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Anatomi

AJOURNEY INTO ANATOMICAL AND
PHYSIOLOGICAL DEPTH THROUGH SLEEP

Mustafa TASTAN?

1. INTRODUCTION

Sleep and wakefulness constitute a cyclical state that is
intrinsically involuntary and must be continuous throughout the
life of living organisms (Zhuang et al., 2005). Sleep,
characterized by the relative absence of sustained wakefulness
but indispensable for the health and well-being of the individual,
functions as the primary activity of infancy and represents a
metabolically active body state (Motamedi- Fakhr et al., 2014;
Carley & Farabi, 2016).

Following a period of prolonged sleep deprivation,
symptoms such as paranoid hallucinations, personality disorders,
apprehension, and a state of delirium may manifest. During the
Ancient Greek period, sleep was equated with death, and it was
believed that Hypnos (the god of sleep) and Thanatos (the god of
death) were twin brothers. Both were identified as the sons of
Nyx, who was revered as the deity of the night (McNab, 2005).
Sleep, a state that has historically sparked curiosity and remains
enveloped in mysteries, involves bodily changes whose
mechanisms have been the subject of research for years, yet its
full complexity remains elusive to date. The need for sleep is an
irrefutable biological necessity. Driven by this fundamental
requirement, research efforts continue to focus on understanding

1 Assist. Prof. Dr., Cappadoccia University, School of Health Science, Department of
Physiotherapy and Rehabilitation, Nevsehir, Turkey, ORCID: 0000-0002-1465-
3681.
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the sleep and wakefulness states, revealing the underlying
patterns, causes, and mechanisms, often centered on specific
brain activations (Carley & Farabi 2016; Schneider, 2017,).
Although often traditionally conceptualized as a passive body
state, sleep is, in reality, an active physiological process involving
significant energy expenditure (Blumberg et al.,, 2020).
Physiologically, the brain is characterized by three distinct states:
wakefulness, rapid eye movement (REM), and non-rapid eye
movement sleep (NREM) (Schneider, 2017). REM sleep was first
identified by Aserinsky and Kleitman in 1953 (Aserinsky &
Kleitman, 1953; Siegel, 2005). REM is characterized by dreams
and repetitive rapid eye movements, whereas NREM is a lighter
stage that constitutes the majority of sleep and lacks rapid eye
movements (Siegel, 2005; McNamara et al., 2010). REM sleep is
alternatively termed active sleep, while NREM sleep is referred
to as quiet sleep. Just as changes occur in various physiological
functions, disorders can also be observed in sleep (Carskadon &
Dement, 2005).

In individuals exhibiting a sound sleep pattern, sleep
initiates with NREM—one of the two sleep phases characterized
by a reciprocal relationship. Deep NREM sleep (NREM II1) is
typically observed within 80-100 minutes after sleep onset, just
prior to the commencement of the first REM episode. NREM and
REM phases subsequently alternate in a cycle recurring
approximately every ninety minutes (Carskadon & Dement,
2005; Algin et al., 2016). During sleep, NREM occurs when the
REM drive is attenuated, and conversely, REM occurs when the
NREM drive is reduced. NREM sleep, which follows the state of
wakefulness, comprises three distinct stages: Period I, Period 11,
and Period I11. NREM Period Il is predominantly observed in
geriatric and newborn individuals. NREM Periods | and I
collectively account for approximately half of total sleep, though
the functions of these stages remain an area of no consensus.
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NREM II1, conversely, is alternatively referred to as the deep
sleep period associated with the alleviation of physical fatigue.
NREM I is characterized by high-frequency, low-amplitude EEG
activity, while NREM 111 exhibits high-amplitude, low-frequency
EEG activityy. NREM IlI, however, is distinguished by the
observation of EEG sleep spindles (Pagel & Parnes, 2001; Algin
et al., 2016). REM sleep is often likened to wakefulness because
its EEG activity is characterized by low amplitude and high
frequency (Purves et al., 2001). On average, the first REM sleep
episode commences approximately 90 minutes after sleep onset.
Since this cyclical pattern is conserved across every night of
sleep, the process typically repeats 4-6 times. On average, the
overall sleep process consists of these cyclical stages with
approximate percentage distributions of: REM (30%), NREM |
(2.5%), NREM Il (45%), and NREM 111 (20-25%). The initial
REM period is the shortest sleep segment of the night, lasting an
average of 5-15 minutes. Primarily, NREM sleep dominates the
first half of the night, while REM sleep becomes more prevalent
in the subsequent half. If the sleeping individual wakes up at the
conclusion of one of these cycles, aligned with the day's
accumulated fatigue, the probability of waking in a fully restored
and rested manner is significantly high (Pagel & Parnes, 2001;
Algmm et al.,, 2016). For an individual maintaining a healthy
lifestyle, the continuous maintenance of this sleep cycle, which is
contingent upon numerous factors, constitutes an essential
fundamental principle. Accordingly, this chapter has narrated and
elucidated the physiological changes occurring in the human
body and the anatomical structures functional for the sleep-
wakefulness state, which continues to be the subject of ongoing
research.
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2. WHAT IS ELECTROENCEPHALOGRAM
(EEG)?

The impetus provided by the psychiatrist Hans Berger,
who lived in the 19th-20th centuries, to understand the complex
mechanisms of brain function led directly to the development of
the electroencephalogram (EEG) (Gloor, 1969; Read & Innis,
2017). The Electroencephalogram (EEG) is based on the principle
of quantitatively recording the complex functional electrical
activity generated in the brain using electrodes placed on the scalp
(Dhivya & Nithya, 2018; Chen et al., 2019). Viewed differently,
the EEG method records the electrical signals generated by
neurosynaptic connections—signals corresponding to physical,
cognitive, and instinctive activities and events (Dement &
Kleitman, 1957; Platt & Riedel, 2011; Michel & He, 2019). This
process utilizes a standardized set of EEG electrodes, typically
ranging from 10 to 20 in number. The EEG method is
internationally recognized and plays a major role in revealing
findings often undetected by modern imaging methods,
particularly when clinicians face diagnostic difficulties.
Furthermore, for detailed data processing, clinicians can
customize the number of electrodes as needed (Dhivya & Nithya,
2018; Chen et al., 2019). The results obtained from EEG, which
is frequently employed in neurological sleep units to measure
brain activations during sleep, yield vital information regarding
bodily function while simultaneously holding significant promise
for the field of neuroscience (Motamedi-Fakhr et al., 2014).
Activation within a single nerve cell can be recorded using
microelectrodes placed in its vicinity. However, recording data
from an individual neuron at a site relatively distant from
structures like the scalp presents a considerable challenge. EEG
data are generated when the summation of electrical activity,
originating from synchronously active neuron clusters involved
in the same duty and function, is perceived by scalp electrodes.
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The synchronous activity occurring across these neurons is
crucial for elucidating the physiology and underlying
mechanisms of the nervous system (Binnie & Prior, 1994).

2.1. Alteration in Electroencephalogram (EEG) Data
and Their Clinical Interpretations

A neuron communicates with another neuron via electrical
impulses. Pertaining to EEG generation, pyramidal cells located
in the cortex receive synaptic input onto their dendrites via
corticocortical and thalamocortical nerve pathways. Synaptic
transmission is mediated by the interaction between
neurotransmitters released from the presynaptic terminal and the
receptors located in the postsynaptic membrane. These
neurotransmitters and their corresponding receptors can modulate
activity in either an excitatory (stimulating) or inhibitory
(stimulus-reducing) direction. Depending on the intensity of the
incoming stimuli, if the membrane potential reaches a supra-
threshold depolarized state, an action potential is generated,
which then propagates toward the axon terminal (Kirschstein &
Koéhling, 2009).

The EEG quantifies the temporal variations in the brain's
electrical activity. This measurement is rendered in terms of key
parameters such as frequency, amplitude, and latency (delay).
The recorded electrical potential typically ranges between -100
and +100 pV. The brain's recorded electrical activity is derived
from the summation of postsynaptic potentials (PSPs) generated
by cortical neurons. The postsynaptic potential (PSP) is the
voltage resulting from the action potential (AP) that is generated
by the alteration of ion channel conductance in the cell
membrane, following the release of neurotransmitters involved in
synaptic connection and binding to the postsynaptic cell. These
voltage changes, originating from the synchronous activities of
nearby neurons proximal to the scalp electrodes, can persist for a
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few milliseconds up to hundreds of milliseconds (Read & Innis,
2017).

The recorded data, reflecting the temporal dynamics of the
brain's complex functional activity, are classified into distinct
categories based on their frequencies. These categories, ordered
from the fastest waveform to the slowest, are the beta, alpha,
theta, and delta waves (Baykan et al., 2019).

Beta; is the EEG wave activity at frequencies that are above 13
Hz.

Alpha; is the EEG wave activity at frequencies that are between
8 - 13 Hz. At the same time, it is the wave activity that is reactive
with eye activities.

Theta; is the EEG wave activity at frequencies that are between
4 -8 Hz.

Delta; is the EEG wave activity at frequencies that are below 4
Hz. They are normal wave activities in adult individuals in sleep
(Figure 1)(Baykan et al., 2019).

Figure 1. EEG wave activities alpha, beta, delta and theta (Baykan
etal., 2019)

ANANAAANANNAARS Alpha
MAMAIMURAILINATAAY  Beta
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3. ELECTROENCEPHALOGRAPHIC (EEG)
WAVEFORMS AND SLEEP STAGE
ARCHITECTURE

The elucidation of the relationships among the metabolic,
physiological, and anatomical changes occurring during sleep and
the underlying neural structures began with the utilization of the
electroencephalogram (EEG) toward the end of the 1950s and
persists to the present day (Webb & Cartwright, 1978). Many
studies focusing on the quantification of human brain changes
commonly incorporated metrics such as the electrocardiogram
(ECG), electrooculogram (EOG), cardiovascular beat count, and
heart rate variability. The use of the electroencephalogram (EEG)
has become increasingly widespread in recent years to achieve
detailed and precise results in assessing neural activations and in
clinical diagnosis (Rabbi et al., 2009). The underlying
mechanisms are the subject of ongoing investigation by numerous
researchers who consider the physiological changes that occur
during sleep. The EEG enables the recording of neuronal changes
across the brain, both regionally and topographically, by placing
electrodes on the scalp, thereby circumventing the need for an
invasive intervention (Dement & Kleitman 1957; Platt & Riedel,
2011; Michel & He, 2019). Based on the electroencephalogram
data obtained during sleep, four distinct EEG activity stages have
been established for sleep (Kirschstein & Kohling, 2009). These
are;

Stage I: Non-periodic activity characterized by low voltage
accompanied by the absence of sleep spindles and rarely bursting
alpha waves.

Stage I1: Activity where low voltage sleep spindles are observed
in the background.

Stage I11: Appears as non-rapid activities possessing high voltage
and sleep spindles are observed.
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Stage 1V: Appears as non-rapid activities possessing high voltage
and sleep spindles are not observed.

Concurrently with sleep onset, EEG activities exhibit
dynamic, temporal variations. Within this cyclical process, Stage
I11 and Stage 1V are defined as the deepest stages of sleep, while
Stage | represents the lightest stage. Following sleep onset, the
stages rapidly transition from I to IV. After Stage 1V has occurred
(for varying durations within the cycle), the sequence
subsequently reverses, progressing through Stage 11, I, and then
I, respectively. Consistent rapid eye movements accompanied by
REM bursts are observed specifically during Stage 1. Following
the cessation of REM, the cyclical process reinitiates, with sleep
progressing back to Stage I, 11, or IV (Kirschstein & Koéhling,
2009).

4. NEURAL CORRELATES SLEEP AND
DREAMING

The dream state is defined in research as a phenomenon
during REM sleep where cognitive activities acquired during
wakefulness are functionally weakened in inter-neuronal synaptic
connections, thereby promoting forgetting rather than
consolidation (Crick & Mitchison, 1983).

Research demonstrates that EEG data during REM sleep
exhibit similarities to EEG data in the awake state, and
individuals awakened from REM sleep report highly realistic
(veridical) dream experiences. The resemblance of REM sleep to
wakefulness is differentiated by the concomitant loss of muscle
motor activity (atonia); based on this physiological distinction,
REM sleep is alternatively termed paradoxical sleep or active
sleep (Siegel, 2005).
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Dream recall is predominantly reported during
awakenings from REM sleep. This recall often involves the
dreamer's interactions with others, set in abnormal, bizarre or
familiar spatial contexts, described through the dreamer's own
narration. When the content of the dream is elicited, disturbing,
unrealistic, and occasionally even impossible narratives are
reported. While some researchers assert that the dream state is
exclusively integrated with REM sleep, the occurrence of
interesting, impossible, or bizarre events and settings reported by
dreamers in NREM Stage 2 is very rare. The setting and narrative
structure of NREM dreams tend to be more familiar (McNamara
et al., 2010). The sleep process, often colloquially understood as
a passive state, is an active process during which emotional
reflections (mood) are either intensely experienced or actively
modulated. REM sleep, which is integrally associated with
dreaming, was incorporated into the formal sleep scoring system
following its initial definition via EEG (Dement & Kleitman,
1957).

Biologically, REM sleep involves three distinct processes:
neuroanatomical, neurophysiological, and neurochemical. Firstly,
the heightened activation observed in limbic and paralimbic brain
regions facilitates the reprocessing of previously learned
emotional inputs. The second process is the neurophysiological
correlate of REM sleep, characterized by theta oscillations across
subcortical and cortical nodes. This involves an enhancement of
the perceptual and contextual connections between emotional
inputs and various anatomical structures. These structural
connections enable further anatomical regions to contribute to the
REM state. Consequently, the experienced emotional input
undergoes advanced consolidation and integration into the
memory of the event. The third process, conversely, occurs in
brain regions where aminergic neurochemical concentration is
lower. However, in cases of excessive stress and anxiety, there is
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a noradrenergic input state originating from the locus coeruleus
(Sullivan et al., 1999; Pace-Schott & Hobson, 2002; Ramos &
Arnstein, 2007; Valentino & Bockstaele, 2008; Itoi & Sugimoto,
2010; Goldstein & Walker, 2014). The enhancement of
emotionally-sourced inputs in memory and their consolidation
during REM sleep contribute to psychological recovery by
facilitating depotentiation through interaction with the autonomic
nervous system. This process is further supported by the
strengthened connections with the brain cortex, aiding in the
integration and assimilation of emotional inputs. These acquired
emotional data are initially preserved over a long period. In the
subsequent processing phase, emotions that have critically
transferred into feelings are extinguished. Crucially, the brain
retains the emotionally acquired information, but the resulting
response to these inputs loses its initial intensity and no longer
elicits a strong affective reaction (Goldstein & Walker, 2014).

Conversely, during NREM sleep, depotentiation occurs
for emotional stimuli. Compared with wakefulness, a significant
reduction is observed in the amygdala's response to prior
emotional stimuli, coupled with an increase in connectivity with
the medial prefrontal cortex (mPFC). Significant emotional
extinction is observed, proportional to the intensity of the
emotional experience and the duration of preceding wakefulness.
The emotional extinction observed in brain regions and the
amygdala can be associated with gamma adrenergic activity
throughout the night. Therefore, the attenuation of emotional
response observed in individuals with low nocturnal gamma
measurement shows a correlation with this finding (Keane et al.,
1976; Berridge & Foote, 1991; Cape & Jones, 1998; Pare et al.,
2002; Nishida et al., 2009; Goldstein & Walker, 2014).

10
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5. SLEEP AND RESPIRATORY DYNAMICS

The regulation of the day-night cycle, hormones,
neurotransmitters, and the circadian rhythm are among the factors
physiologically effective in sleep. Anatomically, the respiratory
system and the nervous system also exhibit activity during sleep
(Izac, 2006). During sleep, atmospheric air is predominantly
inspired via the nose. It is predicted that inspiration not occurring
through the nose during the waking state is 7%, whereas this
figure decreases to 4% at the onset of sleep. While nasal and
mouth resistance are equal during wakefulness, nasal resistance
becomes lower compared with mouth resistance during sleep.
However, this resistance increases in the supine lying position. It
is known that in sleep, which holds a significant relationship with
the respiratory system, nasal congestion can be effective in the
determination of the apnea-hypopnea index, will delay REM
sleep, and can increase NREM sleep (Chebbo et al., 2013).

The respiratory mechanism, which functions to meet the
oxygen requirements of tissues, facilitate the excretion of
metabolic carbon dioxide, and support cellular oxidation, is a
complex process mediated by the central nervous system, the
motor neurons associated with respiration, and the respiratory
muscles. During sustained wakefulness, both voluntary and
metabolic pathways are activated to maintain the balance of
oxygen and carbon dioxide levels in the blood, which is essential
for pH regulation. However, upon the initiation of the sleep state,
the activity within the active centers responsible for stimulation
during wakefulness declines. Consequently, metabolic stimuli
become the primary determinants of the required ventilation. In
this context, patients with respiratory system disorders who
require ventilation may rely on stimulations present during the
state of wakefulness, and changes can often be observed in their
sleep-wakefulness patterns. Given that the onset of sleep disables
certain compensatory mechanisms, it can precipitate the

11
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development of hypoventilation or other respiratory system
disorders. Therefore, the transition to sleep actually constitutes a
more vulnerable physiological state (Sowho et al., 2014).

Unlike the cardiac system, the respiratory system lacks a
dedicated regulatory unit analogous to the heart's pacemaker that
can intrinsically control its own rhythm. Instead, the fundamental
parameters of respiration—the inspiration-expiration rhythm,
respiratory depth, and respiratory rate—are centrally governed by
the brainstem (specifically the Medulla oblongata and pons). The
Medulla oblongata houses two primary clusters of respiratory
neurons: the dorsal respiratory group (DRG) and the ventral
respiratory group (VRG). The DRG, which comprises the neuron
group within the ventrolateral subdivision of the nucleus tractus
solitarii (nuc. tractus solitarii), is active during inspiration. This
group is responsible for integrating afferent input from the
pulmonary branches of the vagus nerve (n. vagus), baroreceptors
and chemoreceptors of the aorta and common carotid artery (a.
carotis communis), and central receptors. The VRG, conversely,
is composed of premotor neurons involved in inspiration and
includes a separate subdivision containing premotor neurons that
drive expiration. Beyond inspiratory and expiratory neurons, the
VRG also incorporates the nucleus ambiguus (nuc. ambiguus),
the Botzinger complex, the pre-Botzinger complex, and the
caudal and rostral retroambigual neurons. In this medullary
region, bulbospinal neurons originating from both the VRG and
DRG project their axons to synapse with spinal nerves, thereby
facilitating the stimulation of the accessory muscles of
respiration. The cranial nerve nuclei that innervate the muscles of
the larynx and pharynx (the nuc. ambiguus contributes to the n.
glossopharyngeus) are situated in close proximity to the VRG.
The key rhythm-generating component within the VRG is the pre-
Botzinger complex. This complex is characterized by the
presence of mu-opioid and neurokinin receptors. Specifically,

12
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mu-opioid signaling acts to depress (slow down) the pre-
Botzinger complex activity, whereas neurokinin exerts an
accelerating effect. The control of respiratory activity is further
modulated by receiving input from respiratory neurons located in
the pons (Buchanan, 2013; Sowho et al., 2014).

The respiratory rhythm relies on the phrenic nerve (n.
phrenicus), which originates from the cervical spinal nerves, and
the intercostal and subcostal nerves (nn. intercostales and n.
subcostalis), which arise from the thoracic spinal nerves. These
nerves contribute to thoracic movements, initiating the entry of
atmospheric air into the lungs and its subsequent release.During
inspiration, propriobulbar neurons of the respiratory system,
premotor neurons, and their synaptic connections interact with the
ventral and dorsal respiratory neuron groups to generate phasic
respiratory activity. Following the synaptic connection between
the expiratory neurons in the Botzinger complex and the
brainstem-spinal cord, inspiratory activity is terminated
concurrently with the onset of expiratory activity. In contrast to
the n. phrenicus and nn. intercostales/n. subcostalis, which
innervate the diaphragm and the anterolateral chest wall muscles,
the nerve fibers directed to the pharyngeal muscle motor neurons
cannot actively ensure inhibition during expiration within the
respiratory control mechanism. The tonic activity in these
pharyngeal nerves is achieved not via projections from the ventral
and dorsal respiratory neurons to the motor neurons, but rather
through inputs originating from the reticular formation (formatio
reticularis). Crucially, when transitioning from wakefulness to
sleep, the activity of the reticular formation is suppressed. This
suppression leads to a decrease in the tonic activity of the nerve
fibers supplying the muscles of the upper respiratory tract
(pharynx and above), thereby creating a state of collapse in the
airways (Buchanan, 2013; Sowho et al., 2014).

13
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6. ANATOMY AND PHYSIOLOGY OF SLEEP

Stimulation occurs in distinct regions of the brain during
the states of sleep and wakefulness. In the waking state, the
human prefrontal cortex exhibits activation, which is necessary
for cognitively demanding functions such as memory, reasoning,
planning, and goal-directed actions (Landolt & Borbély, 2001).
During a normal sleep state, integrated with the experience of
dreaming and characterized by a functional loss of consciousness,
the active behaviors observed during wakefulness are absent.
Sleep is evaluated as a complex process contingent upon both
physical and mental health. The body undergoes cyclically
alternating and distinct physiological states during REM (Rapid
Eye Movement) and NREM (Non-Rapid Eye Movement) sleep
(Berteotti et al., 2014).

The state of sleep (REM, NREM) and wakefulness is
characterized by changes in various body systems within the
homeostatic process. During REM sleep, structures located in the
brainstem (pons) and the anterior-inferior part of the brain are
active, whereas the medulla oblongata and the anterior-inferior
part of the brain are engaged during NREM sleep. The continuity
of the waking state is maintained by neural connections
established by the brainstem reticular formation (formatio
reticularis) with the brain's thalamocortical system via dorsal
nerve fibers, and with the posterior hypothalamus and the
anterior-inferior part of the brain via ventral nerve fibers (Jones
et al., 2005).

Among the subcortical structures, the hippocampus,
amygdala, and striatum correlate with REM sleep, while the
insular lobe (lobus insularis) and the medial section of the
prefrontal cortex in the frontal lobe (lobus frontalis) show
activation associated with emotions. The endocrine system,
which functions jointly with the nervous system as the

14
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neuroendocrine system, also regulates these physiological
processes in the brain through hormonal balance (Goldstein &
Walker, 2014). Serotonin and acetylcholine play an active role in
REM sleep, while GABA and serotonin are prominent in NREM
sleep (Algm et al., 2016).

REM sleep is anatomically correlated with increased
activation in the limbic system, the dorsal prefrontal brain section,
and the amygdala. The second of the NREM stages, however, is
associated with greater cortical activation when compared
directly with REM sleep (McNamara et al., 2010).

The most significant endocrine change occurring during
REM sleep is the profound decrease in the noradrenaline level.
This reduction falls well below the levels observed during NREM
sleep and the wakefulness state across the 24-hour day-night
cycle. Noradrenaline plays crucial roles in general neural
stimulation and in the determination of emotional processes
within the body. The neuroanatomical and neurophysiological
changes occurring at these levels are functionally key to
maintaining bodily homeostasis (Kametani & Kawamura 1990;
Marrosu et al., 1995; Shouse et al., 2000; Park, 2002; Ouyang et
al., 2004; Goldstein & Walker, 2014).

Following a night of total sleep deprivation, a 60%
increase in amygdala activation is typically observed in the brain.
In the continuing process, regulatory and supervisory centers in
the upper brain (specifically, the medial aspect of the prefrontal
cortex) show decreases in their functional connections with the
amygdala. Furthermore, the locus coeruleus, the major
noradrenergic nucleus located in the brainstem, exhibits increased
coupling in its amygdala connections with the adrenergic
activating center, resembling a fight-or-flight state. As a
consequence of sleep disorders, this pattern results in excessively
increased amygdala reactivity coupled with a drop in connectivity

15
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between the amygdala and the medial prefrontal cortex. A
decrease in sleep quality can similarly correlate with heightened
amygdala reactivity in the brain. The variability in changes
occurring in the connections between the cortical centers
(prefrontal cortex) and the amygdala can differ among
individuals, often varying according to their ability to cope with
stress (Motomura et al., 2013; Prather et al. 2013; Goldstein &
Walker, 2014).

The eye is a sensory organ whose functionality changes
according to the state of sleep (Algin et al., 2016). Eyelid closure,
occurring voluntarily or involuntarily following prolonged,
physically taxing activities, is an inevitable action at the onset of
sleep. This mechanism ensures the initiation and maintenance of
sleep by reducing the stimuli transmitted to the cortex for
evaluation. Simultaneously, the eye and its associated structures
are protected from potential involuntary trauma during sleep.
Within the orbit, not only is relaxation observed in the levator
palpebrae superioris muscle (m. levator palpebrae superioris),
which controls eyelid movement, but contraction is also seen in
the orbicularis oculi muscle (m. orbicularis oculi), which
contributes to keeping the eyes closed among other ocular
muscles. In a study concerning the position of the eye beneath the
closed eyelid, it was reported to be in the straight gaze position
(44%), in an upward-rotating position (42%), and to a lesser
extent, in a lateral or downward gaze position (McNab, 2005).

Beyond the central nervous system, changes occur in the
peripheral nervous system. Following a sleepless night, the
reactivity of the peripheral nervous system and autonomic
nervous system affects the eye as the visual organ. Pupil diameter
and the activation state of eye muscles are influenced by the state
of sleep or sleeplessness (Franzen & Buysse, 2008). Images and
light entering the visual field are transferred either directly or
indirectly from the retina to the suprachiasmatic nucleus (nuc.

16
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suprachiasmaticus), which acts as a photosensitive regulator.
During wakefulness, nerve fibers carrying impulses originating
from the rostral part of the pons and the caudal part of the brain
bifurcate upon reaching the reticular formation (formatio
reticularis) in the diencephalon. One branch projects to the
thalamus and the other to the hypothalamus. Impulses are then
carried to the cortex via thalamocortical, basocortical, and
hypothalamocortical nerve fibers. Glutamate is the primary
neurotransmitter utilized in the transmission of these impulses.
Glutamate, which is accepted as the main neurotransmitter of
wakefulness, can produce excitatory discharges through the
function of specific glutamate receptors that enable its activation,
even during slow-wave sleep (Algin et al., 2016).

The aftermath of a sleepless night, which heightens
autonomic nervous system impulses, is evident in altered heart
rate within the cardiovascular system (Zhong et al., 2005; Sauvet
et al.,, 2010). Neurons located in the brainstem, upon the
commencement of the sleep state, act to reduce energy
consumption while ensuring the provision of necessary oxygen
and nutrients to the brain—a structure vital for continued
function—and other structures essential for the maintenance of
vitality. During NREM sleep, a decrease occurs in blood pressure
and cardiac output, and vagal bradycardia is observed. Despite
this overall reduction, cerebral blood flow increases. In REM
sleep, a tonic decrease in blood pressure and heart rate is also
present. Impulses directed to the heart, kidneys, and pelvic cavity
decrease, whereas impulses directed to the skeletal muscles and
those reaching the brain occur at a higher rate. Sympathetic
system activation during REM sleep can induce phasic increases
in blood pressure and heart rate. In NREM sleep, the reduction in
respiration is accompanied by a resultant increase in blood acidity
(carbon dioxide accumulation). This state triggers vasodilation in
the blood vessels supplying the brain. Homeostatic mechanisms
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then promote an increase in respiration, which becomes slightly
irregular. Critically, the oxygen-carbon dioxide balance in the
blood remains unchanged compared to wakefulness. During
sleep, the circulatory system, respiratory system, and nervous
system function collaboratively to maintain homeostasis (Coote,
1982).

In terms of emotional neurosynaptic activities within the
brain, sleep deprivation reveals a difference in preventive neural
expectation in both the amygdala and the insular lobe (lobus
insularis). In individuals who frequently experience stress and
anxiety in their normal lives, the inclusion of sleep deprivation
leads to an outwardly noticeable increase in their expectations.
When these individuals psychologically anticipate the
continuation of this state, the anxiety level further escalates,
potentially resulting in unusual responses to sleeplessness
(Goldstein et al., 2013).

It is known that insufficient sleep or total sleep deprivation
results in an exaggerated subcortical limbic or striatal response—
either positive or negative—in connection with prefrontal cortex
activity in the frontal lobe. This condition, which manifests as
emotional instability, is characteristically observed following
sleeplessness or insufficient sleep (Dahl, 1996).

It is also known that patients who contracted encephalitis
lethargica (sleeping sickness), which causes psychoneurological
symptoms, could sleep for an average of 20 hours per day along
with disruptions in the night-day cycle. Constantin Alexander von
Economo, a psychiatrist and neurologist, discovered that lesions
were frequently present in the posterior cranial fossa and the
hypothalamus in the brains of individuals afflicted by the disease.
These regions within the central nervous system are known to be
associated with waking. Subsequent experimental studies, such as
electrographic stimulation of the reticular formation in cats,
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demonstrated EEG results similar to the body's reaction when
awake. The inferences drawn suggest that the reticular formation
assists in integrating information related to mood control and
shapes general innervation and somatomotor responses. With
technological advancement, recent contributions to the literature
emphasize that systems exerting a key effect on arousal are
predominantly regulated neurochemically (Economo, 1930;
Scammell et al., 2017).

Regarding the pathways involved in the increase of
wakefulness, a portion of these tracts, originating from the
paramedian region in the midbrain, continues as the dorsal
pathway from the diencephalon toward the thalamus, and as the
ventral pathway toward the anterior and lower parts of the brain,
the hypothalamus, and the cortex. In the dorsal pathway, which
carries sensory impulses, somatomotor responses and signals
related to consciousness are processed in the thalamus. Patients
with damage to the ventral pathway experience difficulty
maintaining wakefulness. It has been reported that individuals
with destruction in the paramedian thalamus exhibit a decrease in
the duration of time spent awake. In cases of thalamic damage,
the neighboring neuroanatomical structures, the hypothalamus
and midbrain, may also be affected. Since both the ventral and
dorsal pathways actively participate in the general state of
wakefulness, clinical problems can arise. It is necessary for the
dorsal pathway to provide the signal transmission connecting the
thalamus and the cortex, and for the ventral pathway to remain
functional for maintaining appropriate wakefulness behaviors
(Ranson, 1939; Moruzzi & Magoun, 1949; Bassetti et al., 1996;
Posner, 2007; Fuller et al., 2011; Giber et al., 2015; Lewis et al.,
2015; Scammell et al., 2017).
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Figure 2. Neuroanatomical structures that play a role in
maintaining wakefulness (Scammel et al., 2017)
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The thalamus contributes to the generation of rhythmic
activities observed during sleep. Sleep spindles, which are bursts
of activity between 7—15 Hz occurring in NREM sleep, are
produced by the reticular nuclei and thalamocortical nerve cells.
Conversely, NREM slow waves primarily originate from the
cortex in the brain, although the thalamus is also reported to have
a contributory role (Huguenard & McCormick, 2007; Crunelli et
al., 2015; Lewis et al., 2015; Scammell et al., 2017).

The monoamines responsible for promoting arousal in the
brain are serotonin, dopamine, histamine, and norepinephrine.
The locus coeruleus (LC) is the principal source of
norepinephrine. These monoaminergic systems innervate the
anterior-lower part of the brain, the cortex, and the lateral
hypothalamus. These components, which also serve a firing role
in the brain, exhibit high firing during the wakefulness state, slow
firing during NREM sleep, and cease firing during REM sleep.
The locus coeruleus is responsible for general arousal and
mediates rapid awakening from sleep via photoactivation. It also
drives arousal in response to situations involving anxiety, stress,
novel stimuli, reward, and threat (Luppi et al., 1995; Aston-Jones
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& Cohen, 2005; Carter et al., 2010; Gompf et al., 2010; Schwarz
et al., 2015; Scammell et al., 2017).

Serotonin, located in the anterior-lower part of the brain,
originates from the dorsal raphe and median raphe nuclei. These
nuclei stimulate the amygdala, insular lobe (lobus insularis), and
the medial prefrontal cortex, independent of the sleep-
wakefulness state. Serotonin plays a critical role in heat
production. It has been reported that sleep disorder resulting from
decreased or depleted environmental serotonin manifests as a
consequence of hypothermia in a cool environment, and this
sleeplessness state does not occur in a hot environment.
Furthermore, serotonin directly stimulates neurons in brain
sections responsible for increasing wakefulness (Ito et al., 2013;
Weissbourd et al., 2014; Murray et al., 2015). The increased
concentration of dopamine, produced from numerous parts of the
brain, also encourages the maintenance of the wakefulness state
(Wisor et al., 2001; Ferris et al., 2014). The nucleus
tuberomammillaris is the sole neuronal source of histamine in the
brain, and it is responsible for stimulating wakefulness-related
neurons in the cortex, thalamus, and brain (Parmentier et al.,
2016). Cholinergic neurons, which facilitate the production of
both neurally inhibitory (such as GABA) and excitatory (such as
glutamate) neurotransmitters, are situated in the anterior-lower
part of the brain. These cholinergic neurons are responsible for
enhancing perceptions functional during wakefulness, promoting
rapid cortical activity, and supporting sensory processing and
neuroplasticity in the cortex. Since the anterior-lower part of the
brain is directly responsible for arousal, damage to this section
has been reported to cause a slowing of EEG waves. Cholinergic
neurons fire in rapid cortical rhythms during wakefulness and
REM sleep but exhibit lower firing rates during NREM sleep
(Boucetta et al., 2014; Xu et al., 2015; Scammell et al., 2017).
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Neurons situated around the nucleus accumbens in the
preoptic area (area preoptica) are connected with brain regions
that promote wakefulness. They facilitate these connections via
vertically projecting nerve fibers, thereby contributing to the
arousing effects of substances like caffeine (Lazarus et al., 2011).

The pedunculopontine tegmental nucleus (nuc.
tegmentalis pedunculopontinus) and the dorsolateral tegmental
nucleus (nuc. tegmentalis dorsolateralis) are the locations where
communities of cholinergic neurons are found in the midbrain and
pons. These nuclei also contain GABAergic and glutamatergic
neuron populations. They are the fastest firing, active neurons
during both wakefulness and REM sleep. The innervation of these
nuclei, which connect with many subcortical regions, to the
cortex is relatively sparse. Electrical stimulation in the nuc.
tegmentalis pedunculopontinus region triggers the stimulation of
thalamocortical pathways, which consequently leads to rapid
EEG activity (Steriade et al., 1991; Wang & Morales, 2009;
Boucetta et al., 2014; Furman et al., 2015; Kroeger et al., 2016;
Cox et al., 2016; Scammell et al., 2017).

The parabrachial nucleus (nuc. parabrachialis) is a
neuronal cluster whose fundamental function is to transmit
sensory signals to the brain and regulate the duration of arousal.
Destruction of this nucleus results in a lack of reaction, sensitivity,
and awareness (Parvizi & Damasio, 2003; Fuller et al., 2011;
Fischer et al., 2016; Scammell et al., 2017). Orexin, also termed
hypocretin, is a neuropeptide responsible for regulating
wakefulness and REM sleep (Sakurai et al., 1998; de Leceaet al.,
1998). Orexin is necessary for the sustained continuity of
wakefulness (Adamantidis et al., 2007). Orexin is produced by
neurons situated in the lateral hypothalamus and plays an active
role in brain regions ensuring the maintenance of the wakefulness
state (Scammell et al., 2017). Damage that may occur in orexin
neurons causes an increase in the sleepy state without affecting
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the total sleep quantity (Herrera et al., 2016). Destruction
occurring in the lateral and posterior hypothalamus, where
orexins are found, results in a heavy sleep state. Furthermore,
since orexin cannot stimulate the wakefulness state following this
damage, an individual may experience a desire to sleep for 15-20
hours a day. Even upon waking, the desire to return to sleep
persists (Herrera et al., 2016).

Regarding somnogens, which increase  during
wakefulness and promote sleep, the NREM sleep process follows
a prolonged wakefulness state, driven by the active role of
cytokines such as adenosine, prostaglandin D2, interleukin-1, and
tumor necrosis factor-alpha (Krueger et al., 2011). Another
characteristic of somnogens is their effect on increasing slow-
wave activity on one side of the cortex. In this process, increased
EEG delta waves emerge in the corresponding brain section
causing a focal activity increase belonging to that side (Huber et
al., 2004). After focal seizures, a decrease is usually observed in
focal EEG data. A new motor skill or motor activity, even if it
does not significantly strain the individual's overall performance,
elicits a response characterized by increased EEG delta waves in
the corresponding motor stimulation region of the cortex during
NREM sleep. Moreover, an experimental study conducted on rats
that were permitted only a few hours of sleep (without adherence
to a night-day cycle) recorded frequently observed, focal slow
waves, which correlated with poor performance in motor
capabilities. It remains unknown whether the physiological
mechanism of local sleep (local increase in slow waves) follows
a top-down or bottom-up (ascending from the subcortical circuit)
direction (\Wazovskiy et al., 2011; Scammell et al., 2017).

Another brain section highlighted by experiments
conducted by Constantin von Economo is the preoptic area (area
preoptica) and the anterior-lower part of the brain in individuals
experiencing sleeplessness problems. Lesions occurring in these
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regions are reported to result in persistent sleeplessness. The
reason for this is emphasized to be the location of sleep-
promoting neurons within the anterior-lower part of the brain and
the preoptic area (von Economo, 1930; Scammell et al., 2017).
Although the majority of neurons located in the anterior-lower
part of the brain contribute to wakefulness, a fraction of neurons
also play an active role in NREM sleep. These neurons, which are
few in number, activate and begin firing a few seconds before the
onset of NREM sleep and continue to fire throughout this stage
(Kim et al., 2015; Xu et al., 2015; Scammell et al., 2017).

The parafacial region located in the medulla oblongata of
the brainstem is known to contain neurons that promote NREM
sleep. Conversely, damage occurring in this region, which
disrupts its connection with GABAergic and glycinergic neurons,
results in an increase in wakefulness (Batini et al., 1958; Anaclet
et al., 2014). Structures crucial for the formation of paradoxical
sleep (REM sleep), which is characterized by slow waves (often
mislabeled in older literature, as REM is characterized by fast,
low-voltage EEG), are situated in the brainstem, with GABAergic
and glutamatergic neurons playing a key role (Luppi et al., 2012).
Although its precise mechanism is not fully elucidated, the
transition to NREM sleep is thought to be associated with neurons
in the preoptic area (area preoptica) and the anterior-lower part of
the brain (Saper et al., 2010). Regarding REM sleep, connections
within the pons of the brainstem are critical. It has been reported
that a lesion occurring in the distal pons leads to an EEG activity
characterized by rapid and low amplitude, but muscle atonia is
absent. Conversely, a transection occurring in the rostral pons
region preserves muscle atonia during REM sleep, but rapid EEG
activity is not observed (Jouvert, 1962; Hobson et al., 1975;
Siegel et al., 1984; Scammell et al., 2017). Furthermore, the
sublaterodorsal nucleus region in the pons has been defined as the
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area thought to mediate muscle atonia during REM sleep
(Scammell et al., 2017).

Another endocrine gland involved in the sleep-
wakefulness cycle is the pineal gland (gl. pinealis), which secretes
melatonin from its pinealocyte cells. During the day, light
entering the eye stimulates the retinohypothalamic tract (tr.
retinohypothalamicus). Ganglion neurons located in the retina
stimulate the suprachiasmatic nucleus (nuc. suprachiasmaticus).
Nerve fibers emerging from here inhibit the superior cervical
ganglion (ganglion cervicale superius). Consequently, this
sympathetic system inhibition prevents melatonin from entering
the circulation. At night, light deprivation causes the sympathetic
system to be stimulated. The pineal gland then releases melatonin,
which contributes to the initiation of the sleep state. Disruption of
this cycle, such as in the case of jetlag, negatively impacts the
melatonin release mechanism, consequently causing changes in
the sleep-wakefulness state (llahi et al., 2018).

7. IMPACT OF PAIN ON SLEEP

It is rarely observed that pain sensation up to moderate
severity, occurring anywhere in the body, acutely disrupts an
individual's sleep state. However, in cases of acute pain,
somatomotor and neurological responses that disrupt sleep can
occur. In chronic pain conditions, pain stimuli that might be
ignored or responded to minimally in normal situations are known
to exert a cumulative, detrimental effect on both sleep duration
and quality (Foo & Mason, 2003).

Physiologically, the sleep onset latency (transition phases
to sleep) of individuals with chronic pain is explained as being
longer compared to normal individuals. Furthermore, their slow-
wave sleep (SWS) can be fragmented by the intrusion of alpha
wave activity (Moldofsky et al., 1975; Witting et al., 1982;
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Moldofsky et al., 1983; Mahowald et al., 1989; Lavie et al., 1992;
Drewes et al., 1998; Schneider et al., 2001).

Just as pain causes sleep disorders, insufficient sleep
duration and quality (sleep disorders) can also trigger pain
problems. Individuals with pain complaints commonly report to
clinicians that their pain becomes even more severe the following
day when accompanied by sleep disorders (Moldofsky et al.,
1975; Drewes et al., 1994; Jamieson et al., 1995; Affleck et al.,
1996; Moldofsky, 2001; Raymond et al., 2001). Beyond this
reciprocal relationship, additional factors such as underlying
depressive episodes, mood-disrupting elements like anxiety,
careless or excessive drug use, and hormonal imbalances can also
independently trigger or exacerbate both pain and sleep disorders
in individuals with chronic pain complaints (Foo & Mason,
2003).

8. THE STATE OF SLEEPLESSNESS

The state of sleeplessness (insomnia) can originate from
numerous events that occur both before and during sleep.
According to the globally accepted International Classification of
Sleep Disorders Version 2 (ICSD-2), a total of 85 defined sleep
disorders are recognized. These disorders are grouped under eight
main headings (Karadag, 2007).

Figure 3. International Classification of Sleep Disorders
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An individual's psychosocial attitude and behavior are
determined by the combination of their emotional behaviors
regarding emotion and state with the social environment in which
they live. Circadian sleep disorders, depression, and anxiety,
which correlate with psychosocial status disorders (an important
contemporary issue), can negatively affect sleep (Baglioni et al.,
2016). There is a consensus in the literature that disrupted sleep
pattern and duration increase the incidence of illnesses, burnout,
and the need for health services (Akerstedt, 2006).

The transformation of psychophysiological sleeplessness
into a persistent state is considered the stress-related primary
reason for sleeplessness. It is known that major depressive
episodes, anxiety disorders, and psychological traumas
experienced by the individual also trigger a noradrenaline
imbalance, which plays a critical role in the neuroendocrine
system, and consequently lead to sleeplessness pathologies
(Goldstein & Walker, 2014).

Sleeplessness brings forth numerous physiological and
metabolic problems. Health issues such as cardiovascular
problems, diabetes, and obesity are cited in the literature as some
of these consequences. In severe cases where the body cannot
maintain homeostasis, the intolerable state of sleeplessness can
result in mortality. In one study, mortality was reported in rats
whose sleep was prevented over a 5-week period. It was also
conveyed that sepsis in the rats had an effect on this process. The
most critical aspect of this widely discussed issue is that sleep
deprivation disrupts the thermoregulation mechanism and affects
the level of immune defense, leaving the body vulnerable. It is
predicted that fatal familial insomnia syndrome, which is
assumed to be genotypic in origin, can also indirectly lead to
mortality if no solution is found (Rechtschaffen & Bergmann,
1989; Everson & Toth, 2000; Kripke et al., 2002; Akerstedt,
2006).
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It is known that a decrease in comprehension ability may
occur in an individual who cannot get sufficient sleep, and this
situation can lead to occupational accidents by causing loss of
attention in working life. These occupational accidents can
sometimes result in mortality. Furthermore, the significant
physiological effect of sleeplessness on the anatomical structures
of the brain should not be disregarded (Akerstedt, 2006).

9. RESULT

Sleep, which constitutes an indispensable component of
life, has consistently been a subject of interest and curiosity for
numerous researchers. Sleep that is insufficient in both guantity
and quality can precipitate various pathologies across an
individual's  physiological, metabolic, neurological, and
psychological functions. To properly understand the processes of
sleep and wakefulness, numerous studies, spanning from the past
to the present, have generated hypotheses aimed at elucidating the
anatomical structures within the central nervous system
connected with sleep and their underlying physiological
mechanisms.

Although the increasing volume of recent studies appears
to have created a saturation in the literature, the entire mechanism
and all functions of sleep have not yet been fully elucidated or
explained. While a portion of the formation, types, and
pathologies associated with wakefulness and sleep is currently
understood, there remain many topics on which a complete
consensus has not yet been formed. The existing unknowns
regarding sleep and wakefulness currently maintain their
enigmatic position in the field of neuroscience. The critical
contribution expected from daily advancing technology and the
integration of new methods indicates that the existing questions
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concerning sleep will eventually be answered by researchers in
the future.
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STRUCTURAL ANATOMY OF THE
SHOULDER!

Omer Can KIZILAY!?

1. INTRODUCTION

The shoulder represents a highly complex joint complex
and offers the widest range of motion in the human body. This
remarkable mobility enables a wide variety of functional tasks,
yet it also creates a delicate balance between stability and
movement. Because of these demands, shoulder function depends
on the precise interaction of its bony framework, ligamentous
support, dynamic muscular control, and neurovascular supply. As
highlighted by Bakhsh and Nicandri (2018), a clear understanding
of this anatomical organization is essential for interpreting normal
biomechanics and recognizing the pathways through which
injuries and dysfunctions develop.

This chapter will present a overview of the osteology,
muscular anatomy, ligamentous structures, and neurovascular
components of the shoulder region. The following pages will also
discuss the functional roles of these structures in maintaining joint
stability and coordinated movement. In addition, common clinical
conditions such as rotator cuff pathology, shoulder impingement,
instability, fractures, and nerve compressions will be briefly
reviewed to emphasize the practical relevance of shoulder
anatomy in clinical assessment and treatment.

LMD, Assistant Professor, Department of Anatomy, Faculty of Medicine, Kiitahya
Health Sciences University, ORCID: 0000-0002-3526-858X.

46



Anatomi

2. OSTEOLOGY OF THE SHOULDER

The bony framework of the shoulder is formed by three
main structures: the clavicle, scapula, and proximal humerus.
Working as a unit, these bones build the core structure of the
shoulder and help balance its stability. This section presents the
main anatomical characteristics of these structures and explains
how they relate to one another within the shoulder complex.

2.1. Clavicle

The clavicle, with its distinctive S-shaped curve, forms the
primary anterior bone of the shoulder girdle. The medial end
meets the manubrium to form the sternoclavicular joint, whereas
the lateral end connects with acromion. Key anatomical points on
the clavicle are the sternal end, acromial end, its long shaft, and
the structures on its lower surface like the conoid tubercle and
trapezoid line where the coracoclavicular ligaments attach.
Several muscles originate or insert along the clavicle, including
the sternocleidomastoid and pectoralis major medially, the
deltoid and trapezius laterally, and the subclavius inferiorly.

The clavicle’s distinctive S-curve increases the bone’s
capacitance to axial compression and allows rotation along its
longitudinal axis during arm elevation. The medial convexity
provides broad attachment surfaces for strong thoracic muscles
and ligaments, whereas the lateral concavity facilitates scapular
positioning and upper-limb mobility. With all these features
working together, the clavicle serves as a brace that keeps the
shoulder stable while still allowing wide motion (Ljunggren,
1979).

Clavicle fractures presentation often includes severe pain
with shoulder or arm movements, swelling, bruising, and
tenderness over the fracture site. Because the bone can no longer
support the limb properly, the shoulder may appear to drop
forward and downward in many patients. Management strategies
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are generally divided into conservative and surgical approaches.
Fractures that are only slightly displaced usually don’t require an
operation because they heal predictably with rest and gradual
activity. However, treatment decisions should also take into
account the patient’s biological age, functional demands, and the
specific characteristics of the lesion (Paladini et al., 2012).

2.2. Proximal Humerus

The proximal humerus comprises the head, anatomical
neck, both tubercles with the groove between them, and the
surgical neck. The head of the humerus serves as the “ball” of the
shoulder joint, fitting into the glenoid cavity to form the
articulation. Just below the humeral head is the anatomical neck,
a slight groove where the joint capsule attaches. The greater
tubercle sits on the lateral of the proximal humerus and provides
the attachment point for three rotator cuff muscles: teres minor, ,
infraspinatus, and supraspinatus. The wide tendon of the
subscapularis attaches to the smaller tubercle, which is located on
the front of the humerus. The difference in muscular attachments
contributes to the relative bulk of the greater tubercle when
compared with the lesser tubercle.

The long head of the biceps tendon sits in the
intertubercular sulcus—a groove between the two tubercles that
also carries the ascending branch of the anterior circumflex
humeral artery. Distal to these structures is the surgical neck, a
common site of fractures due to its narrowed shape and
biomechanical vulnerability. The anatomical neck is the actual
border between the humeral head and the tubercles, but the
surgical neck is so called because injuries in this area often result
in neurovascular findings.

People who sustain fractures of the proximal humeral
head usually arrive with sudden pain and difficulty using the arm
after an injury, most often from falling onto an outstretched hand
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or taking a direct hit to the shoulder. The pain is often intense and
becomes worse with almost any arm movement. A visible
deformity may be present, especially in displaced fractures, and
the patient often supports the injured arm with the contralateral
hand to reduce discomfort. Range of motion is markedly
restricted, and crepitus may be felt with passive movement.
Neurovascular symptoms such as numbness or weakness can
occur if the axillary nerve or surrounding vessels are involved.
Proximal humerus fracture management ranges from
conservative treatment to advanced arthroplasty, depending on
fracture displacement, the integrity of the bone’s cortical
structure, bone quality, rotator cuff function, and patient-related
factors. Minimally displaced injuries are generally managed
nonoperatively, while in surgical approaches used for
reconstructable two-, three-, or select four-part fractures.
Arthroplasty options are reserved for irreparable articular
damage, severe comminution, poor bone stock, or rotator cuff
insufficiency (Attum & Thompson, 2025).

2.3. Scapula

The scapula has two major surfaces, each providing
important structural and functional features. The anterior (costal)
surface is marked by the subscapular fossa, a broad concavity that
accommodates the subscapularis muscle. Several oblique ridges
traverse this fossa, enhancing muscular attachment and force
transmission. The posterior surface is divided by the prominent
scapular spine into two fossae: the supraspinous fossa superiorly,
which houses the supraspinatus muscle, and the infraspinous
fossa inferiorly, which serves as the origin site for the
infraspinatus muscle. They provide secure starting points for the
rotator cuff muscles and significantly influence how the scapula
moves.
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The scapula has two major bony projections that serve as
critical anatomical and clinical landmarks. The acromion extends
laterally from the scapular spine, creating the topmost part of the
shoulder and meeting the clavicle to form the acromioclavicular
joint. Its shape and orientation influence subacromial space
dimensions and may contribute to impingement syndromes. The
coracoid process extends forward and slightly to the side,
providing attachment points for three muscles along with
ligaments such as the coracoacromial and coracoclavicular
ligaments. Its proximity to neurovascular structures makes it an
important landmark during surgical approaches.

Numerous upper-limb muscles take origin from the
scapula, reflecting its central role in shoulder function. These
muscles include the deltoid, the long head of the triceps brachii,
the teres muscles, supraspinatus, infraspinatus, subscapularis,
coracobrachialis, the long and short heads of the biceps brachii,
latissimus dorsi (through its attachment near the inferior angle),
and the omohyoid.

Several muscles insert onto the scapula to stabilize and
position it during upper-limb movement. Key insertions include
the trapezius, levator scapulae, serratus anterior, pectoralis minor,
and rhomboids. Together, these muscles coordinate
scapulothoracic motion and maintain the alignment necessary for
efficient glenohumeral function.

The scapula carries considerable clinical relevance
because of its complex anatomy, extensive muscular attachments,
and proximity to major neurovascular structures.

Scapular fractures are not seen very often because the
bone is well protected by surrounding muscles. Fractures
involving the body often heal conservatively, whereas fractures
of the glenoid, scapular neck, or acromion may require surgical

50



Anatomi

intervention due to their impact on glenohumeral mechanics
(Noguchi et al., 2017).

Scapular dyskinesis, a disruption in normal scapular
motion, can arise from muscular imbalance, trapezius or serratus
anterior weakness, or nerve injury. Dysfunction of the long
thoracic nerve leads to medial winging of the scapula, while
spinal accessory nerve injury produces lateral winging. These
abnormalities can contribute to impingement syndromes, rotator
cuff pathology, and altered shoulder mechanics (Longo et al.,
2020).

The suprascapular notch is an important location for
potential nerve entrapment, which can cause weakness in the
muscles supplied by the suprascapular nerve. The coracoid
process may also be implicated in coracoid impingement or serve
as an essential reference point during anterior surgical
approaches.

Additionally, abnormal scapular positioning such as
anterior tilt or downward rotation can narrow the subacromial
space, predisposing individuals to supraspinatus tendinopathy or
subacromial bursitis. Because it is connected to so many
important structures, the scapula acts as a key reference point
during both open and arthroscopic shoulder procedures.

3. MYOLOGY OF THE SHOULDER

A variety of muscles around the shoulder help keep the
joint steady, allow movement, and ensure coordinated function.
The rotator cuff muscles helps stabilize the humeral head; the
deltoid powers arm abduction; and scapulothoracic muscles
adjust the scapula to support efficient upper-limb movement.
Additional contributors include the pectoralis major and minor,
latissimus dorsi, teres major, biceps brachii, triceps brachii, and
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the coracobrachialis, all of all of which cooperate to allow the
shoulder its remarkably wide motion (Drake et al., 2010). The
functional contributions of these supplementary muscles are
acknowledged; however, their detailed anatomy lies outside the
focus of this section.

3.1. Deltoid Muscle

Known as the main abductor of the shoulder, this muscle
also gives the lateral aspect of the arm its characteristic rounded
appearance. The deltoid is composed of anterior, middle, and
posterior fibers that move the arm in different planes, originating
from the clavicle, the acromion, and the scapula, respectively,
before all ends on the humerus.

Functionally, the middle fibers primarily produce
abduction after the first 15 degrees initiated by the supraspinatus
while the anterior fibers assist in flexion and medial rotation, and
the posterior fibers contribute to extension and lateral rotation.

Clinically, deltoid integrity is essential for normal
shoulder function. Injury to the axillary nerve often associated
with anterior shoulder dislocation or surgical neck fractures of the
humerus results in weakened abduction and loss of shoulder
contour. Atrophy of the deltoid may be a key sign of chronic
axillary neuropathy (Tessler et al., 2023). In addition, the
deltoid’s superficial position makes it a frequent site for
intramuscular injections, with the thick central portion providing
a safe zone above the axillary nerve.

3.2. Supraspinatus Muscle

This muscle is one of the four rotator cuff muscles and is
especially important for starting arm elevation at the shoulder
joint. It begins in the supraspinous fossa of the scapula, occupying
the whole hollow area above the scapular spine. Its fibers run
laterally, passing beneath the acromion and the superior
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glenohumeral ligament, and then attach to the superior part of the
humerus’ greater tubercle.

Functionally, the supraspinatus is primarily responsible
for initiating the first 10-15 degrees of abduction, after which the
deltoid becomes the dominant abductor.

Supraspinatus tendinopathy and tears are often seen in
practice, with a higher prevalence in overhead athletes and older
individuals. Impingement beneath the acromion or at the
coracoacromial arch is a frequent predisposing factor, making
knowledge of this muscle’s anatomy essential for diagnosis and
treatment (Desmeules et al., 2025).

3.3. Infraspinatus Muscle

It serves as one of the key muscles that produce external
rotation of the arm. This muscle originates from the entire
infraspinous fossa, and its fibers converge laterally to form a
strong tendon that passes behind the shoulder and inserts onto the
middle facet of the humerus’ greater tubercle.

Clinically, posterior shoulder pain and weakness in
external rotation may originate from infraspinatus tendinopathy
or tears. (Desmeules et al., 2025).

3.4. Teres Minor Muscle

This elongated muscle is considered one of the rotator cuff
muscles and lies along the lateral border of the scapula.
Originating from lateral scapular border, the fibers course
outward and slightly upward to form a tendon that anchors to
greater tubercle. The muscle lies immediately superior to the teres
major and works closely with the infraspinatus.

Functionally, the teres minor contributes to external
rotation of the arm and assists in adduction and stabilization of
the humeral head. Although smaller than the infraspinatus, it
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plays an essential role in fine control of external rotation,
particularly in positions of abduction (Williams et al., 2018).

In practice, pure teres minor atrophy is quite rare,
occurring in roughly 5% of patients, and its symptoms commonly
overlap with those of general rotator cuff disease (Chambers et
al., 2022).

3.5. Subscapularis Muscle

The subscapularis is the broadest of the rotator cuff
muscles and fills the subscapular fossa. It originates from the
whole subscapular fossa, attaching along several fibrous ridges
that help provide a wide and secure origin. Its broad tendon
travels ends at lesser tubercle.

This muscle takes part in internal rotation and helps
prevent forward displacement of the humeral head.

Although isolated subscapularis injuries have a relatively
low incidence, patients frequently present late in the clinical
course, often because symptoms mimic general shoulder pain or
because the initial trauma is underestimated. These factors may
contribute to delayed diagnosis and progression of dysfunction
(Richards et al., 2003)

3.6. Trapezius Muscle

This muscle is a superficial and triangular muscle that
spans the posterior neck, shoulders, and upper thorax. It
originates from inion, the ligamentum nuchae, and the spinous
processes of the lower cervical vertebrae. Its fibers extend from
this large origin to reach the lateral clavicle, the acromion, and
the spine of the scapula.

This muscle is functionally divided into three regions. The
upper fibers elevate the scapula and contribute to upward rotation.
The middle fibers primarily retract the scapula. The lower fibers
depress the scapula and assist with upward rotation.
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The trapezius plays a key role in scapulothoracic rhythm,
coordinating scapular motion during arm elevation (Flores-
Hernandez et al., 2019).

Trapezius muscle dysfunction typically presents with
significant shoulder pain and is characterized by lateral scapular
winging, whereas serratus anterior dysfunction results in medial
scapular winging, a distinction that is essential for accurate
differential diagnosis (Didesch & Tang, 2019).

3.7. Serratus Anterior Muscle

This muscle is broad and fan-shaped structure positioned
along the lateral thoracic Wall. The muscle begins on the external
surfaces of ribs one through nine, and its fibers travel posteriorly
and medially to reach scapula’s medial border.

Functionally, this muscle is involved in protraction of the
scapula, upward rotation, and fixation of the medial border
against the thoracic wall. It plays a key role in scapulothoracic
rhythm during overhead motion and works synergistically with
the trapezius to produce efficient arm elevation.

Loss of serratus anterior function leads to medial scapular
winging (Didesch & Tang, 2019).

3.8. Rhomboid Major and Minor Muscles

These muscles sit deep in the scapulothoracic region,
positioned between the spine and the medial of scapula. The
minor originates from the nuchal ligament and the spinous
processes of C7 to T1, whereas the major arises from the spinous
processes of T2 through Ts. Both muscles send their fibers
downward and outward to the medial scapular border. Rhomboid
minor reaches the spine’s root, and rhomboid major inserts farther
down the same border.

Functionally, the rhomboids work together to retract the
scapula, elevate the medial border, and contribute to downward
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rotation of the scapula. They stabilize the scapula against the
thoracic wall during upper-limb  movements, acting
synergistically with the trapezius muscle.

Weakness of the rhomboid muscles can contribute to
scapular dyskinesis and altered shoulder mechanics (Longo et al.,
2020).

3.9. Levator Scapulae Muscle

This thin, elongated muscle lies in the posterior cervical
region and takes origin from the posterior tubercles of the
transverse processes of Ci through Ca4. From this upper origin, the
fibers run downward to attach to the superior portion of the
scapula’s medial border.

Functionally, the levator scapulae muscle acts to elevate
the scapula. When the scapula is stabilized, the muscle can
contribute to bilateral flexion of the neck. It plays a supportive
role in maintaining scapular posture and works synergistically
with the rhomboids muscles.

Clinically, levator scapulae tightness or dysfunction is a
common source of neck and upper scapular pain, often seen in
patients with poor posture, muscle imbalance, or repetitive
overhead activities (Vongsirinavarat et al., 2023).

4. LIGAMENTOUS ANATOMY OF THE
SHOULDER

The ligamentous anatomy of the shoulder plays a critical
role in maintaining the stability of the glenohumeral and
acromioclavicular joints while allowing the upper limb to achieve
its extensive range of motion. These ligaments function together
with the dynamic stabilizers of the shoulder to resist excessive
rotation of the humeral head and to support the scapular and
clavicular articulations. Key components include the
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glenohumeral ligaments, which reinforces the anterior capsule;
the coracohumeral and coracoacromial ligaments, which
contribute to superior stability; and the acromioclavicular and
coracoclavicular ligaments, which stabilize the clavicle and the
scapula within the shoulder girdle. Understanding the structure,
attachments, and biomechanical functions of these ligaments is
essential for interpreting mechanisms of instability, impingement,
and injury patterns within the shoulder complex (Moore et al.,
2014).

4.1. Glenohumeral Ligaments

The superior, middle, and inferior glenohumeral
ligaments reinforce the anterior capsule and act as the main static
stabilizers limiting anterior and inferior movement of the humeral
head.

The superior part helps prevent downward subluxation of
the humeral head in adduction and helps stabilize the joint in
neutral. The middle part, which shows considerable anatomical
variation, provides anterior restraint in mid-range abduction and
external rotation. The inferior part is the most important
stabilizer, consisting of anterior and posterior bands connected by
an axillary pouch. The anterior band becomes tense in abduction
and external rotation making it the key structure injured in
Bankart lesions (Mutlu et al., 2013)

4.2. Coracohumeral Ligament

Originating from the lateral aspect of the coracoid process,
the coracohumeral ligament spans toward the greater and lesser
tubercles of the humerus.

Functionally, the coracohumeral ligament provides
superior stability to the glenohumeral joint. It also contributes to
limiting external rotation in the neutral position.
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Clinically, pathology of the coracohumeral ligament is
most frequently associated with adhesive capsulitis, or “frozen
shoulder,” where thickening of the ligament contributes to
stiffness and restriction of external rotation (Ramirez, 2019).

4.3. Coracoacromial Ligament

This sturdy ligament forms a triangular band that stretches
from the lateral edge of the coracoid process to the acromion.
Along with the acromion and the coracoid process, this ligament
forms a protective arch above the humeral head.

The coracoacromial ligament plays minimal role in
dynmamics glenohumeral stability but prevents superior
dislocation of the humeral head.

Thickening of the coracoacromial ligament, with or
without acromial morphological variations such as a “hooked
acromion,” may contribute to subacromial impingement
syndromes (von Schroeder et al., 2001).

4.4. Acromioclavicular Ligament

It is a dense thickening of the joint capsule that covers the
superior and inferior sides of the acromioclavicular joint.
Acromioclavicular ligmaent connects the acromion of the scapula
to clavicle. It reinforces the joint capsule and contributes
primarily to horizontal stability of the acromioclavicular joint.

Functionally, the acromioclavicular ligament limits
anteroposterior rotation and shear forces at the acromioclavicular
joint, working with the coracoclavicular ligaments, together
provide vertical stability.

Acromioclavicular joint injuries also acromioclavicular
ligament damage are frequently observed. Disruption of the
acromioclavicular ligament, usually classified as Rockwood type
I-11, leads to pain, tenderness, and localized joint instability
(Flores et al., 2020).
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4.5. Coracoclavicular Ligament

It is the key stabilizer of the acromioclavicular joint and
firmly connects the clavicle to the coracoid process. It consists of
two distinct components: the conoid ligament, which is more
medial and vertically oriented, and the trapezoid ligament, which
is more lateral and obliquely oriented.

Functionally, the conoid ligament resists superior
displacement of the clavicle and restricts excessive anterior
rotation, while the trapezoid ligament limits horizontal
displacement.

Clinically, rupture of the coracoclavicular ligaments is a
hallmark of Rockwood type Il11-VI acromioclavicular joint
injuries (Flores et al., 2020).

5. NEUROVASCULAR ANATOMY OF THE
SHOULDER

The neurovascular anatomy of the shoulder supports the
extensive muscular and ligamentous structures that facilitate
upper-limb mobility. Blood flow to the region mainly comes from
axillary artery branches that supply the deltoid, proximal
humerus, and surrounding tissues. Originating from the
thyrocervical trunk, the suprascapular artery feeds the
supraspinatus and infraspinatus. The dorsal scapular artery
provides circulation to the levator scapulae and the rhomboid
muscles. Further contributions are provided by subscapular artery
branches to the subscapularis and teres major, and by the lateral
thoracic artery to the serratus anterior.

The lymphatic drainage of the shoulder region primarily
flows into the axillary lymph nodes, particularly the anterior
(pectoral), lateral (humeral), and posterior (subscapular) groups,
which receive lymph from the skin, superficial tissues, and
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muscular structures of the shoulder girdle. Deeper structures,
including the glenohumeral joint, drain into the central and apical
axillary nodes.

These muscles are innervated by brachial plexus. The
axillary nerve supplies the teres minor and deltoid muscles
whereas the suprascapular nerve innervates the infraspinatus and
supraspinatus muscles. The long thoracic nerve drives the serratus
anterior, and the dorsal scapular nerve innervates the rhomboids
and the levator scapulae. The trapezius receives its motor input
from the spinal accessory nerve, with additional proprioceptive
fibers contributed by Cs and Ca.

Clinically, neuropathies affecting neurovascular pathways
such as axillary nerve injury after dislocation, suprascapular
nerve entrapment or long thoracic nerve palsy resulting in medial
scapular winging combine with regional lymphatic involvement
in cases of infection, tumor spread, or postoperative edema,
emphasizing the integrated importance of the shoulder’s
neurovascular systems (Moore et al., 2014).

6. CONCLUSION

The shoulder is a uniquely mobile and functionally
complex region, relying on the coordinated interaction of its bony
architecture, ligamentous stabilizers, muscular components, and
neurovascular structures. Understanding the osteology, myology,
and ligamentous anatomy of the shoulder provides the foundation
for recognizing normal biomechanics as well as the mechanisms
underlying common injuries and disorders. Detailed knowledge
of the region’s neurovascular and lymphatic pathways further
enhances diagnostic accuracy and guides safe surgical and
rehabilitative approaches. As clinical conditions such as
instability, rotator cuff pathology, impingement syndromes, and
nerve entrapments remain prevalent across diverse populations, a
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comprehensive anatomical perspective is essential for effective
patient evaluation and management. This chapter aims to
integrate these anatomical principles with relevant clinical
correlations, supporting both academic understanding and
practical application in the assessment and treatment of shoulder
disorders.
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SPLEN (LIEN) ANATOMISi, EMBRIYOLOJiSI
VE KONJENITAL ANOMALILERI

Mehmet SELCUK?

1. GIRIS

Dalak (splen veya lien) en biyuk lenfoid organ olup
regio hypocondrica sinistrada bulunur. Erigkinlerde dalak kama
seklinde, kalinlik/uzunluk/genislik sirasiyla yaklasik 3x12x7 cm
boyutlarinda ve 150 gr agirhgindadir ve piiriizsiiz bir serozal
ylizeye sahiptir. Organin visseral ve parietal ylizeyler olmak
tizere iki yiizeyi ve iist, alt ve orta sinirlar olarak bilinen ii¢ sinir1
vardir (Skandalakis, 2004; Standring, 2005).

Splen, hem innate hem de adaptif immiin yanitin
diizenlenmesinde merkezi bir igleve sahiptir ve oOzellikle
kapsiilli bakteriler, mantarlar ile kan yoluyla yayilan diger
patojenlere kars1 etkin savunmanin saglanmasinda kritik bir rol
ustlenir (Chen ve ark., 2019; Crane ve ark., 2021).

Dalak, antijenlere karsi immiin yanit1 baglatan ve kani
yabanc1 partikiiller ile hasarli eritrositlerden arindiran temel bir
filtrasyon organidir. Eritrosit yikimi sonucu agiga ¢ikan demir,
yeni eritrositlerin yapiminda kullanilir (Arinc1 ve Elhan, 2016).
Fagositoz, immiin yanit, hiicre iiretimi ve kan depolama
islevleri, yapisal olarak farkli iki bolmesi; beyaz pulpa ve
kirmiz1 pulpa tarafindan yiiriitiiliir (Ozan, 2014). Kirmiz1 pulpa,
yabanc1 maddeleri ve hasarli eritrositleri uzaklastirirken, demirin
geri kazanimi ve eritrosit/trombosit depolanmasinda rezervuar

L Dr. Ogr. Uyesi, Nigde Omer Halisdemir Universitesi, Tip Fakiiltesi, Anatomi
Anabilim Dal, ORCID: 0000-0003-0798-1772.
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gorevi gorir. Beyaz pulpa ise kanda antijen ve antikor
varliginda immiin yanit1 aktive eder (Cesta, 2006).

Dalagin anatomik yapisinin, fizyolojik islevlerinin ve
embriyolojik gelisiminin ayrintili olarak kavranmasi, splenik
hastaliklar ile konjenital varyasyonlarin temelinde yer alan
patofizyolojik siireglerin dogru bigimde yorumlanabilmesi
acisindan biiyiik Onem tasimaktadir. Kiint karin travmasi
vakalarinda dalagin morfolojisi ve anatomisinin bilinmesi hayati
onem tasir. Radyologlarin ve cerrahlarin dalagin anatomisini
(arter, baglar, segmentler ve loblar dahil) ve cevredeki diger
yapilara gore konumunu anlamalari dalak yaralanmalarinda
secilecek tedavi protokollerini belirlemesi agisindan énemlidir.
Yine dalagin bazi anatomik varyasyonlar1 ve boyutlar1 hakkinda
edinilen bilgiler cerrahlara 6nemli bilgiler saglayacaktir.

2. SPLEN (LIEN) EMBRIYOLOJISIi

Insan dalak gelisimi, gebeligin dordiincii haftasinda
kiigiik kesenin mezogastriyumundaki mezenkimal yogunlagma
ile baslar; mezenkimal hiicreler lobiiller olusturarak lenfoid
organ1 meydana getirir (Larsen, 1997; Moore ve Persaud, 1998).
Lobiillerin fiizyonu iist sinirda ¢entik olusumuna yol agar (Gayer
ve ark., 2006; Das ve ark., 2008). Fetal dalak tipik olarak
lobludur, ancak ¢ogu lob dogumdan once kaybolur; bazilari
hilusta aksesuar dalak olarak kalabilir. Aksesuar dalak, en sik
gorulen konjenital dalak anomalilerindendir ve bazen bobregin
iist poliinde yerleserek renal kitle veya tiimoérle karisabilir
(Rabushka, 1994; Gayer ve ark., 2001; Elsayes, 2005; Ungor ve
ark., 2007).

Bazi durumlarda, iist kenarda embriyolojik gelisim
sirasinda ¢entikler olusabilir; orta veya alt kenarlarda ise
nadirdir (Larsen, 1997; Standring, 2005; Skandalakis, 2004). Ust
sinirdaki ¢entikler, biiylimiis dalagi palpe etmek icin klinik
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kilavuz olarak kullanilabilir (Moore ve Persaud, 1998). Bazi
dalaklarda centikler, dalag:1 iki veya daha fazla loba ayirarak
kosta ve i¢ organ ylizeylerinde fissiirler olusturur (Nayak ve
ark., 2011). Alt siir ¢entikleri ise dalak ve komsu organ
sinirlarinin belirlenmesinde komplikasyonlara yol acabilir; derin
fissiirlerde s1v1 birikmesi, radyolojik incelemelerde laserasyonla
karisabilir (Dodds ve ark., 1990).

Arumugam ve Subbiah (2020), yaptigi bir kadavra
calismasinda 50 dalagin %40'inda iist kenarda ¢entik, %10'unda
alt kenarda ¢entik oldugunu ve %50'sinde hi¢bir kenarda ¢entik
olmadigint belirtti. Yariklarin bes dalakta (%10) oldugunu
belirten bu c¢alismada; bunlardan {i¢ii tamamlanmamis ¢atlaklar
ve geri kalan ikisinde dalagi iki loba bdlen tam c¢atlaklar
oldugunu bildirdi.

3. SPLEN (LIEN) ANATOMISI

Dalak, regio hypocondrica sinistra’da derinde bulunur.
Fundus gastricus ile diaphragma arasinda, lig. phrenicolicum’un
hemen iizerinde bulunan dalak damardan zengindir (Arinci ve
Elhan, 2016). Viicuttaki en biiyiikk lenfoid dokudur. Saglikli
dalak, yumusak, kirilgan, koyu mor renkli ve piiriizsiiz bir
yiizeyi olan organdir (Mahadevan, 2019).

Dalak, diyaframin sol kubbesi altinda konumlanan
intraperitoneal bir organ olup, anatomik olarak dokuzuncu,
onuncu ve on birinci kostalarla komsuluk gostermektedir. Uzun
ekseni, soldaki onuncu costaya karsilik gelir. Oval sekillidir ve
arkadan ve iistten (arka kutup) 6ne ve alta (6n kutup) egik olarak
yerlestirilmistir. Dalagin boyutu, sekli ve agirligir degiskendir.
Uzunlugu, genisligi ve kalinlig1 sirasiyla yaklasik 12, 7 ve 3
cm'dir. Kanin igerigine bagli olarak agirligi ortalama 150
gramdir. Erkeklerde biraz daha agirdir. Sindirimden sonra
dalagin hacmi artar, yine alinan besine bagl dalagin boyutu
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degismektedir (Ozan, 2014; Arinci ve Elhan, 2016; Varga ve
ark., 2018; Mahadevan, 2019).

3.1. Dalagin yiizii, kenari ve ucu

Iki yiizii, iki ucu ve iki kenar1 bulunan splen’in
yiizlerinden diaphragma ile komsulugu bulunan konveks yiiziine
facies diaphragmatica, organlar ile komsulugu bulunan konkav
yliiziine ise facies visceralis denilir (Arinci ve Elhan, 2016).

Facies diaphragmatica, diaphragma’nin alt yiiziine
yaslanir ve diaphragma araciligiyla sol tarafta 9-11. kostalarla
komsuluk gosterir. Bu bolgede diaphragma ile kostalar arasinda
pleura’nin kostodiyafragmatik resesi yer almakta olup, akcigerin
alt sinin1 istirahat halinde bu seviyenin iizerinde sonlanir. Bu
yliziin iist ucuna yakin kismi hafifce mediale dogru kivrilmistir.
Facies visceralis iizerinde damar ve sinirlerin gegtigi yarik
seklindeki gecite hilum splenicum adi verilir. Hilum
splenicum’un 6niinde yer alan ¢ukur alan facies gastrica olarak
adlandirilir ve buraya midenin arka yliziiniin sol bdliimi
komsuluk yapar. Hilum splenicum’un arkasinda bulunan ¢ukur
yuz ise facies renalis olarak tanimlanir ve sol bdbregin (ren
sinister) on yizi ile iliskilidir. Bu yiiziin alt kisminda yer alan
klcuk ylz facies colica olup, buraya flexura coli sinistra oturur
(Arinci ve Elhan, 2016).

Hilum splenicum diginda, butlnd peritonla sarihidir.
Peritoneum, hilum splenicum araciligi ile arkada diaphragma’ya
(lig. phrenicosplenicum) ve On tarafta da mideye (lig.
gastrosplenicum) baglanir (Arinci ve Elhan, 2016).

Facies diaphragmatica’yr facies gastrica’dan ayiran 6n
kenara margo superior denilir. Lateral uca yakin bolgede bir ya
da iki adet centigin bulunmasi, dalagin erken fetal donemde
lobiiler bir organizasyona sahip olduguna isaret eden morfolojik
bir bulgu olarak kabul edilmektedir. Margo inferior, facies
diapgragmatica’y1, facies renalis’ten ayirir. Ust kenardan daha
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kiint ve yuvarlaktir. Diaphragma ile sol bdbregin {ist parcasi
arasindadir ve 11. costanin alt kenarinin pozisyonuna uyar
(Ozan, 2014).

Flexura coli sinistra ve lig. phrenicocolicum ile
komsulugu bulunan 6n ucuna extremitas anterior, columna
vertebralise bakan arka ucuna ise extremitas posterior denilir
(Ozan, 2014).

3.2. Dalagi saran tabakalar

Dalak, fibroz bag dokusu ile elastik lifler ve diiz kas
hiicreleri igeren, yapisal olarak dayanikli bir kapsiil tarafindan
sarilmaktadir. Organ1 distan saran iki ayr1 tabaka bulunmaktadir.
Bunlardan dista yer alan serdz tabaka tunica serosa, icte
bulunan fibrz tabaka ise tunica fibrosa olarak adlandirilir.
Dalag1 orten periton tabakasi tunica serosa olarak tanimlanir;
ince ve diizgiin yapida olup alttaki tunica fibrosa ile siki1 bir
baglanti gosterir. Periton, hilum splenicum ile ligamentum
gastrosplenicum ve ligamentum phrenicosplenicum’un dalaga
tutundugu alanlar diginda, dalagin tamamina yakinini sarar
(Cesta, 2006; Arinct ve Elhan, 2016).

Tunica fibrosa, dalak parankimi ig¢ine dogru uzanan
septalar gonderir; bu yapilar trabeculae splenicae olarak
adlandirilir. Dalak dokusu igerisinde yer alan retikiiler bosluklar,
pulpa splenica (lienalis) adi verilen fonksiyonel dokularla
doldurulmugtur. Renk ve yapi 6zelliklerine gore pulpalar iki
gruba ayrilir: pulpa rubra ve pulpa alba. Beyaz pulpa,
arteriolleri ¢evreleyen lenfoid dokudan olusur ve antijenik uyari
sonrasinda yaklasik 24 saat iginde belirgin sekilde genisleyerek
makroskopik olarak izlenebilen germinal merkezler meydana
getirir. Bu yapilar splenik lenfatik nodiiller ya da Malpighian
cisimleri olarak bilinir. Kirmiz1 pulpa ise Billroth kordonlar
olarak adlandirilan bag dokusu elemanlar1 ile kanla dolu vendz
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siniizoidlerden olugur. Normal bir dalakta parankimin yaklasik
%76-79’unu kirmiz1 pulpa olusturur (Ozan, 2014).

3.3. Dalagin topografik iliskileri

Posterolateral olarak dalak, sol hemidiafragmanin alt
yilizeyi ile iligkilidir ve periton boslugunun sol iist siniri ile
ayrilir. Sol hemidiafragma bir yanda dalak ile diger yanda sol
akcigerin tabani olan plevra ve 9. 10. ve 11. sol costalar arasina
karigir. Sol alt gogsiin posterolateral tarafinda bir pnémotoraks,
yirtilmig bir akciger ve yirtilmis bir dalakla sonuglanan bir bigak
yaralanmasi ihtimali diisiinmek kolaydir (Mahavedan, 2019).

Dalagin arka kutbu, sol paravertebral olugun i¢inde veya
hemen yaninda, 1. lumbal vertebra ile ayni seviyede yer alir.
Dalagin 6n kutbu, kolonun splenik biikiilmesinin hemen
superolateralinde ve lig. phrenicocolica’nin hemen iizerinde yer
alir. Ikincisi, sol hemidiafragmanin alt yiizeyinde periton ile
stirekli hale gelmek icin dalak biikiilmesinden yanal ve yukari
dogru uzanan kisa, ¢ift katmanli bir periton kivrimidir
(Mahavedan, 2019).

3.4. Dalagin dolasim

Dalak, yogun damar agima sahip bir kan filtresi olarak
islev goriir. Kan, a. splenica yoluyla hilustan girer ve trabekiiler
arterlere dallanir. Bunlar kiiclik arteriyollere ayrilarak kirmizi
pulpaya girer ve merkezi arteriyolleri olusturur; daha kiiciik
arteriyoller beyaz pulpa kilcal yataklarini besler (Satodate ve
ark., 1986; Valli ve ark., 2002).

Siniizoidlerden ¢ikan pulpa venleri birleserek trabekiiler
venleri olusturur. Trabekiiler venlerin birlesmesiyle segmental
venler meydana gelir ve bu venler bir araya gelerek v.
splenica’y1r olusturur. V. splenica, v. mesenterica inferior’u
aldiktan sonra pankreas boynunun (collum pancreatis) arkasinda
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v. mesenterica superior ile birleserek v. portae hepatis’i
meydana getirir (Ozan, 2014).

Periarterial lenfatik doku ile Malpighi cisimciklerinden
baslar ve kapsiiliin altinda bir ag olusturur. Hilusdan ¢ikan lenf
damarlar1 nodi splenicive nodi coeliaci’ye acilir. Buradan da
pankreasinlenf nodiillerine agilir (Arinct ve Elhan, 2016).

Dalagin otonom innervasyonu parasempatik ve sempatik
liflerden olusur. Parasempatik lifler nervus vagus kaynakli iken,
sempatik lifler nervi splanchnici araciligiyla gelir. Bu lifler
plexus coeliacus’tan ayrildiktan sonra arteria splenica
cevresinde Orgii seklinde bir yapr olusturarak plexus splenicus
araciligiyla dalaga ulasir. Sempatik sinir liflerinin aktivasyonu,
dalak kapsiilii ve trabekiillerdeki diiz kaslarin kasilmasina yol
acarak, organda depolanmis kanin sistemik dolasima verilmesini
saglar. Buna karsilik parasempatik wuyari, dalakta kanin
depolanmasmi desteklerken lenfoid dokunun fonksiyonel
aktivitesini artiric1 etki gosterir (Arinci ve Elhan, 2016).

4. SPLENIN KONJENITAL ANOMALILERI

Dalagin sekli, konumu, sayisi1 ve biiyiikligi ile birlikte
cok cesitli anomalileri olabilir. Bu anomalilerin ¢ogu dogustan
olmakla birlikte sonradan kazanilan tiirleri de vardir. Dalak
seklini etkileyen konjenital anomaliler lobulasyonlar, c¢entikler
ve yariklardir. Dalagin fiizyon ve yerlesim anomalileri aksesuar
dalak, splenopankreatik fiizyon ve gezici dalaktir. Polispleni bir
sendromla iliskilendirilebilir. Splenosis ve kiigiik dalak sirasiyla
travma ve orak hiicre hastaliginin sebep oldugu kazanilmig
anomalilerdir (Yildiz ve ark., 2013).

Dalaga ait baz1 konjenital varyasyonlar, 0&zellikle
lobiilasyonun devam etmesi ya da aksesuar dalak varligi, gorece
stk karsilasilan bulgulardir. Buna karsin dolasan dalak
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(wandering spleen) ve polispleni gibi gelisimsel anomaliler
oldukga nadir gorulir. Splenik konjenital varyasyon ve
anomalilerin simiflandirilmasi, Latince ve Ingilizce terminolojiyi
igeren, uluslararas1 diizeyde kabul gormiis resmi embriyolojik
adlandirma sistemi olan Terminologia Embryologica (TE) esas
aliarak yapilmaktadir (Varga ve ark., 2018).

4.1. Aspleni, polispleni, hipospleni

Dalaga iliskin c¢ok sayida nadir goriilen konjenital
anomali tanimlanmistir. Bunlardan biri olan aspleni, dalagin
tamamen yoklugu ile karakterizedir ve literatiirde Ivemark
sendromu olarak da adlandirilmaktadir. Polispleni ise birden
fazla, genellikle kiiclik ve birbirine benzer boyutlarda dalak
dokusunun bulunmasi ile tanimlanir ve siklikla organ
heterotaksisi ile birlikte goriiliir. Heterotaksi (diger adiyla situs
ambiguus), organlarin ne normal anatomik yerlesimlerinde ne de
tam ayna gOrintiisi seklinde konumlandigi bir dizilim
bozuklugunu ifade eder. Erken embriyogenez déneminde sag—
sol aksin olusumunu etkileyen genetik mutasyonlarin bu tabloya
katkida bulundugu diistiniilmekle birlikte, heterotaksinin
etiyolojisi ~ gliniimiizde  halen  tam  olarak  agikliga
kavusturulamamistir (Tawfik ve ark., 2013).

Otopsi verilerine gore, aspleni ya da polispleni ile
birlikte heterotaksi bulunan olgularin yaklasik %40-70’inde,
dalak disindaki organlar ve organ sistemlerine ait ek anomaliler
saptanmaktadir. Klinik sonuglar degerlendirildiginde, aspleni
tanist olan hastalarda bes yillik sagkalim orani yaklasik %35
iken, polispleni olgularinda bu oranin %61 diizeyinde oldugu
bildirilmektedir (Kothari, 2014).

Asplenisi bulunan pediatrik hastalarin gesitli sepsis
tablolarina karsi artmis bir duyarlilik gosterdigi bilinmektedir.
Ancak mevcut verilerin siirli olmasi nedeniyle, koruyucu
yaklagimlar konusunda literatiirde ortak bir goriis olusmamustir.
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Waldman ve ark. (1977), asplenili ¢ocuk hastalarda
enfeksiyonlara bagli mortalite riskinin, ozellikle konjenital
kardiyak anomalilere bagli o6lim riskinden daha yiiksek
oldugunu bildirmis ve bu nedenle yasam boyu antibiyotik
profilaksisi uygulanmasini Onermistir. Ayrica, Chiu ve ark.
(2014), ozellikle Pneumococcus sp. ve Citrobacter  freundii
organ heterotaksisi olan hastalarda daha ylksek mortaliteye yol
acmistir. Bu sadece aspleni vakalarimi degil, ayni zamanda
polispleniyi de igeriyordu.

Polisplenide, hastalarda iki ila on alt1 dalak daha bulmak
mimkunddr. Genellikle, her bir dalak aymi boyuttadir ve
genellikle midenin biiyiik egriliginde bulunurlar (Tawfik ve ark.,
2013).

Hiposplenizm ¢ogunlukla edinilmis olup, orak hiicreli
anemi, ¢Olyak hastaligi, Plasmodium malariae enfeksiyonu ve
alkolik sirozla iliskilidir; nadiren dogustan da gorilebilir
(William & Corazza, 2007; Hommel ve ark., 2013; Mathew ve
ark., 2015). Dalak kiigciilmesi ve patolojik degisikliklerle
karakterize olan bu durum, 6zellikle ¢ocuklarda ciddi immin
yetmezlige yol agabilir (Scheuerman ve ark., 2014). Tani
Howell-Jolly cisimcikleri veya dalak sintigrafisi ile desteklenir
(Kirkineska ve ark., 2014). Hiposplenik hastalarda baslica 6liim
nedeni pnomokokal sepsistir; ayrica vaskiiler, otoimmiin,
trombotik hastaliklar ve bazi tlimorler i¢in artmis risk mevcuttur
(William & Corazza, 2007).

4.2. Dalagin lobulasyonu

Dalagin lobiilasyon gdostermesi (lobulatio splenis),
fizyolojik bir varyant olup patolojik bir siiregle iliskilendirilmez
(Karakas ve ark., 2005). Literatiirde “crenae splenis” olarak
adlandirilan derin yarik ve c¢entikler genellikle diyafragmatik
yliziin st kenarinda bulunur ve klasik anatomide “krenat marj”
olarak tanimlanir (Y1ldiz ve ark., 2013). Bu lobulasyonlar karin
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travmali hastalarda dalak laserasyonu ile karisabilir; bu nedenle
anatomik varyasyonun riptiiri taklit edebilecegi
unutulmamalidir (Benelli ve ark., 1992). Bu varyasyonlar, fetal
gelisimde lobiilleri ayiran oluklarin kalintilaridir ve nadiren
diger konjenital varyasyonlarla veya abdominal tiimorlerle
karisabilir (Drut ve ark., 1993; De Rosa ve Lapiccirella, 1994;
Mandosse ve ark., 2000).

4.3. Aksesuar dalak ve aksesuar dalak nodulleri

Aksesuar dalak, populasyonun %210-30’unda tesadiifen
saptanir ve tekil veya ¢ok sayida olabilir. Genellikle kiraz
biiyilikliigiinde olup vakalarin %75’inde dalak hilumunda yer
alir; nadiren gastrosplenik, splenorenal baglarda veya pankreas
kuyrugunda goriiliir. Morfolojik ve fonksiyonel olarak normal
dalaga esdeger olan aksesuar dalak, muhtemelen dorsal
mezogastriyumda  mezensimin  ayrilmis  siskinliklerinin
flizyonunun basarisizligi sonucu embriyonik kokenli olarak
olusur (Varga ve ark., 2018).

Hipersplenizm veya splenektomi endikasyonu olan
olgularda aksesuar dalak tanimlanmasi klinik agidan 6nemlidir
(Peddu ve ark., 2004; Orlando ve ark., 2005). Bu yapilar, sol
bobrekiistli bezi, pankreas, mide, bagirsak, retroperiton ve
nadiren pelvis neoplazmalari ile lenfadenopatiyi taklit edebilir
(Marchant ve ark., 1995; Lehtinen ve ark., 2013; Wang ve ark.,
2016; Toutziaris ve ark., 2013; Taskin ve ark., 2015). Cok
nadiren torsiyon gelisebilir ve akut veya kronik karmn agrisina
yol agabilir (Impellizzeri ve ark., 2009).

4.4. Gezici dalak (dolasan dalak)

Gezici bir dalak (splen migrans), dalagin karnin alt
kismmma ve hatta pelvik bosluga kaydigi nadir Dbir
varyasyondur. Morfolojik incelemeler, bu kusurun normalde
dalagi diyaframin sol kubbesinin altindaki bolgeye sabitleyen
baglarin yapisindaki ve hatta muhtemelen -elastikiyetindeki

74



Anatomi

malformasyonlardan kaynaklandigint ortaya koymustur. Bu
baglar dorsal mezogastriyumdan kaynaklanir ve dalagi bobrege
(splenorenal bag), mideye (gastrosplenik bag), sol kolik fleksura
(splenokolik bag) ve diyaframa (frenikosplenik bag) sabitler
(Varga ve ark., 2018).

Gezici dalak olgularmin yaklasik tigte biri 10 yasina
kadar olan ¢ocuklarda goriilir ve c¢ocuklardaki ilk tanimlar
1854’te Polonyali doktor Jézef Dietl tarafindan yapilmistir
(Magowska, 2013). Ureme cagindaki kadinlarda ise yaklasik on
kat daha sik teshis konur, bu durum cinsiyet hormonlarinin
dalakla iligkili baglarin elastikiyetini etkileyebilecegini
diistindiiriir (Soleimani ve ark., 2007; Richman ve ark., 2014).
Gezici dalak, travma sonrasi vaskiiler torsiyon veya riiptiir
riskini artirmasina ragmen vakalarin %50’sine kadar teshis
edilmeden kalabilir (Soleimani ve ark., 2007; Richman ve ark.,
2014). Aralikli vaskiiler torsiyon vakalar1 dikkat g¢ekicidir;
ornegin, Vermylen ve ark. (1983) 13 yasindaki bir kizda dalak
sabah sol arcus costa’nin altinda hissedilip 6gleden sonra
umbilicus’a go¢ ettigini ve gazli igeceklerle agriya neden
oldugunu bildirmistir.

4.5. Flizyon anomalileri

Splenopankreatik flizyon (conjunctio splenopancreatica),
dalagin tipik olarak pankreas kuyrugu ile nadiren baska
pankreatik bolgelerle fiizyonudur. Tani, aksesuar intrapankreatik
dokunun dalak dokusundan ayirt edilmesini gerektirir. Cogu
vakada kromozom 13 trizomisi, Schinzel-Giedion sendromu,
trizomi 21 veya diger ciddi konjenital anomalilerle iligkilidir
(Gomi ve ark., 2009; Lehman ve ark., 2008; Peres ve ark.,
2004), ancak literatiirde baska bir ciddi anomali ile iliskili
olmayan bir vaka da bildirilmistir (Balli ve ark., 2009).
Splenektomi veya distal pankreatektomi yapilan hastalarda bu
varyasyonun tanist klinik olarak 6nemlidir ve embriyolojik
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olarak, dalak primordium ile dorsal pankreas tomurcugu
arasindaki kii¢iik mesafeye bagl gelisir (Varga ve ark., 2018).

Splenogonadal flizyon (conjunctio splenogonadalis), ilk
olarak 1883°te Bostroem tarafindan tanimlanan nadir bir
dogustan varyasyondur (Khairat ve Ismail, 2005). Bugiine kadar
200’den az vaka bildirilmistir ve dalagin gonad veya
mezonefroz kalintisiyla fiizyonu sonucu olusur. Ozellikle
erkeklerde testis inigini bozarak kriptorsidizm ile iligkilidir;
vakalarin {igte birinden fazlasinda goriiliir. Genellikle cerrahlar
kasik fitig1  onarmmi  sirasinda tesadiifen kesfeder veya
skrotumda/kanalda  agrili  kitleler olarak  palpe edilir
(Lakshmanan ve ark., 2014; Sountoulides ve ark., 2014). Dogru
preoperatif tani, gonadin korunmasinmi saglayabilir; aksi halde

vakalarin %37’si gereksiz orsiektomi ile sonuclanmaktadir
(Cirillo ve ark., 1999).

Splenogonadal  fuzyonun  etiyolojisi  henliz  net
degildir. Embriyonik dalak sola dondiikten sonra, gelismekte
olan dalak ile gelismekte olan testisi sabitleyen gecici
embriyonik sol diyafragmatik bag arasindaki mesafe, dalak
dokusunun bir kisminin yakin ¢evrede olmasi nedeniyle
"yapisabilmesi" i¢in azaltilir (Malik, 2013).

4.6. Splenozis

Buchbinder ve Lipkoff, splenik dokunun heterotopik
ototransplantasyonunu tanimlamak icin ilk kez 1939'da
“splenosis” terimini kullandilar (Buchbinder ve Lipkoff, 1939).
Dalak yirtilmas1 (delme ve atesli silah yaralanmalari, araba
kazalar1 gibi) veya dalagi iceren ameliyatlardan sonra ortaya
cikabilen iyi huylu bir durumdur. Bu dalak implantlar1 en sik
karin ve pelvik bosluklarda goriiliir ve en yaygin olarak parietal
periton, mezenter, biiyilk omentum, ince ve kalin bagirsagin
serozal yuzeyi ve diyafragmatik ylizeyi icerir (Ribeiro ve ark.,
2006; Younan ve ark., 2015).
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Splenosis erkeklerde daha sik saptanir, bunun nedeni
geng erkeklerde daha yiiksek travma insidansi olabilir. Daha az
yaygin olarak, yeni dogan bebeklerde ciddi hemolitik hastaliga
baglh olarak ve ergenlerde enfeksiy6z mononiikleoza sekonder
olarak spontan travmatik olmayan dalak ruptiri meydana
gelebilir (Ksiadzyna ve Pena, 2011).

Dalak travmasi1 ge¢irmis hastalarin  %67'ye varan
oraninda splenoz olustugu bildirilmistir. Bununla birlikte, bu
durumun gergek insidansi, genellikle goriintiileme veya cerrahi
sirasinda tesadiifi bir bulgu oldugu i¢in bilinmemektedir
(Imbriaco ve ark., 2008).

Splenozisli hastalar tipik olarak asemptomatiktir ve
durum tesadiifen goriintiileme ile saptanir. Splenosis ¢ogu
hastada cerrahi rezeksiyon gerektirmez. Aslinda, bu etki sinirh
olmasina ragmen, bu dalak implantlarinin asplenik hastalarda
koruyucu bir bagisiklik tepkisi sergileyebilecegi teorize
edilmistir (Pearson ve ark., 1978). Nadir vakalarda, yerlesim
yerine bagli olarak, splenozun belirsiz tekrarlayan testikiiler
veya karin agrisina, gastrointestinal kanamaya veya adezyona
sekonder bagirsak obstriiksiyonuna yol agabilecegi bildirilmistir
(Ribeiro ve ark., 2006; Imbriaco ve ark., 2008).

4.7. Kucuk dalak

Kiiciik dalagi olan yetiskinlerde genellikle kronik dalak
enfarktlisiine neden olan homozigot orak hiicre hastalig
bulunur. Dalak yogun sekilde kalsifiye olabilir ve
radyografilerde ve BT'de kugik olabilir. Otosplenektomi
durumunda dalak boyutu 0,5-1 cm kadar kiguk olabilir ve
ayrica kronik kan transfiizyonlar1 ve/veya kalsifikasyonlardan
kaynaklanan demir birikimine bagl olarak T1 ve T2 agirlikli
MR goriintiilerinde azalmis sinyal yogunlugu gosterebilir
(Rabushka ve ark., 1994; Elsayes ve ark., 2005).

77



Anatomi

5. SONUG

Bu boliimde dalak anatomisi, embriyolojik gelisimi ve
konjenital ~anomalileri  {izerine yapilan kapsamli  bir
degerlendirme sunulmustur. Anatomi ve gelisimle ilgili temel
konular ile aksesuar dalak, lobilasyon, polizpleni ve aspleni gibi
varyasyonlar klinik 6rneklerle ele alinmistir. Boliimiin temel
mesaj1, dalak anatomisinin derinlemesine kavranmasinin klinik
uygulamalarda dogru tam1 ve tedavi siirecini dogrudan
etkiledigidir. Bu baglamda, normal anatomik varyasyonlarin
farkinda olunmasi, yanilgiya diismeyi Onleyerek ayirici tani
stirecini iyilestirir. Boliimden edinilen en 6nemli kazanim, dalak
anatomisindeki varyasyon ve anomalilerin cerrahi ve radyolojik
degerlendirmelerde mutlaka g6z Onilinde bulundurulmasi
gerektiginin vurgulanmasidir.

Dalak, immiin ve hematopoetik sistemin aktif bir parcasi
olarak dolasimdaki patojenleri siizer ve antijen sunar. Travma
veya hasar sonrasi splenik fonksiyon kaybi enfeksiyon ve
hematolojik riskleri artirir. Cerrahi agidan ise dalak anatomisinin
varyasyonlari, 6zellikle hilum splenicum ve ¢evresindeki damar
yapilari, splenektomi veya lezyon rezeksiyonunda kanama
riskini etkiler; bu nedenle cerrahlarin bu varyasyonlardan
haberdar olmasi kritik 6nemdedir.

Sonu¢ olarak, dalak anatomisi ve konjenital
anomalilerine iliskin farkindaligin artirilmasi ¢ok disiplinli bir
yaklasim gerektiren bir klinik  Onceliktir.  Gelecekteki
arastirmalar, gelismis goriintiilleme teknikleri ve genetik
analizlerle nadir goriilen dalak anomalilerinin erken tanisini
miimkiin kilacak; bdylece yanlis tan1 ve gereksiz cerrahi
mudahaleler énlenecektir. Klinik uygulamada dalak anatomisi
bilgisinin hasta giivenligini dogrudan etkiledigi
unutulmamalidir. Bu nedenle cerrahlar ve radyologlar
literatlirdeki yeni vaka serileri 1s18inda bilgilerini giincel tutmali
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ve konjenital dalak varyasyonlarini her zaman ayirici tanida gz
oniinde bulundurmalidir. Dalak anatomisi ve anomalileri {izerine
gerceklestirilecek  ¢ok  merkezli  calismalar ve  egitim
programlari, mevcut bilgi birikimini derinlestirerek klinik
farkindalig1 artiracak ve hasta bakiminda kaliteyi yiikseltecektir.
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EPiFiZ BEZINE BUTUNCUL BiR BAKIS

Emre UGUZ!
Tufan ULCAY?

1. GIRIS

René Descartes 17. yiizyilin en etkili zihin—beden
kuramcilarindan biri olmakla birlikte, epifiz bezini ruhun
bedensel diizlemle en dolaysiz bag kurdugu “baslica makam”
olarak tanimlamistir. Bu tanim, daha sonralar1 popiiler kiiltiirde
“ruhun taht1” formiilasyonuna doniigmiistiir. Descartes’in
argiimani, doneminin anatomi bilgisini ve fizyoloji tahayyiiliinii
sentezleyen 0zgiin bir tasarim olarak ele alinmistir. “Descartes
aslinda Ozgiin degildi.” iddiasina karsi ¢ikilmis, Descartes’in
epifizi se¢me gerekgesinin baskalarinin goriislerinden tiiretilmis
olmadig1 gosterilmistir (Lokhorst & Kaitaro, 2001).

Descartes’1n epifizi ruhun tahti olarak segcmesinde kilit rol
oynayan climlesi sudur: “Ruh tektir ve boliinmezdir; o halde
ruhun en dolaysiz baglandigi yap1 da cift olmayan, orta hatta
yerlesmis tekil bir beyin pargasi olmalidir.”. Descartes’in neden-
sonu¢ zincirinde belirleyici yer tutan faktorler epifizin “kicuk
ama hareketli” olmasi (ince hareketlerle beynin ruhsal
akimlarinin  yoniinii etkileyebilecegi diisiincesi) ve beyin
bosluklar1 ile “spiritus” akisinin kesisim noktasina yakin
konumudur (Smith, 1998).

Arastirma Gorevlisi, Kirsehir Ahi Evran Universitesi, Tip Fakiiltesi, Anatomi AD,
ORCID: 0000-0001-7813-3290.
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Tarihsel baglamda sik rastlanan bir yanlis anlamayi
aydinlatmak gerekmektedir: Descartes’in, hayvanlarda epifiz
olmadigin1 disiindiigii iddias1 hatalidir. Descartes’in ¢iftlik
hayvanlarinda epifizi bizzat gérdiigli ve argiimaninin “insanda
var-hayvanda yok” gibi bir tir-cins farkina dayanmadig: ifade
edilmistir. Descartes’in, epifizi “tekil ve merkezi” konumu
nedeniyle segcmesi epifizin Descartes’e neden “mekanizma ile
zihnin kesisme digiimi” gibi goriindliglinii daha saglam bir
zemine oturtmaktadir (Finger, 1995).

Descartes’in tasarimi sadece anatomik bir tespit olarak
degil, daha genis ¢apl bir ruh—-beden mimarisi girisimi olarak
degerlendirilmektedir. Descartes’in beyin ve ruh arasinda tekil bir
diiglim tizerinden ¢ift yonlii etkilesim fikri ¢agimin bilgisini
ileriye dogru zorlayan bir projeye baglamaktadir. Bu fikir, hem
Kartezyen dualizmin hem de modern nérobiyolojik tartismalarin
kokenine dair tarihsel bir “nigin epifiz?” cevabidir (Engelhardt,
2021).

Bu cevabin oldugu yerde bir denge ciimlesine yer agmak
yararlt olacaktir: “Giincel veriler, epifizin basat roliiniin
noroendokrin etkili oldugunu agik¢a ortaya koymaktadir; yani
“ruhun taht1” metaforu tarihi-felsefi bir ¢erceve sunmakta olup
biyolojik bir tanim degildir.”. Yine de, modern ¢alismalarin bile
bagliklarinda Kartezyen miras1 yankilarinin olmasi bu metaforun
bilimsel soylemde dahi bir sinir kavram olarak yasamaya devam
ettigini gosterir (Bastos Jr. vd., 2020).

Epifizin “zihin—beden diiglimii” olarak segilmesi, sonraki
yiizyillarda bu bezin “iiclincli géz/ruhun taht1” imgeleriyle yan
yana anilmasina zemin hazirlamistir. Klinik-tarihsel ¢alismalar,
glincel noroloji sdyleminde dahi bu metaforlarin basliklara
sizabildigini; ama bunun biyolojik bir esitleme degil, kiiltiirel bir
yanki1 oldugunu vurgulamaktadir (Savva & Turner, 2022).
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Kiltur tarihi cephesinde “lglnci g6z” imgesi, modern
diinyada ozellikle Theosophy 6gretisi ve New Age hareketi ile
popiilerlesmistir. Dogu mistik sozliigiindeki i¢ goriis temalari,
19.-20. yiizyillarda Bati ezoterik dillerine iyilesme anlatilariyla
terclime edilmis ve 1980’lerden itibaren saglik sGyleminden ana
akima sizmistir. Bu doniisiim giliniimiizde din ¢aligmalar1 ve
saglik sosyolojisi literatlirinde “yeni ¢ag iyilesmesi” baslig
alinda takip edilebilmektedir. “Uclincii  g6z”in  modern
yorumlari, epifizi sembolik merkez olarak isaret etse de bu yorum
tarihsel-kulttrel bir yeniden gerceveleme olup anatomi ile bire bir
ozdeslesme 6zelligi tasimamaktadir (Levin, 2022).

Omurgalilar diinyasinda bazi soylarda gercek bir
parietal/median g6z organit bulunmasi, memelilerde ise bu
fotoreseptif islevin evrimsel gerilemesinin gosterilmesi, bu
sembolik merkez referansinin epifiz ile neden bu kadar
biitiinlestigine dair bir biyolojik yankidir. Insan epifizi
fotoreseptif bir g6z olmasa da “lcunci g6z” metaforunun
kaliciligi, atalarimizdaki parietal organin izlerine dair evrimsel
bilgiyle akilda kalic1 bir koprii kurmaktadir. Boylece, tarihsel-
mistik imge ile modern biyolojik gerceklik carpismak yerine,
farkli  diizlemlerde  (sembolik-mekanistik) yan  yana
konumlanmaktadir (Benoit, Abdala, Manger & Rubidge, 2016).

Sonu¢ olarak “lclincii gdéz/ruhun taht’” sdylemleri
tarihsel-sembolik bir anlatidir. Bu anlati Descartes’in tekillik ve
merkezilikten tiirettigi se¢im gerekgeleriyle retorik uyum
icerisinde olup fizyolojik karakter tasimamaktadir (Savva &
Turner, 2022).

2. TARIHCE VE DUSUNCE GELENEGI

Epifiz bezi, antik c¢agdan itibaren anatomik olarak
tanimlanmakla birlikte, fonksiyonuna yonelik yorumlar ¢ok uzun
yillarca spekiilatif diizeyde kalmistir. Antik Yunan ve Roma
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metinlerinde genellikle beynin ventrikuler sistemine eslik eden
kiigiik bir olusum olarak tanimlanmistir. Bu donemde ruhsal
fonksiyonlar daha c¢ok ventrikiil i¢i akiskanlara ve kalbe
atfedilmis olup epifizin 6zel bir ruhsal merkez olarak
degerlendirilmedigi ifade edilmistir. Epifizin beynin i¢inde ek bir
bez olarak tasvir edildigi, fonksiyonuna yonelik 6zgiin
hipotezlerin ise olduk¢a simirli oldugu vurgulanmistir (Shoja,
Hoepfner, Agutter, Singh & Tubbs, 2016).

Orta ¢agda ve erken Ronesans doneminde, skolastik
diisiince ruhun rasyonel, hayvansal ve bitkisel yoOnlerini
birbirinden ayiran ¢ok katmanli semalarin hakim olmasinda etkili
olmustur. Bu donemlerde ruhun oturdugu yer, daha ¢ok kalp—
beyin—ventrikil ekseninde tartistlmistir.  Epifizin  ruhsal
devrelerin ge¢idi olduguna yonelik yorumlar diizenli bir bigimde
raporlanmasa da Kartezyen donemde ruhun tekil makami olarak
secilmesinin belirginlestigi bildirilmistir (LOpez-Mufioz, Molina,
Rubio & Alamo, 2011).

17. yiizyilda Anatomi ve Fizyoloji’de beynin solid (kat1)
dokusunun giderek daha fazla 6nem kazanmaya baslamasi zihin—
beden iligkisini  beyin iizerinden dilislinme ¢abasini
gliclendirmistir. Bu baglamda, Descartes beynin solid maddesini
ilk kez ayrintili teorik bir yap1 olarak tasarlayan isimlerden biri
olmus ve epifizi ruhsal devrelerdeki anahtar yap1 olarak sahneye
stirmiistiir. Boylece Descartes, epifizi yalnizca anatomik bir
merak objesi olmaktan ¢ikarmakla kalmamis, ayn1 zamanda bu
yapiy1 ruh—-beden etkilesiminin merkezi diigiimii haline getiren
sistematik bir kuramsal insa gelistirmistir (Engelhardt, 2021).

Kartezyen donem ve onu izleyen yiizyilda epifizle ilgili
tartismalara bakildiginda bir tarafta epifizi ruhun tahti olarak
goren gelenekle diger tarafta bu metaforu elestirel tarih ve
norofelsefe metinlerinin konusu olarak goren fikirler karsi karsiya
gelmistir. 18. ve 19. yiizyillarda epifiz melankoli, delilik ve ruhsal
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bozukluklarla iliskilendirilmis fakat deneysel verinin sinirh
olmast bu iligkilerin higbir zaman bilimsel dayanagina sahip
olmamasina yol agmistir (LOpez-Mufioz vd., 2011).

20. ylizy1lin ortalarinda melatoninin tanimlanmasi epifizin
“ruhun taht1” gibi metaforik betimlemelerden uzaklasarak
noroendokrin bir organ olarak ele alinmasina ve Anatomi
kitaplarinda da bu yoniiniin 6n planda yer almasina Onciilikk
etmigtir. Ruh-beden tartismasinin ekseni epifizin sirkadiyen
ritimler, mevsimsel duygudurum degisiklikleri ve birtakim
endokrin siireglerle iliskilendirilmesi sebebiyle metafizikten
fizyolojiye kaymistir (Shoja vd., 2016).

Tiim bu siiregler yaganmakla birlikte Kartezyen donemin
mirasinin tamamen ortadan kalktigini ifade etmek giictiir. Bu
miras baglaminda epifizin yapisal Ozellikleri ile spiritiiel
deneyimler arasindaki iliskiler incelenmek suretiyle metaforik
gelenek modern psikobiyolojik arastirmalar gatis1 altinda yeniden
yorumlanmigtir. Bu yorumlar, “ruhun taht1” sdyleminin kelimesi
kelimesine bir ontolojik iddiay1 yansitmadigini, kiltirel bir miras
ve hipotez liretme ¢agrigimini temsil ettigini savunmustur (Bastos
Jr. vd., 2020).

Modern donemde epifizle ilgili séylemler halk saglig1 ve
din sosyolojisi tartismalarinda kendine yer edinerek tibbi
literatlirlin -~ kapsamint  asmustir.  19.  ylizyilda Theosophy
hareketinin c¢akra ve “liglincli géz” imgelerini Bati’ya tasidigi,
1960 ve 1970’lerdeki biitiinciil saglik akimlarinin ise bu imgeleri
modern iyilesme soylemleri ile entegre ettigi belirtilmektedir.
1980’lerden itibaren kullanilan “pineal aktivasyon™ gibi ifadeler
popiiler sdylemlerde sik sik yer almaya baslamis ve bu sdylemler
epifizi ¢ogu zaman anatomik gerceklikten kopuk bir enerjitik-
ruhsal merkez olarak kurgulamistir (Levin, 2022).

Epifiz bezine tarihsel akista bakildiginda ¢ikarilan sonug
bu yapmin antik cagda ve skolastik diislincenin hakim oldugu
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donemlerde ventrikiler sistemin periferik unsuru, Kartezyen
donemde ruh-beden etkilesiminin merkezi digimii, 18. ve 19.
ylizyillarda ruhsal bozukluklarla iligkili gizemli bir bez, modern
cagda ise bir noroendokrin organ olarak goriildiigiidiir.
Tarihgenin bu denli ¢ok katmanli olmasi epifizin giiniimiizde
neden bilimsel ve kiiltiirel olarak tartismali bir kavram olarak ele
alindiginin anlagilmasi i¢in 6nemli bir zemin sunmaktadir (Bastos
Jr. vd., 2020; Engelhardt, 2021; Lopez-Mufioz vd., 2011; Shoja
vd., 2016).

3. KARSILASTIRMALI ANATOMI VE
EVRIMSEL ARKA PLAN

Epifiz bezi, bi¢cim ve islev yonleriyle omurgalilar arasinda
en goze carpan degisimleri gosteren yapilardan biridir. Erken
donem omurgalilarda ve pek cok alt tetrapod grupta epifiz,
genellikle parietal organ ya da median g6z denen fotoreseptif bir
kompleksin pargasidir. “Deriye yakin olup 15181 dogrudan
algilayan bir parietal goz ve daha derindeki néroendokrin bir
pineal bilesenin olusturdugu ¢ift yapili bir sistem” bu kompleksin
tamimudir. Fotokimyasal ve morfolojik veriler, retina ve pineal
fotoreseptor hicreleri arasinda yakin evrimsel akrabalik
oldugunu dogrulamakla birlikte epifiz kompleksinin 151k algilama
ve hormonal yanit iiretme yetenegini en basindan beri birlikte
tasidigini one stirmektedir (Fejér vd., 2001).

Parietal goz veya median goz olarak adlandirilan {igiincii
g0z, siiriingenlerde ve 6zellikle bazi kertenkele tiirlerinde oldukga
belirgindir. Parietal g6z terimi tguncl gézun daha gok parietal
kemik bolgesinde yerlesimini vurgularken, median goz terimi ise
bu yapinin orta hatta, yani basin tam ortasinda bulunmasini ifade
etmektedir (Labra, Voje, Seligmann & Hansen, 2010).

Uciincii gdz lens benzeri bir yapi, 1s13a duyarli
fotoreseptor hiicreler ve merkezi sinir sistemine uzanan bir sinir
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demeti icermesiyle retinadan tamamen bagimsiz olmayan ek bir
151k algilayici olarak caligmaktadir. Cevreden gelen 1s1k bilgisi
boylelikle hem retina hem de parietal g6z Uzerinden beyne
iletilmekte ve hayvanin sirkadiyen ve mevsimsel ritimlerinin
daha ince ayarlanmasina katkida bulunan ek bir kanal
olugsmaktadir. Bazi tiirlerde parietal goziin biytkligi ve
karmasiklig1, termoregiilasyon ve yasam alanina uyum agisindan
ekofizyolojik bir avantaj olarak yorumlanmistir (Labra vd.,
2010).

Memelilerin evrimsel ¢izgisinde, Gglincu gz ve onunla
iliskili olan parietal foramen (kafatasindaki kiigiik delik) giderek
kiigilmiis ve ¢ogu grupta tamamen kaybolmustur. Permo-Triyas
donemine ait memeli atalarinda yapilan bir ¢alismada, parietal
deligin zamanla kiigiilmesi ve pineal gdziin gerilemesinin, bu
canlilarin viicut 1s1s1n1 sabit tutma yetenegi ile iliskili olabilecegi
One siiriilmistiir (Benoit vd., 2016).

Fotoreseptif Gcuncl g6z memeli soyunda ortadan
kalkmig, epifizin néroendokrin  bileseni ise  varligimi
stirdiirmiistiir. Bunun sonucunda memeli beyninde 151k bilgisi,
dogrudan dgincii g6z araciligiyla degil, retina—nucleus
suprachiasmaticus—epifiz hatt1 tizerinden dolayli olarak islenir
hale gelmistir. Bu durum, evrimsel siiregte “15181 dogrudan
algilayan bir iiclincli g6z” modelinden, “is1k bilgisini gézden alip
epifize ileten noéroendokrin bir sistem” modeline dogru bir
kaymaya isaret etmektedir (Benoit vd., 2016).

Bu ¢ercevenin sundugu tablo memelilerde epifizin
fotoreseptif organ olmaktan ¢ikip, ¢cevresel 151k ritmini hormonal
sinyale doniistiiren néroendokrin transduser rolind tGstlenmesidir.
Memeli epifizinin tanimlayict 6zelliginin yaklasik 24 saatlik
dongiiye gore calisan bir “melatonin fabrikasi” oldugu
vurgulanmis; fotoreseptif 6zelliklerin artik retina ve iligkili beyin
yapilari tarafindan tistlenildigi belirtilmistir (Klein, 2006).
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Bu evrimsel donilisiimiin izleri karsilagtirmali histolojik
calismalarda hiicre diizeyinde de gosterilmistir. Kuslarin ve bazi
siringenlerin ~ hicre  populasyonunda  fotosensér  ve
fotosekretuvar fonksiyonlarin bir arada bulunabildigi, buna
karsilik memeli hiicrelerinin daha ¢ok yogun vaskiilarizasyon ve
sekretuvar profille karakterize oldugu ifade edilmistir (Haldar &
Bishnupuri, 2001).

Insan epifizi, memeli epifizinin tipik &zelliklerini
tagimakla birlikte, kendine has bazi 6zellikleriyle de 6n plana
¢ikmaktadir. Makroanatomik olarak epithalamus’un bir pargasi
olup ventriculus tertius’un arka kisminda, iki thalamus kitlesi
arasinda orta hatta yer alan epifiz bezi, kii¢lik, konik bir yap1
goérunumundedir. Histolojik olarak koyu tip pinealositler,
destekleyici glial hiicreler ve yogun kapiller ag igeren lobiillii bir
organizasyon gostermektedir. Norovaskiiler agidan, arka koroid
dallarin sagladig1 yogun kanlanma ve vendz kanin i¢ serebral
venler aracilifiyla drene olmasi, epifizi viicut agirligina oranla en
iyi perfiize edilen yapilardan biri haline getirmektedir. Bu zengin
damar ag1, basta melatonin olmak iizere epifiz hormonlarinin
sistemik dolasima hizli ve etkili bir bigimde karismasini miimkiin
kilmaktadir (Erlich & Apuzzo, 1985).

Bu evrimsel ve karsilagtirmali baglam iiglincli goz
kavraminin neden hem ilgi cekici hem de kismen yaniltict
oldugunu agiklamaya yardimci olmaktadir. Bir yandan, bazi
omurgalilarda gercek anlamda fotoreseptif bir parietal goziin
bulunmasi, epifiz kompleksini tarihsel olarak “basin tistiindeki ek
bir g6z” haline getirirken 6te yandan memeli ve insan epifizinde
fotoreseptif islevin kaybolarak néroendokrin islevin giiclenmis
olmasi, epifiz bezinin anatomik gergekligini “isik algilayan
iclincli g6z” olmaktan uzaklastirmaktadir. Dolayisiyla epifize
atfedilen Uglincu gz sdylemi, daha ¢cok evrimsel mirasi hatirlatan
sembolik bir ifade olarak degerlendirilmeli; anatomik ve
fizyolojik  dizeyde ise, bu bezin retina—nucleus

95



Anatomi

suprachiasmaticus—epifiz ekseninin bir pargasi olan néroendokrin
organ tanimi One ¢ikarilmalidir (Benoit vd., 2016; Haldar &
Bishnupuri, 2001; Klein, 2006).

4. EPIFiZIN NOROANATOMI HATTI

Cevredeki 151k  bilgisi epifize retinadan baslayip
hypothalamus ve sempatik sinir sistemi tzerinden ilerleyen ¢ok
basamakli bir yolaktan gecerek ulagsmaktadir. Retinadaki
melanopsin igeren intrinsik 1s1ga duyarli ganglion hiicrelerinin
aksonlari, tractus retinohypothalamicus aracilifiyla
hypotalamus’taki nucleus suprachiasmaticus’a projekte olur.
Nucleus suprachiasmaticus memelilerde basat sirkadiyen ana saat
kabul edilmekte ve 1sik-karanlik dongiisiine duyarli noral
aglariyla  organizmanin  ritmik  fizyolojik  siireclerini
esgiidiimlemektedir (Tsuno & Mieda, 2024).

Nucleus suprachiasmaticus 151k bilgisini epifize dogrudan
gonderen tek asamali bir merkez 6zelligi tasimamaktadir. Bu
cekirdek  oncelikle  hypotalamus’ta  bulunan  nucleus
paraventricularis hypothalami’ye inhibitor projeksiyonlarla
baglanmakta; nucleus paraventricularis hypothalami’den ¢ikan
lifler medulla spinalis’in torakal segmentlerindeki columna
intermediolateralis (zerinden ganglion cervicale superius’a
ulagsmaktadir.  Ganglion  cervicale  superius’tan  ¢ikan
postganglionik sempatik lifler, epifize uzanarak pineal parenkime
noradrenerjik innervasyon saglamaktadir. Bu ¢ok néronlu yolak,
nucleus suprachiasmaticus’un retinadan aldigi 151k sinyalini
epifizdeki melatonin sentezi ile eslestiren temel anatomik iskeleti
olusturmaktadir (Benarroch, 2008).

Anatomi biliminin bu tarz baglantisal drgiiler iizerinden
fonksiyonel sonuclara ulasabilmesi, adli antropolojide viicudun
cesitli bolgelerinden alinan metrik dl¢limlere dayanarak cinsiyet
tayini yapilabilmesini miimkiin kilan yaklasimlarla ayni1 temel
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disipliner zemini paylasmaktadir. Bu agidan bakildiginda, epifiz
ve cevresindeki kraniyal taban yapilarinin ayrintili olarak
tanimlanmasi da, cinsiyet tayini ¢calismalarinda kullanilan iskelet
morfometrisine  benzer  bicimde,  Anatomi’nin  klinik
uygulamalara agilan ortak dilini temsil etmektedir (Oncii & Ulcay,
2024).

5. FiZYOLOJi: RiTiM VE MELATONIN

Epifiz bezinin giinlimiizde en iyi tanimlanmis gorevi,
ozellikle geceleri melatonin salgilamasidir. Melatonin sentezi,
aminoasit kokenli ilerleyen bir yola dayanmaktadir. Besinlerle
alinan triptofan, oncelikle beyinde serotonine, ardindan epifizde
iki temel enzim araciligiyla melatonine doniistiiriilmektedir. Bu
enzimlerden ilki aralkilamin N-asetiltransferaz (AANAT),
ikincisi  ise hidroksiindol-O-metiltransferaz  (HIOMT)’ dur.
Melatonin sentez yolunun en kritik noktast AANAT basamagidir;
bu basamak normalde zincirin en yavas g¢alisan kismi olmasi
sebebiyle yolun toplam hizin1 biiyiik 6l¢iide belirlemektedir.
Gece saatlerinde sempatik uyari ile AANAT etkinligi arttiginda,
bu dar basamak genislemekte ve biitiin yol daha hizli akmaya
basladig1 i¢cin melatonin sentezi de belirgin bicimde artmaktadir
(Cipolla-Neto & Amaral, 2018; Rath vd., 2016).

Gece ile giindiiz arasindaki melatonin sentezi farki, esas
olarak sempatik sinir sistemi Uzerinden kontrol edilmektedir.
Epifize gelen noradrenalin miktar1 karanlikta retina—nucleus
suprachiasmaticus—sempatik zincir hatti ile artmakta, boylelikle
AANAT enzimi uyarilarak melatonin sentezi hizlanmaktadir.
Giindiiz 1s18inda ise ayni yolagin baskilanmasi melatonin
sentezini belirgin bigimde azaltmaktadir (Arendt, 2000; Cipolla-
Neto & Amaral, 2018; Rath vd., 2016).

Bir ginlik melatonin profili oldukca karakteristik bir
nitelik tasimaktadir. Saglikli bir yetigkinde gilindiiz saatlerinde
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kandaki melatonin diizeyi ¢ok diisiiktiir; aksam karanliginin
baslamasiyla birlikte yiikselise gecmekte, gecenin ortasinda tepe
noktaya ulastiktan sonra sabaha dogru tekrar azalmaktadir. Bu
dalgalanma, organizmanin i¢ saatinin dis ortama uyumunu
desteklemektedir. Ozellikle jet lag, vardiya degisiklikleri gibi
durumlarda, melatonin i¢ saatin yeniden ayarlanmasinda énemli
bir rol oynamaktadir; bu nedenle melatonin kronobiyotik yani
“saat ayarlayic1” bir ajan olarak goriilmektedir (Arendt, 2000;
Pevet, Challet & Felder-Schmittbuhl, 2021).

Melatonin sadece uyku-uyaniklik diizeniyle iliskili
olmakla kalmay1p viicut 1s1sinin gece diisiisiinii ve baz1 metabolik
sirecleri etkilemek suretiyle de fonksiyon gdstermektedir.
Melatoninin bagisiklik sistemi hiicreleriyle etkilesimi incelenmis
ve antioksidan-hiicre koruyucu etkileri gosterilmis olsa da bu
etkilerin ne 6l¢iide klinik karsilig1 oldugu hala tartisma konusudur
(Markus, Sousa, da Silveira Cruz-Machado, Fernandes &
Ferreira, 2021; Pevet vd., 2021).

Melatonin epifiz disinda retina, sindirim sistemi ve bazi
bagisiklik hiicrelerinde de sentezlenebilmektedir. Bu yapilarda
uretilen melatoninin daha ¢ok yerel (parakrin/otokrin) diizeyde
islev gordigii, epifiz kaynakli melatoninin ise esas olarak
sistemik zamanlayici sinyal rolii tistlendigi diistiniilmektedir. Bu
bakis acisi, epifiz melatonini ile doku i¢i melatonin iiretimini
fonksiyonel olarak ayiran yeni bir c¢ergeve sunmaktadir
(Andersen vd., 2025; Markus vd., 2021).

Glinliik yasam acisindan bakildiginda melatonin
fizyolojisi ile yapay 151k maruziyeti arasindaki iliski Anatomi ve
Fizyoloji i¢in énemli bir drnek teskil etmektedir. Ozellikle kisa
dalga boylu, mavi agirlikli 151k kaynaklar1 (telefon, tablet,
bilgisayar ekranlar1) 1s18a duyarli retinal ganglion hiicreleri ile
nucleus suprachiasmaticus baglantisini gii¢lii bir sekilde uyararak
(biyolojik saate sinyal gitmesine yol ag¢ip, beyne hala giindiiz
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oldugunu diistindiirtmek suretiyle) gece melatonin ylikselisini
baskilayabilir. Bu mekanizma, uykuya dalma siiresinin uzamasi
ve uyku kalitesinin bozulmasi gibi sonuglara yol agabilmektedir.
Buna karsilik sabah saatlerinde alinan parlak 1s1k, melatonin
baskilanmasini hizlandirarak biyolojik saatin “giin baslad1”
sinyalini net bir sekilde almasina sebep olmaktadir. Bdylece
epifizin nodroanatomik baglantilari, gilinlik yasamla dogrudan
iligkili bir fizyolojik ritim tiretmektedir (Arendt, 2000; Tahk&dmo,
Partonen & Pesonen, 2019).

Epifiz bezinin fizyolojisi gece-glndiz ritminin hormon
diline ¢evrilmesi seklinde anlasilmalidir. Triptofandan baglayan
sentez yolu, nucleus suprachiasmaticus ve sempatik sistem
araciligiyla 1sikla kontrol edilen bir zaman isareti haline
dontismekte; bu sinyal hem uyku-uyaniklik diizenini hem de ¢ok
sayida sistemik siireci etkileyen bir mesaj olarak organizmaya
yayilmaktadir (Andersen vd., 2025; Arendt, 2020; Cipolla-Neto
& Amaral, 2018; Markus vd., 2021; Pevet vd., 2021; Rath vd.,
2016; Tahkamo vd., 2019).

6. EPIFIiZIN KLINIK MINi ATLASI
6.1. Jet Lag ve Uzun Ucuslar

Jet lag, biyolojik saatin yeni saat dilimine ayak
uydurmakta gecikmesiyle ortaya ¢ikan, uyku bozuklugu, giindiiz
uykululuk hali, dikkat dagimikligi ve sindirim yakinmalari
sikayetleri ile karakterize bir tablodur. Jet lag i¢in dogru zamanda
verilen melatonin, i¢ saatin fazin1 kaydirmaya yardim ettiginden
dolay1 melatonin, burada saat ayarlayici (kronobiyotik) bir arag
olarak gorulmektedir.

Ozellikle 5 saatten daha fazla siiren ucuslarda,
melatoninin jet lag sikayetlerini azaltmada icinde etkin madde
olmayan sahte haplara (plaseboya) Ustlin oldugu gosterilse de
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(Auger vd., 2015; Herxheimer & Petrie, 2002) ilacin etkinligi
dozdan ¢ok verilis zamanina baghdir. Uzun siireli ve her giin
kullanima yo6nelik veriler yeterli olmadigindan klinik kitaplar ve
ilag kilavuzlari, genellikle kisa siireli ve hedefe yonelik kullanimi1
vurgulamaktadir (Auger vd., 2015).

6.2. Vardiya Uykusu ve Sirkadiyen Uyku Bozukluklar:

Gece nObetlerinde, hastane-sanayi gibi ortamlarda
vardiyali ¢alisanlarda karsilasilan en sik sorun, uykunun yanlis
zamanda istenmesi ve gundiz tam dinlenememektir. Boyle
durumlarda zamanl parlak 1s1k (uyandirmak istedigimiz saatte)
ve zamanli melatonin (uyku zamanina yakin, diisik dozda)
kombinasyonu, i¢ saati yeni programa yaklastirmada faydahdir.
Amerikan Uyku Tibb1 Akademisi (AASM) sirkadiyen ritim
uyku-uyaniklik bozukluklarinda herkes i¢in tek bir sabit sema
olmadigina, bireysel planlama ile melatonin ve 15181 birlikte
degerlendiren yaklasimlarin gerekliligine dikkati ¢ekmektedir
(Auger vd., 2015).

6.3. Mevsimsel Duygudurum Bozuklugu ve Parlak Isik
Tedavisi

Mevsimsel duygudurum bozuklugu genellikle kis
aylarinda ortaya ¢ikan, enerji diisiikliigli, artmis uyku ihtiyaci,
karbonhidrat istegi ve depresif duygudurum ile karakterize bir
tablodur. Sabah uygulanan parlak 1sik tedavisinin (fototerapi),
sirkadiyen saati one c¢ekerek belirtileri azaltabildigi, mevsimsel
duygudurum bozuklugu tedavisinde plaseboya ve bazi
durumlarda standart tedaviye gore Ustlin oldugu gosterilmistir
(Campbell, Miller & Woesner, 2017; Pjrek vd., 2020; Tong,
Dong, Lam & Lee, 2024).

Melatonin bu tablodaki roli ise genellikle ikincil
plandadir. Melatonin  diizeyleri mevsimsel duygudurum
bozuklugunda bazi degisiklikler gdsterse de tedavide en giiglii
kanit parlak 151k tedavisi i¢in vardir (Campbell vd., 2017; Tong
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vd., 2024). Bu bozuklukta epifiz ve melatonin devrede olsa da,
klinik uygulamada genellikle melatonin vermek yerine hastanin
aldigi 15181  diizenlemeye (fototerapiye) odaklanilmaktadir
(Baglioni vd., 2020; Campbell vd., 2017; Tong vd., 2024). Bu
durum tractus retinohypothalamicus ve nucleus
suprachiasmaticus’un sistemin daha Ust diizey kontrol merkezleri
oldugunu; epifizin ise bu sistemin hormonal dili gibi ¢alistigin
gostermektedir (Baglioni vd., 2020).

6.4. Kronik Uykusuzluk ve Diger Uyku Bozukluklar:

Yetiskinlerde kronik uykusuzlukta (insomnia) melatonin
smirlt bir etkiye sahiptir. Melatoninin uykuya dalma suresini
kisaltmada ve toplam wuyku siiresini artirmada fayda
saglayabildigi; ancak bu etkinin tipik sedatif ilaglar kadar giiclii
olmadig bildirilmistir (Baglioni vd., 2020; Choi, Lee, Park, Je &
Suh, 2022; De Crescenzo vd., 2022). AASM melatonini bazi
durumlarda degerlendirilebilecek segenekler arasinda sayarken,
birinci basamak tedavinin biligsel davranis¢i terapi oldugunu
ifade etmektedir (Sateia, Buysse, Krystal, Neubauer & Heald,
2017). Bazi spesifik uyku bozukluklarinda (6rnegin REM uykusu
davranis bozuklugu), melatonin klinik gozetim altinda kullanim
i¢in Onerilmektedir; bu tabloda melatoninin olas1 etkisi, REM
uykusunun yapisini kismen diizenleyerek gece ortaya ¢ikan kaba
ve ani hareketleri azaltmasi seklinde agiklanmaktadir (Coeytaux,
Wong, Grunstein & Lewis, 2013; Howell vd., 2023a; Howell vd.,
2023b; St Louis & Boeve, 2017).

6.5. Cocuk ve Ergenlerde Melatonin Kullanimi

Cocuk ve ergenlerde melatonin kullanim1 daha hassas bir
nitelik tasimaktadir. Kisa ve orta vadede melatoninin genel olarak
iyi tolere edildigi ancak uzun dodnem gulvenlik icin veri
birikiminin hala sinirli oldugu vurgulanmistir (Abdelgadir,
Gordon & Akobeng, 2018; Edemann-Callesen vd., 2023; Handel
vd., 2023; Shenoy, Etcheverry, la, Witmans & Tablizo, 2024;
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Wei vd., 2020). Cocuklarda en sik goriilen yan etkiler olarak bas
agrisi, sabah yorgunlugu ve irritabilite bildirilmekte; doz, siire ve
eslik eden ilaglara ¢ok dikkat edilmesi gerektiginin alti
cizilmektedir (Abdelgadir vd., 2018; Héndel vd., 2023; Shenoy
vd., 2024).

Son yillarda hem ¢ocuklarda hem de eriskinlerde
melatonin kullanimindaki ciddi artigsa paralel olarak, uzun sureli
yiksek doz kullanimlarin olast kardiyovaskiiler riskleri
konusunda da tartismalar baslamistir (Besag & Vasey, 2022,
Besag, Vasey, Lao & Wong, 2019; Handel vd., 2023; Shenoy vd.,
2024). Bu nedenle, klinik ag¢idan ¢ocuk ve ergenlerde melatonin
mimkunse kisa siireli olarak, uzman hekim gdzetiminde ve en
disiik etkili dozla kullanilmali, uzun yillara yayilan rutin
kullanimlarda mutlaka risk—yarar orani yeniden
degerlendirilmelidir (Edemann-Callesen vd., 2023; Handel vd.,
2023; Shenoy vd., 2024).

6.6. Giivenlik: One Cikan Bashklar

Kisa vadede diisiik-orta doz melatonin, yetigkinlerde
genellikle 1iyi tolere edilmektedir. Yetiskinlerde melatonin
kullanimina bagli olarak hafif bas agrisi, sabah sersemligi ve
yorgunluk bildirilmistir (Besag & Vasey, 2022; Besag vd., 2019;
Héndel vd., 2023; Shenoy vd., 2024).

Takviye Urlnlerin igerik ve doz tutarliligi birgok tlkede
sik1 denetlenmemektedir; piyasa iiriinlerinde etiketlenen dozdan
cok daha fazla/az melatonin saptanabilmektedir (Cohen, Avula,
Wang, Katragunta & Khan, 2023; Grigg-Damberger & lanakieva,
2017). Kardiyovaskiler riskler ve ruhsal durum dzerine uzun
donem etkiler hakkinda heniiz net bir tablo olmamasi da
melatonin kullanimina iliskin su dort temel ilkenin sik sik tekrar
edilmesi gerekliligini dogurmustur:

1. Kisa siireli ve amaca yonelik kullan (jet lag, belirli
sirkadiyen bozukluklar).
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2. En diistik etkili dozu tercih et.

3. Eslik eden hastaliklar ve ilaglarla etkilesimi kontrol et
(6zellikle  antikoagllanlar, antiepileptikler  ve
antihipertansifler).

4. Uzun siireli kullamimda mutlaka hekim gozetimi
altinda ol (Besag & Vasey, 2022; Besag vd., 2019;
Héndel vd., 2023; Shenoy vd., 2024).

7. SONUC

Epifiz bezi, tarihsel ve biyolojik diizlemlerde “sinirda
duran” bir yap1 olarak karsimiza ¢ikmaktadir. Descartes’in onu
ruh—beden etkilesiminin tekil diigiimii ve “ruhun tahti” olarak
konumlandirmasi, daha sonra ‘lglincii go6z” sOylemleriyle
birleserek giiclii bir sembolik miras iiretmistir. Buna karsin
modern bilim, epifizin basat roliiniin fotoreseptif bir organ
olmaktan ziyade, ¢evresel 151k bilgisini melatonin araciligryla
hormon diline ¢evirmek oldugunu acik bir bigimde ortaya
koymaktadir.

Karsilagtirmali anatomi ve evrimsel bakis, karsit goriisleri
anlamlandirmak i¢in gii¢clii bir cerceve sunmaktadir. Bazi
omurgalilarda gergek anlamda fotoreseptif bir parietal-median
g6ziin mevcudiyeti, “basin iistiindeki {i¢lincli géz” metaforunu
biyolojik bir kokene baglarken; memelilerde bu fotoreseptif
bilesenin gerileyip néroendokrin fonksiyonun 6ne ¢ikmasi epifizi
cevresel 151k bilgisini hormonal sinyale doniistiiren bir “melatonin
fabrikas1”na doniistiirmiistiir. insan epifizi, bu evrimsel ¢izginin
sonunda kiigik hacmine karsin yogun damar agi, merkezi
yerlesimi ve genis sistemik etkileriyle “kii¢iik ama stratejik” bir
organ niteligi tasimaktadir.

Retina—nucleus suprachiasmaticus—sempatik  sistem-—
epifiz hatti, ¢evresel 151k bilgisinin sinir sistemi {izerinden
endokrin bir mesaja ¢evrilmesini saglayan yolaktir. Melatonin
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sentezinin gece—gunduz ritmi, uyku—uyaniklik dongiisii, jet lag,
vardiya uykusu ve mevsimsel duygudurum bozuklugu ile iliskisi,
epifizi salt teorik bir kavram olmaktan ¢ikarip giinliik hayat ve
klinik uygulamayla dogrudan iligkili bir yap1 haline
getirmektedir. Bununla birlikte, melatoninin “masum bir takviye”
olarak sinirsiz kullaniminin degil, kisa siireli, amaca yonelik ve
hekim gozetiminde kullanimin giivenli oldugu vurgulanmalidir.

Sonug olarak epifiz, bir yandan “ruhun tahti/ligiincti go6z”
gibi tarihsel-sembolik anlatilarin tastyicisi, diger yandan modern
ndrobilimde sirkadiyen ritmin kilit néroendokrin diigimii olarak
iki diizlemde ayn1 anda varligini siirdiirmektedir. Bu ikili karakter
tasiyan kimlik, Anatomi egitimi acisindan bir anatomik yapinin
kaltar tarihi, evrimsel biyoloji, néroanatomi, fizyoloji ve klinik
pratik arasinda nasil bir koprii kurabildigini gdstermesi
bakimindan 6gretici bir 6rnek teskil etmektedir.
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UNDERREPRESENTED BONES IN ANATOMY
EDUCATION ACCESSORY, VARIANT, AND
DEVELOPMENTAL SKELETAL ELEMENTS

BEYOND STANDARD TEXTBOOKS

Omer Can KIZILAY!?

1. INTRODUCTION

Human anatomy education traditionally focuses on the
description of a standardized skeletal framework. This approach
is essential for establishing a common anatomical language and
for supporting clinical communication. As a result, anatomy
textbooks and undergraduate courses tend to emphasize the major
bones of the skeleton while presenting the human skeleton as a
fixed and uniform structure. However, this representation only
partially reflects biological reality.

In addition to the well-known components of the skeleton,
numerous bones and ossified structures exist that are either
variably present, developmentally transient, or considered minor
in size and function. Accessory bones, variant ossification
centers, and sesamoid elements are frequently omitted or only
briefly mentioned in standard anatomy curricula. These structures
are not pathological; rather, they represent normal variations of
human skeletal development. Their limited coverage in anatomy
education is largely a pedagogical choice aimed at reducing
complexity during early training (Young et al., 2014).

From a developmental perspective, many of these bones
emerge as independent ossification centers during embryonic or
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fetal life. In most individuals, they fuse with neighboring bones
or regress during postnatal growth. In some cases, however, they
persist into adulthood, forming accessory skeletal elements such
as the os centrale of the carpus, accessory tarsal bones, or sutural
bones of the skull. The presence or absence of these elements
reflects the dynamic nature of skeletal morphogenesis rather than
anatomical abnormality.

The clinical relevance of underrepresented bones is often
underestimated. In radiological imaging, accessory bones may be
misinterpreted as fractures or pathological calcifications. In
orthopedics and sports medicine, certain variant bones are
associated with pain syndromes, biomechanical alterations, or
tendon dysfunction. A lack of familiarity with these structures
may therefore lead to diagnostic uncertainty or unnecessary
interventions (Mellado & Ramos, 2003).

Beyond clinical considerations, these bones also carry
educational value. Exposure to skeletal variation during anatomy
training can enhance students’ understanding of developmental
biology, anatomical diversity, and the limits of “standard”
anatomical descriptions. Recognizing that the human skeleton is
not identical in all individuals encourages a more flexible and
realistic anatomical mindset, which is essential for both clinical
practice and anatomical research (Bergman et al., 2011).

The aim of this chapter is to review bones that receive
limited attention in anatomy education, with a focus on accessory,
variant, and developmentally transient skeletal elements. Rather
than providing an exhaustive catalog, the chapter emphasizes
representative examples from different anatomical regions,
discusses their developmental origins, and highlights their
clinical and educational significance. By doing so, it seeks to
bridge the gap between standardized anatomy teaching and the
biological variability observed in the human skeleton.
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2. CONCEPTUAL FRAMEWORK AND
CLASSIFICATION OF UNDERREPRESENTED
BONES

Bones that receive limited attention in anatomy education
do not represent a single, uniform group. Instead, they encompass
a heterogeneous collection of skeletal elements that differ in their
developmental origin, anatomical location, persistence, and
clinical relevance. For clarity and educational usefulness, these
bones can be classified according to their embryological
background and morphological characteristics rather than their
size or perceived importance.

A first major category includes accessory bones, which
arise from independent ossification centers and remain separate
from adjacent bones throughout life. These structures are most
commonly observed in the carpus and tarsus, where complex
developmental patterns favor the persistence of additional
ossicles. Examples such as the os centrale carpi or accessory
tarsal bones illustrate how normal skeletal variation may diverge
from the standardized anatomical model presented in textbooks.

A second category consists of developmentally transient
bones or ossification centers. During embryonic and fetal
development, the human skeleton forms through multiple primary
and secondary ossification centers. In most individuals, these
centers fuse in a predictable manner, resulting in the adult skeletal
configuration. However, incomplete fusion or persistence of these
centers may give rise to variant skeletal elements. Although these
structures are developmentally normal, they are rarely
emphasized in undergraduate anatomy teaching.

A third group comprises sesamoid and intratendinous
bones, which develop in response to mechanical stress within
tendons or joint capsules. While the patella is universally
recognized, many smaller sesamoid bones are often overlooked
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despite their functional and clinical significance. Their variable
presence and size contribute further to interindividual skeletal
diversity.

Finally, sutural and accessory cranial bones represent a
distinct category shaped by both genetic and mechanical factors
during skull development. These bones, commonly referred to as
sutural or Wormian bones, are frequently encountered in
osteological and radiological contexts but receive minimal
attention in standard anatomy curricula unless associated with
specific pathological conditions.

This classification provides a structured framework for
understanding bones that are underrepresented in anatomy
education. Rather than treating them as anomalies or marginal
findings, grouping these elements according to developmental
and morphological principles allows for a more coherent
integration of skeletal variation into anatomical teaching. In the
following sections, representative examples from different
anatomical regions will be discussed to illustrate the
developmental basis, anatomical features, and clinical relevance
of these underrepresented bones.

3. UNDERREPRESENTED BONES OF THE
UPPER LIMB

The upper limb, particularly the hand and wrist, exhibits a
high degree of developmental complexity and anatomical
variability. This complexity arises from the presence of multiple
ossification centers and intricate fusion patterns during
embryonic and postnatal development. As a result, the upper limb
is one of the regions in which accessory and variant bones are
most frequently encountered. Despite this, many of these
structures receive limited attention in standard anatomy
education.
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3.1. Accessory Bones of the Carpus

The carpal region represents the most prominent site for
underrepresented bones in the upper limb. During early
development, the carpal bones originate from separate
cartilaginous precursors that later ossify and organize into the
familiar adult configuration. Variations in this process may lead
to the persistence of accessory carpal bones.

Among these, the os centrale carpi is one of the most well-
documented examples. It is located between the scaphoid,
capitate, and trapezoid bones and represents a separate
ossification center that normally fuses with the scaphoid during
development (Poznanski & Holt, 1971). When it persists into
adulthood, it constitutes a normal anatomical variant rather than
a pathological finding. Because it is not included in the standard
carpal bone count, it is rarely addressed in undergraduate anatomy
courses.

Other accessory carpal bones, such as the os styloideum
(Greditzer et al., 2017), os epilunatum (Hartig-Andersen &
Munk, 2018), and os hypotriquetrum (Yeo et al., 2016), are less
commonly discussed but may be encountered in osteological
specimens and radiological imaging. These bones are typically
small and asymptomatic; however, in certain cases, they may be
associated with localized pain or mechanical stress, particularly
in individuals engaged in repetitive manual activities. Their
omission from routine teaching reflects curricular prioritization
rather than anatomical insignificance.

3.2. Developmental Variants of the Distal Upper Limb

In addition to true accessory bones, the upper limb also
displays variation related to incomplete fusion of ossification
centers. Secondary ossification centers of the distal radius, ulna,
and carpal bones may occasionally persist as separate elements.
Such variants are developmentally normal but may mimic
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fractures in imaging studies, especially in pediatric patients, if
their anatomical basis is not recognized (Kim & Gauguet, 2018).

From an educational standpoint, these developmental
variants challenge the notion of a uniform skeletal pattern.
Introducing selected examples during anatomy training can help
students appreciate the dynamic nature of skeletal development
and improve their ability to interpret anatomical findings beyond
textbook norms.

3.3. Sesamoid Bones of the Upper Limb

Sesamoid bones constitute another underrepresented
group within the upper limb. While their functional role in
modifying tendon mechanics is well recognized, most anatomy
courses focus primarily on the patella, leaving smaller sesamoid
bones largely unexplored. In the hand, sesamoid bones are
commonly found at the metacarpophalangeal and interphalangeal
joints, particularly of the thumb (Yammine, 2014).

The number, size, and exact location of these sesamoid
bones vary considerably among individuals. Although often
clinically silent, they may influence joint mechanics or be
involved in pain syndromes following trauma or overuse
(Yammine, 2014). Their variable presentation further
underscores the limitations of a rigid, standardized skeletal model
in anatomy education.

4. UNDERREPRESENTED BONES OF THE
LOWER LIMB

Compared with the upper limb the lower limb, particularly
the foot and ankle, exhibits an even greater diversity of accessory
and variant bones. This variability reflects the complex functional
demands placed on the foot, which must simultaneously provide
stability, flexibility, and efficient load transmission during

118



Anatomi

locomotion. Despite their frequency and clinical relevance, many
of these bones receive limited or no attention in standard anatomy
education.

4.1. Accessory Bones of the Tarsus

The tarsal region is the most common site for accessory
bones in the human skeleton. During development, the talus,
calcaneus, navicular, and cuboid arise from multiple ossification
centers that must fuse in a coordinated manner. Variations in this
process may result in the persistence of additional ossicles.

One of the most frequently encountered accessory tarsal
bones is the os trigonum, which develops from a secondary
ossification center of the posterior talus. While often
asymptomatic, it may become clinically significant in individuals
exposed to repetitive plantar flexion, such as sport-related
activities. Os trigonum shows relatively high prevalence, up to
7% (McAlister & Urooj, 2021).

Another common variant is the accessory navicular bone
(os naviculare accessorium), which exists in several
morphological types. This bone is closely related to the insertion
of the tibialis posterior tendon and may influence medial arch
mechanics. Its clinical relevance contrasts sharply with its
minimal representation in anatomy textbooks, where it is rarely
discussed beyond a cursory note (Stolarz et al., 2024).

Less frequently described accessory tarsal bones include
the os peroneum (Hindi & Byerly, 2025), os vesalianum (Beil et
al.,2017), os supranaviculare (Osiowski et al., 2025), and os
calcanei secundarius (Keles-Celik et al., 2017). Although small in
size, these bones may alter local biomechanics or complicate
radiological interpretation, particularly when unfamiliar to the
examiner.
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4.2. Sesamoid Bones of the Lower Limb

Sesamoid bones are more numerous and functionally
prominent in the lower limb than in the upper limb. While the
patella is universally recognized and extensively described,
smaller sesamoid bones of the foot are often overlooked in
anatomy education.

The sesamoid bones of the hallux, embedded within the
tendons of the flexor hallucis brevis, play an important role in
weight distribution and propulsion during gait. Variations in their
number, size, and degree of ossification are common (Garrido et
al., 2008).

The fabella, a sesamoid bone located within the lateral
head of the gastrocnemius muscle, represents another
underrepresented structure. Although often incidental, it has been
associated with posterior knee pain and may interfere with certain
orthopedic procedures (Kim et al., 2018).

4.3. Developmental Variants and Ossification Patterns

Beyond true accessory bones, the lower limb also
demonstrates variation related to developmental ossification
patterns. Incomplete fusion of secondary ossification centers may
produce bipartite or multipartite bones, most notably in the
patella. Bipartite patella is a well-recognized variant that is
frequently mistaken for fracture in clinical settings, underscoring
the importance of developmental knowledge (McMahon et al.,
2015).

Similarly, accessory ossification centers at the distal tibia
and fibula may persist and be encountered incidentally on
imaging studies (Ogden & Lee, 1990).
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5. UNDERREPRESENTED BONES AND
VARIANTS OF THE AXIAL SKELETON

Compared with the appendicular skeleton, the axial
skeleton is often presented in anatomy education as a relatively
stable and uniform framework. The skull, vertebral column, and
thoracic cage are typically taught using a standardized model that
emphasizes protection of vital organs and axial support.
However, this approach tends to underrepresent a range of
skeletal variants and accessory elements that arise from
developmental segmentation and ossification processes.

5.1. Sutural and Accessory Bones of the Skull

One of the most characteristic examples of
underrepresented axial skeletal elements is sutural bones,
commonly referred to as Wormian bones. These small bones
develop within cranial sutures as a result of additional ossification
centers and are most frequently observed in the lambdoid suture.
Although they are well documented in osteological and
anthropological literature, they are usually mentioned only briefly
in anatomy courses unless associated with specific pathological
conditions (Bellary et al., 2013).

Another axial skeletal variant is the os interparietale (Inca
bone), which results from incomplete fusion of ossification
centers in the occipital region. While of limited clinical
consequence in  most cases, its anthropological and
developmental significance is substantial (Hanihara & Ishida,
2001).

5.2. Vertebral Column: Segmental and Ossification
Variants

The vertebral column exhibits a wide spectrum of
developmental variations related to segmentation and
ossification. These include cervical ribs, lumbar ribs, transitional
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vertebrae, hemivertebrae, and butterfly vertebrae. Such variants
arise from alterations in somitic differentiation and vertebral body
formation.

Cervical ribs are supernumerary ribs arising most
commonly from the seventh cervical vertebra. They result from
abnormal persistence or overdevelopment of the costal process,
which normally remains rudimentary in the cervical region.
Cervical ribs may be unilateral or bilateral and vary considerably
in size, ranging from small fibrous bands to fully formed ribs
articulating with the first thoracic rib or the sternum. Although
often asymptomatic, they may have clinical relevance due to their
potential association with thoracic outlet syndrome, emphasizing
the importance of recognizing this variant as a developmental
rather than pathological structure (Fliegel & Menezes, 2023).

Lumbar ribs represent an analogous variation occurring in
the lumbar region, most frequently arising from the first lumbar
vertebra. Similar to cervical ribs, they originate from anomalous
development of the costal elements that typically regress during
normal vertebral formation. Lumbar ribs are usually small and
asymptomatic and are often discovered incidentally on imaging
studies. Their principal significance lies in their potential to cause
vertebral level misidentification, particularly in surgical and
radiological contexts, highlighting the need for careful
anatomical orientation (Carcamo, 2016).

Transitional vertebrae occur at junctional regions of the
vertebral column, most commonly at the lumbosacral junction.
These vertebrae display morphological characteristics of adjacent
spinal regions, reflecting incomplete or altered segmentation
during development. Lumbosacral transitional vertebrae may
exhibit partial or complete sacralization of the lowest lumbar
vertebra or lumbarization of the uppermost sacral segment. While
often incidental findings, transitional vertebrae have been
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associated with altered spinal biomechanics and may contribute
to lower back pain in certain individuals (Lian et al.,2018).

Hemivertebrae arise from the failure of one half of a
vertebral body to form, resulting in a wedge-shaped vertebra. This
condition reflects asymmetric development of the vertebral
ossification centers and represents a true segmentation defect.
Hemivertebrae are typically identified in childhood and may lead
to congenital scoliosis due to the resulting imbalance in spinal
growth. The severity of spinal curvature depends on the location
and number of affected vertebrae, underscoring the clinical
relevance of this developmental anomaly (Bao et al., 2022).

Butterfly vertebrae are characterized by a sagittal cleft
within the vertebral body, giving rise to a distinctive butterfly-
shaped appearance on imaging. This variant results from failure
of fusion between the two lateral halves of the vertebral body due
to persistent notochordal tissue. Butterfly vertebrae are most
commonly observed in the thoracic and lumbar regions and are
often asymptomatic. However, they may be mistaken for
compression fractures, particularly in trauma settings, making
developmental awareness essential for accurate diagnosis
(Katsuura & Kim, 2018).

In anatomy education, vertebral variants are often
reserved for radiology or orthopedic teaching rather than
integrated into core anatomy instruction. As a result, students may
first encounter these variations in clinical imaging, where they
may be mistaken for fractures, degenerative changes, or
pathological deformities. Recognizing these variants as
developmental rather than pathological is essential for accurate
interpretation.

Secondary ossification centers of the vertebral bodies and
processes may also show variability in timing and fusion.
Persistent accessory ossification centers, although uncommon,
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further illustrate that vertebral anatomy exists along a
developmental continuum rather than as a fixed structure.

5.3. Thoracic Skeleton and Sternal Variants

The thoracic cage is another region in which skeletal
variability is often underemphasized. Variations such as sternal
foramina and accessory sternal ossicles are well documented but
rarely incorporated into routine anatomy teaching. These features
originate from incomplete fusion of sternal bars during
embryogenesis.

Sternal foramina are congenital defects resulting from
incomplete fusion of the paired sternal bars during embryonic
development. They are most commonly located in the lower part
of the sternal body and are usually asymptomatic. Despite their
benign nature, sternal foramina are clinically relevant because
they may be misinterpreted as fractures or lytic lesions on
imaging studies and may pose a risk during invasive procedures
involving the sternum (Pasieka et al., 2023).

Accessory sternal ossicles develop from additional or
persistent ossification centers within the sternum. They are
typically small, asymptomatic, and discovered incidentally
during imaging or osteological examination. Although
functionally insignificant, these ossicles may complicate
radiological interpretation by resembling fracture fragments or
pathological calcifications. They may also used in forensic
sciences (Macaluso & Lucena, 2014).

While typically asymptomatic, sternal variants carry
practical clinical implications, particularly in imaging
interpretation and invasive procedures. Lack of awareness may
lead to misdiagnosis or procedural complications, highlighting
the importance of including representative examples in anatomy
education.
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6. CONCLUSION

The bones discussed in this chapter illustrate an important
but often underappreciated aspect of human anatomy: variability
is not an exception to the skeletal system but an inherent feature
of its development. Standard anatomy education, by necessity,
relies on simplified and standardized models to establish
foundational knowledge. However, exclusive reliance on these
models may unintentionally convey the impression that the
human skeleton is uniform and fixed, rather than developmentally
dynamic.

From an educational perspective, underrepresented bones
such as accessory ossicles, variant ossification centers, and
segmental anomalies provide valuable opportunities to integrate
developmental anatomy into routine teaching. Rather than being
presented as isolated curiosities or rare findings, these structures
can be used to demonstrate core principles of skeletal
morphogenesis, fusion patterns, and anatomical diversity. This
approach  reinforces conceptual understanding  without
overwhelming learners with excessive detail.

Curriculum integration of skeletal variants does not
require exhaustive coverage or memorization. A selective,
example-based strategy is more effective. Introducing
representative variants from the upper limb, lower limb, and axial
skeleton allows students to recognize recurring developmental
themes across different anatomical regions. Such an approach
supports vertical integration, linking basic anatomy with
radiology, orthopedics, pediatrics, and forensic medicine.

Exposure to anatomical variation during undergraduate
education may also reduce diagnostic uncertainty in clinical
practice. Many accessory and variant bones are first encountered
incidentally on imaging studies, where unfamiliarity may lead to
misinterpretation as fractures or pathological lesions. Early
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awareness fosters pattern recognition and encourages a cautious,
developmentally informed approach to anatomical assessment.

Importantly, the inclusion of underrepresented bones
aligns with contemporary trends in medical education that
emphasize clinical relevance, critical thinking, and adaptability
over rote memorization. By acknowledging variability, anatomy
teaching can better reflect real-world clinical experience, where
deviation from the textbook norm is common rather than
exceptional.

In conclusion, incorporating selected underrepresented
bones into anatomy curricula enhances anatomical literacy by
bridging standardized teaching models with biological reality.
Such integration promotes a more flexible and realistic
anatomical mindset, preparing students not only to recognize
normal structures but also to understand and interpret variation as
an expected component of human anatomy.
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GiZEMLI BiR ORGANIN ANATOMISi: TIMUS

Ruken ONCU!?
Tufan ULCAY?

1. GIRIS

Timus, Yunancada ruh anlamina gelen "thymos" kelimesi
ile ayn1 anlama gelmektedir ve bu nedenle eski Yunanlilar
tarafindan timus, ruhun merkezi olarak kabul edilmistir (Jacobs,
Frush, & Donnelly, 1999; Liu & Ellis, 2016). Bergamali Galen ise
timusun 6zellikle geng hayvanlarda biiyiik oldugu ve biyumeyle
birlikte giderek kiiclilen bir yap1 oldugunu ilk kez tanimlamistir.
Ayni sekilde Galen tarafindan timus ic¢in ortaya “gizemli bir
organ” tanimini ortaya atilmistir (Jacobs et al., 1999). Timus
bezinin islevinin kesin olarak tanimlanmasinin ve insan
viicudundaki roliiniin kapsamli bi¢imde anlasilmasinin {izerinden
elli yili askin siire gegmistir (Liu & Ellis, 2016). Bu ilerlemede
Miller’in The Lancet’te yayimlanan ¢igir agici “Timusun
Immiinolojik Islevi” baslikli makalesini (J. F. A. P. Miller, 1961)
sundugu bildirinin (Jacques Francis Albert Pierre Miller, 1962)
bliyiik bir etkisi olmustur. Bununla birlikte, timusun bu déneme
kadarki tarihsel seriiveni hem ilgi c¢ekici hem de bir o kadar
gizemlidir (Liu & Ellis, 2016). Antik donemlerde miyastenia
gravis ile iliskisine, ruhun merkezi olduguna dair inanglara
(Morse, 1928) yakin zamana dek ani bebek oliimlerinin patolojik

Ars. Gér., Kirsehir Ahi Evran Universitesi, Tip Fakiiltesi, Anatomi Anabilim Dali,
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nedeni olarak goriilmesine kadar uzanan genis bir yelpazede
degerlendirilmistir (Liu & Ellis, 2016; Paltauf, 1889).

Lenfoid organlar primer ve sekonder olmak iizere iki ana
kategoriye ayrilir. Timus ve kemik primer lenfoid organlarken;
dalak, lenf diigiimleri, sindirim sistemindeki Peyer plaklar1 ve
respiratuar sistemdeki lenfoid dokular sekonder lenfoid organlar
olarak kabul edilmektedir (Ozan, 2004) (Sekil 1).

Galen’in doneminden giinlimiize kadar gecen siirecte
yapilan arastirmalar, timusun immunoloji alanindaki islevine
iligkin 6nemli kavrayislar saglamistir. Modern bilimsel veriler
1s181inda timus; kirmizi kemik iliginde iiretilen ve kan dolasimi
araciligiyla organa ulasan T lenfosit progenitdrlerinin burada
cogalma, farklilagsma ve secilim siire¢lerinden gegirilerek olgun,
immunokompetent T hiicrelerine doniistiiriildiigii primer lenfoid
organ olarak tanimlanmaktadir. Bu bulgular, timusun adaptif
bagisiklik sisteminin sekillenmesinde merkezi ve vazgecilmez bir
role sahip oldugunu agik¢a ortaya koymaktadir (Ceylan, 2014).

Cortex Trabeculae

Fibrous
capsule

Tonsil

A \ e
W ) e h \
Adenoid ————————— ! <

Right lymphatic duct
entering vein

7 Lymph nodes

Cortical epithelial cell Thymocytes Trabecula

2o\ AlelUo U= O—Fibrous

“\\,.' 8 //,, =5

= NI e
Spleen Dendritic cell // ) K_.’ ,r\. Medulla

Macrophage Blood vessel Medullary
epithelial cell

Sekil 1. Illustration from Anatomy & Physiology, Connexions Web
site. http://cnx.org/content/col11496/1.6/, OpenStax College.
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Fonksiyonel kriterlere gore timus gibi primer lenfoid
organlarda lenfosit hiicrelerinin olusumu gergeklesir (Boehm,
Hess, & Swann, 2012). Lenfatik sistemin onemli bir pargasi
olarak kabul edilen timus, mediastinum superius ve inferiusta
yerlesim gosterir ve yerlesimi 4. kikirdak costadan
gl.thyroidea’ya kadar uzanabilmektedir. Bulundugu mediasten
bolgesinde yerlesim gosteren bircok énemli yapi ile komsulugu
bulunmaktadir. Onde m. sternothyroideus, m. sternohyoideus ve
sternum ile; arkada ise trachea, v. brachiocephalica sinistra, arcus
aorta, pericardium ile komsudur. Pembe-gri renkli olan timus yas
ilerledikge sari- gri renk alir. Tikiiriik bezleri gibi lobiillerin
sinirlart distan goriilebilir bigimdedir (Arinci1 & Elhan, 2014a,
2014b; Elma).

Biiyiiklik ve boyutu yas ile birlikte 6nemli olclide
degistigi goriilmekle birlikte ortalama boyutu 5 cm uzunlugunda,
4 cm genigligindedir (Arinct & Elhan, 2014a, 2014b; Elma).
Yenidoganda yaklagik agirligi 10-15 gr arasinda degisiklik
gosterir (Sekil 2 ve 3). Puberteye kadar 30-40 gr agirhiga kadar
buyur (Ozan, 2004). Ileri yaslarda ise timus yerini yag dokusuna
birakarak agirligi1 10-15 gr’a kadar diiser.

Sekil 2. insan fetiisiiniin intrauterin yasaminin altinci ayinda
goriilen timus bezi, tiroid bezi, perikard ve akcigerleri.
https://www.flickr.com/photos/internetarchivebookimages/201585
17849
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Thyroid body
Glandula thyreoidea—

~==-Cervical pleurs'
Cupula pleura

Thymus gland (right lobe) j

Thymus (lobus dexter) us gland (left lobe)

- Thymus (lobus sinister)

Pleural cavity
Cavum pleura i

# Cupnla Plewye.—This term is applitd by the author to the dome-shaped summit of the pleura, but as this portion 0. the pleura
paojects thraugh the superior aperture of the thorax into the oot of the neck, it is generally knowa in England as the cervical plevr a.—Trk.

Sekil 3. 5 haftalik bir ¢cocugun akcigerlerin pericardium ile
birlikte tamamen ¢ikarilmis Timus bezinin ¢izimi
https://www.flickr.com/photos/internetarchivebookimages/201585
17849

2. TIMUS HiSTOLOJi VE EMBRiYOLOJISI

Ucgiincii yutak kavsinin ventral ve dorsal kisimlar1 olmak
tizere iki kism1 bulunur. Besinci haftada, {igiincii kavsinin dorsal
bolgesinin epiteli alt paratiroid bezini olustururken, ventral bolge
timusu olusturur (Kaplanoglu, Kaplanoglu, Karatas, & Demirkan,
2020; Sadler, 2012).

Timus ve paratiroid bezlerinin taslaklari, farinksle olan
baglantilari1  kaybeder. Daha sonra, alt paratiroid bezleri
timiisten ayrilarak tiroid bezinin dorsal ylizeyinde yer alirken,
timus iist mediastene dogru iner. Timus taslagini g¢evreleyen
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mezenkim, noral krest hiicrelerinden tiiremistir (Moore, Persaud,
& Torchia, 2016).

Timusun kortikal kismi, biiyiik 6l¢iide olgunlagsmamis T
lenfositlerden olusan yogun bir hiicresel popiilasyonun yani sira,
bu hiicreleri destekleyen epitelyal retikiiler hiicreler ve sinirh
sayida makrofaj icerir. Epitelyal retikiiler hiicrelerin alt gruplar
ve bu hiicrelere ait spesifik fonksiyonlar giiniimiizde heniiz tam
olarak tanimlanamamigtir. Kortekste yer alan immatiir T
lenfositlerin ¢ogu apoptoz ile elimine edilirken, yalnizca kiigiik
bir kism1 medullaya gegerek veniiller yoluyla sistemik dolagima
ulasir. Dolasima katilan bu hiicreler, timus disindaki lenfoid
organlara yonelerek belirli alanlarda fonksiyonel T lenfositler
seklinde yerlesir (EIma).

Timusun mediiller bolgesi, bu bolgeye 6zgii morfolojik
yapilar olan Hassall cisimciklerinin varligi ile karakterizedir
ancak bu yapilarin fizyolojik rolleri heniiz kesin olarak ortaya
konmamistir. Hassall cisimciklerinin hiicresel sinyal iletiminde,
gen ekspresyonunun transkripsiyonel diizenlenmesinde ve
hiicresel metabolik siire¢lerde aktif islevler listlendigini ortaya
koymustur (Erdem, Dabak, & Ozan, 2017). Medulla, kortekse
benzer hiicresel bilesenler icermekle birlikte, epitelyal retikiiler
hiicrelerin daha baskin oldugu bir organizasyon sergiler (EIma).

Timus lobus dexter ve sinister olmak tizere iki lobdan
olusur bu loblar bir bag dokusu ile biebirine bagl durumdadr. Iki
loblu olmasina ragmen bireyler arasinda 6nemli morfolojik
farkliliklar gosterir (Liu & Ellis, 2016). Bu loblar da kigtk
lobuluslardan olugsmaktadir. Lobuluslar merkezde agik renkli olan
medullar (medulla thymi) ve dista koyu renkli olan kortikal
(cortex thymi) cevherden olusur. Medullalar birbiriyle devamlilik
gosterir ve dista koyu renkli olan kortikal (cortex thymi)
hicrelerden kan- timus bariyeri olusur (Ozan, 2004).
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3. TIMUSUN BESLENMESI VE INNERVASYONU

Beslenmesini a. thoracica interna ve a.thyroidea
inferior’dan saglar. VV. thymicae adi verilen venleri ise w.
brachiocephalica sinistra ve v. thyroidea inferior’a ac¢ilir. Nodi
mediastinales anteriores, nodi tracheobronchiales ve nodi
sternales'e agilan lenf damarlar1 vardir. Ayrica timus, dalak,
waldeyer halkasini olusturan tonsiller ve peyer plaklarinin
afferent lenf damarlar1 yoktur (Arifoglu, 2017; Arinc1 & Elhan,
2014a, 2014b; Ozan, 2004).

Parasempatik inervasyon, n. vagus'tan saglanirken,
sempatik inervasyon ise ggl. cervicothoracicum ve ansa subclavia
araciligiyla gerceklesir. N. hypoglossus'un 6n dali (r. descendens
hypoglossi) ile n. phrenicus, bezin kapsiiliine dallar gonderir.
Ancak bu dallar, bezin i¢ dokusuna ulasmazlar (Arinci1 & Elhan,
2014b).

4. TIMUSUN FONKSiYONLARI

T hiicreleri, kemik iliginde bulunan hematopoetik kok
hiicrelerden farklilasan T-lenfoid oncii hiicrelerden koken alir
(Nitta, Murata, Ueno, Tanaka, & Takahama, 2008). Timusta
gecirdikleri olgunlagsma siireci sirasinda hiicre membranlarinda
TCR (T hiicre antijen reseptorii) ve CD (yiizey farklilagsma
antijenleri) gibi 0zgiil yiizey reseptorlerini eksprese eder. Bu
molekiillerin kazanilmasiyla birlikte antijen tanima ve 06zgiil
immiin yanit olusturma kapasitesine sahip, fonksiyonel olarak
olgun T lenfositlerine donisiirler (Kdse, 2023). Bu seleksiyon
mekanizmalart sonucunda antijen tanima kapasitesi kazanmig
olgun T lenfositleri, kan dolasimi yoluyla periferal lenfoid
organlara gonderilir (Ozbek, 2014).

Timus, lenfosit {iretimi saglayan yapisiyla bilinse de,
endokrin sistemle gii¢lii bir iligkiye sahiptir. Hipofiz 6n lobunun
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salgiladigr bliyime hormonu ve tiroit hormonu, timusun
gelisimini tesvik ederken, cinsiyet hormonlar1 bu siireci inhibe
etmektedir. Gelisimsel siirecte timus, lenfatik sistemin saglikli
gelisimi  ve bagisiklik sisteminin temel bilesenleri olan
antikorlarin tiretimi agisindan 6nemli bir rol istlenir (Tuncay &
Belgin).

Organin biiyiik mediastinal yapilara yakin konumu ile
Miyastenia Gravis, DiGeorge Sendromu gibi ¢esitli patolojik
durumlarla iliskisi gibi tablolar timusun klinik Onemini
siirdiirmesine neden olmaktadir. Timusun anatomisi ve islevine
yonelik kapsamli bir bilgi birikimi, mediastinal kitlelerin dogru
sekilde tanimlanmasi, goriintiileme bulgularinin saglikli bi¢imde
yorumlanmast ve bu organit etkileyen patolojilere bagl
immiinolojik bozukluklar tanisinda kritik bir rol oynamaktadir
(Bosticardo & Notarangelo, 2023; Gulla et al., 2023; Remien,
Jozsa, & Jan, 2025). Bunun yani sira, timus, 6zellikle C vitamini
gibi baz1 vitaminleri depolayan bir organ olarak da 6nemli bir rol
oynar; bu vitaminler immiinizasyon siireclerinde kullanildiktan
sonra yeniden depolanir. Bu sekilde timus, hem bagisiklik hem de
endokrin sistem agisindan énemli bir organ olarak karmasik bir
islevsel rol iistlenir (Arinc1 & Elhan, 2014a; Tuncay & Belgin)

5. TIMUSUN KLINIK ANATOMIK
PERSPEKTIiFTEN DEGERLENDIRILMESI

Timus, dogumdan hemen sonra viicut agirligina oranla en
yiiksek goreceli hacmine ulasir ve ergenlik donemine kadar
fizyolojik olarak biiyliyerek bu donemde en yiiksek agirligina
erisir. Ergenlik sonrasinda baslayan timik involiisyon siirecinde
ise organ progresif olarak kiigiiliir; epitelyal yap1 geriler ve timik
parankim biiylik 6l¢iide yag dokusu i¢inde dagilmis lenfositlerden
olusan bir yapiya doniisiir. Yasa bagli bu dinamik morfolojik
degisiklikler, timusun fizyolojik varyasyonlar1 ile patolojik
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durumlarinin ayirt edilmesini giigclestirmektedir. Geng bireylerde
manyetik rezonans goriintilemede normal timus, T1 ve T2
agirlikli sekanslarda kas dokusuna benzer sinyal 6zellikleri
gosterirken, yas ilerledikce glandiiler dokunun atrofiye ugramasi
ve yag infiltrasyonunun artmasi sonucu her iki sekansda da sinyal
intensitesi belirgin sekilde yiikselir. Bilgisayarli tomografide
timik hiperplazi genellikle diizgiin kontirl, diffiiz ve simetrik
genisleme seklinde izlenir. Timusun yasa baglh degisken
radyolojik 6zelliklerinin bilinmesi, anterior mediasten yerlesimli
kitlelerin ayirict tanisinda dogru ve giivenilir degerlendirme
yapilabilmesi agisindan kritik 6neme sahiptir (Esme, 2020;
Sklair-Levy, Agid, Sella, Strauss-Liviatan, & Bar-Ziv, 2000).

5.1. Ektopik Timus

Timus, toraksa dogru inisi sirasinda timusun iist ucu
lateral yone dogru cekilir ve zamanla regresyona ugrayarak
kaybolur. Ancak bu embriyolojik go¢ siireci esnasinda Onciil
timus dokusunun bir kism1 boyun bdlgesinde kalabilir ve servikal
bir kitle tablosu olarak ortaya cikabilmektedir. Literatiirde
“anormal” ve “ektopik™ terimlerinin kullaniminda zaman zaman
kavramsal karisikliklar bulunmakla birlikte, timusun normal
embriyolojik inis yolu iizerinde ancak alisilmis konumunun
disinda yer almasi durumunda “anormal konumlu timus”
teriminin, farenks, trakea, posterior servikal bolge veya 6zofagus
gibi normal go¢ yolunun disinda bir lokalizasyonda bulunmasi
halinde ise “ektopik timus” teriminin kullanilmasi daha uygun
oldugu bilinmektedir (Song, Yoo, Kim, Hong, & Yoon, 2011). Bu
migrasyon sirasinda meydana gelen gelisimsel anomaliler
sonucunda, timus dokusunun bir kisminin veya tamaminin
normal yerlesim yerinde degilde embriyonun servikal bolgesinde
kalmasi, servikal ektopik timus anomalisinin ortaya ¢ikmasina
neden olur (Bale & Sotelo-Avila, 1993; Celtik, Divarci,
Dokiimcii, Kalin, & Celik, 2018; Kaplanoglu et al., 2020).
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Olgularin yaklasik %90°1 asemptomatik seyir gostermekte
olup, kalan %10’luk kesimde yutma disfonksiyonu, disfaji,
solunum giigliigli ve tortikolis gibi semptomlar ortaya
cikabilmektedir. Tanisal yaklagimlar ve hasta yonetiminde zaman
icerisinde dnemli degisiklikler meydana gelmistir bu baglamda
anormal servikal timus, giiniimiizde yiiksek c¢oziintirliiklii
ultrasonografinin ~ birincil ~ goriintiileme  yontemi  olarak
kullanilmastyla bilgisayarli tomografi veya manyetik rezonans
goriintiileme yontemlerine ek ya da alternatif olarak giivenilir ve
noninvaziv bi¢cimde kolaylikla tanimlanabilir hale gelmistir
(Celtik et al., 2018).

5.2. Myasthenia Gravis ve Timus iliskisi

Miyastenia Gravis, kas gii¢siizliigii ve ¢cabuk yorulma ile
karakterize antikor aracili otoimmiin bir hastaliktir. Hastalarin
cogunda timus anomalileri goriiliir. Miyastenia Gravis
patogenezinde, humoral bagisiklik yanitinin baglatic1 adimlarinin
genellikle timus dokusu ve timomlarda gergeklestigi
diistiniilmektedir. Timoma olgularmin % 30’unda Miyastenia
Gravis gortildigi bildirilmistir. Ayn1 zamanda Miyastenia Gravis
olgularinin %5-15’inde timoma goriilmektedir (Celik & Kutlay).

Timus hiicrelerinde ifade edilen belirli epitoplara karsi
gelisen bagisiklik yaniti, ayni epitopu paylasan néromiiskiiler
kavsak bilesenlerine yayilir ve bu siire¢ humoral otoimmdinite ile
antikor iiretimini tetikler. Miyastenia Gravis’de en sik rastlanan
patojenik antikorlar asetilkolin reseptér (AChR) antikorlaridir.
Klinik belirtiler, otoantikorun tiiriine ve timoma varligina gore
degisiklik gosterir (Dresser, Wlodarski, Rezania, & Soliven,
2021). Klinik ve imminolojik Ozellikler g6z Oniinde
bulundurularak  Miyastenia  Gravis, farkli alt gruplara
ayrilmaktadir. Bu siiflama baslangic yasi, klinik bulgular, timus
patolojisi ve antikor profili gibi kriterlere dayanmaktadir. Her alt
grubun immiinolojik profili, mevcut antikor varligi ve tipiyle
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belirlenmektedir, bu da tan1 ve tedavi stratejilerini
sekillendirmede kritik 6neme sahiptir (Berker Ozkan; Dresser et
al., 2021; Romi, Hong, & Gilhus, 2017; Toker; Tiirkoz, Baltalarli,
& Sagban, 1997).

5.3. DiGeorge Sendromu

DiGeorge Sendromu, en sik goriilen mikrodelesyon
sendromlarindan biri olup prevalansi 1/4000-1/6000 arasinda
bildirilmektedir. Embriyogenez siirecinde 22q11.2 kromozomal
bolgesinde yaklasik 3 megabaytlhik bir segmentin delesyonu
sonucunda gelisen bu sendrom, genetik heterojeniteye bagl
olarak genis ve degisken bir klinik fenotip yelpazesi ile
karakterizedir (Tunas, Ugur, Zeynep, & Uneri, 2016). DiGeorge
Sendromu, timus ve paratiroid bezlerinin konjenital yoklugu ya
da yetersiz gelisimi ile karakterize edilen bir sendromdur. Bu
sendromda goriilen timus aplazisi veya hipoplazisi, embriyolojik
gelisim siirecinde 6zellikle gestasyonun yaklasik 12. haftasinda
meydana gelen bir gelisimsel duraklama ya da bozulma
sonucunda ortaya ¢ikmaktadir (Kili¢ & Aydogdu, 2004).

DiGeorge Sendromlu hastalarda timus ¢ogunlukla
aplaziktir; ancak bazi olgularda ektopik yerlesimli ya da hacmi
belirgin Ol¢lide azalmis timus dokusu saptanabilmektedir.
Histolojik olarak yapi korunmus olsa dahi, bir gramdan kiiciik
timus hacmi yeterli T-hicre fonksiyonunun saglanmasini
engellemekte ve buna bagli olarak T-hiicre aracili immiin yanit
bozulmaktadir. Bu nedenle hastalarda T-hiicre sayisindaki azalma
veya fonksiyonel yetersizlik sonucu tekrarlayan enfeksiyonlara
sik rastlanir. Ektopik lokalizasyonlu ya da ki¢uk boyuttaki timus
varliginda tablo “Parsiyel DiGeorge Sendromu” olarak tanimlanir
ve bu sendromda timus biyuyerek zaman icgerisinde normal T-
hiicre immiinitesi kazanilabilir. Buna karsihik “Komplet
DiGeorge Sendromu”, total timus ve paratiroid aplazi ile
karakterizedir ve ciddi hipokalsemi ile agir immiin yetmezlik
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nedeniyle kotl prognoz gosterir. Bu alt tip tiim vakalarin yaklagik
%10’unu olusturmaktadir (Kilic & Aydogdu, 2004). Parsiyel
DiGeorge Sendromunda prognoz genellikle daha olumludur;
timus dokusu zamanla gelisim gosterebilir ve buna bagl olarak
hastalarda normal ya da normale yakin T hiicre aracili
immiinitenin kazanilmas1 miimkiindiir (Tunas et al., 2016).

5.4. Epitelial Hiicre Tiimorleri (Timomalar)

Timomalarin yaklasik %95’ mediastinum anteriorda
lokalizedir. Nadir olgularda boyun bdélgesinde, sol hilum
pulmonis  c¢evresinde, akciger parankiminde yerlesim
gosterebilirler. Timik tiimdrler erigkinlerde mediastinum anterior
tiimorlerinin yaklasik %47°sini olusturduklari rapor edilmistir. Bu
grup igerisinde timik epitelyal hiicre kokenli timomalar, en sik
goriilen timor tipini temsil etmektedir. Timiisiin immiin
regiilasyondaki rolii nedeniyle, timiis kaynakli tiimorler olan
timomalar 6zellikle sinir-kas kavsagi, periferik sinirler ve limbik
bolgeler gibi sinir sistemi ve kas hiicrelerinin yiizeyinde yogun
sekilde bulunan ve genellikle transmembran protein 6zelligi
tagityan proteinlere karsi otoimmiin antikor olusumunu tetikler.
Bu baglamda, nérolojik tutulumlar arasinda en sik gézlenen tablo
Miyastenia Gravistir. Miyastenia Gravisten sonra en sik bildirilen
immiinopatolojiler arasinda saf kirmizi hiicre aplazisi ve
hipogammaglobulinemi yer almaktadir (Iseri & Komsuoglu;
Marx, Miiller-Hermelink, & Strobel, 2003; Metin; Mullen &
Richardson, 1986).

Klinik olarak, timomali hastalarin ¢ogu asemptomatiktir.
Olgularin yaklasik %30’u belirti vermezken yaklasik %30’unda
Miyastenia Gravise bagli bulgular gelismektedir. Norolojik
acidan bakildiginda, Miyastenia Gravisli hastalarin %10-15’inde
timoma saptanmaktadir. Semptomatik olgularin yaklagik %50’s1
norolojik paraneoplastik sendromlar ve bu tiimdrlerle en sik
iligkili olan Myastenia Gravis nedeniyle bagvururken %40°1 cevre
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dokulara basi sonucu gelisen intratorasik kitle etkileri ile belirti
gostermektedir. Tiimdriin lokalizasyonuna bagli olarak gogiis
agris1, Oksiirtik, ses kisikligi, dispne, vena cava Superior
sendromu ve nadiren kilo kayb1 gibi semptomlar gelisebilir. Daha
az siklikta diger paratimik sendromlar gozlenir (Iseri &
Komsuoglu; Marx et al., 2003; Metin; Mullen & Richardson,
1986).

6. SONUC

Timus bezi, bagisiklik sistemi agisindan kritik bir rol
oynayan ve Ozellikle T hiicrelerinin olgunlasmasinda merkezi bir
islev istlenen bir organdir. Bu bezin yagla birlikte goriilen
degisimleri viicudun bagisiklik kapasitesini sekillendirmede
onemli bir etkiye sahiptir.

Klinik agidan timusun anatomik ve histolojik
ozelliklerinin  kapsamli  bir sekilde anlasilmasi, sadece
immiinolojik patolojilerin yorumlanmasi agisindan degil, aym
zamanda Myastenia Gravis gibi timik bozukluklarin cerrahi ve
tibbi yOnetimi, timoma gibi mediastinal timorlerin tanis1 ve
tedavi planlamasi ile immiin modiilasyon stratejilerinin
gelistirilmesinde de 6nem tasimaktadir. Klinik uygulamalarda
dogru cerrahi yaklasimin se¢ilmesi ve tedavi protokollerinin
optimize edilmesi, timusun yapisal ve fonksiyonel 6zelliklerinin
titizlikle degerlendirilmesine baglidir. Bu baglamda, timusun
detayli embriyolojik, anatomik ve histolojik bilgisinin
kavranmasi, hem cerrahi miidahalelerin giivenli ve etkin bir
sekilde planlanmasini hem de immiin sistem temelli tedavilerin
basarisin1 dogrudan etkileyecegini diisiinmekteyiz.
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ANATOMI EGITIMINDE LATINCE
TERMINOLOJININ KOKENIi, ONEMI VE
GUNCEL KULLANIMI

Mehtap ERDOGAN!

1. GIRIS

Anatomi bilimi, insan viicudunun normal yapisini
inceleyen temel tip bilimlerinden biridir. Bu bilimin dogru ve
etkin bir sekilde aktarilabilmesi i¢in evrensel, agik ve standart bir
terminolojiye ihtiya¢ duyulmaktadir. Tarihsel siiregte bu
gereksinim, Latincenin bilim dili olarak kabul edilmesiyle
karsilanmistir.  Gliniimiizde anatomi alaninda kullanilan
terimlerin blylk bir bolumu Latince kdkenlidir ve bu terimler
uluslararas1 diizeyde Terminologia Anatomica araciligiyla
standart hale getirilmistir.

Latince anatomik terminoloji, farkli diller konugan bilim
insanlar1 ve saglik profesyonelleri arasinda ortak bir iletisim dili
olusturarak yanlis anlamalarin Oniline ge¢mektedir. Bu kitap
boliimiinde, anatomide Latince terimlerin tarihsel gelisimi,
yapisal oOzellikleri, sistemlere gore kullanimi ve anatomi
egitimindeki yeri ele alinacaktir.

2. ANATOMIK TERMINOLOJININ TARIHSEL
GELIiSiMi

Anatomik terminolojinin kdkeni Antik Yunan dénemine

kadar uzanmaktadir. Hipokrat ve Galen gibi hekimler, insan

viicudunu tanimlarken Yunanca terimler kullanmislardir. Roma
Imparatorlugu doneminde ise Latince, bilim ve tip alaninda
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baskin dil haline gelmis ve Yunanca terimlerin biiyiik bir kismi
Latinceye uyarlanmistir.

Ronesans doneminde Andreas Vesalius’un ¢alismalari,
anatomik bilginin sistematik hale gelmesini saglamis ve Latince
terminolojinin yayginlagmasina o6nemli katkida bulunmustur.
Zamanla farkl iilkelerde farkli adlandirmalarin ortaya ¢ikmasi
terminolojik karmasaya yol agmis, bu durum 19. ve 20.
ylizyillarda standart bir terminoloji olusturma gereksinimini
dogurmustur. Bu gereksinim sonucunda giiniimiizde kullanilan
Terminologia Anatomica kabul edilmistir.

3. LATINCE ANATOMIiK TERIMLERIN TEMEL
YAPISI

Latince anatomik terimler belirli dilbilgisel kurallara
dayanir. Terimler genellikle bir isim ve bu ismi niteleyen bir ya
da daha fazla sifattan olusur. Latince dilinde sifatlar, niteledikleri
isimlerle cinsiyet, say1 ve hal bakimindan uyum gosterir.

3.1. Tekil ve Cogul Kullanim
e Vertebra (omur) — Vertebrae (omurlar)
e Foramen (delik) — Foramina (delikler)
3.2. YOn ve Konum Bildiren Terimler
« Anterior: Onde
o Posterior: Arkada
o Medialis: Orta hatta yakin
o Lateralis: Orta hattan uzak
e Proximalis: Govdeye yakin

o Distalis: Govdeden uzak
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Bu terimler, anatomik yapilarin birbirlerine gore konumlarimi
dogru sekilde tanimlamak i¢in kullanilir.

4. SISTEMLERE GORE LATINCE ANATOMIK
TERIMLER

4.1. Kas-iskelet Sistemi
o Os femoris: Uyluk kemigi
e Humerus: Kol kemigi

e Musculus biceps brachii: Kolun 6n kismindaki iki baslt
kas

« Articulatio genus: Diz eklemi
4.2. Sinir Sistemi
e Cerebrum: Beyin
o Cerebellum: Beyincik
e Medulla spinalis: Omurilik
e Nervus facialis: Yuz siniri
4.3. Dolasim Sistemi
o Cor: Kalp
e Arteria carotis communis: Ortak sah damari
« Vena cava superior: Ust ana toplardamar
e Aorta: Ana atardamar
4.4. Solunum Sistemi

e Pulmo: Akciger

o Trachea: Soluk borusu
e Bronchus: Brons

e Alveolus: Hava kesecigi
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5. KLINiK PRATIKTE LATINCE TERIMLERIN
ONEMIi

Latince anatomik terminoloji, klinik uygulamalarda saglik
profesyonelleri arasinda standart bir iletisim saglar. Cerrahi
girisimler, radyolojik raporlar ve patoloji sonuclarinda kullanilan
anatomik terimler, Latince kdkenleri sayesinde evrensel olarak
anlagilabilir niteliktedir. Yanlis veya yerel adlandirmalarin
kullanimi, klinik hatalara ve iletisim sorunlarmma yol
acabileceginden standart terminoloji biiylik 6nem tagir.

6. ANATOMI EGITIMINDE LATINCE
TERMINOLOJI

Anatomi egitimi alan 6grenciler i¢in Latince terimler
baslangigta 6grenilmesi zor bir alan olarak algilanabilir. Ancak
bu terimlerin kdkenlerinin ve anlamlarinin 6gretilmesi, 6grenme
stirecini  kolaylastirmaktadir. Gorsel materyaller, tablo ve
eslestirme yoOntemleri ile desteklenen egitim modelleri,
ogrencilerin Latince terminolojiye hakimiyetini artirmaktadir.

7. SONUC

Latince anatomik terminoloji, anatomi biliminin temel
yapi taglarindan biridir. Tarihsel siire¢ i¢inde geliserek giiniimiize
ulasan bu terminoloji, egitim ve klinik uygulamalarda ortak bir
dil olusturulmasini saglamaktadir. Anatomide Latince terimlerin
dogru ve etkin kullanimi, hem akademik basariy1r hem de klinik
giivenligi artiran 6nemli bir faktordiir.
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