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ABSTRACT

Kose, 1.T. (2022). Effects of sleep quality and daytime sleepiness on postural control
in healthy young adults. Yeditepe University, Institute of Health Sciences,
Department of Physiotherapy and Rehabilitation, MSc Thesis, Istanbul.

The aim of this study is to investigate the effects of sleep quality and daytime sleepiness on
postural control in healthy young adults. 62 healthy young adults (age: 22.60+3.63, F/M
39/23) between the ages of 18-35 were included in the study. After collecting demographic
data from the volunteers participating in the study, they were asked to fill out the
Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS). According to
the scores obtained from the scales, the participants were divided into two groups as the
control group (PSQI<S, ESS<10) and the evaluation group (PSQI>5, ESS>10). Then,
dynamic balance assessments of the participants were made via the Prokin PK200. Balance
measurements were performed with eyes open in three different ways: bipedal, on the right
foot, and on the left foot. At the end of the measurements, Perimeter Length, Area Gap
Percentage, Medium Speed, Medium equilibrium center-AP, and Medium equilibrium
center-ML data were obtained. Statistical analysis of the data was made using IBM SPSS
Statistics Ver. 23, the results of the analysis were given as arithmetic mean, standard
deviation, and frequency distribution, and Independent Groups T-test and Mann Whitney-
U test were used in the analysis. Spearman Correlation Analysis was used for the
correlation analysis between sleep quality and dynamic balance data. As a result of the
statistical analysis, statistically significant differences were observed between the two
groups in the values of the perimeter length assessed on the right foot, medium speed
assessed on the right foot, and area gap percentage assessed on the left foot (p<0.05).
When the correlation analysis was examined, there were positive weak correlations
between PSQI and perimeter length assessed on the right foot (r=.269, p=.034), medium
speed assessed on the right foot (r=.273, p=.032), and a negative weak correlation between
PSQI and area gap percentage assessed on left foot (r=-.255, p=.046).

Key words: sleep quality, daytime sleepiness, postural control, PSQI, ESS
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OZET (Turkish)

Kose, I.T. (2022). Saghkh genc yetiskinlerde uyku kalitesi ve giindiiz uykululugunun
postiiral kontrol iizerine etkileri. Yeditepe Universitesi, Saghk Bilimleri Enstitiisii,
Fizyoterapi ve Rehabilitasyon Béliimii, Yiiksek Lisans Tezi, Istanbul.
Bu c¢alismanin amaci1 saglikli gen¢ yetiskinlerde gece uyku kalitesi ve giindiiz
uykululugunun postiiral kontrol {izerine etkilerini aragtirmaktir. Calismaya 18-35 yas
araliginda 62 saglikli geng yetiskin (yas: 22,60+3,63, K/E 39/23) dahil edilmistir.
Calismaya katilan goniillillerden demografik verileri toplandiktan sonra Pittsburgh Uyku
Kalitesi Indeksi (PUKI) ve Epworth Uykululuk Olgegi (EUO) ni doldurmalar1 istenmistir.
Olgeklerden elde edilen puanlara gore katilimeilar kontrol grubu (PUKI<5, EUO<10) ve
dl¢iim grubu (PUKI>5, EUO>10) olarak iki gruba ayrilmislardir. Daha sonra katilimcilarim
Prokin PK200 cihazi kullanilarak dinamik denge dl¢iimleri yapilmistir. Denge Olgiimleri
bipedal, sag ayak ilizerinde ve sol ayak iizerinde olmak iizere ii¢ farkli sekilde gozler acik
olarak gergeklestirilmistir. Olgiimlerin sonunda g¢evre uzunlugu, alan bosluk yiizdesi,
ortalama hiz, antero-posterior ortalama denge ve medyo-lateral ortalama denge verileri
elde edilmistir. Verilerin istatistiksel analizi IBM SPSS Statistics Ver. 23 kullanilarak
yapilmis, analiz sonucu aritmetik ortalama, standart sapma, frekans dagilimi olarak
verilmis ve analizde Bagimsiz Gruplar T-testi, Mann Whitney-U testi kullanilmigtir. Uyku
kalitesi ve dinamik denge verileri arasindaki korelasyon analizi igin Spearman Korelasyon
Analizi kullanilmistir. Istatistik inceleme sonucu sag ayak iizerinde olgiilen cevre
uzunlugu, sag ayak iizerinde 6lgiilen ortalama hiz ve sol ayak iizerinde 6l¢iilen alan bosluk
yiizdesi degerlerinde iki grup arasi istatiksel olarak anlamli farklar gozlenmistir (p<0.05).
Korelasyon analizi incelendiginde PUKI ile sag ayak iizerinde 6lgiilen ¢evre uzunlugu
arasinda istatistiksel olarak anlamli pozitif yonlii (r=.269, p<0.05); PUKI ile sag ayak
tizerinde Olgiilen ortalama hiz arasinda istatistiksel olarak anlamli pozitif yonli (r=.273,
p<0.05); PUKI ile sol ayak iizerinde &lgiilen alan bosluk yiizdesi (r=-.255, p<0.05)

arasinda istatistiksel olarak anlamli negatif yonlii korelasyon tespit edilmistir.

Anahtar Kelimeler: uyku kalitesi, giindiiz uykululugu, postiiral kontrol, PUKI, EUO
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1. INTRODUCTION AND PURPOSE

Newton’s first law states that “an object at rest remains at rest, or if it is in motion,
remains in motion at a constant velocity unless it experiences a net external force” (1). In
terms of mechanics, this defines the balance (or equilibrium) (2). In a static position,
balance is determined by the center of gravity and base of support (BOS) (2). To be
balanced, an object’s gravity line must fall within the object’s BOS; displacement of the
line means the object is unbalanced (2). These principles are also applicable to the balance
of humans (2).

Postural control is the control of body segments and positions in static or dynamic
situations for balance, orientation, and locomotion (3, 4). In other words, it is the body’s
ability to master its position and movements (5). Maintaining balance is one of the
fundamental tasks of the human postural control system (6). For humans, balance is one’s
ability to stand upright and move without disequilibrium or falling (6). Whether it is static
or dynamic, balance is essential for performing most daily activities (7). To maintain
postural control and balance, an individual gets various data from the visual system, the
vestibular system, the proprioceptive system (8). The information collected is then
processed in the central nervous system, and a motor command is sent to the

musculoskeletal system (8).

In a situation where the equilibrium of the body is disturbed, the postural control
strategies come into play. These strategies may be either reactive or predictive (2). In a
reactive postural control strategy, there is a movement or muscular response following an
unpredicted disturbance (2). The responses may be fixed-support or change-in-support
based on the movement of BOS (2). There are three primary reactive strategies used by
healthy people; the ankle strategy (swaying from the ankle), the hip strategy (swaying from
the hip), and the stepping strategy (5). While the ankle and the hip strategies are fixed-
support strategies, the stepping strategy is a change-in-support strategy (2).

Sleep is very fundamental for human beings, and it nearly takes up one-third of
one’s lifetime (9). In a sleep state, an organism partly loses contact with its surroundings
for a period of time (9). Sleep is a part of an individual’s daily life, and in a sleep state, the

body renews itself (9). Thus sleep is very important for both physical and mental health

(9).



Sleep quality refers to how well an individual sleeps during the night. It can be
said; a person has good sleep quality if they feel well-rested, vigorous, and ready to start

the day after waking up (9).

Daytime sleepiness is a physiologic need state, and it is a prevalent situation
among the population (10), and can be caused by various reasons, such as reduced sleep
time, disrupted sleep, or medications (10). Sleepiness often manifests itself as unintended

sleep onsets along the day (10).

With sleep deprivation come poor sleep quality and changes in daytime cognitive
ability and motor functioning (11); it can affect wakefulness by means of increased
sleepiness or reduced alertness (12), and reduce physical activity (13). In addition, it

negatively affects power, muscle strength, and speed (14).

Furthermore, there is a link between sleep duration and cardiovascular diseases,
gastrointestinal disorders, and likewise, there is a connection between poor sleep quality
and increased health complaints (15).

Aguiar and Barela (2015) stated that poor sleep quality alters reaction time, eye-
hand coordination and affects postural stability by increasing body sways (16). In another
study, Al-Rasheed and lbrahim (2020) reported that poor sleep significantly impaired
postural stability and physical activity in adolescents (17). Furthermore, Furtado et al.
(2016) reported that chronic poor sleep quality impairs postural control similarly to total
sleep deprivation. They further stated that lack of vision impairs postural balance more

deeply in subjects with chronic poor sleep quality (18).

Gooneratne et al. (2003) stated that daytime sleepiness is related to functional
impairments in many activities as a result of a decrease in daily functioning in older adults
(19). In 2020, Demir et al. reported that daytime sleepiness impairs postural balance in
patients with obstructive sleep apnea syndrome (20). Micarelli et al. (2019) stated that
daytime sleepiness as a result of poor sleep quality impairs postural control in patients with
Marfan syndrome (21). In 2016, Tyagi et al. demonstrated that, in community-dwelling
older adults, self-reported daytime sleepiness is related to slow gait speed and poor balance
confidence (22).

Although many studies explain the effects of sleep deprivation, poor sleep quality,
daytime sleepiness on general health and well-being, a few of them directly looks into the

2



relationship between poor sleep quality and dynamic balance or daytime sleepiness and
dynamic balance. In addition, what are the effects of both sleep quality and daytime

sleepiness on dynamic balance in a healthy population is still a question.

Therefore, the main aim of this study is to examine the effects of both sleep quality

and daytime sleepiness on dynamic balance control in a healthy population.
Two hypotheses were identified in this study:

Ho: There is no difference between the effects of sleep quality and daytime

sleepiness on dynamic balance.

Hi: There is a difference between the effects of sleep quality and daytime

sleepiness on dynamic balance.



2. GENERAL INFORMATION

2.1. Balance

Equilibrium is defined as a state of balanced forces and torques. As Newton’s first
law suggests, an object or a body that is either motionless or moving at a constant velocity

is in equilibrium (1, 23).

One can examine equilibrium in two different ways as static equilibrium and
dynamic equilibrium. Static equilibrium is when the sum of all vertical forces, horizontal
forces, and torques is zero. Dynamic equilibrium is when all acting forces on a body result
in equal inertial forces in opposite directions. In other words, when a body is entirely
motionless, it is in static equilibrium, and when a body is in motion, it is in dynamic

equilibrium (23).

The resistance to angular and linear accelerations, in other words, resistance to any
mechanical disturbance of equilibrium, is called stability, whereas the ability to control
equilibrium is called balance (23). An object is balanced as long as its line of gravity falls
on its BOS (2). The line of gravity is referred to as an imaginary line vertically running
through center of gravity (COG) (2).

There is a direct relationship between the stability of an object and the displacement
of its line of gravity. If an object’s line of gravity has to be significantly displaced for it to
be unbalanced, that object has more stability (2) (Figure 2.1.).
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Figure 2.1. Relationship between BOS and the Line of Gravity (2)

This view is also valid for humans (2). In kinesiology, balance defines as one’s
ability to control their body’s position in static and dynamic situations via the collaboration
and coordination of many complex systems, and it is a crucial factor for activities and
motor skills (24-26). As mentioned above, postural stability is also known as balance and

is divided into static and dynamic balance (2, 25).
2.1.1. Static Balance

Static balance is described as keeping the COG within the BOS in situations with
minimum motion where the supporting surface does not change, such as sitting and
standing upright (27-29). To put it differently, it is preserving the equilibrium of the body
while it is in a still position (26). Its development is one of the key features of normal

motor development (27).
2.1.2. Dynamic Balance

Dynamic balance allows the body to make adjustments at all stages of movement,
either by keeping the COG within the BOS while in motion or restoring the body’s
equilibrium by altering its positions in a swift sequence (25, 26). Dynamic balance is

crucial to avoid injuries that could decrease one’s mobility and functionality (30).



2.1.3. Principles of Balance

An object or a person’s static balance depends not only on the acting forces but also
on the COG, the line of gravity, and the BOS (3). In order to maintain the balance, the
following conditions must be met (24):

1) The BOS must be large,

2) The horizontal distance between the BOS and the line of gravity
must be short,

3) The line of gravity must fall within the BOS,

4) The vertical distance between the BOS and the COG must be short.

For the dynamic balance, in addition to these principles, the distance between the
opposite point of where the acting force is applied and the COG comes into play (3). If the

distance is large, the resistance to the force will be greater (3).
2.2. Postural Control

The term posture is often defined as both the biomechanical alignment of the body
and the body’s orientation to the environment (28). Postural control includes the position
of the body in space for stability and orientation; it is the body's ability to master its
position and movements in static and dynamic situations (5, 28). This complex system’s
mechanism has two underlying components, which emerge from many sensorimotor

processes: postural orientation and postural stability (25).
2.2.1. Postural Orientation

The ability to properly maintain the relationship between body parts and trunk and
environment defines as postural orientation (28, 31). The orientation mechanism is based
on interpreting information from the somatosensory, vestibular, and visual systems (25).
Body parts’ correct alignment and active control of postural tone are achieved by
processing the internal and external inputs (i.e., gravity, supporting surface, visual

environment) in the central nervous system (25).



2.2.2. Postural Stability

One’s ability to control the center of mass (COM) or COG within the BOS is called
postural stability (2, 28). Postural stability, also referred to as balance, occurs with the
coordination of sensorimotor strategies necessary for stabilization during perturbations
created by the individual or caused by external factors, and it is divided into static and

dynamic balance (25, 31).

The terms COM, COG, or mass centroid are referred to a single imaginary point
where all three cardinal planes (sagittal, frontal, and transverse planes) intersect in a body
standing in the standard anatomical position (23). COM is the point at which body mass is
thought to be evenly distributed in all directions, while COG is the point at which body
weight is thought to be evenly distributed in all directions (23, 32). Mass is the matter a
body is composed whereas weight is the gravitational force put out on a body (23). The
term BOS is the area formed by the furthest parts of the body contacting with the
supporting surface (23). Maintaining balance becomes more difficult as the area of the
BOS decreases (3, 23).

For people to be able to control their bodies’ positions is crucial in every task (33).
Postural control is needed for everything a person does, so every task has an orientation
and stability component, and while postural control is needed in every task, stability and

orientation needs vary in accordance with the task and the environment (33).

2.2.3. Postural Control System Structures

It is difficult for humans to balance in the standing position because their COGs are
higher, and their BOS are narrower than other living things (34). The ability to maintain,
gain or regulate a certain balance state is gained by working together with musculoskeletal
and neural systems (28, 34). This work-together also depends on the task and the

environment where the task is performed (28) (Figure 2.2.).
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Figure 2.2. Postural Control System Structures (28)
2.2.3.1. Task Constraints

In daily life, people face many different situations that call for three types of
balance control. These are steady-state, reactive, and proactive or anticipatory balance
(28).

To be able to control the COM within the BOS in anticipated and unchanging
situations is called steady-stance balance, whereas to be able to regain stability after an
unexpected disturbance is called reactive balance (28). On the other hand, the ability to
activate leg and trunk muscles for balance control beforehand the movement is called
proactive balance (28). While reactive balance control uses a feedback mechanism,

proactive balance control uses a feedforward mechanism (28).
2.2.3.2. Environmental Constraints

Environmental conditions may affect individual systems for postural control. The
changed surface, visual, and auditory conditions may have an effect on the organization of
the systems for balance control (28).



2.2.3.3. Individual Systems

Postural control arises from the collaboration of musculoskeletal and neural
systems (28). While the musculoskeletal aspect includes the range of motion, flexibility,
and biomechanics, the neural aspect includes the motor, sensory, and cognitive processes
(28).

2.2.4. Neural Components of Postural Control

It includes muscle organization: postural control strategies or movement strategies,
sensory process: visual, vestibular, and somatosensory systems, cognitive process: adaptive
and anticipatory postural control (28). To maintain postural control, an individual collects
various data by the visual system, the vestibular system, the proprioceptive system to
process them in the central nervous system and send a motor command to the

musculoskeletal system (8).

2.2.4.1. Motor Systems

Motor systems are responsible for producing adequate forces during a task in the
right group of muscles for stability and orientation. Apart from force motor neurons and
muscles, other systems are included: frontal and motor cortex, brainstem, and spinal
network (Figure 2.3.) (28).

Motor cortex —

Higherlevel planning

Prefrontal cortex

Brainstem Coordination of muscle

synergies
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Motor neurons

Force generation

Muscles

Figure 2.3. Motor Systems (28)



2.2.4.1.A. Postural Control Strategies

While inanimate objects can maintain their balance and stand still within the
principles of balance, in living things, postural balance is provided by the postural control
strategies or movement strategies formed around the center of pressure (COP), as well as
the principles of balance (3). The COP is the center from which the total force exerted on
the support surface is distributed and is assumed to be located in the middle of the COM
(28). To keep the COM within the BOS, the COP constantly moves (28).

Postural control strategies are divided into two as reactive and proactive or
anticipatory, depending on whether there is an unexpected disturbance or a voluntary
movement (28, 35). Furthermore, reactive postural control strategies are divided into two
as fixed support strategies and change-in-support strategies based on the changes in the
BOS (Figure2.4.) (35, 36). As their names suggest, fixed support strategies are when the
BOS is not changed during the movement, whereas in change-in-support strategies, there is
a replacement of the BOS (31, 35).

Postural Control Strategies

Reactive Proactive (anticipatory)

Ankle strategy

— Fixed support

Hip strategy

Suspensory strategy

Stepping

L Change-in-support

Reaching

Figure 2.4. Postural Control Strategies

Reactive postural control strategies, reactive movement strategies, or automatic
postural responses are activated when there is an unexpected perturbation in the standing

position (28, 37). In other words, in reactive strategies, movements and muscle activation
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occur following an unforeseen disturbance to the balance (25). Reactive strategies are
named ankle strategy, hip strategy, stepping strategy, and reach and grasp strategy (Figure
2.5.) (35). In addition to these, there is also the suspensory strategy (37).
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Figure 2.5. Reactive postural control strategies from left: ankle, hip, stepping, and
reach and grasp (28)

The ankle, the hip, and suspensory strategies are fixed support strategies. The ankle
strategy occurs when the unexpected perturbation is small and slow (28, 37). The
movement occurs as small sways at the ankle joint, as the head and the hip move in the
same direction (37). The disturbance to the balance is detected by the ankle proprioceptors,
and the muscles are activated from distal to proximal (38, 39). It is primarily used in
controlling anteroposterior (AP) sway (37).

The hip strategy occurs when the unexpected perturbation is large or fast, and the
support surface is narrow (37). The movement occurs at the hip joint, as the head and the
hip move in opposite directions (37). The disturbance to the balance is detected by the
vestibular system, and the muscles are activated from proximal to distal (38, 39). The hip
strategy is used in both AP and mediolateral (ML) sways (37). The suspensory strategy
involves lower extremities' bilateral flexion (Figure 2.6.) (37). This way, the distance

between BOS and COM shortens, making it easier to control the COM (37).
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Figure 2.6. The suspensory strategy (37)

The stepping and the reach and grasp strategies are classified as change-in-support
strategies. When the ankle and the hip strategies are not enough to control COM within the
BOS, stepping or reach and grasp strategies are used (3, 37). In the reach and grasp
strategy, one uses their arms to widen their BOS, whereas, in the stepping strategy, they
realign their BOS based on their COM (28).

Proactive postural control strategies occur before the voluntary, planned, or

anticipated movements, such as walking, lifting a heavy bag, hanging laundry (35).

In daily life, all postural control strategies are used at the same time and respond to

the perturbations in every direction (37).

2.2.4.2. Sensory Systems

There are three sensory systems that take part in postural control; the
somatosensory, the visual, and the vestibular systems (39). The body collects various
afferent inputs from these systems, and these inputs are then processed at the central
nervous system's different levels (40). After this, via efferent pathways, a motor command

Is sent to many motor neurons for a coordinated movement (40, 41).
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2.2.4.2.A. The Visual System

The visual system provides the inputs that supply knowledge of the position and
motion of the head, body sway, direction and speed of the motion, body orientation, and
potential situations that could cause imbalance (33, 35). The system provides both
peripheral and foveal visual information, and among these, peripheral information is more

important to control posture (42).

Even though visual inputs are not essential for regular balance, the body's stability
gets better by visual inputs (43). However, visual inputs cannot always be trusted as the
brain might interpret visual input wrong since the system cannot easily distinguish between
exocentric motion (object motion) and egocentric motion (self-motion) (33). For example,
when an individual views a car moving in their peripheral vision, they briefly perceive an
egocentric motion in the opposite direction (33, 35). When moving, the visual system
supplies advanced information about the body's position and environment to avoid any

destabilizing situation and plan motor strategies in case of an imbalance (35).

2.2.4.2.B. The Vestibular System

The vestibular system provides inputs of position, motion, and orientation of the
head to gravity; these inputs are important for postural control (33, 35). The vestibular
apparatus includes the bony labyrinth, the membranous labyrinths, and hair cells, and they

are located in the inner ear (Figure 2.7.) (35, 44).

The cochlea, semicircular canals, and otolithic organs form the bony labyrinth, and
the membranous labyrinth is contained within it (44). The hollow membranous labyrinth
contains a fluid which is called endolymph; the receptors inside this structure are called
hair cells (Figure2.7.) (44).

The three hollow fluid-filled rings, the semicircular canals, are located vertically to
each other (44). The ampulla are the swellings located one of each semicircular canal's
end; they are filled with endolymph and contain crista (hair cells and supporting cells)
(Figure 2.7.) (44, 45). When the head moves, semicircular canal receptors perceive the
movement via the motion of hair cells in the crista by the shift of endolymph (35, 44).

These receptors are responsive to rotational acceleration and deceleration (44).
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There are two otolithic organs in the vestibular system; the saccule and the utricle
(44). Each of these membranous sacs has a small sensory area located inside of the surface,
which is called macula (45). The saccule’s macula is located in the vertical plane and
responsible for head orientation in a lying position; the utricle’s macula is located in the
horizontal plane and responsible for head orientation in an upright position (45). The
macula consists of hair cells and calcium carbonate crystals called otoliths; when the head
is changing position, the otoliths' displacement determines the frequency of neurons' firing
(Figure 2.7.) (44). The otolithic organs are sensitive to horizontal and vertical linear

acceleration and deceleration and the head's position with respect to gravity (35, 44).
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Figure 2.7. a) The vestibular apparatus (45), b) Macula (44)

Vestibular inputs cannot provide clear information about the body's movement in
space since the system, alone, cannot distinguish whether the head moves over a stable
body or not (35). However, by differentiating a stable surface from an unstable one, the
vestibular system helps the somatosensory system to maintain postural control on unstable
surfaces (35). In addition to this, the control of the head also depends on the cooperation of
these two systems by the vestibulocollic (VCR) and cervico-collic reflexes (CCR) (35).

The VCR is stimulated by the vestibular apparatus, whereas the CCR is stimulated
by neck proprioceptors during the motion of the body (46). The VCR stabilizes the gaze by
stabilizing the head in space; CCR provides information about the head's movement

relative to the body by stabilizing the head on the body (46).
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2.2.4.2.C. The Somatosensory System

The somatosensory system provides sensory information from peripheral receptors
responsible for the activation of afferent pathways regarding the information about the
body's position and movement relative to the support surface and body segments' position
relative to each other (34, 40).

Muscle spindles are the mechanoreceptors located throughout the muscle belly
(Figure2.8.); these stretch-sensitive receptors are responsible for providing information
about muscle length and the contraction velocity; thus, they appear to be important for
executing proper voluntary and reflexive movements (40, 45, 47, 48). With the information
they are providing, the muscles spindles contribute to kinesthesia and joint position sense,

which are collectively called proprioception (40).

The Golgi tendon organ (GTO) is the mechanoreceptor located in the myotendinous
junction and the tendons of both ends of the muscle (Figure2.8.) (23, 45). The GTOs are
responsive to both active contractions and passive stretches; they are sensitive to the
slightest changes in tension within the tendon (44, 49). The GTO, along with joint

receptors, provide further afferent information for proprioception (40).
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Figure 2.8. a) The muscle spindle (23), b) The golgi tendon organ (23)

Joint receptors or proprioceptors respond to the capsule and the ligaments'
mechanical deformations (Figure 2.9.) (44). The Ruffini's endings are located in the joint
capsule and respond more to passive movement; the Ruffini's endings get activated by the

extremes of joint range (40, 44). Paciniform corpuscles are responsive to movement; when
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the joint is in a stable position, paciniform corpuscles become silent (44). Like GTO,
ligament receptors respond to tension (44). Lastly, there are free nerve endings that often

respond to inflammation (44).
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Figure 2.9. Joint receptors (44)

In addition to the ones mentioned above, there are also the cutaneous
mechanoreceptors providing important inputs about the environment (40). Even though
they are not exactly proprioceptors, the information provided by the cutaneous

mechanoreceptors complements the joint position sense and the movement (44).

It has been suggested that since the somatosensory responses to sudden shifts of
support surfaces are faster than the visual and vestibular system reactions, the nervous
system often prefers the somatosensory inputs to control body sways and to regain balance
(28).

2.2.4.2.D. Sensory Integration and Sensory Re-weighting

To be able to maintain postural control, the various sensory inputs from the
somatosensory, the visual, and the vestibular systems should be provided and integrated;

otherwise, an input from just one system may be misleading (31, 35).
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Sensory re-weighting is a mechanism of sensory integration in which the three
systems can rearrange weighting based on the changes in the terrain; this process is

significant for maintaining postural control throughout the movement (35).

In an illuminated place with a stable surface, a healthy individual gets 70% of
sensory input from the somatosensory system, 10% from the visual, and 20% from the
vestibular system (50). However, when the surface is unstable, they re-weight by
increasing visual and vestibular sensory information and decreasing somatosensory

information (51).
2.2.5. Structures Involved in Postural Control

The task to maintain the postural control falls on the nervous system and the

musculoskeletal system; any injury or pathology may impair postural control (35).

The spinal cord is enough to keep antigravity support and locomotor functions;
however, it is not enough for keeping balance (52). Somatosensory inputs are carried by
sensory pathways to the brain, where these inputs are processed, and a motor command is

sent; the motor command is again carried in the spinal via motor cord pathways (35, 41).

The brainstem contributes to the control of automatic postural synergies,
anticipatory postural control, and postural tone (28). The vestibular nuclei are located in
the brainstem, and they are essential for the integration of sensory inputs for postural
orientation (35). The vestibular nuclei consist of nucleus vestibularis inferior, nucleus
vestibularis superior, nucleus vestibularis lateralis, and nucleus vestibularis medialis (53).
While the lateral nucleus participates in postural control, medial and superior nuclei
participate in the regulation of the vestibulo-ocular reflex, and the inferior nucleus
participates in the integration of impulses from the inner ear and cerebellum (53). The
vestibular nuclei, along with the cerebellum, have an important function in the balance and

regulation of muscle tone (53).

The cerebellum plays an important role in postural control. The spinocerebellum is
the region of the cerebellum where the motor control of the trunk and extremity muscles,
the continuation of the movement, and regulation of muscle tone take place (53). Damage
to the spinocerabellum results in a way big than usual automatic and anticipatory

adjustments, thus impaired postural stability (54). The vestibulocerebellum is the region of
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the cerebellum where maintaining balance, regulating vestibular reflexes, regulating eye
movements, and coordination of head and eye movements take place (53). Damage to the
vestibulocerebellum results in difficulty in the orientation of the body with respect to

gravity (35).

The basal ganglia are very important for postural control; it is essential for fast

changes in postural control strategies and in control of the muscle tone (55).

The cerebral cortex is associated with modification of postural responses with
changes in the cognitive stage; furthermore, the cerebral cortex is involved in many aspects
of postural control, such as anticipatory postural strategies via supplementary motor cortex
(35). It also is involved in the perception of spatial orientation via parietal and temporal
areas; thus, damage to any part of the cortex might result in impaired postural control (35).
People often perform multiple tasks simultaneously in daily life (28). While performing
two tasks at the same time, there might be a reduction in performance on the tasks because
of the competition on accessible attentional resources (28). This situation is named dual-
task interference (28). The needed cognitive processing is directly proportional to the
difficulty of the postural task (56). However, it has been shown that not all secondary tasks

can impair postural control in young adults (57, 58).

2.3. Sleep

Just like air, sleep is an essential need for people; however, unlike breathing, people
have to act voluntarily to sleep (59). Sleep is described as the unconscious state where the
person can be awakened via sensory stimuli (45). It is a brain function and a complex
physiologic, organized, and reversible situation (60). It is a multidimensional process and

an active state (60).

People spend around 20-40% of their day sleeping; this means roughly one-third of
an individual’s life is occupied by sleep (59, 61). Lack of sleep can have serious

physiological and psychological consequences (45, 61, 62).

Sleep has an important place in quality of life and general health (45, 59, 60). It has
been suggested that sleep mainly affects the central nervous system and helps the brain in
resting, restoration, recalibration of neural systems, improving cognitive activation, and

reinforcing learning (63). In addition, it is known that anabolic hormones like growth
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hormone, prolactin, and gonadotropin have their levels increase, while the levels of
catabolic hormones like cortisol decrease (62). Furthermore, the levels of cytokines like

interleukin-1 and tumor necrosis factor-o increase during sleep state (63).

Since sleep is controlled by homeostatic mechanisms, lack of sleep causes
sleepiness, increased duration and intensity of sleep, increased amplitude of slow waves,
and increased frequency of rapid eye movements when sleeping after the deprivation (62).
These effects are not shown in a monotonous manner; instead, they follow a circadian

organization (62).

2.3.1 Types of Sleep

Normal sleep has two characteristic phases, alternate with one another during sleep;
non-rapid eye movement (NREM) and rapid eye movement (REM) sleep (60). These sleep
stages are determined by neurophysiological parameters such as electroencephalogram
(EEG), electrooculogram (EOG), and electromyography (EMG) (45, 60).

2.3.1.1. NREM Sleep

NREM sleep, also known as NONREM sleep or slow-wave sleep (SWS), begins
with the transition from wakefulness to sleep and progresses to deep sleep (63). NREM
sleep is usually referred to as dreamless sleep; however, dreams and nightmares may occur
during NREM sleep. NREM sleep period lasts about 90-100 minutes and has four stages; it
forms around 75-80% of total sleep time through the night (61, 63). The three stages of
NREM are distinguished by the different brain activity (61).

NREM stage 1 (N1) sleep is the stage where the transition between wakefulness to
sleep occurs (61). It forms 2-5% of total sleep duration and is easily disrupted by sensory
stimuli (61). During N1, mixed-frequency, low-voltage alpha waves can be seen in EEG
readings (61, 63). In this stage, breathing is slow and regular, heart rate decreases, and
EMG readings of muscle tonus are relatively high (60).

NREM stage 2 (N2) sleep forms 45-55% of total sleep duration, and people often
need more strong disruptive stimuli to awaken (61). During N2, mixed-frequency, low-
voltage theta waves can be seen in EEG reading; in addition, N2 is characterized by the

sleep spindles and K-complexes (60, 61, 63). In this stage, the loss of integrity in thoughts
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is at the forefront; eye movements usually disappear, and EMG readings of muscle tonus
are low as the muscles relax (60).

NREM stage 3 (N3) is often called SWS or deep sleep period, and it is the most
restful phase of the sleep cycle (60, 63). N3 forms 20-25% of the total sleep duration (61,
64). During N3, low-frequency, high-voltage slow delta waves can be seen in EEG
readings (61, 63). The person, who is tried to be awakened during these stages, often enters
in a state of confusion and faces drowsiness or increased sleep inertia (60).

2.3.1.2. REM Sleep

REM sleep (N4), also known as desynchronized or paradoxical sleep, is
characterized by rapid eye movement and some atonic skeletal muscles in EMG readings
(45, 60). During REM sleep, high-frequency, low-amplitude beta-wave-like
desynchronized brain waves can be seen in EEG readings (63). REM sleep forms 20-25%
of the total sleep duration, usually lasts about 5-30 minutes in a normal night sleep; when
the individual is very tired, the REM period shortens, whereas when they feel rested

throughout the sleep duration, the REM period lengthens (45, 64).

REM sleep is often associated with dreaming, and in this period, brain activity is
high; as the brain consumes more O, and glucose, brain metabolism increases by nearly
20% (45, 63). During REM sleep waking up the person is harder than during SWS; there is

muscle atonia, and heart rate and breathing increase and become irregular (45, 60).

2.3.2. Anatomical Structures and Physiologic Changes in Sleep

In sleep physiology, the brainstem is responsible for the secretion of
neuromodulators, like, dopamine produced by the substantia nigra, serotonin produced by
the dorsal nucleus, norepinephrine produced by the locus coeruleus, and acetylcholine is

produced by the basal forebrain (65).

The hypothalamus maintains circadian rhythm since the suprachiasmatic nucleus
(SCN) is located here, controls the autonomic nervous system, and by producing histamine
in the tuberomammillary nucleus and orexin in the lateral hypothalamus increases the

number of neuromodulators (65).
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Dopamine, norepinephrine, histamine, and orexin promote wakefulness (65).
Serotonin promotes wakefulness, as well as inhibits REM; acetylcholine promotes
wakefulness, as well as helps REM sleep (65). Melatonin is secreted by the pineal gland,

and it regulates circadian rhythm and promotes sleep (66).

The thalamus acts as a filter by blocking sensory information; this way individual

can sleep without being constantly disturbed by surrounding stimuli (65).

Processes like memory, sensory process, and integration, sending motor commands,
language, and emotion take place in the cerebrum; thus, even though the cerebrum does not
directly take part in the sleep-wake state, the activity of other neurons takes a big part in it
(65).

The parasympathetic branch of the autonomic nervous system remains active in
NREM sleep; as a result, heart rate and temperature decrease throughout the N1 to the
N3(65).

In the sleep state, generally, heart rate and blood pressure decrease; however,
momentary increases can be seen in N2 due to K-complexes in the presence of disruptive
stimuli or muscle activity (61, 67-69).

When compared with wakefulness, sympathetic-nerve activity increases during
REM sleep and decreases throughout the NREM period; however, due to K-complexes,

there is a sudden burst in sympathetic-nerve activity during N2 (70).

In the sleep state, breathing decreases in comparison to the wakeful stage; however,
throughout the sleep cycle, especially in REM sleep, it can be more erratic (61, 71). Due to
reduced muscle tone, both in NREM and REM sleep, situations like hypoventilation and

increased airway resistance can be seen (61, 71-73).

When compared to wakefulness, blood flow to the brain and metabolism decreases
during NREM sleep; however, compared to NREM and wakeful state, in REM sleep, the

flow and metabolism increase in certain parts of the brain, like the limbic system (74, 75).

When it comes to endocrine functions, the changes can be either related to sleep or
circadian rhythm (62). For example, the secretion of cortisol is linked with circadian
rhythm as it peaks in the early morning even when there is a lack of sleep (62). On the

other hand, secretion of growth hormone is linked with sleep and starts during SWS and

21



peaks within the first hours of sleep (62). Apart from growth hormone, secretions of

parathyroid hormone, glucose, insulin, and testosterone also increase during sleep (62).

2.3.3. Sleep-Wake Regulation and Circadian Rhythm

Three independent basic mechanisms coordinate sleep and wakefulness: autonomic

nervous system, homeostatic sleep continuity, circadian rhythm (60).

The sleep-wake cycle is regulated by a circadian rhythm originating in the SCN of
the anterior hypothalamus (60). The circadian rhythm is considered a biological clock (60).
The SCN is affected by daylight or light, so when it is naturally dark, the SCN sends a
signal to the pineal gland to start melanin secretion (66). The cycle also regulates body
temperature; as the sleep time nears, body temperature decreases, by the time it is near to
wake, the temperature starts to increase (60, 61).

The homeostatic process is related to the amount of precious sleep and wakefulness
(60). Situations like insomnia or interruption of sleep will result in an increase in
wakefulness, followed by an increase in sleepiness (60). An increase or decrease in sleep

time will thus change homeostatic sleep regulation (60).

Sleep is facilitated by a balancing act in the form of decreased sympathetic activity
and increased parasympathetic activity (60). Sympathetic activation may be of endogenous
origins, such as anxiety, or it may be of exogenous origins, such as caffeine and nicotine
use, and may adversely affect sleep onset (60). Good sleep hygiene and relaxation

techniques can provide good autonomic system balancing (60).

In addition to these, the two-process model sleep-wake regulation model (62). In
the two-process model, the sleep-wake regulation is provided by sleep homeostasis process
S and circadian rhythm process C (62). Process S, as in need of sleeping, builds up
throughout the day, reaches its highest right before going to sleep, and diminishes across
the night (61). Process C, as in wakefulness and alertness, accumulates throughout the day;
yet, decreases before going to sleep (76). When the individual gets enough rest during

night sleep, as the need for sleep decreases, waking drive increases (76).
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2.3.4. Sleep Quality

Sleep quality refers to how well-rested, fit, and ready to start a new day individual
feels after a night's sleep (77). Sleep quality contains both quantitative angles of sleep, like
duration and latency, and subjective angles, like depth and restfulness (78). It is an
important concept in clinics, as poor sleep quality is common, and it can be an indicator for
various medical disorders (78). Poor sleep quality can cause an individual emotional
problems (79), an increase in substance use (80, 81), psychological disorders and diseases

(82), failure or not being successful enough in academics (83).

2.3.5. Daytime Sleepiness

Sleepiness is a basic physiologic need for survival; it is usually linked to circadian
rhythm (84). Daytime sleepiness or excessive daytime sleepiness is a common situation
that can be seen in people who cannot get enough sleep (84). Reduced daily sleep time
caused by disrupted sleep, sociodemographic factors, like marital status, employment
status, and health-related situations, like depression, disease, or medication use, can be

listed among the cause of daytime sleepiness (84).

2.4. Sleep and Postural Control

Postural control is essential for daily activities, and one-night sleep deprivation can
affect postural stability (85, 86). The vestibular organs related to postural control and
hypothalamic structures that are responsible for sleep-wake regulation are connected and in
relation with each other (87). Thus, while sleep disorders change oculomotor and postural
control related to the vestibular system, pathologies of the vestibular system can disrupt
sleep (87). Additionally, situations like social jetlag can cause impaired postural control
since it affects areas like the thalamus and cerebellum, which are involved in postural
control (88).

Sleep disorders can affect postural control; it has been shown that healthy young
adults with poor sleep quality had worse postural control while their eyes were closed (18).
In 2009, Ma et al. reported that following a one-night sleep deprivation probably results in
a decrease in function of the sensory systems that contribute to postural control, thus

resulting in poor postural stability (86). In another study, Martin et al. (2018) showed that
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one-night sleep deprivation disrupts postural control by dampening the subjective visual
vertical perception (89).

Moreover, it has been reported that the effects of sleep deprivation on postural
control vary throughout the day (90). In 2011, Bougard et al. reported that postural control
of sleep-deprived people was especially affected, in the mid-day, between 10:00 and 14:00
(91); furthermore, in 2014, they reported, people maintain postural control more effectively
in the evening (92).

It has been reported by Degache et al. (2016) that sleep-disordered breathing
impairs postural control (93). In another study, Gokmen et al. (2021) showed that static
postural stability worsens with the increased severity of obstructive sleep apnea (94). In
2019, Micarelli et al. stated that daytime sleepiness results in poor postural control in
patients with Marfan syndrome (21). In 2021, Soysal et al. reported that daytime sleepiness
is related to fall risks in elderly people with sarcopenia (95). In addition, it has been shown
that sleep deprivation accompanied by cognitive demands or old age impairs maintaining

postural control while standing (96, 97).
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3. MATERIALS AND METHODS

3.1. Participants

The data collection process was carried out between September 2020 and March
2021. In order to carry out this research, written permission was obtained from the
Yeditepe University Department of Physiotherapy and Rehabilitation and the Istanbul
Gedik University Department of Physiotherapy and Rehabilitation. According to power
analysis (0,80 power and 0,05 error) and reference article, 62 participants were enrolled in
this study (17). The study protocol was approved by the Yeditepe University Ethical
Committee with issue number 37068608-6100-15-1951 (Appendix I).

3.1.1. Inclusion Criteria

Volunteers who were met with the following criteria were included in the study;
- Age between 18 and 35
- To be volunteered to participate

3.1.2. Exclusion Criteria

Volunteers who were met with the following criteria were excluded from the study;
- Lower extremity diseases or dysfunction

- Foot, ankle, or knee trauma or surgery within the past six months

- Otitis

- Neuromuscular coordination impairment

- Presence of sensation deficits, musculoskeletal, neurologic, orthopedic, vestibular,

and cardiopulmonary disease
- Body mass index (BMI) over 30 or under 18.5

- Usage of sleep medication or any medication may alter the balance
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3.1.3. Study Protocol

67 healthy young adults volunteered to participate in our study. All volunteers were
given informed consent (Appendix Il). The data was collected from self-report, paper-
based questionnaires. Participants were given to Demographic Information Form
(Appendix I11) to get general information about their sociodemographic and health status;
such as age, gender, weight, height and weight, smoking and alcohol habits, usage of
assistive devices, existing chronic diseases, physical activity level, and history of lower
extremity trauma or injury. Based on their answers, 5 volunteers who were not met the

inclusion criteria were excluded.

After the collection of demographic information, the Pittsburgh Sleep Quality Index
(PSQI) (Appendix 1V) and the Epworth Sleepiness Scale (ESS) (Appendix V) were given
to the participants. The included participants were separated into two groups according to
their PSQI and ESS scores as the control group (CG) and evaluation group (EG).
Participants who simultaneously scored more than 5 in PSQI (78) and more than 10 in ESS
(98) were included in EG. Both scores were the cut-off scores of the scales accepted in the
literature; PSQI>5 indicates poor sleep quality and ESS>10 indicates daytime sleepiness
(78, 98). Participants who simultaneously scored 5 and below in PSQI and 10 and below in
ESS were included in CG. After the grouping, all participants’ dynamic balance was
assessed via Prokin PK200; before the assessment, participants were given the Stanford
Sleepiness Scale (SSS) (Appendix VI) to determine their alertness at the time of the Prokin
assessment (Figure 3.1.).
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Figure 3.1. Flowchart of the study

3.2. Evaluations

3.2.1. Demographic Information Form

The form is prepared by the researchers and used for obtaining participants' general

information, such as age, gender, dominant lower extremity, weight, height, BMI,

smoking, and alcohol consumption habits, usage of assistive devices, their activity levels,
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and the participants’ medical history: the presence of any systemic diseases, foot, ankle, or

knee trauma or surgery within the past six months.

In our study, participants were first asked to answer demographic information form
by themselves. They were asked to answer the questions honestly. During this process,
participants' every question was answered without delay. After the collection of

demographic information, participants were asked to answer PSQI and ESS.

3.2.2. The Pittsburgh Sleep Quality Index (PSQI)

The PSQI was developed by Buysse et al. in 1989 for subjective sleep quality
evaluation over the prior month (78). The questionnaire has 24 questions which 19 of
which are self-rated. The remaining 5 questions are answered by a roommate or a bed
partner, and they are not used for scoring (99). Questions 1-4 have free-entry responses,
whereas questions 5-19 have 4-point Likert scale responses from 0-3 (94). The 19 self-
rated items included in scoring are divided into 7 components: subjective sleep quality,
sleep latency, habitual sleep efficiency, sleep disturbances, use of medication, and daytime
dysfunction (99).

The validity and reliability study for the Turkish Version of the PSQI was
conducted by Agargiin et al. (1996); they found the questionnaire’s Cronbach a internal

consistency coefficient as 0.80 (9), indicating a good level of reliability (100).

In our study, participants were asked to answer PSQI by themselves. Before
answering the questions, all participants were told, “The term sleep quality refers to how
well a person sleeps at night. The purpose of PSQI is to determine how much quality sleep
you have had in the last month; it does not diagnose any sleep problem. Please answer the
questions with honesty.”. During this process, participants’ every question was answered

without delay.

In the scoring of PSQI, for component 1, we used the score of question 6. Question
6 is a 4-point Likert scale ranging from 0 (very good) — 3 (very bad). For component 2, the
sum of the score of questions 2 and 5a was used; question 2 is a free-entry response
ranging from 0 (< 15 minutes) — 3 (> 60 minutes), whereas question 5a is a 4-point Likert
scale response ranging from O (not during the past month) — 3 (three or more times a
week). In the calculation of component 3, we used the score of question 4; 4-point Likert

response ranging from 0 (> 7 hours) — 3 (<5 hours). For component 4, Habitual sleep
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efficiency (%) = (Hours slept / Hours in bed) x 100 equation was used; based on the result,
participants were given scores between 0 (> 85%) — 3 (<65%). In the scoring of component
5, the sum of question 5b-j was used. Each subject had a 4-point Likert response from 0
(not during the past month) to 3 (three or more times a week); according to the sum of the
scores, participants were given a component score ranging 0 (0) — 3 (19-27). For
component 6, the score of question 7 was used; 4-point Likert response ranges from 0 (not
during the past month) to 3 (three or more times a week). As for component 7, the sum of
scores of questions 8 and 9 was used. Both questions had a 4-point Likert response ranging
from 0-3; question 8 0 (not during the past month) — 3 (three or more times a week) and
question 9 0 (no problem at all) — 3 (a very big problem). According to the sum of the
scores, participants were given a component score ranging from 0 (0) — 3 (5-6). The sum of
scores of these 7 components gives a global score between 0 and 21. Participants who
scored more than 5 were included in EG, as a global score of more than 5 indicates a poor
sleep quality (78, 99).

3.2.3. The Epworth Sleepiness Scale (ESS)

The ESS is an 8-item self-rated questionnaire developed by Johns (1991) to
measure daytime sleepiness (101). The questionnaire determines the subjects’ general
daytime sleepiness in recent times, by asking them their level of “chance of dozing” for 8

particular common circumstances of daily life (99).

The ESS items have 4-point Likert scale responses (99). Each question is scored
from 0 to 3 as follows: 0 “would never doze,” 1 “slight chance of dozing,” 2 “moderate
chance of dozing,” and 3 “high chance of dozing” (98). The total score ranges between 0-
24; scoring a higher point means a higher level of daytime sleepiness, and the cut-off score
of the questionnaire is 10 (18, 98).

The validity and reliability study for the Turkish version of the ESS conducted by
Izci et al. (2007), they found the questionnaire’s Cronbach a internal consistency

coefficient as 0.86 in healthy individuals (98), indicating a good level of reliability (100).

In our study, participants were asked to answer ESS by themselves. Before
answering the questions, all participants were told “ESS is a questionnaire used to
determine the level of daytime sleepiness you have recently. Recently, in your daily life,

how often do you sleep in the following situations? Here it should be understood not to feel
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tired, but to doze or fall asleep. Even if you haven't done any of the following recently, try
to think about how such a situation would affect you.”. During this process, participants’

every question was answered without delay.

In scoring, we used the sum of the points of 8 questions; participants who scored

more than 10 were included in EG.

3.2.4. The Stanford Sleepiness Scale (SSS)

The SSS is a tool used for subjective measurement of sleepiness developed by
Hoddes et al. (1972) (102). Unlike the ESS, the SSS evaluates sleepiness at specific

moments in time (103).

The SSS only has one item with seven statements, and it asks subjects to choose

one of the seven based on their conditions at the time (104).

In our study, the SSS was only used right before dynamic balance assessment with
the purpose of determining the participants' alertness at that exact moment. Participants
were first informed about why there is another sleepiness scale and how it differs from the
ESS. After that, they were asked “According to this scale, how would you rate your degree

of sleepiness at the moment?”” and the number corresponding to their answer was marked.

3.2.5. The Prokin PK200

Prokin PK200 is a proprioceptive system with maximum correctness (Figure 3.2).
The mobile platform is used for balance assessment and postural training (3, 105). The
device is connected to a computer; thus, data collected by the device is transmitted to the
computer via a wireless transmitter (105). The device has three multiaxial and one
monoaxial difficulty levels (105).
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Figure 3.2. Prokin PK200 (105)

In our study, we used the easy multiaxial difficulty level and the equilibrium
assessment for the dynamic balance assessment on the right foot, the left foot, and the
bipedal stance (106). Each assessment lasted for 30 seconds, and the participants were
asked to keep the indicator (the blue plus sign), body's COG, in the reference circle (the red
circle) as much as they can (3, 106). As the indicator moved, the data were obtained from
the device (Figure 3.3).
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Figure 3.3. Bipedal assessment of participant no5
The assessment process is as follows:

- After the device was connected to a computer, participants were informed and

asked to perform the test.

31



- During the assessment, participants were in a well-lit and quiet environment;
before each test, participants were given one trial.

- For bipedal assessment, participants were placed barefooted on the platform,
with the feet 8 cm apart, and for the assessments on the right foot and the left
foot, participants were asked to place their barefoot on the center of the
platform.

- The measurements are done when participants’ eyes are open, and for each
measurement, participants were instructed as "Please keep the blue plus sign in
the center of the red circle for as long as you can for 30 seconds."” (Figure 3.4).

- Whenever the participant moved the indicator out of the reference circle, the
device gave an audible warning, and participants were instructed to relocate the
indicator in the reference circle.

- Each assessment lasted 30 seconds (90 seconds in total for a participant). At the
end of each assessment, the data obtained were recorded by the researcher.

All assessments were undertaken in the same environment by the same researcher.
In all assessments, the current measurement was terminated, and the new measurement was
started as soon as the participants' feet touched the ground, or they reached and grabbed

somewhere.

Figure 3.4. Dynamic balance assessment via Prokin PK200
a) Bipedal b) Right foot c) Left foot
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In the equilibrium test, data are obtained from five different parameters. These are
as follows:

- Perimeter length (°),

- Area gap percentage (%),

- Medium speed (°/sec),

- Medium equilibrium center-AP (°)
- Medium equilibrium center-ML (°)

The perimeter length is the total degree traveled by the body center of gravity (3).
The area gap percentage is the percentage of the area covered by drawing on the surface
with respect to the reference circle; it should form a closed loop (3). The medium speed is
the average velocity of COG displacement (3). The medium equilibrium center-AP is the
mean degree of displacement of the COG in the AP axis (3). The medium equilibrium
center-ML is the mean degree of displacement of the COG in the ML axis (3). After each
assessment, all the parameters were recorded; in case of missing data, the relevant test was

repeated.

3.3. Statistical Analysis

All statistical analyses were performed via IBM SPSS Statistics Ver. 23 (Statistical
Package for the Social Sciences, IBM Corp.; Armonk, NY, USA). Descriptive
characteristics are presented as mean + standard deviation (X + SD) or n (%). To determine
normal distribution Kolmogorov-Smirnov test was used. For normally distributed
variables, the comparisons of the differences between two independent groups were
performed by independent sample t-test, whereas, for the variables that did not show a
normal distribution Mann-Whitney U test was used. The correlations between sleep quality

and dynamic balance assessment variables were calculated with the Spearman test.

In all analyzes, the statistical significance value was accepted as p<0.05.
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4. RESULTS

Our study concentrated on the effects of sleep quality and daytime sleepiness on
postural control; 62 healthy young adults volunteered to participate in the study. The data
collection took place between September 2020 and March 2021.

4.1. Demographic Information of Participants

Table 4.1. shows the distribution of quantitative data of demographic characteristics
of participants, as age, weight, height, and BMI of CG and EG. There were no statistically
significant differences in terms of these variable scores between the groups (p>0.05).

Table 4.1. Distribution of quantitative data of demographic characteristics of participants

CG EG
Measure X +SD X +SD t p value
(n=31) (n=31)

Age (year) 23.10 = 4.077 22.10+3.124 1.084 283
Weight (kg) | 65.03 + 12.073 67.32 + 14.221 -.684 497
Height (cm) | 168.52+7.339 169.94 + 8.485 -.704 484
BMI (kg/m?) | 22.82+3.429 23.14 £ 3.672 -.362 718

CG: Control Group, EG: Evaluation Group, X: Mean, SD: Standard Deviation, BMI: Body Mass Index

Table 4.2. shows the distribution of qualitative data of demographic characteristics
of participants, as gender, the dominant lower extremity, and the smoking, and exercise
habits (p>0.05).
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Table 4.2. Distribution of qualitative data of demographic characteristics of participants

CG EG )
X p value
% (n) % (n)
Female 48.7 (19) 51.3 (20)
Gender .069 793
Male 52.2 (12) 47.8 (11)
Dominant side Right 50 (28) 50 (28)
in lower .000 1.0
extremity Left 50 (3) 50 (3)
No 46.2 (18) 53.8 (21)
Smoking Yes 52.9 (9) 47.1 (8) .956 .620
Cessation 66.7 (4) 33.3(2)
NoO 47.6 (10) 52.4 (11)
Less than 3 days in
Y 42.9 (3) 57.1 (4)
a month
Regular exercise | 1-2 times inaweek | 333 (5) 66.7 (10) 5124 | 275
3-4 times in a week 73.3 (11) 26.3 (4)
Everyday 50 (2) 50 (2)
Less than 20
_ 75 (3) 25 (1)
minutes
Duration of one 21-30 minutes 41.7 (5) 58.3 (7)
) _ 1.448 .836
EXErcise session 31-50 minutes 50 (5) 50 (5)
More than 50
_ 53.3 (8) 46.7 (7)
minutes

CG: Control Group, EG: Evaluation Group, X2: Chi-Square Test

Table 4.3. shows the distribution of the participants’ medical history calculated by
using Chi-Square test. There were no statistically significant differences between the
groups (p>0.05).
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Table 4.3. Distribution of participants’ medical history

CG

EG

X? p value
% (n) % (n)
Regularly used No 52.3(23) | 47.7(21)
T 313 576
medication Yes 44.4 (8) 55.6 (10)
_ No 53.3 (24) 46.7 (21)
Surgery history 729 393
Yes 41.2 (7) 58.8 (10)
Assistive No 47.5 (19) 52.5 (21)
) 282 596
devices Glasses/contact lens 545 (12) 45.5 (10)
No 51.4 (19) | 48.6 (18)
Respirator
.p Y 50 (2) 50 (2)
diseases
Svstemic Endocrine system
y . 50 (1) 50 (1) 1.027 906
Digestive system
: _ 4 0 1 (100)
disorder
Visual defects 50 (10) 50 (10)
Lower
No 50 (31) 50 (31)
extremity
injury in last 6
Yes 0 (0) 0(0)
months
Lower
_ No 50 (31) 50 (31)
extremity
operations in
Yes 0(0) 0 (0)
last 6 months
Ankle sprain in No 50 (31) 50 (31)
last 6 months Yes 0 (0) 0 (0)

CG: Control Group, EG: Evaluation Group, X*: Chi-Square Test, - : No statistics are computed because the

answer is a constant
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4.2. Distribution of Sleep Questionnaire Scores

Table 4.4. shows the distribution of sleep questionnaire scores of control group and

evaluation group. There were statistically significant differences in terms of these variable

scores between the groups (p<0.05).

Table 4.4. Distribution of sleep questionnaire scores

CG EG
Measure X £SD X+SD t p value
(n=31) (n=31)
PSQI 3.55+1.287 7.97 +£2.273 -9.421 .000*
ESS 4.74 £ 2.607 11.81 £1.223 -13.659 .000*
SSS 1.84 &+ .860 2.42 +.992 -2.462 .017*

CG: Control Group, EG: Evaluation Group, X: Mean, SD: Standard Deviation, PSQI: Pittsburgh Sleep

Quality Index, ESS: Epworth Sleepiness Scale, SSS: Stanford Sleepiness Scale, *p<0.05

4.3. Distribution of Prokin Results

Table 4.5. shows the distribution of dynamic balance assessments of control group

and evaluation group. There were two variables showed statistically significant differences

between the groups: perimeter length assessed on right foot and medium speed assessed on

right foot (p<0.05).
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Table 4.5. Distribution of Prokin results

CG EG
Measure X +SD X +SD t P
value
(n=31) (n=31)
Bipedal 266.13 +69.46 298.66 £ 76.89 -1.748 .086
PL
Right 227.58 + 53.34 263.01 + 68.85 -2.265 | .027*
)
Left 230.71 £ 84.22 253.65 £79.05 -1.106 273
Bipedal 13.55+12.78 12.77 £ 8.44 .286 776
AGP -
Right 5.31+3.49 420+ 2.86 1.362 178
(%)
Left 6.68 +3.59 5.12+3.75 1.675 .099
Bipedal 8.86 +2.30 9.96 + 2.58 -1.757 .084
MS Right 7.55+1.77 8.76 +2.29 -2.330 | .023*
(°/sec)
Left 7.68 £2.81 8.45+2.63 -1.118 | .268
Bipedal 1.33+1.32 1.09 + .88 .808 422
AP (%) | Right 1.09 = 1.24 1.27 £ 1.15 -591 | .557
Left .88+ .97 1.11 + .91 -.990 .326
Bipedal .88 £.65 .82 +.83 315 754
ML (o) nght 127+1.07 1.56 +1.10 -1.080 .284
Left 1.00 + 1.00 1.11 +.88 - 475 .637

CG: Control Group, EG: Evaluation Group, X: Mean, SD: Standard Deviation, PL: Perimeter Length, AGP:

Area Gap Percentage, MS: Medium Speed, AP: Medium Equilibrium Center-Anteroposterior, ML: Medium

Equilibrium Center-Mediolateral, *p<0.05

4.4. Comparison of Prokin Variables between CG and EG

Table 4.6. shows the comparison of normally distributed variables, perimeter length

assessed on bipedal, area gap percentage assessed on right foot, medium speed assessed on
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bipedal calculated by using independent sample t-test. Even though there are differences
between groups they were not statistically significant (p>0.05).

Table 4.6. Comparison of normally distributed Prokin variables

CG EG
Measure X +SD X +SD t P
value
(n=31) (n=31)
PL Bipedal (°) 266.13 + 69.46 298.66 = 76.89 -1.748 .086
AGP Right (%) 5.31+3.49 4.20+2.86 1.362 178
MS Bipedal (*/sec) 8.86 +2.30 9.96 + 2.58 -1.757 | .084

CG: Control Group, EG: Evaluation Group, X: Mean, SD: Standard Deviation, PL: Perimeter Length, AGP:
Area Gap Percentage, MS: Medium Speed

Table 4.7. shows the comparison of variables that do not show normal distribution

calculated by using Mann Whitney-U test. Even though all variables show differences

between groups, only three variables’ differences were statistically significant: perimeter

length assessed on right foot, area gap percentage assessed on left foot, and medium speed
assessed on right foot (p<0.05).
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Table 4.7. Comparison of Prokin variables that do not show normally distribution

CG EG
Measure X+SD X +SD p value
(n=31) (n=31)
Right 227.58 + 53.34 263.01 + 68.85 .034*
PL (°)

Left 230.71 + 84.22 253.65 + 79.05 149
AGP | Bipedal 13.55+ 12.78 12.77 + 8.44 607
(%) Left 6.68 + 3.59 5.12+3.75 .045*
v Right 755+ 1.77 8.76 +2.29 .029*
(°/sec) | Left 7.68 +2.81 8.45+2.63 143
Bipedal 1.33+£1.32 1.09 + .88 173
AP () | Right 1.09 + 1.24 127+ 1.15 331
Left 88 + 97 1.11+ 91 251
Bipedal 88+ .65 82+ 83 414
ML () | Right 127 +1.07 1.56+ 1.10 188
Left 1.00 £ 1.00 1.11 + .88 414

CG: Control Group, EG: Evaluation Group, X: Mean, SD: Standard Deviation, PL: Perimeter Length, AGP:
Area Gap Percentage, MS: Medium Speed, AP: Medium Equilibrium Center-Anteroposterior, ML: Medium
Equilibrium Center-Mediolateral, *p<0.05

4.5. Correlations between Sleep Questionnaire Scores and Prokin Variables

The correlations between all participants sleep questionnaire scores and Prokin
variables were calculated by Spearmen test. The calculated data showed us there are
positive weak correlations between PSQI and perimeter length assessed on right foot
(r=.269, p=.034), medium speed assessed on right foot (r=.273, p=.032), and a negative
weak correlation between PSQI and area gap percentage assessed on left foot (r=-.255,
p=.046). These are the variables that showed statistically significant difference between

two groups (Table 4.8).

40



Table 4.8. Correlations between PSQI Scores and Prokin variables

PSQI
r p

PL-R (°) 269 034

MS-R (°) 273 032

AGP-L (%) -.255 046

PL-R: Perimeter Length Assesed on Right Foot, MS-R: Medium Speed Assessed on Right Foot, AGP-L:

Area Gap Percentage Assessed on Left Foot, r=Correlation Coefficient, *p<0.05
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5. DISCUSSION

The objective of our study is to determine the effects of sleep quality and daytime
sleepiness on postural control in healthy young adults. With this purpose in mind,
participants were asked to answer sleep questionnaires PSQI and ESS. Then participants
were divided into two groups (CG and EG) based on their PSQI and ESS score; after the

separation, via Prokin PK200, dynamic balance assessment took place for participants.

The statistical analysis showed us there were no statistically significant differences
between groups in terms of demographic information of the participants, such as age,
gender, height, weight, BMI; these results were parallel to similar studies (17, 18). In
addition, there was a statistically significant difference between CG and EG in terms of
sleep questionnaire scores. The shown between-group differences of PSQI and SSS were

parallel to the studies that used a similar grouping method to our study (17, 107).

In our study, there were meaningful differences between CG and EG in every
assessment of perimeter length, as the mean values of perimeter length assessments in EG
were higher than the mean values of perimeter length assessments in CG. However, only
the right foot assessment showed a statistically significant difference between groups. This
might be due to the fact that right foot dominant participants were composed nearly 90% of
the overall participants. An increase in perimeter length value indicates poorer postural
control; these results were in accordance with our hypothesis. Our findings were parallel to
literature; Furtado et al. (2016), analyzed the effects of chronic poor sleep quality in 30
healthy adults (18). They reported that poor sleep quality impairs postural control, as they
found overall COG displacements were greater in the poor sleep quality group (18). In
addition, Al-Rasheed et al. (2020) conducted a study among 62 healthy adolescents (17).
Similar to the literature and our findings, they reported that overall COG displacements

were greater in the poor sleep quality group (17).

Moreover, in this study, meaningful differences between CG and EG in every
assessment of medium speed were noted. While all mean values of medium speed
assessments in EG were higher than the mean values of perimeter length assessments in
CG, only the right foot assessment showed a statistically significant difference between
groups. This, again, might be due to the fact that the majority of the participants were right
foot dominant participants. Higher values in medium speed indicate poorer postural

control; thus, these results were supported our hypothesis. In 2016, Degache et al. reported

42



that people with poor sleep quality caused by sleep-disordered breathing showed a greater
mean value in their average velocity of COG displacement (93). Moreover, in 2017,
Montesinos et al. reported greater average velocities in participants with poor sleep quality
in their study (7).

In addition, according to the findings of this study, all assessments of area gap
percentage showed meaningful between mean differences, as the mean value of the
variable is lower in EG; however, only in left foot assessment, a statistically significant
difference can be seen between groups. Nevertheless, in literature, it has been shown that
higher area gap percentage values indicate poorer postural control (108, 109). Thus, our
hypothesis was not confirmed by these findings. This might be due to increased
displacement of COG in AP and ML directions (Table 4.7.). As is mentioned above, the
area gap percentage should form a closed-loop; with an increased displacement of COG in
AP and ML directions, the said loop’s radius might change and cause a decrease in the area

calculated.

In accordance with the findings listed above, there were weak positive correlations
between PSQI and perimeter length assessed on the right foot, medium speed assessed on
the right foot, and a weak negative correlation between PSQI and area gap percentage
assessed on the left foot. The positive correlations were in accordance with our hypothesis
and with the literature. In 2020, Al-Rasheed et al. conducted their mentioned study to
report sleep quality and postural control in healthy adolescents (17). In the study, they
divided participants into two groups as poor sleep quality and good sleep quality based on
their PSQI scores; similar to our findings, they reported poor postural control in the poor
sleep quality group (17). Conversely, in 2021, Saraiva et al. conducted a study to analyze
sleep quality and postural control in healthy young adults (110). In the study, they divided
participants into two groups as poor sleep quality and good sleep quality based on their
PSQI scores and asked the participants to perform cognitive dual tasking during postural
control assessment; they reported that the results of postural control assessment were not

different between two groups (110). This might be due to the cognitive dual task’s effect.

In the present study, mean values of AP and ML sways, in other words,
displacement of COG in AP and ML directions, on single leg assessments were showed
meaningful differences, as they both were increased. An increase in AP and ML sways

indicates poor postural control; however, none of the differences were statistically
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significant. When the literature is reviewed, it can be seen that poor sleep quality affects
AP and ML sways in postural control (17, 18, 88, 111).

These differences that have been observed between the literature and our study
might be due to the differences in the study population, the difference in the testing
protocol, or the difference in the stability level of the balance platform. Al-Rasheed et al.
(2020) and Furtado et al. (2016) both reported in their respective studies that postural
control impaired more in people with poor sleep quality as the instability of the balance
assessment platform increased (17, 18). Hita-Contreas et al. (2017) showed that in
postmenopausal women (112), and Gokmen et al. (2021) reported that in people with
obstructive sleep apnea, postural control is affected by sleep quality and daytime sleepiness
(94).

There were a few limitations in the present study; first, in our study, the dynamic
balance was assessed only with eyes open. Second, dynamic balance assessments were

made at only one level of difficulty or instability.
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6. CONCLUSION

Healthy young adults with poor sleep quality and daytime sleepiness have poor
postural control on single leg stance.

There is a correlation between sleep quality and COG displacement.

Even though they are not statistically significant, AP and ML body sways
increased in EG.

More research is needed to fully understand the effects of poor sleep quality on
postural control in young adults with chronic poor sleep quality who are not
subject to sleep deprivation.

The results we found in healthy young adults in our study suggest that problems
related to postural control may be included in clinical findings of rehabilitation
patients with poor sleep quality. During the rehabilitation process, sleep quality
and postural control evaluations, methods to increase sleep quality, and
exercises for postural control can be added to the rehabilitation program of the
patients. In this way, it can contribute to the quality of life of patients by
increasing the effect of rehabilitation.
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8.2. Appendix Il. Informed Consent
BILGILENDIRILMiS GONULLU OLUR FORMU
Sayin katilimer;

Davet edildiginiz “Saglikli Geng Yetiskinlerde Uyku Kalitesi ve Giindiiz Uykululugunun
Postiiral Kontrol Uzerine Etkileri” isimli bu ¢alisma; Yeditepe Universitesi Saglik
Bilimleri Enstitiisii Fizyoterapi ve Rehabilitasyon Boliimii tarafindan yiiriitiilmektedir ve
yiiksek lisans dgrencisi Fzt. Ilkay Tugce KOSE nin uzmanlik tez ¢alismasidir.

Calismanin amaci saglikli geng yetiskinlerde gece uyku kalitesinin ve giindiiz
uykululugunun postiiral kontrol iizerindeki etkilerinin arastirilmasidir. Vereceginiz yanitlar
arastirmanin gegerliligi ve giivenilirligi a¢isindan biiyiik bir 6nem arz etmektedir. Sizden
beklenen, biitlin sorular1 eksiksiz, kimsenin baskisi veya telkini altinda olmadan, size en
uygun gelen cevaplart igtenlikle verecek sekilde cevaplamanizdir.

Calismaya katilim tamamen goniilliiliik esasina dayanmaktadir. Calismaya katilmama veya
katildiktan sonra herhangi bir anda ¢alismay1 sonlandirma hakkina sahipsiniz. Calisma
sirasinda verdiginiz yanitlar ve kisisel bilgiler tamamen bilimsel arastirma igin
kullanilacaktir.

Katilimcilardan; Demografik Bilgi Formu, Pittsburgh Uyku Kalitesi indeksi, Epworth
Uykululuk Olgegi ve Stanford Uykululuk Olgegini cevaplamalar istenecektir. Denge
6l¢iimii ise Prokin PK200 cihazi kullanilarak yapilacaktir.

Calisma i¢in sizden bir licret talep edilmeyecek ve size herhangi bir licret 6denmeyecektir.
Calisma sonunda size 6zel sonuglarin sizinle paylasilmasini istiyorsaniz liitfen
arastirmaciya iletiniz.

Katilimimiz i¢in tesekkiirler.

Arastirmaci:
Damisman:

. Fzt. Ilkay Tugce KOSE
Dr. Ogr. Uyesi Cigdem YAZICI MUTLU zt. Ilkay Tugge KOS

. o Yeditepe Universitesi
Yeditepe Universitesi P

Saglik Bilimleri Enstitiisii
Saglik Bilimleri Fakiiltesi agik Brlimiert Enstitusu

Fizvoterani ve Rehabilit Bélimii
izyoterapi ve Rehabilitasyon Bolimii Programi
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Onay Formu

Bilgilendirme formundaki tiim agiklamalari okudum. Bana, yukarida konusu ve amaci
belirtilen caligma ile ilgili yazili ve sozlii agiklama arastirmaci tarafindan yapildi.

Aragtirmaya katilmaya goniillii oldugumu, istedigim zaman gerekceli veya gerekgesiz
olarak arastirmadan ayrilabilecegimi biliyorum.

S6z konusu ¢aligmaya hicbir baski ve zorlama olmaksizin kendi rizamla katilmay1 kabul
ediyorum.

Goniilliiniin
Adi Soyad:

Imza:

TIf:

Arastirmacinin
Ad1 Soyadz:

Imza:

Tarih:
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8.3. Appendix I11. Demographic Information Form

DEMOGRAFIK BiLGi FORMU

Bu form size hakkinizda genel bilgiler edinmek ve ¢alismaya dahil edilmenize engel bir

durum olup olmadigini belirlemek amaciyla verilmistir.

Liitfen biitiin sorular1 cevaplayiniz.

GENEL BILGILER

Adi-Soyadz:

Yas:

Cinsiyet:

Boy (cm): Viicut Agirligt (kg):
Alt Ekstremitede Dominant Taraf: Sag( ) Sol( )
1)Sigara kullaniyor musunuz?

() Hi¢ icmedim

() Igiyorum -Giinde kag adet sigara igiyorsunuz?

() Igiyordum biraktim -Ne zamandir sigara igmiyorsunuz?

2)Alkol kullaniyor musunuz?
() Evet —Ne kadar siklikta alkol tiikketiyorsunuz?
() Hayrr

3)Diizenli kullandi@iniz bir ila¢ var m?

() Evet -Evet ise nedir?

() Hayrr
4)Herhangi bir operasyon gecirdiniz mi?
() Evet ( ) Hayir

Evet, ise ne operasyonu oldugunu belirtiniz

Operasyon hangi tarihte gecirildi?

5)Kullandiginiz yardimei cihaz var nm? () Yok
() Tabanlik

( ) Dizlik

() Gozlik/ Lens
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( ) Isitme cihaz:

() Yirimeye yardime1 cihaz

6)Herhangi bir sistemik (siirekli ) hastahigimiz var mi?
() Yok

() Vestibular (Denge ile ilgili) hastaliklar

( ) Kalp damar hastaliklar1 (kalp yetmezligi, ritim bozuklugu, tansiyon, kansizlik, kalp
damar hastaliklar1 vb.)

() Solunum sistemi hastaliklar1 (Astim, Alerji, KOAH vb.)

() Kulak ile ilgili rahatsizliklar (Duyma problemi vb.)

() Sinir sistemi hastalilar1 (Vertigo, epilepsi, néropati, his kayb1 vb.)
() Enfeksiyon hastalilar1 (Bademcik iltihabi, kulak iltihab1 vb.)

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

() Kas iskelet sistemi rahatsizliklar1 (Kas, eklem, tendon hastaliklari, romatizmal
hastaliklar vb.)

() Sindirim sistemi, metabolizma hastaliklar1 (Gastrit, iilser, bagirsak hastaliklar1 vb.)

() Gorme bozuklugu

AKTIVITE BILGILERI

7)Spor yapiyor musunuz? Yapiyorsaniz hangi siklikta spor yapiyorsunuz?
() Yapmiyorum (Cevabiniz yapmiyorum ise 10. soruya geciniz.)

( ) Haftada 1-2 kez

( ) Haftada 3-4 kez

( ) Her giin

() Ayda 3 giinden az

Eger egzersiz yapiyorsaniz her egzersiziniz en az kag¢ dakika siiriiyor?
8)Yapmay tercih ettiginiz spor nedir- nelerdir?

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

9)Spor yapanlar i¢in, yaptigimiz spor her seferinde ka¢ dakika siiriiyor?
( ) 20 dakika veya daha az

() 21-30dk.

() 31-50 dk.

() 50 dakikadan daha fazla
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ALT EKSTREMITE ( KALCA, DiZ, AYAK BILEGi, AYAK)
DEGERLENDiIRMESI

10)Son alt1 ay icinde alt ekstremitenizden (kalc¢a, diz, ayak bilegi, ayak) sakatlandinmiz
mi?

( )Haywr

( )Kalca ( )Diz ( )Ayak ( )Ayak
bilegi

11)Son alt1 ay icerisinde alt ekstremitenizden (kalc¢a, diz, ayak bilegi, ayak) operasyon
gecirdiniz mi?

(  )Hayir (  )Evet — Evet ise
belirtiniz

12)Hic ayak bilegi burkulmasi yasadimiz mi?
( )Evet ( )Hayir (Cevabiniz hayir ise 18.soruya ge¢iniz.)
13)Hangi ayak bileginizi burktunuz?

( )Sag ( )Sol

14)Burkulma ne kadar siire once oldu?

( )Son 1-6 ay ( )Son 7-12 ay ( )Son 13-24 ay ()24 aydan
fazla

15)Ayni ayak bileginizde tekrarlayan burkulma sikayetiniz oldu mu?
( )Evet- Kag defa oldu?
( )Haywr

16)Burkulma sikayetinizden sonra fizik tedavi gordiiniiz mii?
( )Evet ( )Hayir (Hayir ise 18.soruya geginiz)

17)Fizik tedavi gordiigiiniiz tarih nedir

18)Asagida belirtilen durumlardan sahip olduklarimz isaretleyiniz
() Diiz olmayan zeminde giivensiz basma hissi

() Sportif aktiviteler esnasinda giivensiz basma hissi

() Ayak bileginizde bosalma ya da donme

() Ayak bileginizde tekrarlayan agrili donemler

() Yogun aktivite sonrasi tekrarlayan sislik, kuvvetsizlik ve zayiflik hissi

() Higbiri

Tesekkiir Ederim ©
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8.4. Appendix IV. Pittsburgh Sleep Quality Index

Pittsburgh Uyku Kalite indeksi (PUKI)

Pittsburgh Sleep Quality Index (PSQI)

Uyku kalitesi terimi kisinin gece ne kadar iyi uyudugunu belirtir. PUKI nin size verilis
amaci sizin ne kadar kaliteli bir gece uykusu uyudugunuzu belirlemektir; herhangi bir uyku
problemine yonelik tan1 koymaz.

Liitfen asagidaki sorular diiriist bir sekilde cevaplayiniz.

Ad1 Soyadu:

1) Gegen ay geceleri genellikle ne zaman yattiniz?
2) Gegen ay geceleri uykuya dalmaniz genellikle ne kadar zaman (dakika) ald1?

3) Gegen ay, sabahlar1 genellikle ne zaman kalktiniz?

4) Gegen ay, geceleri kag saat uyudunuz? (Bu siire yatakta gegirdiginiz siireden farkli
olabilir.)

5) Gegen ay, asagidaki durumlarda belirtilen uyku problemlerini ne siklikla yasadiniz?

Haftada Haftada Haftada
Hic 1defadan 1-2defa 3 defaveya

az daha fazla
a 30 dakika i¢inde uykuya
dalamadiniz [] [] [] []
b Gece yarisi veya sabah
erkenden uyandiniz [ [ [ [
¢ Tuvalete gittiniz ] ] ] ]
d Rahat nefes alip
veremediniz [ [ [ N
€ Asini derecede iisiidiiniiz ] ] ] []
f Asir1 derecede sicaklik
hissettiniz L] [ [ [
9 Koétii rityalar gordiiniiz [] [] [] [ ]
h Agr1 duydunuz [] [] [] ]
I Oksiirdiiniiz veya giiriiltiilii
bir sekilde horladiniz [ U] U] []
J Diger nedenler [] [] [] [ ]
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6)

7)

8)

9)

Gecen ay, uyku kalitenizi biitiinii ile nasil degerlendirirsiniz?
Ll Cok iyi | Oldukga iyi | Oldukga kotii L Cok koti

Gegen ay, uyumaniza yardimci olmasi i¢in ne siklikta (receteli veya regetesiz) uyku
ilact aldin1z?

" Hig | Haftada 1 | Haftada 1-2 defa [/ Haftada 3 defa
defadan az veya daha fazla

Gegen ay, araba siirerken, yemek yerken veya sosyal aktivite esnasinda ne kadar
siklikla uyanik kalmak icin zorlandiniz?

" Hig | Haftada 1 | Haftada 1-2 defa [ | Haftada 3 defa
defadan az veya daha fazla

Gegen ay, bu durum islerinizi yeteri kadar istekle yapmanizda ne derece problem
olusturdu?
__Hig problem olusturmadi || Bir dereceye kadar problem olusturdu
1 Yalnizca ¢ok az bir problem olusturdu [ ] Cok biiyiik bir problem olusturdu

10) Bir yatak partneriniz veya oda arkadasiniz var m1?

(Bu soruyu “yok” olarak cevapladiysaniz liitfen bir sonraki 6lgege geciniz.)

"] Bir yatak partneri veya oda arkadas1 yok [ Partneri ayn1 odada fakat ayni yatakta
degil

"] Diger odada bir partneri veya oda " Partner ayni yatakta

arkadas1 var

11) Eger bir oda arkadasi veya yatak partneriniz varsa son bir ayda ona asagidaki

durumlari ne siklikta yasadiginizi sorun.

Haftada Haftada Haftada
Hic 1 defadan 1-2 defa 3 defa veya

az daha fazla
a Giirtltili horlama [] [] [] ]
b Uykuda nefes alip verme
arasinda uzun araliklar ] [] ] ]
¢ Uyurken bacakta segirme veya
sigrama [] ] ] U
d  Uyku esnasinda uyumsuzluk
veya saskinlik [] ] ] U
€ Diger huzursuzluklariniz [] [] [] ]
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8.5. Appendix V. Epworth Sleepiness Scale

Epworth Uykululuk Olgegi (EUO)

Epworth Sleepiness Scale (ESS)

Adi Soyadi:

Son zamanlarda, giinliik yasantiniz i¢inde, asagida belirtilen durumlarda hangi siklikla
uyuklarsiniz? (Burada yorgun hissetmek degil, uyuklamak veya uyuya kalmak
anlasilmalidir.)

Asagida verilenlerden birini son zamanlarda yapmamis olsaniz bile, bdyle bir durumun,
sizi nasil etkileyecegini diisiinmeye c¢alisarak cevap veriniz.

Hicbir . Zaman Biiyiuik
Nadiren
zaman uvuklarim Zzaman olasihikla
uyuklamam y uyuklarim  uyuklarim
Oturmus bir seyler okurken [] [] [] []
Televizyon seyrederken ] [] [] []

Toplum iginde hareketsizce
otururken (6rnegin; herhangi

bir toplant1 veya tiyatro gibi [ U L] [
yerlerde)

Ara vermeden en az bir saat

sliren araba yolculugunda [] [] [] []
yolcu olarak bulunurken

Ogleden sonra kosular uygun

oldugunda dinlenmek igin [] [] [ ] []
uzanmisken

Birisiyle oturmus konusurken [] [] [] []
Alkol almadigim bir 6gle

yemeginden sonra sessizce [] [] [ ] []
otururken
Icinde oldugum araba, trafikte

y : 0 0 N O

bir kag¢ dakika i¢in durdugunda
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8.6. Appendix V1. Stanford Sleepiness Scale

Tarih: ..... [oeeens [evernnnnns

Stanford Uykululuk Ol¢egi (SUO)

Stanford Sleepiness Scale (SSS)

Bu 6l¢ek size su anki uykululuk halinizi belirlemek i¢in verilmistir. Liitfen asagidaki
durumlardan size en yakin olan birini isaretleyiniz.

Ad1 Soyada:
Uykululuk Hali Olcek Derecesi
Aktif; canli; uyanik 1
Maksimum degil ama yiiksek diizeyde fonksiyonel; yapilan ige 5
odaklanabilir

Uyanik durumda fakat relaks, yanit veriyor ama tam tetikte degil

Bazen dalgin

Dalgin; uyanik kalmaya ilgisini kaybetmis; hareketleri yavaglamig

Belirgin uyku hali var; siirekli yatmayi tercih ediyor

~N | oo |on | B~ W

Uyanik kalamryor; kisa siirede uykuya gegiyor; hep riiyada gibi
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