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CHAPTER 1 )
Common Stress-Related Psychosocial

Characteristics in Rheumatoid Arthritis: A Case-
Based Synthesis

Omer Faruk OZCELEP!

1-Introduction

The concept of stress is complex and multifaceted, with
definitions varying across physiological, psychological, and
clinical contexts. Broadly, stress can be described as a state of
physiological and psychological tension that arises from the
dynamic interaction between an individual and their environment.
From a physiological standpoint, stress i1s associated with the
activation of the body’s “fight or flight” response, primarily
mediated by the hypothalamic—pituitary—adrenal (HPA) axis. The
subsequent release of stress hormones, such as cortisol and
adrenaline, prepares the organism for immediate action by
increasing heart rate, blood pressure, and energy availability (Ji

& Yeo, 2021; Levine, 1985).

From a psychological perspective, stress is commonly defined as
a state of emotional distress characterized by feelings of anxiety,
apprehension, or unease, often accompanied by sensations of

overwhelm, frustration, or helplessness. These stress responses
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may be triggered by a wide range of internal and external factors,
including occupational demands, interpersonal relationships, and
major life events (Riedl, 2022). Importantly, the subjective
perception of stress and the individual’s coping capacity play a

critical role in determining its impact on health outcomes.

In patients with rheumatoid arthritis (RA), stress represents a
particularly relevant biopsychosocial factor, as it has been
implicated in disease onset, symptom exacerbation, pain
perception, fatigue, and treatment response. Growing evidence
suggests that chronic stress may influence immune regulation and
inflammatory pathways, thereby contributing to disease activity
and functional decline in RA. However, the manifestation of
stress and its clinical consequences may vary considerably
between individuals, underscoring the need for patient-centered

and context-sensitive approaches.

Therefore, the objective of this chapter is not only to examine the
impact of stress-related factors on rheumatoid arthritis and
potential treatment modalities, but also to illustrate these complex
interactions through clinical case examples. In addition to
previously discussed cases, two new cases are introduced in this
chapter to provide a more comprehensive and nuanced
understanding of how stress-related mechanisms may influence
disease progression, symptom presentation, and rehabilitation
outcomes in RA patients (Ozcelep, 2024). By integrating

theoretical perspectives with real-world clinical scenarios, this
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chapter aims to bridge the gap between conceptual knowledge

and practical application in stress-informed rheumatological care.

2-Case example-1I1

Our third case involved a 49-year-old woman, who had been
diagnosed with rheumatoid arthritis 25 years earlier. The patient
presented with multiple comorbidities, including hypertension
and asthma, and had undergone coronary angiography. During
the anamnesis, we explored her emotional history and life events

preceding and accompanying the onset of her disease.

The patient was married for the first time at the age of 13. She
reported that her panic attacks began following a traumatic
experience in childhood; at the age of eight, she witnessed a
serious traffic accident, which had a significant emotional impact
on her. She described the marriage environment as restrictive and
oppressive. Her mother-in-law, a dominant figure, was
particularly harsh toward her, and due to her young age and lack
of autonomy, the patient was unable to defend herself. This

created a chronic state of helplessness and emotional suppression.

As the patient described herself, she is “like a butterfly,”
emphasizing gentleness, emotional transparency, and a strong
inclination to care for others. She stated that she always
prioritized the needs and comfort of those around her, even when

she was under great strain. Such excessive altruism, paired with
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an inability to assert her own boundaries, formed the emotional

foundation on which chronic stress gradually accumulated.

Approximately one month prior to our evaluation, the patient lost
her sister-in-law, to whom she was deeply attached. This loss
triggered a significant exacerbation of her pain. The pattern
observed here aligns with the notion that emotional shocks,
especially the loss of an attachment figure, can destabilize
physiological regulatory systems and aggravate inflammatory
disease activity. As Dr. Gabor Maté describes, individuals who
chronically suppress emotional expression in order to maintain
relational harmony may become particularly vulnerable to

chronic autoimmune diseases.

Thus, this case illustrates how longstanding emotional
suppression, early traumatic experiences, and the burden of
caregiving obligations contribute to the systemic stress load that

influences autoimmune disease progression.

3-Case example-1V

The fourth case concerned a 53-year-old woman, employed as a
cook, who had been diagnosed with rheumatoid arthritis 15 years
earlier. The patient had two children: a married daughter and a
son struggling with severe substance addiction. Her son had been

repeatedly hospitalized due to drug overdose, and in one critical
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episode, he remained in a coma for 18 days. The patient stated

that this experience was the most terrifying period of her life.

During the interviews, it became evident that her emotional
closeness to her son and the ongoing fear of losing him created a
continuous state of vigilance and psychological strain. She
reported that while she attempted to maintain the appearance of
strength, she frequently internalized her emotional distress to

avoid burdening others.

Additionally, the patient lived with her husband, who she
described as largely irresponsible regarding household and
familial responsibilities. The financial and emotional
management of the home fell almost entirely to her. For many
years, she was also the primary caretaker of her father-in-law,
who had Alzheimer’s disease. This caregiving role, sustained
over an extended period and lacking adequate support,
contributed significantly to her physical and psychological

exhaustion.

In this case, we see the convergence of chronic caregiving stress,
emotional suppression, and persistent worry for a vulnerable
family member—factors that have been repeatedly associated
with dysregulated hypothalamic—pituitary—adrenal (HPA) axis
responses and increased systemic inflammation. As Gabor Maté
suggests, when individuals feel compelled to maintain composure

and continue functioning despite overwhelming emotional
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turmoil, the body may manifest this invisible struggle through

chronic illness.

4-Common Characteristics Across the Four Cases

Across all four cases, a striking commonality is the presence of
adverse childhood or early life experiences that appear to mark
the onset of a chronic stress burden. These early stressors include
significant loss, family disruption, forced separation from
primary attachment figures, emotional neglect, authoritarian
family dynamics, and exposure to life-threatening or destabilizing
events. Such experiences seem to have impaired the development
of adaptive coping mechanisms, predisposing individuals to
maladaptive stress responses later in life. Rather than resolving
stress through emotional processing, these individuals learned to
suppress emotional expression as a means of psychological

survival.

Another prominent shared characteristic among the four cases is
difficulty in expressing emotions, particularly negative affect
such as anger, grief, resentment, and helplessness. Instead of
externalizing these emotions, patients consistently internalized
them, leading to sustained psychological tension. This pattern of
emotional suppression is clinically relevant, as it has been
associated with dysregulation of the hypothalamic—pituitary—
adrenal (HPA) axis, altered cortisol secretion, and heightened

inflammatory  activity. In line with Gabor Maté’s
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conceptualization, the inability to assert boundaries or verbalize
distress may result in the body expressing what the mind cannot,

through somatic and inflammatory pathways.

A further shared feature is the presence of a persistent pattern of
disproportionate altruism and excessive responsibility-taking. In
all four cases, patients demonstrated a longstanding tendency to
prioritize the needs of others over their own, often to the detriment
of their physical and emotional well-being. What initially may
have functioned as an adaptive strategy in adverse environments
appears to have evolved into a rigid personality trait,
characterized by chronic self-neglect, internalized pressure, and
emotional exhaustion. This ongoing burden contributes to
psychological burnout and may negatively influence recovery

trajectories and treatment responsiveness.

Social isolation and a pervasive sense of being misunderstood
also emerged as common themes across all cases. Despite
differing social contexts, each patient reported feelings of
loneliness and the belief that their experiences were not
adequately recognized or validated by others. This perceived lack
of understanding and social support may further exacerbate
emotional withdrawal, limit opportunities for emotional
expression, and undermine self-efficacy and resilience. The
resulting isolation reinforces maladaptive coping patterns and
may amplify both psychological distress and physical
symptomatology.
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Finally, all four cases demonstrated a clear temporal association
between significant life stressors and disease exacerbations or
symptom flares. Episodes such as family conflict, marital
separation, bereavement, prolonged caregiving stress, or acute
threats to loved ones were followed by marked increases in pain,
fatigue, and disease activity. This consistent pattern supports the
notion that psychosocial stressors play a triggering role in
inflammatory processes, highlighting the dynamic interplay
between emotional stress and immune dysregulation in

rheumatoid arthritis.
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Introduction

Eccentric muscle contraction is a type of contraction commonly
used in daily life activity such as walking, running, and descending
stairs. In this type of contraction, the sarcomeres, which are the
smallest units where muscle contraction occurs, lengthen, and the
actin filaments within the sarcomere move away from each other.
Eccentric exercises can cause strain to muscle fibers and delayed
onset muscle soreness (DOMS), but when performed regularly and
in a controlled manner, they strengthen the muscle and protect
against injury. In this regard, eccentric exercises are one of the
preferred types of exercises in preventing sports injuries, improving
performance, and in the rehabilitation process (Utku & Akin, 2017).

Eccentric muscle contraction offers several advantages
compared to other types of muscle contractions. For example,
Eccentric training generates more force with less energy
expenditure. This increases the effectiveness of training by rapidly
increasing muscle volume and strength. It is also known that
eccentric exercises increase muscle flexibility. During eccentric
training, the physiological working length of the muscle is increased,
preventing the sarcomeres from reaching critical length during
contraction. Eccentric exercises may cause micro-level damage to
muscles during initial applications, but when performed regularly,
muscles adapt to this stress, reducing muscle damage and lowering
the risk of injury (Diong et al., 2022; Nunes et al., 2024).

In recent vyears, exercise programs based on eccentric
contractions aimed at increasing hamstring muscle strength have
become a popular training method. Eccentric hamstring exercises are
divided into two groups: hip-focused and knee-focused. Hip-focused
exercises prioritize hip extension, while knee-focused exercises
prioritize knee flexion. Exercises such as Nordic hamstring exercises
(NHE), supine sliding leg curl, prone and supine leg curl, and bent
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knee bridge are knee-focused eccentric hamstring exercises that
selectively activate the medial hamstrings more. Romanian deadlift,
stiff-leg deadlift, unilateral Romanian and stiff deadlift, 45° hip
extension exercise, good morning exercise, and kettleball swing
exercises are hip-focused exercises that primarily activate the biceps
femoris muscle (Bourne et., 2017).

Among the eccentric exercises mentioned above for increasing
hamstring muscle strength, NHE is the most commonly used type of
eccentric exercise. During the NHE exercise, which gained
popularity following the study by Mijglsnes et al. (2004), the
individual performs a forward falling motion over their knees and is
asked to slow themselves down as much as possible using their
hamstring muscle group during the fall. NHE programmes are
known to be effective in improving eccentric muscle strength,
muscle activation, performance, and reducing hamstring injury rates
(Nunes et al., 2024).

This study aims to comprehensively present the effects of NHE
on athletic performance and to contribute to the relevant literature.

Anatomy and biomechanics of hamstring

The hamstring muscle group consists of the biceps femoris,
semitendinosus, and semimembranosus muscles, located on the back
of the thigh and having important functions in both the knee and hip
joints. These muscles originate from the ischial tuberosity of the
pelvis and attach to the tibia and fibula bones. All hamstring muscles
are primarily innervated by the tibial nerve. The hamstring muscle
group crosses both the hip and knee joints, therefore it is involved in
hip extension, knee flexion, and internal (semitendinosus and
semimembranosus) or external knee rotation (biceps femoris)
(Rodgers & Raja, 2019).
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Hamstring muscles are considered double-joint muscles because
they affect both the hip and knee joints. They play an active role in
maintaining postural balance and during functional movements such
as running, jumping, and walking. They also contribute to the
healthy alignment of the pelvis and lumbar spine. During frequent
trunk flexion in daily activities, the hamstring muscle group balances
the forces created by the shifting center of gravity. By controlling
the movements of the pelvis and trunk on the femur, they contribute
to stability. During walking, the hamstring is relaxed at the initial
contact. When the heel strikes the ground, it begins to contract to
help stabilize the knee. During the loading phase, it contracts
eccentrically to prevent excessive forward movement. Before the
foot lifts-off the ground, it contracts concentrically to lift the heel
and initiate forward swing of the leg. Furthermore, the tension in the
non-contractile structures of the hamstring muscles helps maintain
trunk stability (Grer, 2025; Sasaki & Nepture, 2013; Zajac, 2002).

The hamstring muscle group has a strong connection with the
thoracolumbar fascia via the ischial tubersity. Considering the
thoracolumbar fascia's connection to the lumbar vertebrae,
latissimus dorsi, transversus abdominis, internal oblique, rhomboid
muscles, and cervical tendons, the hamstring muscle group's
functional relationship with the lumbar-pelvic region, upper body,
shoulder joint, and skull is also apparent (Hoskins & Pollard, 2005).

Effects of eccentric contraction

The sliding of actin and myosin filaments over each other during
contraction forms the basic mechanism of muscle contraction.
Myosin heads repeatedly bind to binding sites on actin, and each
binding causes a force to be released. The magnitude of the
contractile movement is determined by the number of cross-bridges
formed and the amount of actin-myosin overlap (Herzog et al.,
2015).
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It is thought that the greater force produced during eccentric
contractions compared to concentric and isometric contractions is
due to differences in the number of cross-bridges and the mechanical
separation of active cross-bridges. During isometric and concentric
contractions, only one myosin head is bound, whereas during
eccentric contraction, the increased tension in a single myosin
filament triggers the activation of a second head. This mechanism
causes the number of active cross-bridges to double during eccentric
contraction, with an increasing number becoming active as the
contraction velocity increases (Linari et al., 2000). It has been
proposed that the cross-bridge cannot complete a full cycle during
eccentric contraction. During an eccentric contraction, the cross-
bridge remains suspended at the active site bound to actin and rapidly
rebinds following forced detachment; since a full cross-bridge cycle
is not completed, less ATP is consumed to maintain force Huxley,
1998; Linari et al., 2004). It is known that another reason for the
sustained increase in force during eccentric contraction is the passive
structural elements within the sarcomere. Titin, an important
structural component of the muscle skeleton and the largest defined
protein, contributes significantly to sarcomere stability and the
regulation of muscle force during eccentric contraction (Herzog et
al., 2015; Leonard & Herzog, 2010).

The central nervous system controls the increase in force during
contraction by increasing the firing rate of motor units and recruiting
additional motor units (Hedayatpour & Falla, 2015). During
eccentric loading, the excessive strain on muscle tissue increases the
rate of motor unit excitation. Furthermore, eccentric contraction
lowers the motor unit excitation threshold and increases the number
of motor units involved in the contraction (Dartnall et al., 2009).
During eccentric contraction compared to concentric contraction, the
concurrent modulation of the stretch reflex and la afferent input from
the lengthening muscle results in greater cortical activity. The
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increased cortical activity inhibits spinal reflexes, thereby allowing
the muscle fiber to lengthen (Duchateau & Enoka, 2016;
Hedayatpour & Falla, 2015). Eccentric exercise is also known to
induce peripheral neural adaptations. Studies have indicated that
eccentric exercises can significantly enhance the electromyographic
activity of muscles and lead to the recruitment of a greater number
of alpha motor neurons (Gabriel et al., 2006; Lepley et al., 2015).

When examining the morphological effects of eccentric
exercises, an increase in the cross-sectional area of fast-twitch type
Ila and 1Ix muscle fibers is observed following eccentric training
(Vikne et al., 2006). It has been reported that eccentric exercises
performed at high velocity and resistance cause an increase in
sarcomere number, which may subsequently lead to an increase in
fascicle length. Increased fascicle length enhances muscle
contraction velocity and extensibility. Movements performed at
longer muscle lengths exhibit greater force and power production.
This phenomenon not only improves muscle performance but also
increases muscle flexibility, thereby creating a protective effect
against muscle damage (Baroni et al., 2013; Proske & Morgan,
2001).

Eccentric exercise has different effects on the cardiovascular and
pulmonary systems compared to other types of exercise. Compared
to concentric exercise, oxygen consumption during eccentric
exercise is lower. Eccentric exercise requires 4-5 times less oxygen
than concentric exercise at similar mechanical workloads, and
necessitates significantly lower cardiac output and heart rate (Billat
et al., 2004; Perrey et al., 2001). Furthermore, eccentric exercise
results in lower metabolic demand, blood lactate accumulation, and
energy expenditure (Pefiailillo, L., Blazevich, A., & Nosaka, 2014;
Pefailillo et al., 2013). Due to the greater muscle force production
and neurogenic stimulation during eccentric exercise, the increase in

pulmonary ventilation is more pronounced. Additionally, the heat
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stress induced by eccentric exercise can trigger a thermoregulatory
response, which may also influence oxygen dissociation kinetics
(Douglas et al., 2017).

Nordic hamstring exercise

NHE, one of the eccentric exercises, is a resistance exercise
designed to target the hamstring muscle group and enhance
hamstring performance. Regular application of the NHE has been
shown to reduce the risk of injury by increasing muscle fiber length
and significantly improve muscle strength (Saleh et al., 2017). In this
context, these exercises are also used as an effective strategy,
particularly in the prevention of hamstring injuries (Sayers & Sayers,
2008). Furthermore, studies emphasise that eccentric strengthening
should be integrated into rehabilitation from the onset of treatment
following a hamstring injury (Duhig et al., 2019; Dyk et al., 2019).
The basic principle is that the person stands on their knees while their
ankles are immobilised with the help of a partner or apparatus, and
their upper body is bent forward in a controlled manner, causing the
hamstring muscles to withstand eccentric loading (Mjglsnes et al.,
2004). During NHE, hamstring muscle activation in both knee joints
requires greater eccentric muscle force compared to traditional
hamstring exercises. Additionally, trunk and hip muscles contract
largely isometrically during NHE (Narouei et al., 2018).

During the NHE, the starting position involves the individual
positioned on their knees with the knee joints at 90 degrees of
flexion, the hip joints slightly flexed, and the trunk upright. In the
commonly used form, a partner ensures the individual's feet maintain
contact with the ground and applies pressure on the ankles during the
exercise to allow the individual to perform a forward lean.
Subsequently, the individual begins to fall forward using the knee
joint as the pivot point. The individual is instructed to resist the
descent as much as possible using their hamstring muscles. NHE is
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advantageous because it can be performed in various conditions.
Furthermore, NHE can be performed without a partner using the
Nordbord Nordic hamstring machine (Ogborn et al., 2023; Saleh et
al., 2017; Sayers & Sayers, 2008).

NHE is used as part of a warm-up program in many studies.
However, it has also been shown that NHE can be beneficial when
used as part of a cool-down program. Using NHE during the cool-
down will positively affect the maintenance of eccentric hamstring
strength and the preservation of functional muscle strength ratio,
even in fatigue. Furthermore, using NHE during the cool-down
program increases post-exercise flexibility and improves muscle
performance (Mall et al., 2009; Nunes et al., 2024).

Insufficiencies in the hamstring muscle group during the
transition from eccentric to concentric contraction, as well as
insufficient concentric and eccentric hamstring strength, are
predisposing factors for hamstring injuries (Ditroilo et al., 2013).
Studies on the subject emphasize that the NHE reduces injury risk
by more than 50% and should be used more frequently as an injury
prevention strategy (Impellizzeri et al., 2021). A study involving
professional football teams reported that the NHE is recognized as
one of the two most effective strategies for preventing muscle
injuries (Mccall et al., 2020). Another study analyzing two years of
data demonstrated that the NHE is a more effective method for
reducing the incidence of hamstring strains compared to flexibility
programs (Arnason et al., 2008). A further study involving rugby
players also indicated that incorporating the NHE into training
programs led to a significant reduction in both the severity and
incidence of hamstring injuries (Brooks et al., 2006).

Although there is much evidence regarding the effectiveness of
NHE, some authors highlight the disadvantages of this exercise. A
study examining muscle activation at different angles of the
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hamstring muscle during NHE indicated that peak electromyography
activation of the hamstring muscle was observed at 65° flexion,
while there was a significant decrease at 45° flexion (Ditroilo et al.,
2013). Many individuals cannot reach these angles due to the
difficulty of the exercise. In this context, the question have been
raised as to whether NHE causes sufficient muscle activation (Saleh
et al., 2017). Another significant disadvantage observed in studies is
the low adherence to NHE and high dropout rates due to delayed
onset muscle soreness (Hibbert et al., 2008). In individuals with high
adherence rates to NHE (91%), it has been shown to be an effective
method in reducing hamstring injuries (Trial et al., 2015). However,
it has been reported that NHE has minimal effect on hamstring
injuries when exercise adherence is poor (21%) (Engebretsen et al.,
2008). Another disadvantage of NHE exercises is exercise-related
pain that arises after intense NHE training. The literature reports that
DOMS pain is more common in response to NHE. However, non-
DOMS musculoskeletal pain (knee pain, etc.) can also occur in
association with NHE (Behan et al., 2023).

The literature reveals no consensus on the optimal training
intensity for the NHE. Regarding the NHE, the most common
protocol involved 2-3 sets of 6-12 repetitions, with 30 seconds to 3
minutes of rest between sets, performed 1-3 times per week for a
duration of 4-10 weeks (Nunes et al., 2024). In the systematic review
on this topic, a protocol of 3 sets of 3 repetitions performed 3 times
per week is considered the minimal effective NHE protocol
(Cuthbert et al., 2020). The same study also emphasized that a total
of 21-73 repetitions are required for NHE to produce significant
effects (Cuthbert et al., 2020). Another study investigating the
effects of NHE showed that a 10-week (700 repetitions total) NHE
program resulted in a greater increase in hamstring muscle strength
compared to concentric exercise (hamstring curl) (Mjglsnes et al.,
2004). However, it should be noted that eccentric exercise programs
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performed at this intensity may be the cause of poor compliance and
DOMS pain (Ullah et al., 2022). Another study on the subject
emphasized that NHE performed with 6 sets of 5 repetitions per
week is an extremely effective method for increasing hamstring
muscle strength (Timmins et., 2016). Studies have shown that both
high and low-intensity protocols are effective in increasing
hamstring muscle strength and reducing injuries (Dyk et al., 2019).
Presland et al. found that both high-volume (440 repetitions) and
low-volume (128 repetitions) NHE had significant effects on
hamstring muscle strength (Presland, 2018). The same study also
highlighted that the high-volume exercise protocol had a larger
effect size (Presland, 2018). Another similar study reported that both
high-volume and low-volume NHE protocols caused significant
changes in muscle size, strength, agility, and speed, but the high-
volume protocol had a larger effect size (Ullah et al., 2022).

The Effect of Nordic Hamstring Exercises on Athletic
Performance

When comparing eccentric and concentric exercises, eccentric
exercises are known to be superior in both strength increase and
fascicle length increase (Duclay et al., 2009). Studies in the literature
show that the use of the NHE protocol, either in isolation or in
combination with other exercise programs, has positive effects on
some performance parameters and injury frequency in athletes.

Eccentric training leads to an increase in eccentric muscle
strength by inducing changes in muscle fiber type, number,
excitability, motor unit number, and synchronization (Gerard et
al.,2020). In a study comparing 12 different hamstring exercises, the
highest activation (>60%) in the biceps femoris muscle was shown
to be caused by the NHE (Llurda-almuzara et al., 2021). There is
evidence demonstrating a 15-21% increase in eccentric knee flexion
strength following 4-6 weeks of NHE training (Shield & Bourne,
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2018). In a study involving soccer players that examined the isolated
effects of the NHE, a 10-week NHE program increased eccentric
knee flexion strength by 11% at an angular velocity of 60°/s
(Mjgalsnes et al., 2004). The same study also showed a 7% increase
in isometric hamstring strength at 90°, 60°, and 30° of knee flexion
(Mjglsnes et al., 2004). Considering that hamstring injuries typically
occur during the initial angles of flexion, the increase in torque
values at low angles also provides a protective effect against
hamstring injuries (Mjglsnes et al., 2004).

Increased muscle fiber length directly affects muscle function by
affecting the force-velocity and force-length relationships. Longer
muscle fibers contain a greater number of sarcomeres arranged in
series. This increases muscle contraction velocity and, due to the
greater extensibility, helps prevent potential muscle damage (Nunes
et al., 2024). Changes in muscle architecture (fascicle shortening)
occur after hamstring injury. These negative changes in muscle
architecture lead to decreased performance and an increased risk of
re-injury in the athlete. Eccentric exercises are known to increase
muscle fascicle length. The muscle fiber elongation caused by
eccentric exercises leads to a shift in peak torque towards longer
fibers (Macdonald et al., 2019). A systematic review examining the
effects of the NHE on eccentric strength and the fascicle length of
the biceps femoris long head found the NHE to be effective in
improving eccentric strength (with increases of 10-15% in isokinetic
dynamometer measurements and 16-26% in measurements using the
NHE device). The same review also reported that the NHE program
increased the fascicle length of the biceps femoris long head by 12-
22% (Medeiros et al., 2021). In a study comparing the effects of the
NHE and the Stiff-Leg Deadlift on muscle architecture and eccentric
strength, the NHE was found to be more effective in improving the
fascicle length of the biceps femoris long head. The NHE increased
the fascicle length of the biceps femoris long head by 14%, providing

--21--



more than double the increase produced by the Stiff-Leg Deadlift
exercise (Milanese & Eston, 2019).

Resistance exercises can lead to an increase in both muscle
thickness and pennation angle. However, the increase in muscle
thickness and pennation angle caused by excessive resistance
exercises can limit the elongation of muscle fibers and their force-
producing capacity. Similar to other resistance exercises, NHE
exercise also causes an increase in muscle thickness by increasing
the number of parallel sarcomeres. However, studies show that NHE
exercises increase muscle thickness without causing an increase in
the pennation angle (Blazevich et al., 2006; Kegawa et al., 2008;
Nunes et al., 2024). A study on this subject showed that hamstring
eccentric muscle training, in addition to increasing eccentric force,
caused adaptations in muscle architecture, resulting in a decrease in
the pennation angle and an increase in fascicle length and muscle
thickness (Gerard et al., 2020).

In athletes, sprint training can be used to improve sprint
performance. However, sprint training can cause fatigue in athletes.
There is a reciprocal and positive relationship between muscle
strength and sprint performance in athletes. In this context, a well-
planned NHE protocol can be used to improve sprint performance
without causing fatigue (Freeman e al., 2019). Ishgi et al. (2018)
showed that a 10-week NHE protocol improved sprint acceleration
performance, repeated sprint performance, and final performance
sprint. In another similar study, it was found that a 6-week NHE
program caused significant changes in participants' 10m sprint, 20m
sprint, and vertical jump performance, and the performance increase
was associated with force adaptation in the hamstring muscles (Gulu
& Dogan, 2021).

Agility is a critical determinant of performance in various sports.
Research has shown significant relationships between eccentric
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hamstring strength and agility performance (Fernandez-fernandez et
al., 2022; Hornikova & Zemkov4, 2021). Increased hamstring
eccentric  muscle strength with NHE  balances the
hamstring/quadriceps ratio and improves dynamic balance (Atgeken,
2023). Furthermore, the improvements in range of motion and knee
stability observed following the NHE (Giilii & Dogan, 2021;
Hosseini et al., 2025) can contribute to enhanced agility performance
in athletes. In a study conducted on badminton players, it was
observed that NHE caused significant changes in agility and speed
performance, and that agility and speed performance times improved
as leg strength increased (Karakas et al., 2018). Hosseini et al. (2025)
also found that an 8-week NHE protocol caused an increase in agility
in football players.
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CHAPTER 3

INTEROCEPTIVE-AUTONOMIC-MOTOR
DYSFUNCTION IN MENTAL DISORDERS

CAGLAYAN PINAR OZTURK!
NADIR TAYFUN OZCAN?

Introduction

The concept of interoceptive perception was defined by
Sherrington. Sherrington distinguished interoceptive perception
from exteroceptive perception (perception of stimuli from the
external environment) and proprioceptive perception (perception of
body position) (Sherrington, 1906). According to Critchley &
Garfinkel, interoceptive perception has a neural and psychological
integrated structure. It is not merely the transmission of visceral
afferent signals to the brain, but is divided into layers: “accuracy,”
which is the capacity to correctly perceive internal signals at a

subconscious level; “sensitivity,” which indicates the subjective state
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of the person related to this perception; and “metacognitive
awareness,” which indicates the degree to which subjective
evaluation is consistent with reality. The executive dimension is
defined as the person's ability to shift their attention from internal
sensations to the external environment and back to internal
sensations. This holistic structure means that internal perception
involves not only signal perception but also cognitive evaluation as

part of the process (Critchley & Garfinkel, 2017).

Interoception is considered an essential element for the
organism to maintain homeostatic internal balance, sustain vital
processes, and perceive internal order (Critchley & Garfinkel, 2017;

Khalsa et al., 2018).

In a study evaluating the fundamental characteristics of
interoception, Khalsa et al. defined interoception as a structure with
a broad function encompassing signal transmission, reflexes,
impulses, emotions, drives, adaptive responses, and cognitive and
emotional experiences (Khalsa et al., 2018). Craig drew attention to
the function of the Insula and Anterior Cingulate Cortex (ACC),
stating that the Insula is a center for perception and evaluation and
that the information transmitted to the ACC establishes a connection
with the motor system and the Autonomic Nervous System (ANS).
Therefore, they used the term “emotional motor cortex” for the ACC
due to its function. They also reported that all bodily sensations,

including itching and visceral sensations, as well as exteroceptive
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sensations such as pain and temperature, can actually be evaluated
within the scope of interoception, and that this information is
transmitted via a special nerve pathway (Lamina I
Spinothalamocortical system) that starts in the spinal cord and
reaches the Insular cortex deep within the brain. According to this
theory, Insular maps the body's current state, and other areas that use
this information determine emotional responses and behavioral
motivations. Specifically, the right anterior Insula serves subjective
awareness. It enables the person to perceive “how they feel,” which
forms the neuroanatomical basis of self-awareness and emotions
(Craig, 2002). Thayer's “neurovisceral integration model” adds a
higher-level autonomic regulation dimension to this system; the
healthy functioning of the Prefrontal Cortex—Insula—ACC—ASS loop
enables the maintenance of parasympathetic tone, the appropriate
filtering of bodily signals, and the balanced production of motor-
autonomic responses. According to Thayer, when this regulatory
network weakens, parasympathetic activity decreases, and bodily
signals are perceived more intensely, fragmentarily, or threateningly
(Thayer & Lane, 2000). Barrett and Simmons proposed that the
interoception system is not a passive system that merely detects
sensations from the body, but rather an active system that utilizes
past experiences. According to this claim, regions such as the ACC,
ventromedial PFK, orbitofrontal cortex, and anterior Insula
(agranular visceromotor regions) regulate autonomic and hormonal

responses by generating visceromotor commands, while predicting



the interoceptive sensations that these commands will create. These
predictions are sent to the middle and posterior insula, where they
are compared with actual internal body signals arriving via the vagus
and lamina I pathways. Although the resulting difference is reported
upward as a “prediction error,” the structural characteristics of the
agranular visceromotor regions (thin upper layers and a distinct lack
of layer IV) make these regions less sensitive to the error signal. This
leads to slower updating of interoceptive predictions, making them
more resistant and persistent. As a result, a person's bodily
experience often reflects the brain's built-in predictions rather than
actual signals. Dysfunctions in this prediction system may play a
significant role in the development of anxiety, depression, and stress-

related physical disorders (Barrett & Simmons 2015).

The Relationship Between Emotional State and Autonomic
Nervous System

There are studies in the literature on the relationship between
emotions and the autonomic nervous system. These studies report
that in psychiatric disorders, the autonomic nervous system,
particularly the activation of the vagus nerve, is weakened (Gogen &
Ozden, 2024). In these studies, heart rate variability (HRV) is used
rather than heart rate (HR). HR and HRV are two distinct concepts.
HR refers to the average number of beats per minute, while HRV
refers to a capacity for variability and, unlike HR, increases with
increased parasympathetic system influence. Therefore, when HRV
is high, the system responds more flexibly and quickly to
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environmental demands, while when it is low, the system's
adaptability decreases. Thayer and Lane “Neurovisceral Integration
Model” to explain the reduction in HRV observed in psychiatric
conditions and the connections between the heart, brain, and
behavior. According to this model, HRV decreases through
parasympathetic inhibition when the Amygdala perceives a threat in
the relationship between the ventromedial Prefrontal Cortex
(vmPFC) and the Amygdala (Thayer and Lane 2000). The vimPFC,
as a higher-order center, exerts an inhibitory effect on the amygdala
and tends to interpret situations in a rationalized manner. HRV
demonstrates the vmPFC's control capacity over the amygdala. A
decrease in this capacity may result in excessive sensitivity to
threats, inability to adapt to safety signals, and constant vigilance,
reflecting the amygdala's dominant activity (Thayer et al., 2012).
Sgoifo et al., indicated that HRV measurement can be used to detect
depression and monitor prognosis (Sgoifo et al., 2015). Pole reported
that individuals with Post-Traumatic Stress Disorder (PTSD) exhibit
higher than normal cardiovascular reactivity and skin conductance
during rest and in response to stimuli, indicating that the “fight or
flight” mode is active in these individuals (Pole, 2007). Alvares and
colleagues reported that HRV decreases as an autonomic response in
different psychiatric conditions (mood, anxiety, psychosis, and
addiction). They interpreted that this condition occurs in patients not

taking medication, suggesting that the decrease in HRV stems from
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its own nature, independent of the effects of medication (Alvares et

al., 2016).

The Polyvagal Theory, developed by Stephen W. Porges,
explains that vagal tone influences social behavior, emotion
regulation, and stress response. The Polyvagal Theory describes a
hierarchical response selection within the autonomic nervous system
and explains how this physiological state determines emotional and
social behavior. This approach, which envisions a three-stage
response system, suggests that the most developed stage supports
communication (Unmyelinated Vagus / VVC (Ventral Vagal
Complex)), the second system supports the fight or flight response
(Sympathetic Nervous System), and the most primitive system
supports the freeze/collapse response (Unmyelinated Vagus / DVC
(Dorsal Vagal Complex)) (Porges 2001).

According to this model, if the first system is active, the individual
behaves in a social, engaged, and orderly manner. In the second
system, the individual exhibits fight-or-flight behaviors. When the
third system is dominant, responses such as freezing, withdrawal,
and depression are observed. Therefore, according to this theory, the
ASS shapes not only peripheral outputs such as heart rate but also
the individual's attention, emotional responses, cognitive processes,

and motor behaviors (Porges 2001).
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Table 1. Characteristics of Interoception

Features Description

Attention Observing the body's internal sensations

Detection Whether an internal sensation is consciously
perceived or not

Magnitude The subjective intensity of the perceived
sensation

Discrimination | Localization of sensations originating from a
specific channel or organ system and
distinguishing them from other sensations

Accuracy/ Accurate and precise monitoring of internal

Sensitivity body signals

Insight Metacognitive assessment of experience or
performance (e.g., confidence—accuracy fit)

Sensibility The individual's subjective perception of their
tendency to focus on interoceptive stimuli
(trait level)

Self-report Psychometric assessment (state/trait

Scales measurement) conducted through surveys

Khalsa et al. 2018
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The Relationship Between Emotional State and Motor System
The interoception system is a system that produces outputs to
both the autonomic and motor systems (Critchley & Garfinkel, 2017;
Khalsa et al. 2018, Craig, 2002 Thayer, & Lane, 2002). Reviews of
publications on interoception at the peak of interoception have
reported that, in addition to the formation mechanisms and functions
described above, dysfunction in this system is associated with
psychopathological problems. In other words, there is a consensus
that in psychopathological conditions, the perception and
interpretation of signals from the body are impaired. Regarding
treatment methods, it has been reported that they should not only aim
to suppress symptoms but also target the perception, interpretation,
integration, and regulation of interoceptive signals (Khalsa et al.,
2018). Roxendal (1985) linked motor disorders observed in
psychiatric conditions to interoceptive impairment much earlier and
defined them as an expression of the disruption of psychosomatic
integrity. According to this approach, some of these are
psychological and some are due to deterioration in the motor system;
muscle tension, lack of coordinated movement, slowness of
movement, closed body posture, impaired body image, internal
tension, anxiety, neglect of hygiene, reluctance to move, avoidance
of eye contact and one's own mirror image, extrapyramidal side
effects, and a general feeling of illness (Roxendal, 1985). Bunse et
al. reported that motor problems seen in psychiatric disorders are not
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solely due to muscle strength or primary motor cortex issues; rather,
they are due to impairments in interoceptive processing, emotional
regulation, and cognitive control networks, and that the common
feature of psychiatric disorders is cortical disinhibition and weak
cognitive-motor integration. Therefore, motor symptoms were
defined not as secondary consequences of mental disorders but as a
direct reflection of the neurophysiological integrity of the disorder
(Bunse et al. 2014). Northoff et al. have expanded psychomotor
symptoms beyond merely impaired dopamine release and motor
cortex involvement to include impaired serotonin release and
disorders modulated by non-motor cognitive networks (Northoff et
al. 2021). According to Wiithrich et al., brain activation areas vary
across different diseases and even different forms of the same
disease. It has also been suggested that excessive activation in the
brains of individuals with psychiatric disorders (excessive
communication on the brain surface) compensates for this

dysfunction (Wiithrich et al. 2024).

Table 2. Symptoms and clinical findings indicating impairment of

the interoception system in some psychiatric disorders

Psychiatric Disorders Symptoms Clinical
Findings
Panic Disorder Palpitations, chest Increased

pain, dyspnea, feeling | heart rate
of suffocation, nausea, | and/or blood
dizziness, flushing, pressure,
exaggerated
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depersonalization/dere
alization

startle, flight,
and freezing

responses
Depression Increased or decreased | Weight gain
appetite, fatigue, or weight loss,
weakness psychomotor
slowing

Eating Disorders

Hunger insensitivity,

Extreme food

eating anxiety, restriction,
gastrointestinal significant
complaints weight loss,
vomiting,
compulsive
exercise
Somatic Symptom Multiple and Medical
Disorders persistent physical and | findings
nociceptive symptoms | inconsistent
with reported
symptoms
Substance Use Physical symptoms Increased/decr
Disorders associated with eased heart
craving, intoxication, | rate,
and/or withdrawal respiratory
rate, and/or
blood
pressure;
pupil dilation
or constriction
Post-Traumatic Stress | Autonomic Startle, flight
Disorder (PTSD) hypervigilance, responses,
increased
heart rate
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depersonalization/dere | and/or blood
alization pressure
Generalized Anxiety Muscle tension, Trembling,
Disorder (GAD) headache, fatigue, twitching,
gastrointestinal shaking,
complaints, pain sweating,
nausea,
exaggerated
startling
Depersonalization/Der | Alienation from the Physiological
ealization Disorder body, primarily a overreaction
feeling of fullness, to emotional
tingling, dizziness stimuli
Autism Spectrum Skin hypersensitivity | Selective
Disorders clothing
preferences
(related to
tactile
sensitivity)

Khalsa et al. 2018

When examining studies measuring the impact of psychiatric

problems on the motor system, a study examining the motor

functions of individuals with anxiety (48 people) and healthy

individuals (45 people) found that those in the anxiety group walked

slower and had shorter stride lengths. Additionally, this study

reported that individuals with anxiety had balance deficits and

muscle strength loss (Feldman et al. 2009). A study investigating
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whether walking speed could be a predictor of depression risk
reported that slow walking was associated with a significant increase
in the risk of future depression. Meta-regression analyses showed
that this relationship remained consistent regardless of age, gender,
or follow-up duration (Guimardes et al. 2025). Shoryabi et al.
investigated whether the depression and anxiety states of participants
whose gait was analyzed using machine learning could be predicted
from their gait data. The results showed that gait data had a high
success rate (86.53%) in identifying depression, but a lower
accuracy rate (61.67%) in classifying anxiety. These results suggest
that the combination of gait analysis and machine learning could
serve as a non-invasive and promising biomarker for the early
detection and real-time assessment of mental health disorders in the
future (Shoryabi et al. 2025). In a systematic review of motor system
impairment in depression, the concept of Psychomotor Retardation
(PMR) is highlighted. According to this, depression causes a
retardation in cognition, speech, and the motor system. Furthermore,
since the severity of this condition is related to the level of symptoms
in depression, it has been reported that its monitoring can be used as
part of the diagnostic and treatment processes. Activity inhibition has
been attributed primarily to functional deficits in the Prefrontal
Cortex and abnormalities in dopamine neurotransmission. As a
result, physical activities are weakened, decision-making processes

become difficult, and speech is affected (Bennabi et al. 2013).



Improving the underlying interoceptive issues in my
psychopathological disorders appears to be important. Khalsa et al.
proposed treatments that could be effective in these disorders at the
interoception summit, approaches that aim not only to suppress
symptoms but also to target the perception and integration of
interoceptive signals and the reorganization of autonomic-motor
responses to these signals (Khalsa et al. 2018). Body-centered
therapies are recommended as methods that aim to improve body-
mind-movement integration. These methods improve emotional and
motor organization by restructuring interoception. Body Awareness
Therapy (BAT) and earlier Reich-based approaches, the Alexander
Technique, the Feldenkrais Method, and Concentrative Movement
Therapy are methods that reorganize the individual's relationship
with the body. BBAT supports the reestablishment of psychosomatic
integrity through techniques such as safe place contact, center line
organization, body control, breath-movement integration, and

awareness of individual walking patterns (Roxendal, 1985).

In addition to body-centered treatment concepts, mind-body
exercises (tai chi, yoga, qigong, etc.) are also considered methods
that can improve the brain's functional structure affected by
psychiatric disorders (Han et al. 2023; Zhang et al. 2021). Roxendal
also mentions Tai Chi, one of the mind-body exercises, in her book,

as she drew inspiration from it (Roxendal, 1985).
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Conclusion

In literature, interoception is the process of perceiving and
interpreting the body's physiological signals; this process is accepted
to play a role in the emergence of autonomic and motor responses.
In psychopathological conditions, not only cognitive and emotional
functions are impaired, but also the regulation of the autonomic
nervous system and the integrity of bodily functions. Current studies
show that psychiatric problems are not limited to the level of thought
and behavior; they also affect physical areas such as movement,
posture, breathing, and motor control. In this context, it is considered
insufficient for treatment approaches to focus solely on symptom
reduction; the importance of therapeutic interventions that aim to
reorganize disrupted interoceptive processes and address motor-

autonomic functions in a holistic manner is emphasized.
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Introduction

Locomotive syndrome is a condition characterized by
decreased mobility due to disorders originating in the locomotor
system (bones, joints, muscles, intervertebral discs, and associated
nerve structures). It was first introduced by the Japanese Orthopedic
Association in 2007 to describe the limitations in basic movements
such as standing and walking, and the resulting increase in care costs.
Symptoms such as pain, decreased range of motion, balance
disorders, postural malalignment, and walking difficulties limit
activities of daily living; they increase the risk of falls and fractures,
leading to increased dependency and caregiving needs. The
prevalence of conditions such as sedentary lifestyles, obesity,
osteoarthritis, osteoporosis, and sarcopenia in younger age groups
makes locomotive syndrome a significant public health problem not
limited to older individuals.

Early diagnosis of locomotor syndrome is crucial for
detecting early declines in functional performance, preventing
mobility loss, and extending a healthy lifespan. The short test battery
recommended by the Japanese Orthopedic Association (stand-up
test, two-step test, and GLFS-25) allows for the determination of an
individual's risk level for locomotor syndrome and the monitoring of
functional capacity.

Lifestyle modifications and structured exercise programs are
the primary approaches to treatment and prevention. Regular
physical activity, supporting muscle strength and balance,
maintaining appropriate body weight, and environmental
adjustments to reduce the risk of falls are at the forefront.
Locomotion training (Locotra), recommended by the Japanese
Orthopedic Association, is a program that aims to improve lower
extremity muscle strength and balance, consisting of exercises such
as one-legged standing, squatting, heel raises, and forward lunges.
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In this section, a general framework will be drawn for the
scientific and practical consideration of the basic characteristics of
locomotive syndrome, factors associated with locomotive syndrome
in different age groups, locomotive syndrome assessment methods
and physiotherapy approaches, especially the place of Locotra
exercises in clinical practice.

Locomotive Syndrome

Human lifespans are increasing thanks to advances in
healthcare and the opportunities offered by the technological age.
The care challenges that come with a longer lifespan are also
essential. The Japanese Orthopedic Association (JOA) coined the
term "Locomotive Syndrome" in 2007 to draw attention to rising
care costs. Locomotive syndrome is a movement and function
disorder that affects individuals' behaviors and is related to the
components of one or more of the locomotive organs responsible for
movement (Yoshimura et al., 2022a).

Bones, joints, discs, muscles, and nerves, which are
locomotive organs, are the structures responsible for human
movement. Common musculoskeletal problems such as
osteoporosis, sarcopenia, and lumbar disc herniation affect the
locomotive system, increasing the risk of locomotive syndrome
(Yoshimura et al., 2009). Although it was introduced to highlight the
increasing costs of care in the elderly, Locomotive Syndrome is a
condition that affects all age groups (A. Nishimura et al., 2020).

Obesity, bone mineral density, balance, poor posture, and
decreased physical activity are problems that can be seen in all age
groups, from children to the elderly. These problems contribute to
locomotive syndrome. Musculoskeletal problems are among the
leading causes of hospitalization in children. Disruptions in the
musculoskeletal system are suggestive of locomotive syndrome. The
risk of locomotive syndrome is particularly high in obese children
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who experience foot, knee, and back pain and have poor grip
strength. Furthermore, a high body mass index, increased body fat
percentage, and prolonged video game play increase the risk of
locomotive syndrome in children (Gu et al., 2021).

Similarly, in middle-aged and young adults, balance
disorders, prolonged sedentary work, alcohol and tobacco use, and
irregular eating habits increase the risk of locomotive syndrome
(Muramoto et al., 2016; M. Nakamura et al., 2015; A. Nishimura et
al., 2020; Watanabe et al., 2024a).

Factors associated with locomotive syndrome in the elderly
include low income, low physical activity levels, the presence of
comorbid chronic diseases, cardiovascular problems, and balance
disorders (Hirano et al., 2012; Miyashita et al., 2022; Muramoto et
al., 2016; Seichi et al., 2012, 2014).

When examining the factors associated with locomotive
syndrome, factors that affect a person's daily life, lead to a sedentary
lifestyle, and can lead to systemic diseases stand out (Watanabe et
al., 2024).

Figure 1. Locomotive Syndrome

Locomotive

(K. Nakamura, 2008)
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Risk Factors for Locomotive Syndrome

Risk factors should be considered in the diagnosis and
treatment of locomotive syndrome. Decreased single-leg standing
time, decreased back strength and grip strength values, decreased
maximum step length, and increased Timed Up and Go Test (TUG)
time have been identified as risk factors for the development or
progression of locomotive syndrome. A study of community-
dwelling older adults found that high Geriatric Locomotive Function
Scale scores were associated with decreased single-leg standing time
and weak back strength (Kobayashi et al., 2022). In a 10-year follow-
up study, the prevalence of locomotive syndrome was closely
associated with weak grip strength (Yoshimura et al., 2011).
Participants who were able to climb tall stairs and had shorter TUG
times were found to have a lower risk of developing locomotive
syndrome (Metsios & Kitas, 2018). High disease activity score 28-
C-reactive protein (DAS28-CRP), which is encountered in
rheumatic diseases, is an important risk factor for the development
and progression of locomotive syndrome (Sobue et al., 2022).

Evaluation in Locomotive Syndrome

Performance-based tests such as the single-leg balance test,
the handgrip test, and the 6-minute walk test have been
recommended for the evaluation of locomotive syndrome. However,
none of these tests alone are sufficient to diagnose locomotive
syndrome. Ogata and colleagues used a three-item test battery
known as the Geriatric Locomotive Syndrome Scale (GLFS-25), the
2-stage test, and the Standing Test to assess locomotive syndrome
(Ogata et al., 2015).

Geriatric Locomotive Syndrome Scale: The scale developed
by Seichi and colleagues consists of 25 questions, with each question
scoring between 0 and 4. Locomotive syndrome is graded using the
scores obtained from this scale. A score of 7 or higher is sufficient to
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diagnose locomotive syndrome. The higher the score, the higher the
locomotive syndrome stage (Seichi et al., 2012). The Turkish
validity and reliability study was conducted by Sadikoglu et
al.(Sadikoglu, 2021).

Two-stage test: The two-stage test is related to lower
extremity flexibility, walking speed, and balance performance. The
subject performs the test by taking as many steps as possible without
losing their balance. The two-step test score is calculated by dividing
the two-step distance by the height.

This ratio is sufficient to diagnose locomotive syndrome if it
is greater than or equal to 1.1 and less than 1.3 (Demura & Yamada,
2011).

Standing Test: This test, which is related to lower extremity
muscle strength and balance, measures the ability to stand up on one
or both feet from various heights. If a person cannot stand on one leg
with their hands crossed over their body from a height of 40 cm, but
can stand on both legs from a height of 20 cm, this is sufficient to
diagnose locomotive syndrome. A person without locomotive
syndrome must stand up on one leg from a height of 40 cm and
maintain their balance for 3 seconds (Ikemoto & Arai, 2018)

If a diagnosis of locomotive syndrome is made in all or any
of these three tests, the person is recorded as having locomotive
syndrome. This three-test battery is safely used in all age groups
(Yamada et al., 2020)

Staging in Locomotive Syndrome
Locomotive Syndrome is staged using a three-test battery.

An individual without locomotive syndrome must receive a
maximum score of 6 on the GLSF-25 scale.

The two-stage test ratio must be greater than 1.3.
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The individual must be able to stand on one leg from a height
of 40 cm, with their hands crossed on their body, and maintain their
balance for 3 seconds.

To avoid being diagnosed with locomotive syndrome, the
individual must successfully pass all three tests.

For Locomotive Syndrome Stage 1:

A score of more than 6 and less than 16 on the GLSF-25 scale
must be obtained.

The two-stage test ratio must be less than 1.3 and equal to or
greater than 1.1.

The patient must be unable to stand up on one leg from
a height of 40 cm with their hands crossed on the body, but must be
able to stand up on both legs from a height of 20 cm with their hands
crossed on the body.

For Locomotive Syndrome Stage 2:

A score of 16 or more on the GLSF-25 scale must be
obtained, but must be less than 24.

The two-stage test ratio must be less than 1.1 but equal to or
greater than 0.9.

The patient must be unable to stand up on two legs from a
height of 20 cm with their hands crossed on the body, but must be
able to stand up on both legs from a height of 30 cm with their hands
crossed on the body.

For Locomotive Syndrome Stage 3:

A score of 24 or more on the GLSF-25 scale must be
obtained. The two-stage test ratio should be less than 0.9.

--55--



The patient should not be able to stand up from a height of
30 cm on both legs with their hands crossed on the body (Ogata et
al., 2015; Yamada et al., 2020).

The worst result from the three-test battery is used for staging
locomotive syndrome. For example, someone with LS stage 3 on the
GLSA, LS stage 1 on the Two-Step Test, and LS stage 2 on the Stand
Test is designated as LS stage 3 (Kadono et al., 2010; K. Nakamura
& Ogata, 2016; Ogata et al., 2015; Yoshimura et al., 2017).

Locomotive Syndrome in Children

Although the term "Locomotive Syndrome" was
coined to reduce care costs in the elderly and draw attention to
musculoskeletal problems, it is also a concept that concerns children.
A musculoskeletal health checkup assessment form, revised in 2016
by the Japan Clinical Orthopaedic Association, is used in children to
diagnose locomotive syndrome (Gu et al., 2021).

The assessment form questions the presence of scoliosis,
trunk flexion flexibility, pain during trunk extension, ability to stand
on one leg for 5 seconds, ability to squat while maintaining balance
with arms extended forward, ability to flex and extend elbows with
palms touching shoulders, ability to raise arms to ear level, accidents
within the last year, and any musculoskeletal pain.

A deficiency in any of the assessments on this form is
sufficient to diagnose locomotive syndrome in children (Gu et al.,
2021).

Locomotive Syndrome in Young and Middle-Aged People

Locomotive syndrome affects all age groups. Factors
affecting the locomotor system constitute risk factors for locomotive
syndrome. Even a minor functional decline in the musculoskeletal
system, including in young individuals, is initially identified as LS
and can become increasingly severe, leading to weakness in older
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adults. Therefore, early diagnosis and treatment of LS is crucial. The
incidence of locomotive syndrome in young individuals ranges from
21.7% to 25.0% (Yoshimura et al., 2022a). Studies on locomotive
syndrome in young individuals have shown that the prevalence of
LS is higher in women than in men, that musculoskeletal pain
increases the risk of LS in women, and that there is a significant
association between balance problems and LS in men (Ma et al.,
2023; Sawaya et al., 2024). Furthermore, another study conducted
on young and middle-aged individuals indicated that conditions
affecting the musculoskeletal system, such as continuous work hours
and lack of physical activity, also increase the risk of LS (Tsuruta et
al., 2018).

Locomotive Syndrome in Elderly Individuals

LS, aims to reduce care costs in the elderly and facilitate early
diagnosis of the negative effects of frailty and sarcopenia. The
deterioration of the locomotor system that occurs with aging also
increases the prevalence of LS. Factors associated with LS in older
adults include gender (Yoshimura et al., 2022a), body mass index
(BMI) (Ono et al., 2021) body fat percentage (Ito et al., 2022), pain,
muscle strength, physical activity, nutrition (A. Nishimura et al.,
2020; T. Nishimura et al., n.d.; Ohtsuki et al., 2022), and posture
(Nishizawa et al., 2022).

The Relationship Between Locomotive Syndrome and
Musculoskeletal Problems

LS is associated with musculoskeletal problems. A
deterioration in the musculoskeletal system, including pathology of
the bones, joints, muscles, and nervous system, can impair quality of
life and lead to dependence (K. Nakamura & Ogata, 2016).
Undesirable conditions such as deterioration, pain, weakness, and
fragility in the musculoskeletal system suggest the risk of
locomotive syndrome (Tsuruta et al., 2018). Aging, osteoporosis and
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low back pain, knee osteoarthritis, and lumbar spinal stenosis have
been found to increase the risk of locomotive syndrome (Akahane et
al., 2019). A study investigating the risk of locomotive syndrome in
individuals performing trunk sway in balance tests found that
individuals with increased postural sway, particularly in the Y-
balance test, which measures the physical function and muscle
strength of the lower extremity, also had locomotive syndrome
(Tanaka et al., 2019). Individuals with locomotive syndrome may
also have decreased back muscle strength. Decreased back muscle
strength is significantly associated with thoracic and lumbar
kyphosis, leading to increased spinal curvature (Briggs et al., 2007).

Locomotive Syndrome and Nutrition

Factors such as visceral diseases and genetic factors, a
sedentary lifestyle, and malnutrition predispose to LS (Ishibashi,
2018)

In addition to reduced mobility, especially in the elderly,
malnutrition is a common condition and is closely associated with
morbidity, mortality, and decreased quality of life (Saka et al., 2010).
Malnutrition negatively impacts musculoskeletal health and has
been associated with chronic musculoskeletal pain in older adults
(Ramsey et al., 2020). Muscle strength is closely linked to impaired
mobility and malnutrition. Decreased muscle strength has been
reported to be an indicator of impaired mobility, and reduced muscle
mass has been reported to be a consequence of malnutrition (Jensen
et al., 2019). Excessive salt intake and hypertension have been
associated with locomotive syndrome. Therefore, it is thought that
limiting salt intake may be effective in preventing LS (Ito et al.,
2022) A link has also been found between inadequate vitamin K
intake and LS. Foods rich in vitamin K, such as seaweed, vegetables,
beans, meat, milk, and eggs, are recommended (Ohtsuki et al., 2022).
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A systematic review of treatments for locomotive syndrome
found that oral glucosamine, electrical stimulation, and exercise
were effective in improving locomotive syndrome.

Physical Interventions in Locomotive Syndrome

LS, which is defined as a condition characterized by a
decrease in mobility due to impairments in one or more locomotor
organs. Since the concept of locomotive syndrome originated in
Japan, preventive measures against LS have become crucial not only
in Japan but also in other countries with rapidly aging societies
(Yasuda, 2021). To prevent the progression of locomotive syndrome,
it is important to recognize the decline in mobility and to establish a
balanced diet along with a daily exercise routine. Therefore, various
strategies have been developed to prevent the progression of
locomotive syndrome (Shibata & Kon, 2024).

Physical interventions are known to be effective in
controlling mobility, strength, balance, and gait impairments and
functional decline (Dodds & Sayer, 2015). However, while physical
interventions are effective in individuals with mild to moderate
disabilities, their benefits are limited in individuals with severe
disabilities (Faber et al., 2006). This highlights the importance of
early detection and intervention for locomotive syndrome (K.
Nakamura & Ogata, 2016). Furthermore, it remains unclear which
physical interventions are most effective in locomotive syndrome
(Ishigaki et al., 2014). Certain principles should be considered in
physical interventions based on exercise principles. For example, the
principle of specificity involves targeting and developing specific
body components involved in a specific exercise. Another principle,
the principle of overload, requires a load for any functional
improvement. With the principle of progression, it is important to
gradually increase the amount of exercise, taking safety into account,
in the middle-aged and elderly populations, who are among the
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groups most affected by locomotive syndrome. Taking all these
principles into account, Locotra movement training was developed
for locomotive syndrome (K. Nakamura & Ogata, 2016). These
exercises are recommended for locomotive syndrome because they
are directly related to standing, are safe for walking functions, and
can be implemented for self-management at home (Hashimoto et al.,
2012). Walking, forward lunge, and heel raise exercises are
recommended for individuals with locomotive syndrome stage 1
(Smith et al., 2016). Activities that build skeletal muscle mass, such
as resistance training, are recommended for preventing locomotive
syndrome in young people (Yasuda, 2021).

Locotra Movement Training

This movement training, designed to improve balance and
standing functions, emphasizes single-leg stance and squat
exercises.

Single-Legged Stance Training

This training, aimed at improving balance, involves subjects
standing on one leg for 1 minute with their eyes open. It is
recommended that individuals perform this exercise standing next to
a stable chair or table with arm support to prevent falls. It is
performed on both legs, forming one set. It is recommended to
perform 3 sets, 3 times a day (K. Nakamura & Ogata, 2016)

Squat Training

Squat training has been found to be effective in improving
independence in activities of daily living, in addition to improving
lower extremity strength and body balance (Seitz et al., 2014)

During the squat movement, the trunk is moved downward
from a standing position. To prevent overloading the knee, the knee
should be maintained over the toes. The knee flexion angle should
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not exceed 90°. One set consists of 5-6 squats, and approximately
three sets should be performed daily (K. Nakamura & Ogata, 2016)

After interrupting the 2-3 months of locomotor training,
there were persistent improvements in knee postures, waist range,
single-leg stance time, knee extension torque, and maximum
walking speed (Hashimoto et al. 2012; Kana Aoki a * 2015).

Conclusion

Locomotive syndrome is a musculoskeletal disorder that is
becoming increasingly prevalent with aging societies, but can also
affect young and middle-aged individuals. Decreased mobility
results in an increased risk of falls and fractures, dependence on
activities of daily living, a decreased quality of life, and an economic
burden on the healthcare system. Therefore, locomotive syndrome
should be addressed not only as an orthopedic problem but as a
holistic public health issue. Physiotherapy plays a central role in both
the early diagnosis and management of locomotive syndrome.
Detailed assessment of posture, gait, balance, muscle strength, range
of motion, and functional capacity allows for the identification of at-
risk individuals and the development of personalized intervention
programs. Combining structured exercise programs such as Locotra,
which focus on improving muscle strength and balance, with
appropriate  nutritional =~ recommendations  and  lifestyle
modifications, appears effective in slowing the progression of
locomotive syndrome and maintaining independence.

In conclusion, early detection of locomotive syndrome,
expansion of  physiotherapy-based interventions, and
interdisciplinary collaboration will both support functional
independence at the individual level and contribute to reducing
healthcare costs and the burden of care at the societal level. In this
context, physiotherapists are positioned as key healthcare
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professionals in the assessment, education, exercise prescription, and
long-term follow-up processes.
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EVALUATION OF OBSTRUCTIVE SLEEP APNEA
WITHIN THEERRVERDRK OF THE
INTERNATIONAL CLASSIFICATION OF
FUNCTIONING, DISABILITY AND HEALTH (ICF)

Engin RAMAZANOGLU!

Introduction
Sleep refers to the complex set of processes fundamentally

regulated by neurobiological mechanisms and influencing multiple
physiological systems (Grandner, 2017). As an essential component
of human life, sleep constitutes approximately one-third of an
individual’s lifespan and represents an indispensable process for
physical and mental restoration (Work & Patient, 2023). Robust
studies have demonstrated that insufficient sleep is associated with
numerous medical and psychological dysfunctions. Globally, sleep
deprivation is prevalent across different age groups and is often
unrecognized, underreported, and considered a major public health
issue that imposes a significant economic burden (Chattu & et al.,
2018).

Obstructive Sleep Apnea Syndrome (OSAS) is among the most

common and serious sleep disorders leading to adverse health
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outcomes. It occurs due to recurrent narrowing or collapse of the
upper airway during sleep. Worldwide, it is reported that 936 million
adults aged 30-69 years are affected (lannella & et al., 2025;
Benjafield & et al., 2019). In patients with OSAS, prominent
symptoms such as loud snoring, breathing pauses during sleep, and
excessive daytime sleepiness are commonly observed. In addition,
nocturia, night sweats, morning headaches, difficulties in attention
and concentration, and depressive mood are frequently reported.
OSAS not only impairs sleep quality but also negatively affects daily
functioning, leading to metabolic disorders, an increased risk of
cardiovascular diseases, traffic accidents, and even higher mortality
rates. Undiagnosed or untreated OSAS cases cause serious health
problems at the individual level while also imposing significant
economic and social burdens on healthcare systems (Pihtili, & et al.,
2025).

The evaluation and management of OSAS are mostly based on
physiological indicators such as the Apnea—Hypopnea Index (AHI)
(Wang, & et al., 2025). However, this approach tends to overlook
the multidimensional effects of the disease on an individual’s
functioning, participation level, and environmental interactions.
A person with sleep apnea is not merely a “patient who struggles to
breathe during sleep,” but rather an individual experiencing fatigue,
distractibility, decreased work performance, social isolation, and
psychological exhaustion. Therefore, OSAS should be addressed not

only from a biomedical perspective but also from functional,
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behavioral, and social dimensions (Tanellari, & et al., 2025;
Emsellem, & et al., 2025).
At this point, the World Health Organization’s International
Classification of Functioning, Disability and Health (ICF) model
(Jaiswal, & et al., 2024) provides a robust framework for
comprehensively assessing the impact of OSAS on individuals. The
ICF defines health conditions not merely on the basis of “disease”
but through the interactions between body functions and structures,
activity and participation, as well as environmental and personal
factors (Schneidert, & et al., 2003). Thus, OSAS can be understood
not only as a respiratory disorder but as a condition that affects an
individual’s functional capacity, social roles, and overall quality of
life.

The aim of this book chapter is to address OSAS from the
perspective of the ICF framework, systematically revealing the
relationships  between the physiological, functional, and
environmental components of the disease. This approach seeks to
establish a common language for rehabilitation professionals and
multidisciplinary healthcare teams, while also promoting an ICF-

based paradigm shift in clinical assessment and treatment planning.

Epidemiology and Clinical Effects of Obstructive Sleep Apnea
Due to its increasing global prevalence, OSAS is now

considered not only a sleep disorder but also an important public
health problem (lannella & et al., 2025). In a study conducted in
the United States, the prevalence of OSAS in the adult population
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was reported as 15-30% in men and 10-15% in women
(McNicholas, 2017). In Tiirkiye, based on a questionnaire-based
study titled “Sleep Epidemiology in the Turkish Adult Population,”
which included 5021 participants, the prevalence of OSAS was
estimated to be approximately 14% according to the Berlin
Questionnaire results (Demir, & et al., 2015). In the Turkish Sleep
Apnea Database study conducted this year across 34 centers in
Tiirkiye, a total of 7130 patients were included, of whom 70.2%
were male and 29.8% were female (Pihtili, & et al., 2025).
Advanced age, obesity, fat accumulation around the neck, and
anatomical airway narrowings are among the main risk factors.
However, the high rate of undiagnosed cases suggests that the true
prevalence may be considerably higher (McNicholas, 2017; Demir,
& et al., 2015; Pihtili, & et al., 2025).

The pathophysiology of OSAS is primarily explained by the
interaction between decreased upper airway muscle tone, a
tendency toward pharyngeal collapse, neuromuscular control
disturbances, and anatomical obstructions. During apnea and
hypopnea episodes, oxygen desaturation, hypercapnia, and arousals
trigger autonomic nervous system activation, which creates long-
term adverse effects on cardiovascular and metabolic systems.
Particularly, strong associations have been established with clinical
conditions such as hypertension, coronary artery disease,
arrhythmia, stroke, and insulin resistance (McNicholas &
Pevernagie, 2022; Deegan & McNicholas, 1995).
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The clinical implications of OSAS are not limited to physiological
dysfunctions but also lead to significant restrictions in individuals’
daily living activities and social participation. Symptoms such as
excessive daytime sleepiness, difficulty concentrating, irritability,
headaches, and cognitive slowing reduce performance in work and
social life. These impairments can result in serious consequences
such as occupational and traffic accidents and loss of productivity.
Neurobehavioral effects resulting from sleep fragmentation and
insufficient oxygenation cause a marked decrease in patients’
quality of life (Chu & Zinchuk, 2024).

The psychosocial consequences of OSAS are also noteworthy.
Depression, anxiety, and sexual dysfunction are among the
common comorbidities (Jehan & et al., 2017). Moreover, partners
who witness snoring or apnea episodes during sleep may develop
anxiety and sleep disturbances, leading to stress within family
relationships. Therefore, OSAS is not only an individual health
issue but also a multidimensional disorder that causes loss of
functioning at the family and societal levels (Luyster, 2017).
Although polysomnography (PSG) remains the gold standard in
diagnostic evaluation (Sanchez Gomez & et al., 2024), portable
home-based devices and screening tools such as the STOP-BANG
(Y1lmaz & Kiipgii, 2025) and the Berlin Questionnaire (Li & et al.,
2025) are widely used in clinical practice. However, most of these
methods focus solely on the AHI and fail to adequately reflect the

relationship between the disease, functional status, participation,
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and environmental factors (Sanchez Gomez & et al., 2024; Yilmaz
& Kiipeti, 2025; Li & et al., 2025). Therefore, comprehensive
frameworks such as the ICF allow OSAS to be assessed not only
physiologically but also functionally and socially in a systematic

manner.

International Classification of Functioning, Disability and
Health (ICF)
The ICF model, developed by the World Health

Organization in 2001, was designed to evaluate and conceptualize
health-related structures as a whole, providing a framework that
assesses not only the pathophysiological mechanisms of diseases
but also their effects on daily living activities, social participation,
and environmental dimensions (Stojic & et al., 2025). This model
offers a multidimensional and holistic understanding by integrating
biological, individual, and social dimensions.

The health condition comprises six fundamental components: body
structures and functions, activities, participation, environmental
factors, and personal characteristics. There are dynamic
bidirectional relationships among these components, represented by
double arrows. These relationships demonstrate that environmental
factors continuously influence body functions, daily activities, and
participation, while all these components mutually affect one
another (Kim & et al., 2025).
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ICF Coding Examples in OSAS
b440: Respiratory functions
The anatomical and physiological alterations that predispose

individuals to OSAS negatively affect respiratory functions (Salepgi
& et al., 2016). In individuals with OSAS, narrowing of the
pharyngeal lumen, increased resistance in the upper airway, and
reduced airflow are observed (Stauffer & et al., 1990). This
condition results in the inspiratory muscles operating under a
continuously increasing workload. Intermittent hypoxemia and
frequent arousals lead to fatigue of the diaphragm and accessory
respiratory muscles, consequently reducing inspiratory muscle
strength (Owens & et al., 2008).
Furthermore, during obstructive apnea episodes, the increase in
negative intrathoracic pressure can impair chest wall mechanics,
thereby reducing the efficiency of respiratory muscles (Patel, Chong
& Baydur, 2008). In the long term, these alterations result in
decreased lung volumes, reduced respiratory muscle endurance, and
imbalances in ventilatory control mechanisms (DiCaro & et al.,
2024).

b130: Energy and Drive Functions
Metabolic and hormonal alterations occurring in patients

with OSAS adversely affect energy mechanisms. Recurrent
hypoxemia during sleep, oxidative stress, and increased sympathetic
system activation can lead to disturbances in energy metabolism,
impaired glucose tolerance, and increased insulin resistance

(Shechter, 2017).
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Energy balance is a multifactorial process, and physical activity
level, sleep quality, hormonal regulation, and metabolic stability are
key determinants of this process. Because this regulation is disrupted
in OSAS, patients frequently experience daytime fatigue, low
energy, and lack of motivation (Shechter, 2017).
The frequent occurrence of daytime sleepiness, fatigue, and lack of
energy in individuals with OSAS demonstrates the association
between these symptoms and imbalances in energy regulation
systems (Chotinaiwattarakul & et al., 2009). Therefore, OSAS
should be considered not only as a disorder of respiratory function
but also as a systemic disease that affects the body’s capacity for

energy production, conservation, and maintenance.

d240: Activities Involving Initiating and Maintaining Sleep
It has been reported that patients with OSAS experience

difficulties in initiating and maintaining sleep compared with
healthy individuals. Fragmented sleep leads to reductions in both
REM and non-REM sleep durations and negatively affects sleep
architecture (Fogel & Malhotra, 2004).

Changes occurring in the upper airway adversely affect
synchronized respiratory function, resulting in sleep fragmentation,
reduced total sleep time, and prolonged sleep onset latency (White
& Younes, 2012; Fogel & Malhotra, White, 2004).

Recent studies have shown that even treated OSAS patients
continue to experience sleepiness and difficulties in maintaining
sleep (Tankéré & et al., 2024).
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d850: Participation in Work Life

OSAS negatively affects not only an individual’s personal health
system but also their participation in work life (Mulgrew & et al.,
2007). Limitations in selective attention, time management, and
social interaction adversely influence work participation (Mulgrew
& et al., 2007). Guglielmi et al. demonstrated that depressive
symptoms and increased anxiety in patients with OSAS lead to
reduced work motivation (Guglielmi & et al., 2015).
Population-based studies have shown that employment rates among
individuals with OSAS are lower compared to the general
population (Fisker & et al., 2023).

e310/e355: Support from Family and Health Professionals
Evaluating the psychosocial effects of OSAS is among the

factors that enhance treatment success. Therefore, in addition to
individual interventions, the support of family members and
healthcare professionals plays an important role. The literature
indicates that patients with higher levels of family support
demonstrate greater self-efficacy and more positive attitudes
toward treatment (Xu & et al., 2015). Furthermore, the attitudes
and support provided by healthcare professionals have been shown
to help prevent increases in the severity of sleep apnea (Zhang & et
al., 2015).

Support and guidance from family and health professionals provide

a foundation for patients to take a more active role both in
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psychosocial aspects and in managing their health (Xu & et al.,
2015; Zhang & et al., 2015).

Functional Assessment Approaches
Measures of Fatigue and Energy Levels
In patients with OSAS, symptoms such as excessive daytime

sleepiness, fatigue, and low energy levels can negatively affect daily
living activities (Sauter & et al., 2000). Both subjective and objective
methods are used to assess these symptoms.
The Epworth Sleepiness Scale and the Stanford Sleepiness Scale
evaluate individuals’ levels of sleepiness and selective attention
performance, whereas the Fatigue Severity Scale and the Fatigue
Impact Scale are used to measure the impact of fatigue on daily life
(Caliskan & et al., 2019).
A review of the literature indicates that different scales are also used
to assess fatigue. The Multidimensional Fatigue Inventory is a
comprehensive questionnaire that evaluates fatigue across five
subdimensions: general fatigue, physical fatigue, mental fatigue,
reduced motivation, and reduced activity (Pajediene, Bileviciute-
Ljungar, & Friberg, 2018). In addition, the Visual Analog Scale for
Fatigue is a practical and commonly used tool for evaluating
individuals’ subjective perception of fatigue (Ilhanli Guder & Celik,
2016).

For assessing energy levels, the Profile of Mood States (POMS)
scale is frequently used. This scale holistically evaluates mood,

energy, and fatigue states, revealing the relationship between
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psychological condition and energy levels in patients with OSAS
(Alemohammad & et al., 2017).

Assessment of Attention and Cognitive Functions
Cognitive dysfunctions are among the most frequently

observed neuropsychological consequences in OSAS. In particular,
attention, executive functions, motor skills, and memory processes
are significantly affected in these patients (Gagnon & et al., 2014).
For the evaluation of sustained attention, measurement tools such as
the Four Choice Reaction Time Test, Cancellation Task (Weaver &
et al., 1997), Continuous Performance Test, Driving Simulation
(Beebe & Gozal, 2002), Psychomotor Vigilance Task (Mazza & et
al., 2005), Trail Making Test A (Be’dard & et al., 1991), and the
Simon and Flanker Task (Sforza & et al., 2004) are commonly used
(Gagnon & et al., 2014).
For assessing executive functions, which include subcomponents
such as behavioral inhibition, planning, and cognitive flexibility,
tests such as the Stroop Test, Maze Test, Wisconsin Card Sorting
Test, Trail Making Test B, Zimmerman-Fimm Tests Battery for
Attentional Performance, Verbal Fluency, Digit Span (Backward),
and Tower of Toronto Test are utilized (Kilpinen, Saunamiki &
Jehkonen, 2014; Aloia & et al., 2003; Gagnon & et al., 2014).
In the domain of memory particularly for the assessment of episodic
memory tests such as the Rey Auditory-Verbal Learning Test,
Wechsler Memory Scale Logical Stories, California Verbal Learning

Test, Buschke Selective Reminding Test, WMS Figural Recall, and
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Brief Visuospatial Memory Test — Revised (BVMT-R) are employed
(Gagnon & et al., 2014; Saunaméki & Jehkonen, 2007).

Measures of Physical Performance and Exercise Capacity
Assessing exercise capacity in patients with OSAS is of

great importance for understanding the systemic effects of the
disease and determining the effectiveness of rehabilitation
approaches. The Cardiopulmonary Exercise Test (CPET) is
considered the gold standard method for measuring exercise
capacity (Shengrui & et al., 2025). CPET provides a detailed
evaluation of cardiorespiratory performance through parameters
such as maximal oxygen consumption, ventilatory threshold, and
oxygen pulse (Shengrui & et al., 2025). In the evaluation of
functional capacity, lower extremity endurance and overall physical
performance measurements are prioritized. For this purpose, the 6-
Minute Walk Test (6MWT) (Lin & et al., 2024), Incremental
Shuttle Walk Test (ISWT) (Carvalho & et al., 2018), and 30-
Second Chair Stand Test (Sit-to-Stand Test) (Saldiran & et al.,
2021) are frequently used. These tests provide submaximal
physical performance assessments that reflect daily living activities
and are important for identifying exercise intolerance in OSAS
patients.

In assessing muscle function, both respiratory and skeletal muscles
are examined. The Handgrip Strength Test is used to evaluate
upper extremity muscle strength (Aksu & et al., 2023); Quadriceps

Isokinetic Power Measurement is applied for lower extremity
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strength (Silva & et al., 2015); and Respiratory Muscle Strength
Tests are employed to assess respiratory muscle function (Kuo & et
al., 2017). These assessments reveal the relationship between
reduced muscle performance, OSAS severity, and hypoxemic load.
Self-report questionnaires also play an important role in
determining the level of physical activity in both clinical and
research applications. For evaluating daily living activities, the
International Physical Activity Questionnaire (IPAQ) is commonly
used (Fridgeirsdottir & et al., 2024); for measuring physical
activity in older adults, the Physical Activity Scale for the Elderly
(PASE) is preferred (Morelhdo & et al., 2024); and for examining
the physical activity subdimensions of quality of life, the
Nottingham Health Profile (NHP) is utilized (Baycheva & et al.,
2024).

The combined evaluation of these tests and scales enables a holistic
analysis in patients with OSAS, encompassing not only exercise
capacity but also muscle functions, physical activity levels, and

overall quality of life.

Quality of Life Scales and Level of Participation
OSAS is a multidimensional clinical condition that affects

not only physiological functions but also daily living activities,
emotional well-being, and social participation. Therefore, quality of
life assessments serve as an important indicator for understanding
both the clinical burden of the disease and the response to

treatment. In patients with OSAS, both generic and disease-specific
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instruments are used to assess quality of life (Moyer & et al.,
2001).

Among the general quality of life scales, the Short Form-36 Health
Survey (SF-36) is one of the most widely used tools. It evaluates
eight subdimensions and has been found reliable in OSAS
populations (Ware, 1996). The Nottingham Health Profile (NHP) is
also frequently preferred in OSAS due to its subdimensions of
energy, sleep, social isolation, and physical mobility (Hunt & et al.,
1981). Scales such as the Sickness Impact Profile (SIP) and the
Functional Limitations Profile (FLP) provide detailed assessments
of mobility, self-care, social interaction, and recreation (Bergner &
et al., 1981; Patrick & Peach, 1989). In addition, brief assessment
tools such as the EuroQol EQ-5D and the Munich Life Quality
Dimension List have been validated for OSAS patients, showing
strong correlations with energy and psychological well-being
(EuroQol Group, 1996; Heinisch & et al., 1991).

Disease-specific scales provide more sensitive measurements of the
unique effects of OSAS on daily life. The Calgary Sleep Apnea
Quality of Life Instrument (SAQLI) (Flemons & Reimer, 1998)
consists of subdimensions assessing daily functioning, emotional
state, social interaction, and symptoms. The Functional Outcomes
of Sleep Questionnaire (FOSQ) (Weaver & et al., 1997) covers
areas such as activity level, wakefulness, relationships, and
productivity, evaluating functional losses associated with sleep

disorders. Tools such as the OSA Patient Oriented Severity Index
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(Piccirillo & et al., 1998) and Franco’s Pediatric OSA Instrument
(OSA-18) (Franco & et al., 2000) are used in adult and pediatric
populations, respectively, focusing on emotional stress, daytime
functioning, and caregiver anxiety. In pediatric cases, Cohen’s
Pediatric OSA Surgery QOL Questionnaire was developed to
monitor postoperative changes in health, sleep, and parental burden
(Cohen & et al., 2000).

Physiotherapy and Rehabilitation Perspective
OSAS is a complex syndrome that requires a

multidisciplinary approach in its diagnosis and treatment processes
(Khode & et al., 2025). Physiotherapists play not only a supportive
but also a directly therapeutic role in the management of OSAS
(Khode & et al., 2024). Through respiratory muscle training (Silva
de Sousa & et al., 2024), oropharyngeal exercises (Arslan & Sevgin,
2024), aerobic (Arslan & Sevgin, 2024) and resistance exercise
programs (Lin & et al., 2024), postural regulation (Battaglia & et al.,
2025), as well as fascial mobilization and relaxation techniques
(Park & Kim, 2024), physiotherapists improve both upper airway
stability and overall cardiorespiratory endurance.
Furthermore, they facilitate adherence to CPAP therapy, enhance
exercise capacity, and significantly improve quality of life. Recent
literature demonstrates that physiotherapists in OSAS treatment not
only reduce symptoms but also achieve lasting improvements in
autonomic nervous system balance, muscle function, and functional

capacity. Thus, physiotherapy in sleep apnea rehabilitation has
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b

evolved from being a merely “complementary” intervention to
becoming a core component of treatment.

A recent systematic review and meta-analysis examined the
efficacy and safety of respiratory muscle training in patients with
OSAS (Silva de Sousa & et al., 2024). The study combined the
results of 13 randomized controlled trials and reported that
inspiratory muscle training, compared to sham interventions, may
improve systolic blood pressure and daytime sleepiness. However,
no significant differences were observed in AHI, sleep quality,
respiratory functions, or overall quality of life.

Additionally, it was noted that when inspiratory muscle training
was combined with physical exercise or cardiac rehabilitation,
additional benefits were observed in certain respiratory parameters,
although its impact on general quality of life remained limited.
These findings indicate that respiratory muscle training is a
supportive and safe approach in OSAS rehabilitation and may
provide clinical benefits, particularly when integrated with
exercise-based interventions (Silva de Sousa & et al., 2024).

A recent randomized controlled clinical trial investigated
the effects of combined oropharyngeal and aerobic exercises on
daytime sleepiness, sleep quality, fatigue level, and quality of life
in patients with OSAS (Arslan & Sevgin, 2024). Individuals aged
18-65 were divided into three groups: oropharyngeal exercise,
combined oropharyngeal and aerobic exercise, and control. After

an eight-week intervention, both exercise approaches resulted in
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improvements in sleep quality, daytime sleepiness, and quality of
life. However, only the group that performed oropharyngeal
exercises alone showed a more pronounced decrease in Epworth
Sleepiness Scale and Fatigue Severity Scale scores. These findings
suggest that specific exercises targeting oropharyngeal muscles
may be more effective on their own in reducing daytime sleepiness
and alleviating fatigue in patients with moderate to severe OSAS
(Arslan & Sevgin, 2024).

A recent large-scale meta-analysis examined the therapeutic effects
of exercise interventions in patients with OSAS and explored
which patient subgroups benefited the most (Lin & et al., 2024).
Analysis of data from twelve randomized controlled trials revealed
that exercise training produced significant reductions in AHI,
Epworth Sleepiness Scale scores, and body mass index, while
markedly increasing maximal oxygen consumption. The effects of
exercise were observed regardless of obesity status or OSAS
severity. It was also noted that combining aerobic and resistance
exercises further enhanced reductions in AHI and improvements in
cardiorespiratory capacity (Lin & et al., 2024).

A recently published comprehensive review evaluated the role of
positional therapy in OSAS management (Battaglia & et al., 2025).
The study addressed the clinical effectiveness and long-term
feasibility of physiotherapy in cases of “positional OSAS,” where
apneas predominantly occur in the supine position. Findings

indicated that modern approaches such as vibrotactile devices were
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found to be more comfortable, easier to use, and associated with
higher compliance rates compared to the traditional tennis ball
technique. Although positional therapy did not produce AHI
reductions as substantial as CPAP, physiotherapeutic interventions
demonstrated favorable outcomes in terms of average disease
alleviation rates and sleep continuity (Battaglia & et al., 2025).

Conclusion
OSAS is not merely a sleep disorder confined to episodic

upper airway obstruction and the Apnea—Hypopnea Index (AHI);
rather, it is a multidimensional, function-based health condition
shaped by the dynamic interaction among body functions and
structures (b440, b130), activities (d240), participation (d850), and
environmental/personal factors (e310/e355). Intermittent
hypoxemia, autonomic nervous system imbalance, and disruption
of sleep architecture trigger daytime sleepiness, fatigue, and
cognitive slowing, thereby reducing participation in work and
social life. This condition leads to losses and economic burden not
only at the individual level but also within the family, workplace,
and broader society.
The ICF framework provides a common language for the holistic
evaluation and management of OSAS.

e b440 Impairments in respiratory functions and

structural/neuromuscular components,
o Db130 Decrease along the fatigue—motivation axis through

impairments in energy and drive functions,
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o d240 Difficulties in initiating and maintaining sleep,

e 0850 Limitations in participation in work life,

e €310/e355 The determining role of environmental
facilitators, including support from family and health
professionals,

It shifts the clinical management of OSAS from an AHI-centered
perspective to a functionality-oriented rehabilitation paradigm. This
approach elevates the role of physiotherapy from a “complementary”
intervention to a core component of treatment. In conclusion, the
successful management of OSAS significantly improves through a
multilayered, interdisciplinary  approach  that integrates
physiological indicators, functionality, participation, and

environmental support.
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