8" trial) conditions
are significantly different Because,independent fronthe groups, adaptation /
learnirg / anticipation to the ATV in®trial significantly decreasl the postural sway

in 2" fall with regect to # fall, the significant differencan between ¥ falls of 6"

and & trials decreases with respect fofalls.

Figure 3.6. demonstrates the statistical effects of anticipation and touch information

on sway behavior for EC condition.
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Significantly different
6" trial — 1 fall 8" trial - 1 fall
Significantly Not significantly
different different
6" trial — 2™ fall 8" trial — 2™ fall
Significantly different

Figure3.6. Statistical effects of anticipation and touch informationsway behavidior EC
condition

According to the P touch * groupst rany = 0.864 and® touch * groupzndtany = 0.882;
in EC condition betweenthe groups, trends of changes tine effect of ATV on
postural sway behaviors between adapting@q8™ trial) and TC(6™ trial) conditions
are very similain both 2" and 4™ epochs(lt is alsostated in integrated analysi$
Section3.1.22bas P touch * group = 0.856; independent from epbfdils, between
the groupstrends of changeebween TC(6™ trial) and TO (8™ trial) conditionsare
very similaj). This hdicates that evaluations of toudformationin EC condition are

very simila betweerthe groupsin both15tand 2 falls.

In here, the thig worthy to notice is that in E€ndition, independent frothegroups
belong to athletes or sedentarycobnsequence of thexistenceof touch information,
al |l groups~6 medpostaral sivagScreBseDecreadenuSd. values
state that existee of touch information decrease-group differences. On the other
hand, existance of touch information in EC conditionlid not change the mean
distributions of groupsjid not changenter-group differencesdid not vanish inter
group differences andid notunites them in terms of postural swayra&O condition
(see inFigure3.5;for the both fallsthe slopedetween the groups mpaoints in6™"

trial are almosthe same ir8" trial).
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According b the P groupistfany= 0,633 and P grouphdran = 0.432;independent from
touch conditionsthe effect of ATV on postural sway behaviors in E€nditions is
not significantly different betweethe groupsin both15tand 29 falls (It is alsostated

in integrated analysis o$ection3.1.22b as P group = 0.920ndependent from
epochd falls and touch conditions, betwe#me groups,the effect of ATV isalmost

the samg

Therefore, as denoted ihable 3.26, in ECTO condition, intergroup postural sway
differenceswhich areobservedn ECTC condition arenotvanishedoy theexistence
of touch informatioras in EOTO condition.

3.1.2.3.RMS Results for EyesEffect
As stated irSection3.1.2,

- During vibration, independent from touch caiwhs, epochs anthe groups,
existence / deprivation of visual information significantly changes the postural
sway behaviors.

- Independent from epochs atlte groups, evaluations of eyes information
show similarities in between different touch conditions

- Independent from touch conditions atlie groups, evaluations of eyes
information show significantly change in between epochs

- Independent from touch conditions and epochs, evaluations of eyes

information show similarities betweehe groups

Here, to anakze the effect of ATV orpostural sway behavidretveen adapting to
different eyes conditions for both touclonditions respeactely, the 3way mixed
ANOVA wasformed by two withirsubjects factors (independent varesbl repeated
measures) as eyes coimtits (EQ EC) and epocli2nd, 4th) and one betwesnbjecs

factor aghe subject groups (sedentary, swimmers, handball players).
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This statistical analysiwvas conducted with RMS metrics of'and 29falls of 5" and
6" trials for in TCcondtion and £ and 29 falls of 2" and 8" trials for TOcondition

for each grouprespectivelyThe results oftiese analyses aséated below

3.1.23.a. RMS Results for Eyes Effecin TC Condition (5" vs 6" Trials)

RMS Results for Eyes Effedtetween5" & 6" Trials (15t & 2™ falls integrated
analysis)

Here, to analyze the effect of ATV @ostural sway behavidretveen adapting to
different eyexonditions forTC condtion, the 3way mixed ANOVA wadormed by
two within-subjects factors (independent variablesepeated measures) ages
conditions (EQEC) and epoch (¥, 4" and one betweesubjecs factor ashesubject

groups (sedentary, swimmers, handball players).

This statistical analyis was conducted with RMS metrics of‘and 29 falls of 5" and
6" trials for in TCconditionfor each grouprespectivelyFigure3.7. shows RMS data
for 13& 2" falls of 3" and @& trials. Tests of withirsubjects effects for-&ay mixed
ANOVA for RMS of 5" and & trials data are shown ifiable3.29. Tests of between
subjects effects for-@ay mixed ANOVA for RMSof 5" and & trials data are shown
in Table3.30Q Also, descriptive statistider RMS of tand 29 falls of 5", 6" trials

are shown imable3.31 The results oftiis analyss ae stated below
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N
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Error Bars: 95% Gl
Error Bars: 95% CI

Figure3.7. RMS Data for 1 & 2" Falls of 5" & 6™ Trials
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Table3.29. Tests of WithinSubjects Effects for-Bvay mixed ANOVA for RMSof 5" & 6'" Trials

Tests of Within-Subjects Effects
Source F p
Eyes 6.153 | 0.022
Eyes* Group 0.502 | 0.612
Epoch 9.461 | 0.006
Epoch * Group 0.677 | 0.519
Eyes * Epoch 5.526 | 0.029
Eyes * Epoch * Group| 0.037 | 0.964

Table3.30. Tests of BetweeiSubjects Effects for-8vay mixed ANOVA for RMS

Tests of BetweerSubjects Effects
Source F p
Group 0.878 0.430

Table3.31 Descriptive Statistics for RMS of'%& 2" falls of 5" & 6™ Trials

1 Fall 27 Fall
Trial | Cond. Group | Epoch Mean S.D. Epoch Mean S.D. N
5" | EOTC | Handball [ 2 | 1, 5105 | 71356 4" 1 127216 | 45243 8
Sedentary 23.1517 | 18.1096 18.2861 | 16.3878 | 8
Swimmer 16.2762 | 6.5692 15.5178 | 4.0989 8
Total 17.2144 | 12.2353 15.5085 | 9.9229 | 24
6" | ECTC| Handball [ 2" | ,0 0000 | 170020 | #" | 135628 | 3.8719 8
Sedentary 28.2953 | 22.7888 17.5045 | 13.7318 | 8
Swimmer 26.2755 | 9.8842 18.8078 | 10.1404 | 8
Total 25.1569 | 16.9371 16.6250 | 9.9214 | 24

Accordng to theP eyes= 0.022 in TC condition independent fronepochs andhe
groupstheeffect of ATV on postural sway behavioas adapting to EC condition{6
trial) is significantly different with respect to EO conditiorf"(&ial). Therefore,
during vibration, independent fromepochs andhe groups, deprivatiorof eyes
information in TC condition significantly increases the postural swayt@akmean

valuesin Table3.31).
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According to the P eyes * group = 0.612;TC condition independent from epochs,
betweenthegroupstrends of changes in the effect of Abvipostural sway behaviors
between adapting to EC '{@rial) and EO (¥ trial) conditionsare similar. This
indicates that independent from epochs, evaluations of iey@snation in TC

conditionshow similarities betweerthegroups

According to the P epoch = 0.006 TC condition independent fronthegroups and
eyesconditiors, theeffectof ATV on postural sway behaviorssgynificantly different
between ¥ and 4" epochs. Thereforeindependat from the groups and eyes
conditions, adaptation / learning anticipation to the ATV in TCcondtion
significantly changepostural sway behaviors in betweehahd 29 falls (This result

originatedfrom the anticipatioreffecton thepostural sway betvior in 8" trial).

According to the P epoch * group = 0.51ifi TC condition independent froneyes
conditions,between the groupsrends of changes in the effect of AToh postural
sway behaviors betweerf®2and 4" epochsare similar. This indicates hatin TC
condition independent froneyesconditiors, the effectof adaptation / learning
anticipation to the ATVon postural sway behavioshows similarities between the
groups(As it is known, from bott6™ and & trials, similar anticipation effet on

postural sway behavior @bhserveetween the groups

According to the Reyes* epoch = 0029; in TC condition independent from the
groups betweer?"and 4" epochstrends of changes in the effect of ABvipostural

sway behaviors between adaptito EC (6" trial) and EO(5™ trial) conditions are
significantly different This indicates thatn TC condition independent from the
groups evaluations of eyeisformation aresignificantly differentin betweent and

2" falls (This resultoriginated from the anticipation effect on the postural sway
behavior in & trial. As in discussed in following subtopic individual analysis, due to
the compensation of the deprivation of eyes information by the anticipation, mean and
S.D. values of 2 falls of 5" and @ trials becamelmost the sameTherefore, trend

of change in ? delta became significantly differentth respect td* delta. For this
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reason, evaluation of eyes information is actually not significantly different in between
1%tand 29falls).

According b the P group = 0,43(hdependent fronepochs and eyeonditions, the
effect of ATV on postural sway behaviors in T€onditions isnot significantly

differentbetween the groups

Eyes* Epoch * Group comparison is insignificant.

RMS Resuk for Eyes Effectbetween5™ & 6" Trials (1%t & 2™ falls individual
analysis)

Here, b analyze the effect of ATV opostural sway behavidretveen adapting to
different eyesconditionsin TC conditionfor the each fallrespectively, the -2vay
mixed ANOVAswere formed by one withisubjects factor (independent variebl
repeated measures) as eyes conditio® @) and one betweesubjecs factoras

the subject groupsedentary, swimmers, handball players).

These statistical analyses weanducted Wth RMS metrics of ¥ and 29 falls of 3"
and @ trials for in TCconditionfor each grouprespectivelyTests of withinsubjects
effectfor 2-way mixed ANOVA for RMSof 5" and @" trials data isshown inTable
3.32. Tests of betweesubjects effectfor 2-way mixed ANOVA for RMSof 5" and
6" trials data are shown ifiable3.33. Descriptive statistider the RMS of fand 2¢
falls of 8", 6" trials were shown iTable3.31. aboveThe results ofliese analyses

arestated below

Table3.32 Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMSof 5" & 6™ Trials

Tests of Within-Subjects Effects

2"d epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Eyes 8.057 0.010 0.408 0.530
Eyes* Group | 0.269 0.767 0.458 0.639
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Table3.33. Tests of BetweeiSubjects Effects for-2vay mixed ANOVA for RMSof 5 & 6™ Trials

Tests of BetweerSubjects Effects

2"4 epoch (F'fall) | 4" epoch (29 fall)
Souce F p F p
Group 0.961 0.399 0.626 0.544

According to the Reyes(st fay = 0.010 and RyeSend ray = 0.530Q in TC condition,
indepenént from the groups, the effeat ATV on postural sway behaviotsetween
adapting toEC (8" trial) and EO codition (3" trial) is significantly differentfor 2"
epoch; however, arsimilar for 4" epoch.Therefore, during vibratin independent
from the groups deprivation of eyesnformation in TC condition significantly
increasedthe postural sway in®ifall; however, did not significantly change the
postural sway 2" fall (see inTable3.31). The dfference betweeR eyesvalues of
1stand 29 falls are also stated in integrated analydiSection3.1.23.aas Peyes*
epoch = 029 independent from thgroups betwea 2" and 4" epochd 1tand 2¢
falls, trends of changedween EO @™ trial) and EC (6™ trial) conditionsare
significantly different.Becauseindependent from the groupsdaptation / learning /
anticipation to the ATV in Btrial significantly decreasethe postural sway behaviors
in 2" fall with respect to % fall, the significant differencen between 1 falls of 5"

and &" trials vanishes in betweed®alls.

Figure 3.8. demonstrates the statistical effects of anticipatibeyges information on

sway behavior for TC condition.
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Significantly different
5% trial — 1 fall 6" trial — 1° fall
Not significantly Significantly
different different
5 trial — 2™ fall 6" trial — 2™ fall
Not significantly
different

Figure3.8. Statistical effects of anticipation and eyes informatiorsway behaviolor TC condition

According to the P eyes * groyfa: fany = 0.767 andP eyes* group 2ndfaiy = 0.639;in

TC condition between the groupsends of changes in the effect of ADv postural
sway behaviors between adapting to E tf@l) and EO (8 trial) conditionsare
similar in both 2" and 4" epochs (It$ alsostated in integrated analysi$ Section
3.1.23.aas P eyes * group = 0.519; independent from epodalis, between the
groups trends of changeebveenEO (B trial) and EC (6™ trial) conditionsare
similar). This ndicates that evaluations efyesinformationin TC condition are

similar between the groups both15tand 29 falls.

In here, the thing worthy to notice is that in TC conditiodependent from the groups

belong to athletes or sedentaryconsequence of the deprivation of eiydsrmation,
all groups6 mean and S. D. Sfalalnhaeass in8.D.
values states that deprivation of eyes information increaggoup differences.
However, in TC conditionn consequence of the deprivation of eyesrimfation the
mean distributios of groupsand so intelgroup differences do not changeee in
Figure3.7; for the F'fall, the slopedetween the groups mpaoénts in5" trial are

almostthe same in6™ trial). On the other handidaptation / learninganticipation to

post L

the ATV compensated the deprivation of eyes information and so, mean and S.D.
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values of postural sway of each group A falls of 6" trial become almoghe same
with 2" falls of 5" trial. (It is stated inTable3.31)

According bthe P groupistfany = 0,399 and P grougndrany = 0.544;independent from
eyesconditions, the effeatf ATV onpostural swg behaviors in TC conditions st
significantly differentbetween the grouga both 15tand 29 falls (It is alsostated in
integrated analysis ddection3.1.23.a as P group = 0.430; independent from epochs
/ falls and eyes conditiongetween thgroups, the effeadf ATV is not significantly
different).

Therefore, as denoted Fable3.31, for the F'fall, in EOTC conditon, inter-group
postural sway differencesvhich areobservedn ECTC condition are not vanished

by the existence of eyasformationas in EOTO condition.

3.1.23.b. RMS Results for Eyes Effecin TO Condition (7" vs 8" Trials)

RMS Results for Eyes Ffct between7" & 8" Trials (1% & 2" falls integrated
analysis)

Here, to analyze the effect of ATV @ostural sway behavidretveen adapting to
different eyexonditions forTO condtion, the 3way mixed ANOVA wadormed by
two within-subjects factorqgindependent variables / repeated measurespyas
conditions (EQEC) and epoch (¥, 4" and one betweesubjecs factoras the subject

groups(sedentary, swimmers, handball players).

This statistical analyis wasconducted with RMS metrics of‘and2™ falls of 7" and
8Mtrials for in TOconditionfor each grouprespectivelyFigure3.9. shows RMS data
for 18'& 2" falls of 7" and & trials. Tests of withirsubjects effects for-&ay mixed
ANOVA for RMS of 7" and &" trials data are shown ifiable3.34. Tests of between
subjects effects for-8ay mixed ANOVA for RMSof 71" and & trials data are shown
in Table 3.35. Also, descriptive statistidfer RMS of F'and 29 falls of 7" and &

trials are shown ifTable3.36 The results of his analysis arstated below
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Figure3.9. RMS Data for 1 & 2" Falls of 7' & 8™ Trials

Table3.34. Tests of WithinSubjects Effects for-8/ay mixed ANOVA for RMSof 7" & 8™ Trials

Tests of Within-Subjects Effects
Source F p
Eyes 5.965| 0.024
Eyes* Group 0.838 | 0.447
Epoch 1.527 | 0.230
Epoch * Group 0.113 | 0.894
Eyes * Epoch 0.122 | 0.731
Eyes * Epoch * Group| 0.090 | 0.915

Table3.35. Tests of Betweetsubjects Effects for-8/ay mixed ANOVA for RMSof 7" & 8™ Trials

Tests of BetweerSubjects Effects
Source F p
Group 0.456 0.640
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Table3.36. Descriptive Statistics fors1& 2™ falls of 7" & 8™ Trials for RMS

15t Fall 2" Fall
Trial | Cond. | Group | Epoch| Mean S.D._| Epoch] Mean S N
7" | EOTO | Handball | 2™ 10,1712 | 4,3911 a 8,8059 3,4090 8
Sedentary 10,3373 | 4,8504 87593 | 6,5144 | 8
Swimmer 11,0417 | 4,3934 9.6950 | 4,0488 | 8
Total 10,5168 | 4,3648 9,0867 | 4,6514 | 24
8" | ECTO [ Handball | 207 [ oo [ 4aeos | 4" | 103010 | 30177 | 8
Sedentary 15,4208 | 13,6218 13,4494 | 58678 | 8
Swimmer 13,5147 | 6,8144 13,2830 | 6,9255 | 8
Total 13,2175 | 9,0418 12,3444 | 54801 | 24

According to the P eyes = 0.024 TO condition independent fronepochs and the
groups, the effect of AT\dn postural sway behavioas adapting to EC condition'(8
trial) is significantly different with respect to EO conditi¢" trial). Therefore,
during vibration, independent fromepochs and the groupsleprivationof eyes
information in TO condition significantly increases the postural swayt¢akmean

values inTable3.36).

According to the P eyes * group = 0.44i TO condition independent from epochs,
between the groupsends of changes in the effect of ADBvipostural sway behaviors
between adamg to EC (& trial) and EO (¥ trial) conditionsare similar. This
indicates that independent from epochs, evalostiof eyesinformation in TO

condition showsimilarities between the groups

According to the P epoch = 0.230 TO condition independent from the groupsd
eyesconditions, the effecof ATV on postural sway behdors is not significantly
different betveen 29and 4" epochs. Thereforédependent from the groupsad eyes
conditions,adaptation / learning anticipation to the ATV in TQcondition donot
significantly change postural sway behaviors in betwetartl 2¢ falls (As it is
known, from bott7" and & trials, there isno anticipation effecbbserved irpostural

sway behavior).
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Accordirg to the P epoch * group = 0.894 TO condition independent from eyes
conditions,between the groupsrends of changes in the effect of AToh postural
sway behaviors betweer®@and 4" epochs aresimilar. This indicates thain TO
condition independent from eyesonditions, the effecof adaptation / learning
anticipation to the AT\bn postural sway behaviosssimilar between the groudés

it is known, from both7" and 8" trials, similar anticipation effet on postural sway
behavior isobserveetween the groups

According to the P eyes * epoch =781, in TO condition independent from the
groups betweer2" and 4" epochsirends of changes the effect of ATVonpostural

sway behaviors between adapting&6 (8" trial) and EQ(7™ trial) conditions are
similar. This indicates thaih TO condition independent from the groupsvaluations

of eyes information arsimilar in betweertsand 2¢ falls.

According b the P group = 640, independent fronepochs and eyeonditions, the
effect of ATV on postural sway behaviors inOr'conditions issimilar between the

groups
Eyes * Epoch * Group comparison is insignificant.

RMS Results for Eyes Efé¢ between 7" & 8™ Trials (1% & 2™ falls individual
analysis)

Here, b analyze the effect of ATV opostural sway behavidretveen adapting to
different eyes conditionsn TO conditionfor the each fallrespectively, the -2vay
mixed ANOVAs were formedby one withirsubjects factor (independent variebl
repeatedneasures) as eyes conditions (EHQ) and one betweesubjecs factoras

the subject groupsedentary, swimmers, handball players).

These statistical analyses were conducted with RMS mefritsand 2 falls of 7"

and & trials for in TOconditionfor each grouprespectivelyTests of withirsubjects
effects for 2way mixed ANOVA for RMSof 71" and & trials data are shown ifiable
3.37. Tests of betweesubjects effects for-day mixed ANOVA for RMS of 7" and
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8" trials data are shown ifiable3.38. Also, descriptive statistiéfsr RMS of F'and
2" falls of 7" and 8" trials are shown iMable 3.36. aboveThe results ofhese
analyses arstated below

Table3.37. Tests of WithinSubjects Effects for-2vay mixed ANOVA for RMSof 7" & 8™ Trials

Tests of Within-Subjects Effects

24 epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Eyes 3.138 0.091 5.512 0.029
Eyes* Group | 0.744 0.487 0.456 0.640

Table3.38. Tests of Betweeisubjects Effects for-2vay mixed ANOVA for RMSof 7" & 8" Trials

Tests of BetweerSubjects Effects

2" epoch (F'fall) | 4" epoch (29 fall)
Source F p F p
Group 0.330 0.723 0.544 0.588

According to the Reyesgst fan = 0.091 and Ryes@nd fany = 0.029 in TO condition,
indepenént from the groups, the effeat ATV on postural sway behaviotsetween
adapting toEC (8" trial) and EO condition@" trial) is significantly different for &
epoch; however, amarginally significantly differenfor 2"“epoch.Therefore, during
vibration, independent from the groupsleprivation of eyes information inOr
conditionmarginally significant anagignificantly increasedhe postural sway id*
and 29 fall respectively (see ifiable3.36). The similaritybetween P eyes values of
1%tand 29 falls are also stated in integrated analydgiSection3.1.23.bas P eyes *
epoch = 0731; independent from thergups betwea 2" and 4" epochd 15tand 2¢
falls, trends of changestween EQ(7™" trial) andEC (8" trial) conditionsaresimilar.

Becauseindependent from the groupadaptation / learning / anticipation to the ATV
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in 7" and 8" trials did not gjnificantly change postural sway behaviors in betwéen 1
and 2%falls.

Figure 3.10. demonstrates the statistical effects of anticipation and eyes information
onsway behavior for TO condition.

Marginally Significant
different

7 trial — 1% fall g trial — 1** fall

Mot significantly Mot significantly

different different

7 trial — 2™ fall g trial — 2™ fall

Significantly different

Figure3.10. Statistical effects of anticipation and eyes informatorsway behavidior TO
condition

According to the P eyes * groyp: fany = 0.487 and® eyes* group @ndfaiy = 0.640;in

TO condition between the groupsends of changes in the effectAdfV on postural
sway behaviors between adapting to E &l) and EO (¥ trial) conditionsare
similar in both 2" and 4" epochs(lt is alsostated in integrated analysi$ Section
3.1.23.bas P eyes * group = 0.447; independent from epodhlls, between the
groups trends of changeebveenEO (7™ trial) and EC 8" trial) conditionsare
similar). This ndicates that evaluations of eyggormationin TO condition are

similar between the grougder both1%tand 29 falls.

In here, the thing wolnty to notice is that in TO conditiomdependent from the groups
belong to athletes or sedentairythe existence of eyes informatian)] | gr oups
and S.D. values of postural sway are almtie same. Thereforanter-group

differencesvanisted andthe groupaunited in terms of postural sway. On the other

7
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hand, in consequence of the deprivation of eyes information in TO condition, all
groupsd® mean and S.D. vafaneXfale Thupwitlst ur al swa
deprivation of eyes informatn in TO condition intergroup differencesormed and
in-groupdifferencesincreased. Howeveexistence of touch informatigoreventso

grow in-group and integroup differences as much as in TC condition.

According b the P groupstfany= 0,723 andP groupendray = 0.588;independent from
eyesconditions, the effecbf ATV on postural swg behaviors in TO conditions is
similar between the groupis both 15t and 29 falls (It is alsostated in intgrated
analysis ofSection3.1.23.b as P group 6.640; independent from epochfalls and
eyes conditiondyetween thgroups, the effearf ATV is similar).

Therefore, as denoted ihable 3.36 in EOTO condition,inter-group postural sway
differences which areobservedn ECTO condition) arevanisted by the existenceof

touch information

3.1.2.4RMS Results for TouchVs EyesEffect

Here,to compare the contributions of bodily somatosengmnych)and visualeyes)
information to the sensory negative feedback mechanism to control the maintenance
of upright stanceduring ATV, trends of change in the effect of ATon postural sway
behaviorbetweeradapting taECTO (8" trial) and ECTQ6™ trial) conditions EOTC

(5™ trial) and ECTC(6"™ trial) conditions EOTO (7™ trial) and EOTC(5™ trial)
conditions,EOTO (7™ trial) and ECTO(8" trial) conditions areanalyzed.Tests of
within-subjects effects for-&ay mixed ANOVA for RMS data are shown Trable
3.39.Also, descriptive statisticor RMS of Ftand 29falls of 5™, 6", 7" and &" trials

are shownn Table3.40. These tables were formed by the data under previous.topics
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Table3.39. Tests of WithinSubjects Effects for-8vay mixed ANOVA for RMS

Tests of Within-Subjects Effects
ANOVA Between Source F p
EOTC 6" andECTC @) | Eyes 6.153 | 0.022
ECTC 6") andECTO @) | Touch |19.792 | 0.0002
EOTO (") andECTO @") | Eyes 5.965 |0.024
EOTC 6" andEOTO(7") | Touch |16.947 | 0.0005

Table3.40. Descriptive Statistics for & 2™ falls of 3", 6", 7" & 8" Trials for RMS

15t Fall 2" Fall
Trial | Cond. | Group | Epoch Mean S.D. Epoch Mean S.D. N

sh | EOTC | Total | 2nd | 4o o14a | 122353 | 4" 15.5085 | 9.9229 | 24
6" | ECTC | Total | 2 | o5 1569 | 160371 | 4" | 16.6250 | 9.9214 | 24
7 | EoTO| Total | o | 165168 | 43648 | 4" | 90867 | 4.6514 | 24
gh | ECTO | Total | 20 | 135175 | goa18 | 4" 12.3444 | 5.4801 | 24

According to P touch = 0.0002 and P eyes = 0.022, supplying touch information
(ECTO) or visual information (EOTCHps a first sesorial informationsourceto the
sensory negative feedback mechanismhich is deprived ofvisual and touch
information (ECTC) cause a significant decreasethe postural sway. However, the
difference between P touch = 0.0002 and P eyes = QvAR@sindicates that
contribution of touch information to sensory negative feedback mechémisomtrol
postural swaypehavioris more than visdanformation (see inrable 3.40, postural
sway in & trial is lower than B trial, 6" > 5" > 8"). Moreover p =0.036 valugwhich

is obtained from 3vay mixed ANOVA was formed by two withisubjects factors as
sensory condition (EOTC and ECTO) and ep(2H, 4" and one betweesubjecs
factor as the subject grougsedentary, swimmers, handball playeiadicaes that
independent fromepochs and thgroups, the effect of ATVon postural sway
behaviorsat adapting to ECTO condition'{&rial) is significantly lower with respect
to EOTC condition (8 trial). Therefore, during vibrationpostural sway in ECTO

condition (8" trial) is significantly lower than EOTC condition "{Zrial) and so,
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contribution of touch information to sensory negative feedback mechémisomtrol
postural swayehavioris statistically significantly more than visual information

Supgying touch information (EOTO) or visual information (EOTO) as a second
sensorial informatiosourceto thesensory negative feedback mechanmamich has
either visual (EOTC) or touch (ECTO) informatjmause a significant decreasehe
postural swayP touch = 0.0005 and P eyes = 0.024, respectivasyin first sensorial
information source supplying touch information as a second sensorial information
sourcecontribute to sensomyegative feedback mechanism statistically significantly
more than visudnformation to control postural swéyehavior(see inTable3.4Q 6"

> 5" > 8" > 71 in terms of mean and S.D. values of postural sway).

As it is shownin Table 3.6, Figure 3.6 andFigure 3.8 supplying visual or touch
information as a first sensoriaformation sourceto the sensory negative feedback
mechanism did not changite mean distribution andnter-group differences
However, as it is shvan in Table3.6, Figure3.4 andFigure3.10 supplying visual or
touch information as a second sensori@blimationsourceto the sensory feedback

mechanism aggregate means, vanished-greup differences and unified them.

3.1.2.5.0verall RMS Results
This part includes the overall RMS results and their relations with hypotheses.

1. For each group, at adapting the different sensory conditions (EOTC, ECTC,
EOTO, ECTO), ATV causemcrease in postural swa¥herefore, 1 hypothesiss

confirmed.

2. Independent from the grouphie to the effeadf adaptation / learning / anticipation
to the ATV, effect of ATV on postural swaybehavior and so postural sway
significantly decreass in 2" fall with respect to % fall in 6™ trial (ECTC), however,

postural sway behavids not significantly changén between 1 and 2¢ falls of 5"
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(EOTC), 7" (EOTO) and &' (ECTO) trials. Therefore 2" hypothesis iglenied.On
the other hand, anticipation couidt resist to increase in postural sway during ATV

3. Effect of adaptation / learning / anticipation to the ADY postural sway behavior
showssimilaritiesbetween thgroupsin 5" (EOTC), 6"(ECTC), " (EOTO) and 8
(ECTO) trials

4. Independent frort™and 29falls, between thgroups, the effeaf ATV onpostural
sway behavior and so postural sway significantly differenin 5" (EOTC), é"
(ECTC)and 8 (ECTO) trialsand isalmost the samia 7" trial (EOTO). Therefore,
hypotheseg.2.1l, 4.3.1l and5 is denied.

5. For both EO and EC conditionsidependent fromist and 29 falls and the groups
the effect of ATV on postural sway behavicat adaptingto TO comlition is
significantly lower with respect to TC conditionTherefore, during vibration,
independent fromst and 29 falls and the groupsexistence of touch information in
EO and EC conditions significantly decremsine postural sway Therefore

hypothesis 3.1 isonfirmed.

6. Independent fronis and 29 falls, between the groupsrends of changes in the
effect of ATV on postural sway behavidretween adapting t6O and TCconditions
are similar for EC condition and areot significantly diffeent for EO condition.
However, as it is seen rable3.18 andrigure3.3,in EO conditionsedentary group
has the maximum trends of change. Swimmers and hangbalh yggoups @re

follow them.Therefore, hypothesis 3.2denied.

7. For both TC and T@onditions,independent from and 2¢ falls and the groups
the effect of ATV on postural sway behavioat adapting to EC culition is

significantly higherwith respect to EO conditionTherefore, during vibration,
independent from® and 29 falls ard the groupsdeprivationof eyes information in
TC and TO conditions significantly increases the postural sWarefore, hypothesis

4.1 isconfirmed.
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8. In TC condition independent from® and 29 falls, between the groupfrends of
changes in the &fct of ATV on postural sway betvior between adapting to EC and
EO conditionsaresimilar. Therefore, hypothesis 4.2.1d&nied.

9. In TO condition independent from fad| between the grouptrends of changes in
the effect of ATVon postural sway behaw between adapting to EC'{&rial) and
EO (" trial) conditionsaresimilar. Therefore, hypothesis 4.3.Idenied.

10. In TC condition,adaptation / leaing / anticipation to the AT\éompensatethe
deprivation of eyes information terms of the pstural sway behavior.

11. Contribution of touch information to sensory negative feedback mechanism

control postural swapehavior issignificantly more than visual information.

12. Supplying visual or touch information as a first sensorial informatiomee to the
sensory negative feedback mechamisnot change mean distribution and intgoup
differences. However, supplying visual or touch information as a second sensorial
information source to the sensory feedbackmetsm aggregate means, vanigbr-

group differences and unifhem

13. During QS, eyes informan significarly changs the postural swayhowever,
touch information doesot. On the other hand, during vibration, touch information

more effective than eyes information in terms @& thange ithe postural sway

3.2.Results for Delta( o)

Delta( gmetric gives information abotihe backward body til{fall) response

3.2.1.Delta ( gResults for PS Trials

Here, b analyze the effect of AT\@nthe backward body til(fall) response between

adapting to different sensory condits, the 4way mixed ANOVA wasformed by
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three withinsubjecs factors (independent variables / repeated measures) as eyes
conditions (EO, EC), tazh conditions (TC, TO) and del{en, gq2) and one between
subjectdactoras the subject grougsedentay, swimmers, handll players).

This statistical analysisvas conducted witHeltametrics of1® and 29 falls of 5", 6",

7" and & trials of all groupstogether Figure3.11. shows Delta data fof'& 2" falls

of 5", 6", 7" and & trials. Testsof within-subjects effects for-dvay mixed ANOVA
for Delta data are shown ifable3.41. Tests of betweesubjects effects for-dvay
mixed ANOVA for Delta data are shownTrable3.42. Also, descriptive statistidsr

Delta of 8", 6", 7" and & trials are shown irTable3.43 The results ofttis analysis
arestated below.

®DEL_PECTC!

@DEL_PECTCS
0.0000 @ DEL_PECTC!
®DEL_PECTC3
®DEL_PEGTO!
®DEL_PEOTO3

200000 — ! { = 1 } { ® DEL_PECTOI
1 ! o * T 4 @ DEL_PECTO3
* T ) 1 DEL_PEOTC1
: ¢ 1 DEL_PEOTC3
.
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L DEL_PECTC3
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Delta min Mean (in mm)
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-60,0000 I DEL_PECTC3
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Group

Error Bars: 95% CI
Error Bars: 95% CI

Figure3.11. Delta Data for & 2" Falls of 8", 6", 7" & 8™ Trials
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Table3.41 Tests of WithinSubjects Effects for-vay mixed ANOVA for Delta

Tests of Within-Subjects Effects

Source F p
Eyes 31.701 | 0.0000
Eyes * Group 1.931 | 0.170
Touch 11.396 | 0.003
Touch * Group 0.605 | 0.555
Delta 14.348 | 0.001
Delta* Group 0.335 | 0.719
Eyes * Touch 0.035 | 0.854
Eyes * Touch * Group 1.937 | 0.169
Eyes * Delta 0.232 | 0.635
Eyes * Delta* Group 0.787 | 0.468
Touch * Delta 0.696 | 0.413
Touch * Delta* Group 0.361 | 0.701
Eyes * Touch * Delta 5.251 | 0.032
Eyes * Touch * Delt& Group | 0.093 | 0.912

Table3.42 Tests of Betweetbubjects Effects for-fvay mixed ANOVA for Delta

Tests of BetweerSubjects Effects
Source F p
Group 0.892 0.425
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Table3.43. Descriptive Statisticfor the Delta of 8, 6", 7", 8" Trials

= Fal 2" Fall
Trial | Cond. Group Delta Mean S.D. Delta Mean S.D. N
S" | BOTC | Handvall | 1| 531657 | 120158 | 2" | -244834 | 74645 | 8
Sedentary 424139 | 249571 -380540 | 289894 | 8
Swimmer -309334 | 6.5604 -310878 | 8.7285 8
Total -321710 | 178512 -312084 | 181094 | 24
6" | ECTC| Handball [ 1% | oo o0 | 100519 | 2° | 278083 | 82648 | 8
Sedentary 462651 | 304654 -354730 | 228148 | 8
Swimmer -429192 | 167880 382279 | 152671 | 8
Total -416198 | 221390 -338364 | 164446 | 24
7 | EOTO| Handball [ 1% | o0/ [ cg7ea | 2° | 184511 | 41763 | 8
Sedentary 232607 | 103126 -180955 | 135967 | 8
Swimmer 216843 | 5.8965 -165735 | 61086 | 8
Total 224463 | 7.3409 177067 | 85803 | 24
8" | ECTO| Handball [ 1% | _ o0 | 69032 | 2° | 09585 | 52535 | s
Sedentary -286618 | 139786 294509 | 188892 | 8
Swimmer -288808 | 109506 269296 | 136625 | 8
Total -274803 | 111386 -257796 | 136760 | 24

According to the P eyes =(000; independent from touch conditmleltss and the
groups the effect of ATVonthebackward body til{fall) response at adapting to EO
condition is significantly different with respect to EC conditidmerefore, during
vibration, independent from tain conditions deltss and the groupsexistace /
deprivationof visual information significantly changes thackward body tilt(fall)

response

According to the P eyes * group = 0.170; independent from touch conditions and
deltas, between the groupgrends of changes in the effect of ATah the backward
body tilt (fall) responsébetweenadaptingto different eyes conditions (EO and EC)

are not significantly different. This indicates tledependent from touch conditions
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anddeltas, evaluations of eyesmformationare not significantly differertbetween the

groups

According to the P touch = 0.00Bidependent from eyes condit®meltas and the
groups the effect of ATVonthebackward body til{fall) response at adapting to TO
condition is significanly different with respect to TC conditio.herefore, during
vibration, independent from eyes conditigndeltes and the groupsexistace /
deprivationof touchinformation significantly changes thmmckward body tilt(fall)

response

According to the Pauch * group = 0.555; independeinfom eyes conditions and
deltes, between the groupsrends of changes in the effect of ATovi the backward
body tilt (fall) response between adaptimgdifferent touch conditions (TO and TC)
are similar. This ndicates hat independdnfrom eyes conditions and dedta

evaluations of touchnformation showsimilarities between the groups

According to the P delta 0.00% independent from the groupwuch and eyes
conditions, the effeatf ATV onthebackward body til(fall) responses significantly
different between SLand 2" deltas. Therefore,independent from the group®uch
and eyes conditionsgdaptation / learning / anticipation to the ATV significantly

changsthe backward body til(fall) response in betweds and 29 falls.

According to the P deltagroup = 0.719; independent from touch and eyes conditions,
between the grouprends of changes in the effect of Avithe backward body tilt
(fall) responsdetweents and 2" deltasare similar This indi@tes thaindependent
from touch and eyesonditions, the effeatf adaptation / learninganticipation to the

ATV onthebackward body til(fall) response shossimilaritiesbetween the groups

According to the P eyes * touch = 0.85adependent frondeltas and the groups
trends of changes in the effect of ATah the backward body tilt(fall) response
between adaptingg EOTO and EOTC conditiorfer between adapting EOTC and
ECTC conditionsand between adapting to ECTO and ECTC conditjonbetwen
adapting to EOTO and ECT@jesimilar. This indicates that independent fraeitss
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and the groupsevaluations of touchnformation (or eyes information)show

similarities inbetweerEO and EC condition®r in between TO and TC)

According to the P egs * delta= 0.635 independent from touch conditioasd the
groups between1® and 29 deltss, trends of changes in the effect of ATan the
backward body til(fall) responsdetween adaptingp different eyes conditions (EO
and EC)aresimilar. This indicates thaindependent from touch conditioasid the

groups evaluations of eyes information shewnilarity in betweerls and 2 falls.

According to the P touch * delta0.413; independent from eyes conditiamsl the
groups betweerdeltss, trendsof changes in the effect of AT¥nthebackward body
tilt (fall) response between adaptitw different touch conditions (TO and T@je
similar. This indicates that independent from eyes conditiang the groups

evaluations of toucnformation showsimilarity in between the falls

According b the P group = 0,425ndependent frondeltas and sensorgonditions,
the effectof ATV on the backward body tilt(fall) responseis not significantly

differentbetween the groups
Later comparisons are insigméint.

These results indicate that during vibratimaependent from thgroups, the effect of
ATV onthebackward body til{fall) responsehanges both at adapting to the different
sensory conditions and adapting to the ATV. Moreover, effect of adaptatithe
ATV and evaluation of both touch and eyes information show similab&gaseen the

groups

3.2.1.1.Delta ( gResults for Anticipation Effect

As stated inSection 3.2.1 independent from the groupsnd different sensory
conditions (trials), adaptation / learning / anticipation to the ATV significantly
changethe backward bodly til{fall) responsén between 3 and 29falls. Moreover,

independent from different seory conditions (trials) effeaif adaptation / learning /
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anticipation to the AT\on the backward body til(fall) responseshows similarities
between the groups

Here, b analyze the effeaif adaptation /learning /anticipation to the AT\bn the
backward body til{fall) responseat adapting to different sensory conditidtigals)
respectiely, the 2way mixed ANOVAs were formed by one withisubjecs factor
(independent variabt / repeated rasures) as del{an, g2) and one betweesubjects
factoras the subject grougsedentary, swimmers, handball players)

These statistical analyses were conducted aéttametrics of1sand 29 falls of 5,
6", 7" and & trials for each group, resptvely. The results ofltese analyses are
stated below

3.21.1.a.Delta( qgResults for Anticipation Effect in 5" Trial (oa vs o)

Tests of withirsubjects effects for-@ay mixed ANOVA for Delteof 5" trial data are
shown inTable3.44. Tests of betvesmsubjects effects for-&ay mixed ANOVA for
Deltaof 5"trial data are shown ifiable3.45. Also, descriptive statistiésr Delta of

5% trial are shown iMable3.46

Table3.44. Tests of WithinSubjectsEffects for 2way mixed ANOVA for Deltaof 5 Trial

Tests of Within-Subjects Effects
Source F p
Delta 0.298 | 0.591
Delta* Group | 0.965 | 0.397

Table3.45. Tests of BetweesSubjects Effects for-2vay mixedANOVA for Delta of 5" Trial

Tests of BetweerSubjects Effects
Source F p
Group 1.918 0.172

88



Table3.46. Descriptive Statistics for the Delta df Frial

Trial | Cond. | Fall | Delta| Group Mean S.D.
5" | EOTC| 1%t | 1% |Handball | -23 1657 | 12,9158
Sedentary -42 4139 | 24,9571
Swimmer | -30,9334 | 6,5604
Total -32,1710 | 17,8512 24
57" | EOTC| 2| 2" | Handball | -24,4834 | 7,4645
Sedentary -38,0540 | 28,9894
Swimmer | -31,0878 | 8,7285 | 8
Total -31,2084 | 18,1094 | 24

o || |Z

[o¢]

[o¢]

According to the P delta = 0.59h EOTC condition (8 trial), independent from the
groups, the effect of ATWnthebackward body til{fall) responsés similar between

1% and 2" deltas. Thereforejndependent from the groupadatation / learning /
anticipation to the ATV in 8 trial doesnot significantly changéhe backward body

tilt (fall) responsén between $and 29falls (see inTable3.46).

According to the P delta * group = @3;in EOTC condition (4 trial), betwesn the
groups trends of changes in the effect of ATah the backward body tilt(fall)
responsédetweent® and 2™ deltas are not significantly diffent. This indicates that
effectof adaptation / learning / anticipation to the Adkthebackward bodyilt (fall)

responsén 5" trial is not significantly differenbetween the groups

According b the P group = 0,172n EOTC condition (8 trial), independent from
deltas, the effect of AT\6nthebackward body til{fall) responses not significantly

different between the groups

However, as denoted ifiable3.46, in EOTC condition, there are some differences

betweerthe means of the groufisr both £ and 29 falls.
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3.21.1b. Delta( oResults for Anticipation Effect in 6™ Trial (qav s2) o

Testsof within-subjects effects for-@ay mixed ANOVA for Delteof 6" trial data are
shown inTable3.47. Tests of betweesubjects effects for-&ay mixed ANOVA for
Deltaof 6"trial data are shown ifiable3.48. Also, descriptive statistiésr Delta of

6™ trial are shown imable3.49

Table3.47. Tests of WithinSubjects Effects for-@vay mixed ANOVA for Deltaof 6" Trial

Tests of Within-Subjects Effects
Source F p
Delta 7.511| 0.012
Delta* Group | 0.385 | 0.685

Table3.48. Tests of BetweeiSubjects Effects for-gvay mixed ANOVA for Deltaof 6" Trial

Tests of BetweerSubjects Effects
Source F p
Group 0.622 0.546

Table3.49. Descriptive Statistics for the Delta df &rial.

Trial | Cond. | Fall | Delta| Group Mean S.D.
6" |ECTC| 1% | 1% |Handball | -356752 | 18,2619
Sedentary -46,2651 | 30,4654
Swimmer | -42 9192 | 16,7880
Total -41,6198 | 22,1390 | 24
6" | ECTC| 2@ | 2" | Handball | -27.8083 | 8,2648
Sedentary -354730 | 22,8148
Swimmer | -38,2279 | 15,2671| 8
Total -33,8364 | 16,4446| 24

oo |m|Z

(00}

(00}

According to the P delta = 0.01i2d ECTC condition (8 trial), independent from the
groups, the effect of AT\on the backward body til{(fall) responsas significantly
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different between 3 and 29 deltas. Thereforejndependent from the groups
adaptation / learning / anticipation to the ATV ifi Bial significantly decreased the
backward body til{fall) responsén 2" fall with respect to 3fall. (see in Tabl&.49).

According to the P delta * group = 0.686 ECTC condition (8 trial), between the
groups trends of changes in the effect of ATah the backward body tilt(fall)
responsdetweeris and2" deltas aresimilar. This indicates that effect atlaptation
/ learning / anticipation to the AT¥nthebackward body til{fall) responsén 6" trial

showsimilaritiesbetween the groups

According b the P group = 0,546n ECTC condition (8 trial), independent from
deltas, the effect of ATWnthe backward body til(fall) responsas similar between

the groups

As denoted in Tabld.49 in ECTC condition, there are some differences betwen
means of the grougsr both F'and 24 falls. Adaptaton / learning / anticig#on to
the ATV doesnot change the mean distribution of groups and the -grtaup

differences in % fall.

3.21.1.c. Ddta (q) Results for Anticipation Effectin 7" Trial (qav s2) @

Tests of withirsubjects effects for-&ay mixed ANOVA for Delteof 7"trial data are
shown in Table 3.50. Tests of betwesrbjects effects for-&ay mixed ANOVA for
Deltaof 7"trial data arelsown in Table 3.51. Also, descriptive statistios Delta of

7" trial are shown in Table 3.52

Table3.50. Tests of WithinSubjects Effects for-2vay mixed ANOVA for Delteof 7" Trial

Tests of Within-Subjects Effects
Source F p

Delta 13.624 | 0.001
Delta* Group | 0.096 | 0.909
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Table3.51 Tests of BetweeiSubjects Effects for-gvay mixed ANOVA for Deltaof 7*" Trial

Tests of BetweerSubjects Effects
Source F p
Group 0.093 0.912

Table3.52. Descriptive Statistics for the Delta df Trial.

Trial | Cond. | Fall | Delta| Group Mean S.D.
7 |EOTO| 1% | 1% |Handball | -223940| 5,8754
Sedentary -23,2607| 10,3126
Swimmer | .21 6843| 5,8965
Total -22,4463| 7,3409 | 24
7" EOTO| 2 | 2 | Handball | .18 4511| 4,1763
Sedentary -18,0955| 13,5967
Swimmer | .16,5735| 6,1086| 8
Total -17,7067| 8,5803| 24

oo |m|Z

(o]

(o]

According to the P delta = 0.00ih EOTO condition ( trial), independent from the
groups, the effect of AT\on thebackward body tili(fall) responses significantly
different between SL and 29 deltas. Thereforejndependent from the groups
adaptation / learning / anticipation to the ATV ifi ffial significantly decreasethe

backward bodly til(fall) responsén between Tand 29 falls (see inTable3.52).

According to the P delta * group = 0.908 EOTO condition (% trial), between the
groups trends of changes in the effect of ATah the backward body tilt (fall)
responsebetween1s and 2" deltasare similar. This indicatesthat the effectof
adaptation / learning / anticipation to the ATon the backward body tilt(fall)

responsén 7" trial is similar between the groups

According b the Pgroup = 0,912in EOTO condition (1 trial), independent from
deltas, the effect of ATWWnthe backward body til(fall) responsés similarbetween

the groups
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Therefore, as denoted ifable3.52, in EOTO conditionthe means of the groupse

almostthesame.

3.21.1.d. Delta (@) Results for Anticipation Effect in 8" Trial (qav s2) o

Tests of withinsubjects effects for-@ay mixed ANOVA for Delteof 8"trial data are
shown in Table 3.53. Tests of betwesribjects effects for-&ay mixed ANOVA for
Deltaof 8"trial data are shown in Table 3.54. Also, descriptive statigiicBelta of
8" trial are shown in Table 3.55

Table3.53. Tests of WithinSubjects Effects for-@vay mixed ANOVA for Delteof 8" Trial

Tests of Within-Subjects Effects
Source F p
Delta 0.432 | 0.518
Delta* Group | 0.281 | 0.758

Table3.54. Tests of Betweetsubjects Effects for-2vay mixed ANOVA for Delteof 8" Trial

Tests of BetweerSubjects Effects
Source F p
Group 0.701 0.507

Table3.55. Descriptive Statistics for the Delta df Srial.

Trial | Cond.| Fall | Delta | Group Mean S.D.
gh | ECTO | 1st | 1t [Handball | -24.8984| 8,9932
Sedetary| -28,6618| 13,9786
Swimmer | -28,8808| 10,9506
Total -27,4803| 11,1386 | 24
gh | ECTO | 2nd 1 27 | Handball | -20,9585| 5,2535
Sedentary -29,4509| 18,8892
Swimmer | -26,9296| 13,6625| 8
Total -25,7796| 13,6760 | 24

oo |o|Z

(00}

(00}
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According to the P delta 0.518 in ECTO condition (8 trial), independent from the
groups, the effect of ATn thebackward body til{fall) responsés similar between
1%t and 29 deltas. Thereforeindependent from the groupadaptation / learning /
anticipation to the AT\Min 8" trial desnot significantly change theackward bodly tilt

(fall) response in betweend' and 29 falls (see inTable3.55).

According to the P delta * group = 0.758 ECTO condition (& trial), between the
groups trends of changes in the effeaf ATV on the backward body tilt(fall)
responsebetweenl1® and 29 deltas aresimilar. This indicateghat the effectof
adaptation / learning / anticipation to the ATon the backward body tilt(fall)

responsen 8" trial shows similarities between thgroups

According b the P group = 607 in ECTO condition (8 trial), independent from
deltas, the effect of AT\@nthe backward body til(fall) responses not significantly

differentbetween the groups

Therefore, as denoted ihable3.55 in ECTOcondition,the means of the groupse

close to each other; howeventrtlose as in EOTO condition.

3.2.1.2.Delta () Results for Touch Effect
As stated irSection3.2.],

- During vibration,independent from eyes conditioreeltasand the groups
existence / depivation of touch information significantly changes the
backward body til(fall) response

- Independent from debaand the groupsevaluations of touch information
show similarities in between diffent eyes conditions

- Independent from eyes conditioaed the groups evaluations of touch
information showsimilarity in between the falls

- Independennfrom eyes conditions and deltas, evaluatétouch information

show similaritiesbetween the groups
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Here, to analyze the effect of ATV drackward body til (fall) responsebetween
adapting to different touch conditions for both eyes conditions respectivelyag 3
mixed ANOVAswere formed by two withisubjects factors (independent variables /
repeated measures) as touch conditions (TC, TOjlalalq, gq2) and one between

subjecs factoras the subject grougsedentary, swimmers, handball players).

These statisticanalyses were conducted with dattatrics of #and 29 falls of 5"
and 7" trials for in EO condition ands1and 2¢ falls of 6" ard 8" trials for EC
conditionfor each grouprespectivelyThe results oftiese analyses aseated below

3.21.2.a. Delta(cy Results for Touch Effect in EO Condition (3" vs 7" Trials)

Delta( gResults for Touch Effedietweens! & 7 Trials (15 & 2™ falls integrated
analysis)

Here, to analyze the effect of ATV aéime backward body til{fall) responsédetween
adapting to different touch conditions f&O condtion, the 3way mixed ANOVA
was formed by two withirsubjects factors (independent wdnles / repeated
measures) as touch conditions (TC, TO) dalfa(qa, gq2) and one betweesubjecs

factoras the subject grougsedentary, swimmers, handball players).

This statistical analysis was conducted with deitrics of and 29falls of 5" and

7" trials for in EO conditiorfor each grouprespectivelyFigure 3.12. shows Delta
data for # & 2"9falls of 3" and 7" trials. Tests of withirsubjects effects for-8ray
mixed ANOVA for Deltaof 5" and 7" trials data are shown in Table 3.56. Tests of
betweersubjects effects for-@ay mixedANOVA for Delta of 5" and 7" trials data
are shown in Table 3.57. Also, descriptive statistcDeltaof 5" and 7" trials are

shown in Table 3.58The results oftis analysis aretated below
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Figure3.12. Delta Data for 1 & 2"¢falls of 5" & 7™ Trials

Table3.56. Tests of WithinSubjects Effects for-8/ay mixed ANOVA for Delteof 5" & 7t Trials

Tests of Within-Subjects Effects

Table3.57. Tests of Betweetsubjects Effects for-8/ay mixed ANOVA for Deltaof 5" & 7" Trials

Source F p

Touch 19.629 | 0.0002
Touch* Group 3.168 | 0.063
Delta 10.566 | 0.004
Delta* Group 1.334 | 0.285
Touch *Delta 2.217 | 0.151
Touch * Delta* Group | 0.343 | 0.713

Tests of BetweerSubjects Effects

Source

F

p

Group

1.103

0.350
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Table3.58. Descriptive Statistics for Delta of'®& 2" falls of 5" & 7™ Trials

15 Fdl 2" Fall
Trial | Cond. | Group | Delta Mean S.D. Delta Mean S.D. N
57 | EOTC| Handball [ 5 | o oer | 100158 | 2° | -244834 | 74645 | 8
Sedentary -42,4139 | 24,9571 -38,0540 | 28,9894 | 8
Swimmer -30,9334 | 6,5604 -31,0878 | 87285 | 8
Total -32,1710 | 17,8512 -31,2084 | 18,1094 | 24
70 | BOTO | Handball | 1 | ;o000 | 5g754 | 2° | 184511 | 41763 | 8
Sedentary -23,2607 | 10,3126 -18,0955 | 13,5967 | 8
Swimmer -21,6843 | 58965 -16,5735 | 61086 | 8
Total 22,4463 | 7,3409 -17,7067 | 85803 | 24

According to the P touch 6:0002; in EO condition independent frondeltasand the
groups the effect of ATVon thebackward body til{fall) response at adapting to TO
condition (7" trial) is significantly different with respect to TC conditior"(&ial).
Therefore, during vibation, independent frondeltasand the groupsexistace of
touchinformation in EO condition significantly decrease bHaekward body til(fall)

response (see total mean value$amle3.58).

According to the P touch * group = 0.068;EO condition independent from deltas,
between the groupends of changes in the effect of Avithe backward body tilt
(fall) response between adapting®® (7" trial) and TC (5" trial) conditionsare
marginally significant different This ndicates that independe from deltas,
evaluations of toucimformationin EO condition are marginally significantly different

between the groups

According to the P delta = 0.00#h EO condition independent from the groupsd
touch conditions, the effecof ATV on thebackwad body tilt (fall) responses
significantly different between®land 29 deltas. Thereforeindependent from the
groupsand touch conditionsadaptation / learning / anticipatido the ATV in EO

conditionsignificantly changsthe backward body til{fall) response in betweer1
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and 29falls (This resulbriginated fronthe anticipation effeayn thebackward body
tilt (fall) responsén 7" trial).

According to the P delta * group = 0.286;EO condition independent from touch
conditions, between le groupstrends of changes in the effect of ATah the
backward body tilt(fall) responsebetween ¥ and 2¢ deltas are not significantly
different. This indicates tha EO condition independent from touatonditions, the
effectof adaptation / leaing / anticipation to the AT\bnthebackward bodly tiltfall)
response are not significantly differdrgtween the groug#s it is known especially
from 7" trial, similar anticipation effect othe backward body tili(fall) responsés
observedetweerthe groupsather than 8 trial).

According to the P touch * delta = 0.15h; EO condition independent from the
groups between ¥ and 29 deltas,trends of changes in the effect of ATon the
backward body til(fall) response between adaptingi® (7*" trial) and TC(5" trial)
conditions are not significantly differeniThis indicates thain EO condition
independent from the groupsvaluation of touch information isot significantly

differentin between $and 29 falls.

According b the P grap = 0,350jndependent frondeltas and toucbonditions, the
effect of ATV on thebackward body tilt(fall) responsein EO conditions is not

significantly differentbetween the groups

Touch * Delta * Group comparison is insignificant.

Delta( agResults for Touch Effedietweens! & 7™ Trials (1%t & 2" falls individual
analysis)

Here, b analyze the effect of ATV atine backward body til(fall) responsédetween
adapting to different touch conditioirs EO conditionfor each fallrespectivéy, the

2-way mixed ANOVAs were formed by one withisubjects factor (independent
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variables / repeated measures) as touch conditions (TC, TOharmbtweersubjecs

factoras the subject grougsedentary, swimmers, handball players).

These statisticainalyses were conducted with dettetrics of #and 29 falls of 5"
and Mtrials for in EO conditiorfor each grouprespectivelyTests of withinsubjects
effects for 2way mixed ANOVA for Deltaof 5" and 7" trials data are shown in Table
3.59. Test of betweersubjects effects for-&ay mixed ANOVA for Deltaof 5" and
7" trials data are shown in Table 3.@Descriptive statistics fot*! & 2" falls of 5" &
7" trials were demonstrated in Table 3.58. aboWee results oftiese analyses are
statel below

Table3.59. Tests of WithinSubjects Effects for-2vay mixed ANOVA for Delta

Tests of Within-Subjects Effects

o (15 fall) @ (2" fall)
Source F p F p
Touch 10.048 | 0.005 | 24.153| 0.0001
Touch* Group | 2.998 | 0.072| 2.175 | 0.138

Table3.60. Tests of BetweeiSubjects Effects for-fvay mixed ANOVA for Delta

Tests of BetveenSubjects Effects

o (15 fall) o (2" fall)
Source F p F p
Group 1.867 | 0.179 | 0.572| 0.573

According to the P toucfst tany = 0.005 and P touckpnd tany= 0.0001 in EO condition,
independent from thgroups, the effect of AT\bn the backward body tilt (fall)
responseetweenadapting to TO condition {7trial) and TC condition (%' trial) is
significantly different for both1® and 29 deltas Therefore, during vibration,
independent from the groupgxistence of touch information in ECQordtion

significantly decrease theckward body titfall) in both Fand 2¢falls (see inTable
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3.58. P touch values of*land 2falls are differentBecauseindependent from the
groups adaptation / learning / anticipation to the ATV iff #ial significantly
decreasethebackward body til(fall) in 2" fall with respect to %fall, thesignificant
differencein between ¥ falls of 5" and 7" trials increasewith respect to % falls.
However, it is stated in integrated analysisSection 3.2.1.2.aas P touch * delta =
0.151;independent from the grougsetweeri®and 29deltad falls, trends of change
betweenTC (5" trial) andTO (7" trial) conditionsarenot significantly different.

Figure 3.13. demonstrates the statistical ¢ffe¢ anticipation and touch information
on fall response for EO condition.

Significantly different
5t trial — 14 fall 7 trial — 1% fall
Mot significantly Significanthy
5 trial — 2™ fall T trial — 2 fall
Significantly different

Figure3.13. Statistical effects of anticipation and touch informationfall responséor EO condition

According to the P touchgroup astfany = 0.072 andP touch * grougzndtar = 0.138;
in EO condition between the grouptrends of changes in the effect of ATon the
backward bodly til(fall) response between adaptinglo (7*" trial) and TC(5" trial)
conditionsare rot significantly differenin 2" fall; however,marginally significantly
different in 1% fall. This indicates that evaluations of touafformation in EO
condition are not significantly differeftetween the grouga 2" fall; however, are
marginally sgnificantly differentbetween the groupis 1% fall (It is alsostated in

integrated analysisf Section3.2.1.2.aas P touch * group = 0.063; independent from
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deltas/ falls, between the grouptrends of changeebween TC(5" trial) andTO (7"

trial) conditionsaremarginally significantdifferenf). However, ait is seenin Table
3.58 andrigure3.12,in both of two fallssedentary group benefits froevaluation of
touchinformation more than athleteggoup does and swimmers benefibre than
handbal players do.

In here, the thing worthy to notice is that in EO conditindependent from the groups

belong to athletes or sedentary, in consequence of the existence of touch information,

al |l groupsod6 absol ut e Ibaekaward bady t (faB) .bdih val u
decrease and beme almost the same (se€Tiable3.58).The cecrease in S.D. values
statesthat existence of touch information decreasegroup differencesOn the other

hand, almost the same mean and S.D. values state that existeswehdhformation

in EO condition, vanish integroup differences and unites them in termstha

backward body til{fall) response

According b the P groupistfany= 0,179 and P grouphdran = 0.573;independent from
touchconditions, the effectf)ATV on thebackward body tili(fall) response in EO
conditions is not significantly differetitetween the groups both15tand 29 falls (It

is also stated in integrated analysis &ection 3.2.1.2.a as P group = 0.350;
independent from deltddalls and touch conditionfetween thgroups, the effeatf

ATV is not significantly different

Therefore, as denoted ifiable3.58 in EOTO condition, integroupbackward body
tilt (fall) differences which are observedth EOTC condition are vanishedby the

existence ofouch information

3.2.12.b. Delta () Results for Touch Effectin EC Condition (6" vs 8" Trials)

Delta( agResults for Touch Effedietween6” & 8" Trials (%' & 2" falls integrated
analysis)
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Here, to analyze the effect of ATV olne backward bodly til{fall) responsédetween
adapting to different touch conditions f&C condtion, the 3way mixed ANOVA
was formed by two withirsubjects factors (independent variables / repeated
measures) as touch conditions (TC, TO) dalta(q, g2) and one betweesubjecs

factoras the subject grougsedentary, swimmers, handball players).

This statistical analysis was conducted with deitdrics of #and 29 falls of 6" and

8" trials for in ECconditionfor each grouprespectivelyFigure 3.14. shows Delta
data for # & 2" falls of 6" and &" trials. Tests of withinsubjects effects for-&ay
mixed ANOVA for Deltaof 6" and & trials data are shown in Table 3.61. Tests of
betweersubjects effects for-@ay mixed ANOVAfor Deltaof 6" and & trials data
are shown in Table 3.62. Also, descriptive statidicsDeltaof 6" and 8" trials are
shown in Table 3.63 he results ofttis analysis arstated below

Figure3.14. Delta Data for & 2" falls of 6" & 8™ Trials
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