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HISTOLOGICAL STRUCTURE AND
ENDOCRINE FUNCTIONS OF THE PANCREAS

Giinsel KIRMAN!

1. INTRODUCTION

The pancreas is a mixed gland with both endocrine and
exocrine functions and is essential for digestion and metabolic
homeostasis. The exocrine portion constitutes most of the organ
and delivers digestive enzymes to the duodenum through the
pancreatic duct system. The endocrine pancreas consists of the
islets of Langerhans scattered within the exocrine parenchyma
and releases hormones directly into the circulation.
Histologically, the islets contain different endocrine cell
populations associated with a rich capillary network, whereas the
exocrine compartment is composed of serous acini and ducts.
Alpha cells secrete glucagon, beta cells secrete insulin, delta cells
secrete somatostatin, and PP cells produce pancreatic
polypeptide. Coordinated communication among these hormones
is essential for maintaining blood glucose, lipid and carbohydrate
metabolism, and overall energy balance. The functional balance
between insulin and glucagon enables appropriate metabolic
responses during fasting and feeding. Disturbances in endocrine
cell function or pancreatic architecture contribute to metabolic
and pancreatic diseases, particularly diabetes mellitus. Type 1
diabetes mellitus is characterized by immune-mediated beta-cell
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loss, whereas type 2 diabetes mellitus develops through insulin
resistance accompanied by progressive beta-cell dysfunction.

2. HISTOLOGICAL ORGANIZATION OF THE
PANCREAS

The pancreas is a mixed gland that performs endocrine
and exocrine secretory functions (Kamel-ElSayed and
Mukherjee, 2023). Histologically, most of the pancreas is
composed of exocrine tissue, while the endocrine component
consists of the islets of Langerhans scattered throughout the
exocrine parenchyma. Although the exocrine and endocrine
regions differ morphologically and functionally, they interact
through cellular and paracrine mechanisms that contribute to
normal pancreatic physiology (Overton and Mastracci, 2022).

The pancreas is organized into lobules separated by
connective tissue septa containing blood vessels, lymphatics, and
nerves (Sastre et al., 2025). The exocrine pancreas consists of
acini and an associated ductal system. Secretory acinar cells
synthesize digestive enzymes and release them into the acinar
lumen. Ductal and centroacinar cells are also present.
Centroacinar cells occupy the transition between the acinus and
the terminal duct system (Sastre et al., 2025; Gerasimenko et al.,
2023).

Acinar cells contain abundant rough endoplasmic
reticulum in their basal cytoplasm, reflecting their high protein-
synthetic activity. Their apical cytoplasm contains zymogen
granules that store digestive enzymes and enzyme precursors.
These products are released into the acinar lumen and transported
through the duct system to the duodenum. Thus, the exocrine
pancreas is central to the digestion of proteins, carbohydrates, and
lipids (Hu et al., 2026).
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Centroacinar cells are a distinctive histological feature
that helps differentiate the pancreas from other exocrine glands.
Located in the center of the acinus, they form the initial portion
of the pancreatic duct system and continue into intercalated ducts.
Intercalated ducts merge into larger intralobular ducts, which in
turn form interlobular ducts and ultimately join the main
pancreatic duct, allowing pancreatic secretions to reach the
duodenum (llie et al., 2024).

The endocrine pancreas is formed by clusters of islet cells
located among the exocrine acini. Although the islets constitute
only a small proportion of the pancreas, they are essential for
glucose homeostasis through the secretion of insulin, glucagon,
somatostatin, and other hormones (Ng et al., 2021). Each islet
functions as an organized micro-organ in which endocrine cells
are closely associated with a dense capillary network, allowing
rapid sensing of circulating metabolic signals and efficient
hormone delivery (Aplin et al., 2024).

Five major endocrine cell types are recognized in the islets
of Langerhans. Alpha cells secrete glucagon, beta cells secrete
insulin, delta cells secrete somatostatin, PP or gamma cells
secrete pancreatic polypeptide, and the less numerous epsilon
cells secrete ghrelin. Coordinated activity among these cell
populations regulates blood glucose and energy metabolism (Da
Silva Xavier, 2018).

Islet architecture varies among species. Rodent islets
commonly show a core-mantle organization in which insulin-
producing beta cells are concentrated centrally and glucagon-
producing alpha cells and somatostatin-producing delta cells are
more peripheral. Human islets have a more heterogeneous and
complex organization and show less resemblance to the classic
rodent core-mantle pattern (Adams and Blum, 2022).
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The close anatomical relationship between endocrine cells
and islet capillaries facilitates the detection of circulating
metabolic signals and rapid release of hormones into the
bloodstream. The proximity of endocrine cell populations also
supports paracrine communication. Reciprocal interactions
among alpha, beta, and delta cells contribute to the coordinated
secretion of insulin, glucagon, and somatostatin and thereby to
glucose homeostasis (Hartig and Cox, 2020; Svendsen and Holst,
2021).

Pancreatic histological organization therefore reflects not
only the coexistence of endocrine and exocrine tissues but also
complex interactions among acinar, ductal, endocrine, and
vascular components. These structural and functional
relationships allow digestive and metabolic regulatory functions
to operate in a coordinated manner (Villaca and Mastracci, 2024).

3. EXOCRINE PANCREAS

The acinus is the basic structural and functional unit of the
exocrine pancreas. Acini are organized around a small central
lumen and are composed of polarized pyramidal acinar cells.
Rough endoplasmic reticulum is abundant basally, whereas
zymogen granules accumulate apically. This polarity supports the
synthesis, intracellular transport, storage, and controlled apical
secretion of digestive enzymes into the acinar lumen (Petersen et
al., 2021).

Acinar cells are highly specialized secretory cells with an
exceptional capacity for protein synthesis. Digestive enzymes
move through the secretory pathway from the endoplasmic
reticulum to the Golgi complex, where secretory proteins are
processed, sorted, and packaged into zymogen granules. Mature
granules accumulate apically. Physiological stimulation increases
intracellular Ca** signaling, which promotes fusion of zymogen
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granules with the apical plasma membrane and exocytotic release
into the pancreatic duct system (Chen, 2021).

Pancreatic acinar cells synthesize digestive enzymes such
as lipase, nuclease, amylase, and phospholipase as well as
precursors of proteolytic enzymes. Most proteases, including
trypsinogen, chymotrypsinogen, and procarboxypeptidases, are
synthesized and stored as inactive zymogens. A major protective
mechanism is that these zymogens normally remain inactive
within the pancreas and become activated in the intestinal lumen
(Geisz-Fremy, 2026).

Exocrine pancreatic secretion is regulated jointly by
hormonal and neural mechanisms. Cholecystokinin and
acetylcholine released during parasympathetic cholinergic
stimulation are major physiological regulators of digestive
enzyme secretion. Activation of their receptors on acinar cells
generates characteristic intracellular Ca*" signals. Physiological
Ca?" signals, particularly in the apical region, regulate the
exocytotic release of zymogen granules (Bruce, 2023).

The pancreatic duct system not only transports enzymes
but also actively regulates the electrolyte composition and pH of
pancreatic fluid. Ductal cells secrete an alkaline bicarbonate-rich
fluid, and stimulated pancreatic bicarbonate concentrations in
humans may reach approximately 140-150 mM. This secretion
neutralizes acidic gastric contents entering the duodenum and
establishes suitable luminal conditions for pancreatic digestive
enzymes (Ishiguro et al., 2012).

The cystic fibrosis transmembrane conductance regulator
Is important in ductal bicarbonate secretion. Located on the apical
membrane of pancreatic duct cells, CFTR conducts chloride and
bicarbonate and functionally interacts with other apical anion
transporters. Impaired CFTR function reduces ductal bicarbonate
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and fluid secretion, alters pancreatic juice properties, and can
contribute to exocrine pancreatic disease (Hegyi et al., 2016).

Maintenance of exocrine pancreatic structural and
functional integrity depends on controlled enzyme synthesis and
secretion by acinar cells together with adequate fluid and
bicarbonate secretion by ductal cells. Premature trypsinogen
activation, abnormal interaction between zymogen and lysosomal
compartments, and pathological intracellular Ca*" signaling
disturb cellular homeostasis and contribute to acinar cell injury
and inflammation in acute pancreatitis (Mititelu et al., 2025).

4. ISLETS OF LANGERHANS

The islets of Langerhans are specialized cell clusters
scattered throughout the exocrine pancreatic parenchyma and
constitute the endocrine component of the organ. Their size and
cellular composition vary. Their principal function is to detect
changes in circulating nutrients and generate appropriate
hormonal responses that maintain glucose homeostasis. Islets are
therefore not merely endocrine cell aggregates but organized
functional micro-organs in which endocrine cell-cell interactions,
paracrine signaling, vascularization, and neural inputs operate
together (Abdulreda and Berggren, 2021).

Beta cells are central to islet metabolic function because
they secrete insulin in response to increases in blood glucose.
They convert metabolic signals generated by glucose metabolism
into electrical activity and insulin secretion. Their function is also
shaped by paracrine signals from alpha and delta cells, making
beta cells part of a complex intercellular communication network
(Noguchi and Huising, 2019).

Glucagon, synthesized by alpha cells, is particularly
important when blood glucose decreases. Its major target organ is
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the liver, where it increases hepatic glucose production and helps
restore blood glucose during hypoglycemia. Alpha-cell glucagon
secretion is regulated by circulating glucose as well as paracrine
signals from beta and delta cells. Insulin and somatostatin are
especially important intra-islet regulators of alpha-cell function
(Gilon, 2020).

Delta cells represent a smaller endocrine population and
secrete somatostatin, a powerful paracrine inhibitor of both
insulin and glucagon secretion. Delta cells possess long filopodia-
like cytoplasmic extensions that enable communication with
more distant alpha and beta cells within the islet (Arrojo e Drigo
et al., 2019). PP or gamma cells secrete pancreatic polypeptide,
which contributes to the regulation of exocrine pancreatic
secretion, gastrointestinal motility, gastric emptying, and food
intake (Kojima et al., 2007).

Islets are highly vascularized and contain a dense network
of fenestrated capillaries. This organization facilitates delivery of
circulating metabolic factors to endocrine cells and rapid transfer
of newly synthesized hormones into the circulation (Jansson et
al., 2016). Endocrine cells form a coordinated network through
direct cell-cell contacts, paracrine signaling, and local vascular
communication, allowing each islet to function as an integrated
unit that adapts hormone secretion to changing metabolic
demands (Hill and Hill, 2024).

5. INSULIN AND GLUCAGON

Insulin and glucagon are major peptide hormones secreted
by the islets of Langerhans and are central to glucose
homeostasis. Insulin is released from beta cells, whereas
glucagon is released from alpha cells. Although their metabolic
actions are generally opposing, they are physiologically
complementary. Increased blood glucose after feeding stimulates
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insulin secretion, promoting glucose utilization and energy
storage. During fasting or hypoglycemia, glucagon secretion
increases, stimulating hepatic glucose production and
mobilization of energy stores (Hadersdal et al., 2023).

5.1. Insulin

Glucose is one of the most important physiological stimuli
for insulin secretion. Increased glucose metabolism in beta cells
changes cellular energy status and raises the ATP-to-ADP ratio.
In the classic stimulus-secretion coupling model, this closes ATP-
sensitive potassium channels, depolarizes the plasma membrane,
and opens voltage-dependent Ca** channels. The resulting Ca?*
influx triggers fusion of insulin-containing secretory granules
with the plasma membrane and insulin exocytosis. Metabolic
coupling factors generated by glucose metabolism also contribute
to KATP-independent amplification of secretion (Mufioz et al.,
2024).

Circulating insulin acts particularly on the liver, skeletal
muscle, and adipose tissue. It promotes hepatic glycogen
synthesis and suppresses hepatic glucose production while
increasing glucose uptake and utilization in skeletal muscle and
adipose tissue. Insulin also inhibits lipolysis, lowers circulating
free fatty acids, and promotes energy storage. Through these
coordinated effects, insulin serves as a major anabolic hormone
in the postprandial state (Norton et al., 2022).

5.2. Glucagon

Glucagon is a 29-amino-acid peptide hormone secreted by
pancreatic alpha cells and produced through tissue-specific
processing of proglucagon. In alpha cells, prohormone convertase
2 predominantly generates glucagon, whereas prohormone
convertase 1/3 in intestinal enteroendocrine L cells produces
other proglucagon-derived peptides, including GLP-1 and GLP-2
(Capozzi et al., 2022).
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Circulating nutrient levels are important regulators of
glucagon secretion. Low glucose favors glucagon release, while
several amino acids, particularly alanine and arginine, can
stimulate glucagon secretion from alpha cells. Alpha-cell activity
is also regulated by intra-islet paracrine mechanisms, including
signals derived from beta and delta cells (Armour et al., 2023).

The liver is the principal target organ for glucagon in
glucose homeostasis. Activation of hepatic glucagon receptors
stimulates intracellular signaling pathways that increase
glycogenolysis and gluconeogenesis, thereby increasing hepatic
glucose output and helping preserve blood glucose during fasting
or hypoglycemia (Kajani et al., 2024).

Glucagon also contributes to amino acid and lipid
metabolism. A bidirectional feedback system known as the liver-
alpha-cell axis links hepatic amino acid metabolism with
pancreatic alpha-cell function. Circulating amino acids stimulate
glucagon secretion, while glucagon promotes hepatic amino acid
uptake, catabolism, and ureagenesis. Glucagon signaling is also
associated with hepatic lipid metabolism and fatty-acid beta-
oxidation (Richter et al., 2022).

5.3. Insulin-Glucagon Balance

Coordinated insulin and glucagon secretion enables
adaptation between fed and fasting states. After food intake,
increased insulin secretion raises the insulin-to-glucagon ratio,
promotes peripheral glucose utilization, and favors energy
storage. During fasting, insulin levels fall while the relative
influence of glucagon increases, stimulating hepatic glucose
production and mobilization of energy reserves to maintain blood
glucose (White et al., 2025).
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6. PANCREATIC HISTOPATHOLOGY

Acute pancreatic injury may produce interstitial edema,
inflammatory cell infiltration, acinar degeneration and necrosis,
hemorrhage, and fat necrosis, with the extent of these
histopathological alterations varying according to the severity of
pancreatic injury (Mihoc et al., 2024).

In chronic pancreatic injury, recurrent or persistent
inflammation and tissue damage can lead to loss of acinar tissue,
progressive fibrosis, atrophy, and ductal alterations. These
changes progressively disturb normal parenchymal and lobular
organization (Esposito et al., 2020).

6.1. Acute Pancreatitis

Acute pancreatitis is characterized by sudden
inflammatory injury of pancreatic tissue. Early disturbances in
acinar cells are important in pathogenesis, and abnormal
intracellular activation of digestive enzyme precursors can
contribute to acinar injury. Premature intracellular trypsinogen
activation is one mechanism, but pancreatitis is not explained by
trypsinogen activation alone. Impaired autophagy and other
pathological intracellular processes also promote parenchymal
cell death and inflammation. The inflammatory response
following acinar injury can amplify local inflammation and, in
severe cases, contribute to systemic inflammatory responses
(Gukovskaya et al., 2024).

Histopathological changes in acute pancreatitis vary
according to disease severity. Acute interstitial edematous
pancreatitis is dominated by interstitial edema and acute
inflammatory cell infiltration, particularly neutrophils, and may
include limited fat necrosis. Acute necrotizing pancreatitis can
show extensive pancreatic parenchymal necrosis, marked
hemorrhage, and necrosis extending into peripancreatic adipose
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tissue. Vascular hyperemia and inflammatory infiltration may
accompany these changes (Mihoc et al., 2024).

6.2. Chronic Pancreatitis

Chronic pancreatitis is a progressive fibroinflammatory
disorder caused by recurrent or persistent pancreatic injury and
inflammation. Repeated injury promotes excessive extracellular
matrix deposition, including collagen and fibronectin, leading to
pancreatic fibrosis. Acinar cell injury and loss, ductal
dysfunction, pancreatic stellate cell activation, and persistent
inflammation contribute to progressive disruption of normal
pancreatic organization (An et al., 2023).

Acinar atrophy is an important morphological feature of
chronic pancreatitis. As disease progresses, acinar cells are lost
and exocrine parenchyma is progressively replaced by fibrous
tissue. Ductal dilatation and distortion and chronic inflammatory
cell infiltration may also occur. Increasing fibrosis, inflammation,
acinar loss, and ductal abnormalities progressively impair normal
lobular organization and reduce exocrine function (Hines and
Pandol, 2024).

The necrosis-fibrosis sequence has been proposed as a
mechanism linking recurrent acute pancreatic injury to chronic
pancreatitis. Particularly in alcohol-related disease, healing of
repeated  necrotic  injury can  produce  cumulative
fibroinflammatory responses, replacement of acinar structures by
fibrous tissue, and progressive disruption of pancreatic
architecture (Kléppel and Zamboni, 2023).

6.3. Histopathological Changes in the Endocrine
Pancreas

In type 1 diabetes mellitus, the fundamental pathological
process is immune-mediated loss of pancreatic beta cells.
Insulitis, characterized predominantly by T-lymphocyte

11
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infiltration of some islets, may be observed particularly during
earlier stages. As disease progresses, the number of insulin-
containing beta cells and islet insulin expression decline
markedly, whereas glucagon-producing alpha cells may be
relatively preserved. Consequently, insulin-positive islets can
coexist with islets that are largely devoid of beta cells (Carré et
al., 2021).

Histopathological changes in type 2 diabetes mellitus are
heterogeneous. Morphometric studies of the human pancreas
have shown that beta-cell mass may be reduced and that this
reduction can be associated with increased beta-cell apoptosis
(Butler et al., 2003). Islet amyloid deposition is another
characteristic morphological alteration. Its principal component
is islet amyloid polypeptide, or amylin, which is synthesized by
beta cells and cosecreted with insulin. Misfolding and
aggregation of IAPP lead to amyloid deposition and are
associated with beta-cell dysfunction and loss (Mukherjee et al.,
2015).

6.4. Pancreatic Atrophy and Ductal Alterations

Pancreatic atrophy may develop in association with ductal
obstruction, chronic inflammation, and various systemic or local
pathological processes. Histological findings include reduction of
zymogen granules, shrinkage of acinar cells, and, in advanced
cases, loss of acinar tissue. Prolonged ductal obstruction can
cause ductal dilatation, periductal fibrosis, acinar atrophy, and
ductular proliferation, producing marked distortion of normal
lobular morphology.

Ductal and metaplastic alterations accompanying chronic
injury are important in pancreatic histopathology. Acinar-to-
ductal metaplasia is a form of cellular plasticity that may arise in
response to pancreatic injury and inflammation. Acinar cells lose
their differentiated secretory phenotype and acquire ductal or

12
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duct-like characteristics. Although this response can support
regeneration and tissue repair, persistent inflammation together
with appropriate oncogenic molecular alterations may facilitate
progression toward preneoplastic lesions. The relationship of
acinar-to-ductal metaplasia with pancreatic intraepithelial
neoplasia and pancreatic ductal adenocarcinoma is therefore
important in understanding the interface between regenerative
and neoplastic processes (Li and Xie, 2022).

7. CONCLUSION

In summary, pancreatic histopathology encompasses
diverse structural alterations in both exocrine and endocrine
tissues. Acute pancreatitis may show edema, inflammation,
acinar necrosis, hemorrhage, and fat necrosis, whereas chronic
pancreatitis is characterized by fibrosis, acinar atrophy, ductal
abnormalities, and loss of normal lobular architecture. Endocrine
involvement may include beta-cell loss, insulitis, alterations in
islet structure, and amyloid deposition. Accurate evaluation of
these changes is important for understanding disease
pathogenesis and the relationship between structural injury and
functional impairment.

13
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YARA IYILESMESININ HISTOLOJIK
TEMELLERIi: HUCRESEL VE
EKSTRASELLULER MATRIKS
DEGIiSIKLIKLERIi

Kiibra Nur CALI OZCELIK!
Sema TIMURKAAN?

1. GIRIS

Deri, organizmayr dis g¢evreden ayiran koruyucu
bariyerdir. Epidermis ve dermisin biitiinliigiiniin travmatik,
cerrahi, termal veya kimyasal etkenlerle bozulmasi, doku
homeostazint yeniden kurmaya yonelik hiicresel ve molekiiler
yanitlar1  baglatir.  Yara  iyilesmesi, hasarli  ylizeyin
kapatilmasmin ~ yaninda  epidermal  bariyerin  yeniden
olusturulmasmni ve bag dokusunun mekanik biitiinligiiniin
kazanilmasmi kapsar. Bu nedenle makroskobik kapanma ile
histolojik iyilesme ayni anlami tasimaz (Gurtner, Werner,
Barrandon, & Longaker, 2008; Reinke & Sorg, 2012).

Iyilesme, rejenerasyon ve onarim mekanizmalariyla
gerceklesir.  Rejenerasyon 0Ozgiin  doku organizasyonunun
yeniden olusmasini; onarim ise doku kaybinin bag dokusu
birikimiyle giderilmesini ifade eder. Epidermiste belirli 6lgtde
rejenerasyon miimkiinken, erigskinlerde dermisi de igeren derin
yaralanmalar ¢ogunlukla skarla sonuglanir. Olgun skar, kollajen

Firat Universitesi, Veteriner Fakiiltesi, Histoloji ve Embriyoloji Anabilim Dali,
Elazig, Tirkiye. ORCID: 0009-0004-0536-0352.
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Anabilim Dali, Elazig, Tiirkiye. ORCID: 0000-0002-1197-6936.
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diizeni ve deri eklerinin dagilimi bakimindan saglikli deriden
farklidir (Gurtner vd., 2008; Wilkinson & Hardman, 2020).

Hemostaz, inflamasyon, proliferasyon ve yeniden
sekillenme evreleri zamansal olarak Ortiisiir. Trombositler,
I6kositler, keratinositler, fibroblastlar ve endotel hucreleri;
blylime faktorleri, sitokinler ve ekstraselliler matriks
araciligryla etkilesir. Bu koordinasyonun bozulmasi kronik
yaralara veya asir1 fibrotik onarima yol agabilir (Guo &
DiPietro, 2010; Wilkinson & Hardman, 2020). Bu bdélimde
normal deri organizasyonu, iyilesmenin histolojik evreleri,
hiicresel ve matriks degisiklikleri, degerlendirme yontemleri ve
patolojik iyilesmenin mikroskobik 6zellikleri ele alinmaktadir.

2. DERININ NORMAL HISTOLOJIK
ORGANIZASYONU

2.1. Epidermis ve Epitel Yenilenmesi

Epidermis, baglica keratinositlerden olusan avaskiiler,
cok katli yass1 keratinize epiteldir. Stratum basale, spinosum,
granulosum ve corneum tabakalarini igerir; kalin deride stratum
lucidum da bulunur. Bazal keratinositlerin proliferasyonu ve
suprabazal tabakalarda farklilagmasi, epidermal yenilenmenin ve
bariyer biitiinliigliniin temelidir. Melanositler, Langerhans
hiicreleri ve Merkel hiicreleri epidermisin diger hiicresel
bilesenleridir (Pastar vd., 2014; Plikus vd., 2012).

Yaralanma sonrasinda yara kenarindaki keratinositler
hiicre baglantilarin1 ve sitoskeletal yapilarin1 degistirerek
migrasyon ve  proliferasyon  gosterir. Korunmus kil
folikiillerindeki epitel hiicre popiilasyonlar1 da reepitelizasyona
katk1 saglayabilir. Bu katki, yaranin derinligine ve adneksiyal
yapilarin korunmasma baghdir. Histolojik olarak baslangicta
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ince olan yeni epitelde zamanla tabakalagsma ve keratinizasyon
belirginlesir (Pastar vd., 2014; Plikus vd., 2012).

2.2. Dermis ve Fibroblastlar

Dermis, damarlanmis ve kollajen ile elastik liflerden
zengin bag dokusudur. Papiller dermis ince kollajen lifleri,
kapillerler ve sinir uclarmi igeren gevsek bir organizasyona
sahiptir. Retikiiler dermiste kalin kollajen demetleri derinin
mekanik dayanikliligina katkida bulunur. Fibroblastlar kollajen,
elastin, fibronektin, proteoglikanlar ve diger matriks
bilesenlerini sentezler. Yaralanmayla aktive olan fibroblastlar
cogalir, yara alanmna go¢ eder ve graniilasyon dokusunun
olusumuna katilir (Rittié, 2016; Wilkinson & Hardman, 2020).

2.3. Matriks, Vaskiiler Yapilar ve Deri Ekleri

Normal dermiste tip I kollajen baskindir; tip III kollajen,
elastik lifler ve adezif matriks bilesenleri yapisal organizasyona
katilir. Dermoepidermal bileskenin bazal membrani epitelin bag
dokusuyla iligkisini diizenler. Dermal kapillerler avaskiiler
epidermisin diflizyonla beslenmesini destekler; daha derin
damar aglar1 doku perfiizyonuna katkida bulunur (Diller &
Tabor, 2022; Gurtner vd., 2008).

Kil folikiilleri, sebase bezler, ter bezleri ve arrektor pili
kaslar1 deri mimarisinin parcalaridir. Hipodermis, deri altinda
yer alan ve aguilikli olarak adipoz dokudan olusan destek
tabakasidir. Yiizeyel yaralarda korunmus epitel rezervleri
kapanmay1 kolaylastirirken, dermisin ve deri eklerinin genis
Olciide kaybi 0zgiin mimarinin yeniden kurulmasmi sinirlar.
Anatomik yerlesime bagh epidermal kalinlik ve adneksiyal
yogunluk farkliliklar1 degerlendirmede dikkate almmalidir
(Caniedo-Dorantes & Cariedo-Ayala, 2019; Plikus vd., 2012;
Rittié, 2016).
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3. YARA IYILESMESININ HiSTOLOJIK
EVRELERI

Histolojik evreler, yalnizca yaralanmadan sonra gegen
siireyle belirlenmez. Hiicresel bilesim, epidermal siireklilik,
damar yogunlugu ve matriks organizasyonu birlikte
degerlendirilmelidir. Ayni kesitte inflamatuvar infiltrasyon,
gelisen graniilasyon dokusu ve reepitelizasyon bir arada
bulunabilir (Reinke & Sorg, 2012; Wilkinson & Hardman,
2020). Evrelerin temel 6zellikleri Tablo 1’de 6zetlenmistir.

Tablo 1. Deri yara iyilesmesinin evrelerine gore temel histolojik

ozellikler

Yaklasik . .
Evre dénem Bashica histolojik bulgular

[k dakikalar— Eritrositler, fibrin ag1, trombosit
Hemostaz

saatler agregasyonu
. Ilk saatler— Notrofil ve makrofaj infiltrasyonu, 6dem,
Inflamasyon . N .

gunler hiicresel debris

Yaklasik 3-21.  Granillasyon dokusu, fibroblastlar, yeni

Proliferasyon gin kapillerler, reepitelizasyon

Kollajen demetlerinin organizasyonu,
azalan hucresellik ve vaskilarizasyon,
skar olgunlagmasi

Yeniden Haftalar—aylar
sekillenme veya daha uzun

Not: Zaman araliklar1 yaklagik olup yara derinligi, yerlesimi ve bireysel
etkenlere gore degisir; evreler Ortiislir. Reinke ve Sorg (2012) ile Wilkinson
ve Hardman’dan (2020) yararlanilarak diizenlenmistir.

3.1. Hemostaz

Damar  hasari,  subendotelyal  kollajenin  kan
elemanlariyla temasimi ve trombosit adezyonu, aktivasyonu ve
agregasyonunu bagslatir. Koagiilasyon sonucunda olusan fibrin
ag1 kanamay1 sinirlandirir ve hiicre gogii icin gecici matriks
saglar.  Hematoksilen-eozin  (H&E) kesitlerinde  fibrin
eozinofilik, ipliksi veya amorf materyal; eritrositler ise ag
icerisinde  veya ekstravaze  kimeler hélinde izlenir.
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Trombositlerin tek tek secilmesi rutin mikroskobik incelemede
guc olabilir (Guo & DiPietro, 2010; Wilkinson & Hardman,
2020).

3.2. inflamasyon

Vaskiiler gecirgenlik artisi ve l6kosit gogiiyle baslayan
inflamasyonda erken dénemde nétrofiller belirgindir. Cok loblu
cekirdekleriyle taninan bu hiicreler mikroorganizmalarin ve
hasarli materyalin uzaklastirilmasma katilir. Interstisyel ddem,
vaskiiler dilatasyon, eritrosit ekstravazasyonu ve degisken
derecede nekroz eslik edebilir. Notrofillerin uzamis aktivitesi
proteazlar ve reaktif oksijen tiirleri aracilifiyla ikincil doku
hasarin1 artirabilir (Guo & DiPietro, 2010; Wilkinson &
Hardman, 2020).

Monositlerden farklilasan makrofajlar, debris ve
apoptotik notrofilleri temizlemenin yaninda inflamasyonun
coziilmesi, fibroblast aktivasyonu ve anjiyogenezde gorev alir.
Genis sitoplazmali, oval veya bobreksi g¢ekirdekli hiicreler
olarak goriilebilir; gerektiginde CD68 gibi belirteclerle
desteklenir. Hiicre yogunlugu kadar infiltrasyonun dagilimi,
ornekleme zamani ve eslik eden nekroz da 6nemlidir. Artmis
inflamatuvar hiicre sayis1 tek basina iyilesmenin basarisini
belirlemez (Martin & Nunan, 2015; Wilkinson & Hardman,
2020).

3.3. Proliferasyon
3.3.1. Granulasyon Dokusu

Granulasyon dokusu; yeni kapillerler, fibroblastlar,
inflamatuvar hiicreler ve gevsek matriksten olusan gegici onarim
dokusudur. Olgun dermisten daha hiicresel ve daha damarldir.
Ince duvarli kapillerler arasinda igsi fibroblastlar ve degisken
yogunlukta 16kositler yer alir. Baslangictaki 6demli matriks,
kollajen birikimiyle giderek yogunlagir. Hiicresellik, kapiller
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yogunlugu ve matriks diizeni birlikte olgunlasma diizeyini
gosterir (Rittié, 2016; Wilkinson & Hardman, 2020).

3.3.2. Anjiyogenez

Mevcut damar agindan yeni kapillerlerin gelismesi,
grantllasyon dokusunun metabolik gereksinimlerini destekler.
Vaskiiler endotelyal buyume faktort (VEGF), endotel
hicrelerinin ~ proliferasyonu ve migrasyonunda etkilidir.
Histolojik kesitlerde kiigiik liimenli, ince duvarli ve siklikla
eritrosit iceren damarlar goralir. CD31 ve CD34 vaskiiler
yapilari belirlenmesine yardimci olur. Damar yogunlugunun
artmasi yeterli perflizyon anlamina gelmez; damar olgunlugu ve
perivaskiiler destek de degerlendirilmelidir (Ritti¢, 2016;
Wilkinson & Hardman, 2020).

3.3.3. Reepitelizasyon

Keratinositler yara kenarlarindan ilerleyerek epitel
biitiinliiglinii yeniden kurar. Yeni epitel baslangicta ince ve
farklilasma bakimindan olgunlasmamustir; ilerleyen dénemde
epidermal tabakalagsma ve keratinizasyon gelisir. Yara kenarinda
reaktif hiperplazi gorulebilir. Epitelizasyon mesafesi, epidermal
stireklilik ve yeni epidermisin kalmhigr temel degerlendirme
parametreleridir. Glvenilir 6lgim igin Kkesitin yara merkezini ve
uygun anatomik diizlemi temsil etmesi gerekir (Pastar vd., 2014;
Plikus vd., 2012).

3.3.4. Fibroblast Proliferasyonu Ve Kontraksiyon

Fibroblastlar yeni matriksi sentezler; bir bélimd bytme
faktorleri ve mekanik sinyallerin etkisiyle miyofibroblast
fenotipi kazanir. Kontraktil aktin yapilart yara kenarlarinin
yaklasmasma katkida bulunur. Rutin H&E kesitlerinde
fibroblast ile miyofibroblast ayrimi giivenilir degildir. Stromal
a-SMA  pozitifligi  morfolojiyle  birlikte  yorumlanir.
Miyofibroblastlarin uzun siire etkin kalmasi asir1 kontraksiyon
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ve fibrotik yanitla iligkili olabilir (Rittié, 2016; Wilkinson &
Hardman, 2020).

3.4. Yeniden Sekillenme

Haftalar ve aylar boyunca sirebilen yeniden
sekillenmede kollajen sentezi, yikimi1 ve fibril organizasyonu
dengelenir. Erken matrikste belirgin olan tip Il kollajene
karsilik, olgunlagsmayla tip I kollajenin goreceli orani artar.
Fibriller kalinlagir ve capraz baglanir; fibroblast, inflamatuvar
hiicre ve kapiller yogunlugu azalir (Mathew-Steiner, Roy, &
Sen, 2021; Xue & Jackson, 2015).

4. HUCRESEL VE MOLEKULER DUZENLENME
4.1. Keratinositler ve Fibroblastlar

Keratinosit migrasyonu, integrin aracili  matriks
adezyonu, aktin iskeletinin yeniden dizenlenmesi ve lokal
proteolitik aktiviteyle iligkilidir. Epidermal biiylime faktorii
(EGF), hepatosit blylme faktorii ve fibroblast blytme faktori
(FGF) ailesinin {iyeleri bu davranislar1 diizenler. Ki-67
pozitifligi proliferatif aktiviteyi gosterir; hiicrelerin migrasyon
kapasitesini dogrudan 6lgmez. Proliferasyon ile epitelizasyonun
birlikte degerlendirilmesi bu ayrim agisindan gereklidir (Pastar
vd., 2014; Rittié, 2016). Fibroblast aktivasyonu ve
miyofibroblast farklilasmasinda TGF-B1, matriks sertligi ve
hlcre-matriks etkilesimleri rol oynar. TGF-B1’in Smad bagimli
sinyalleri kollajen sentezini destekleyebilir (Wilkinson &
Hardman, 2020; Xue & Jackson, 2015).

4.2. immiin Hiicreler ve Endotel

Notrofillerin savunma islevi, makrofajlarin fagositoz ve
diizenleyici etkinligiyle tamamlanir. Makrofajlarin islevleri
mikrocevreye gore degisir; M1 ve M2 olarak iki gruba
ayrilmalart doku igindeki heterojenligi biitlinliyle aciklamaz.
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CD68 pozitifligi de tek basina islevsel fenotipi belirlemez. Alt
popiilasyonlarin  arastirilmasinda birden fazla belirteg ve
gerektiginde molekiiler analizler kullanilmalidir (Pastar vd.,
2023; Wilkinson & Hardman, 2020).

4.3. Buyume Faktorleri ve Sitokinler

Trombosit kaynakli biiylime faktorii (PDGF) fibroblast
gocl ve proliferasyonuna; VEGF endotel aktivasyonuna; FGF2
fibroblast ve endotel davranmislarina; FGF7 ve EGF epitel
onarmmina katkida bulunur. Interlkin-1, interlékin-6 ve timor
nekroz faktorii alfa inflamatuvar yanitt diizenler. Bu
mediyatorlerin asir1 veya uzamus etkinligi doku hasarinin
stirmesine neden olabilir (Guo & DiPietro, 2010; Wilkinson &
Hardman, 2020). Temel bilesenler Tablo 2’de 6zetlenmistir.

Tablo 2. Yara iyilesmesinde temel hiicresel ve molekiiler

bilesenler

Hucre__/ Temel gorevi H1§t010]1k‘karslll.g1 veya

molekil degerlendirme yontemi

Keratinosit Reepitelizasyon ggldermal stireklilik, epitel kalmhg, Ki-
Notrofil Akut inflamasyon ve fagositoz Cok loblu gekirdekli hiicre infiltrasyonu
Makrofaj F?gOSItOZ, mflamasyonun Mononiikleer hiicre infiltrasyonu, CD68

diizenlenmesi, onarim
Fibroblast Ekstraselliiler matriks sentezi Igsi stromal hiicreler, kollajen birikimi

Yara kontraksiyonu ve matriks

Miyofibroblast )
organizasyonu

Stromal o-SMA ekspresyonu

Endotel hiicresi  Anjiyogenez Yeni kapiller yapilar, CD31, CD34
TGF-p1 Fibroblast aktivasyonu ve fibrozis .l\/_latr_ll'<s birikimi ve miyofibroblastiarla
iliskili bulgular
VEGF Endotel aktivasyonu Yeni damar olugumu
PDGF Hiicre migrasyonu ve Fibroblast aktivitesi ve graniilasyon
proliferasyonu dokusu geligimi
FGF / EGF Hiicre proliferasyonu ve epitel Reepltellzasyon ve hiicresel
onarimi proliferasyon

Not: Molekiillere ait histolojik karsiliklar dolaylt morfolojik sonuglardir. Wilkinson ve Hardman
(2020) ile Rittié¢’den (2016) yararlanilarak diizenlenmistir.
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5. EKSTRASELLULER MATRIKSIN YENIDEN
ORGANIZASYONU

5.1. Gegici Matriks ve Kollajen Birikimi

Ekstraselliiler matriks, mekanik destek saglamanin
yaninda hiicre adezyonu, migrasyonu, proliferasyonu ve
farklilasmasini diizenleyen mikrogevredir. Yaralanmanin erken
donemindeki fibrin ve fibronektinden zengin gegici matriksin
yerini, fibroblastlar tarafindan sentezlenen kollajen ve diger bag
dokusu bilesenleri alir. Normal dermiste tip [ kollajen
baskinken, erken graniilasyon dokusunda tip III kollajen
belirginlesir. Tip IV kollajen bazal membranin yapisina katilir
(Diller & Tabor, 2022; Mathew-Steiner vd., 2021; Xue &
Jackson, 2015).

Olgunlagmayla fibriller kalinlagir, yogunlasir ve yeniden
yonlenir. Lizil oksidaz gibi enzimlerin aracilik ettigi capraz
baglar mekanik stabiliteye katki saglar. Skarin 06zellikleri
yalnizca kollajen miktarina bagh degildir; fibril dagilimi, ¢apraz
baglanma ve diger matriks bilesenleriyle etkilesim de
belirleyicidir. Rutin boyamalarla tip 1 ve tip Il kollajen
giivenilir bigimde ayirt edilemez (Lattouf vd., 2014; Mathew-
Steiner vd., 2021).

5.2. Matriksin Yikim ve Sentez Yikim Dengesi

Matriks metalloproteinazlart (MMP’ler), ¢inko bagimli
proteolitik enzimlerdir. MMP-1, MMP-8 ve MMP-13 fibriller
kollajenlerin ~ yikiminda, MMP-2 ve MMP-9 jelatinaz
etkinliginde rol oynar. Doku metalloproteinaz inhibitorleri
(TIMP’ler) proteolitik etkinligin diizenlenmesine katilir. Asiri
yikim yeni matriksin olgunlagsmasii engellerken, sentezin
baskinlig1 fibrotik birikime katkida bulunabilir (Diller & Tabor,
2022; Xue & Jackson, 2015).
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5.3. Skar Dokusu ve Histokimyasal Gérinim

H&E kollajeni eozinofilik demetler olarak gosterir.
Masson trikrom, protokole gore kollajeni mavi veya yesil
boyayarak hiicresel bilesenlerden ayirir. Picrosirius Red ise ¢ift
kirilmay1 artirarak lif organizasyonunun polarize 1sikta
incelenmesini saglar. Renkler lif kalinligi, paketlenme, yonelim
ve gorlintileme kosullarindan etkilendiginden, dogrudan
kollajen alt tipleri olarak yorumlanmamalidir (Lattouf vd.,

2014). Sekil 1, normal deri ve patolojik skarlarin boyama
Ozelliklerini karsilastirmaktadir.

Normal Hypertrophic Keloid

Masson's

°
o !
w
3
=
0
e
2
o

Sekil 1. Normal deri, hipertrofik skar ve keloidin karsilastirilmasi.

(@) Makroskobik gérunim; (b) H&E; (c) Masson trikrom; (d) Picrosirius
Red. Soldan saga normal, hipertrofik skar ve keloid drnekleri yer almaktadir.

Kaynak: Kim vd. (2021), Sekil 1. © 2021 yazarlar; CC BY 4.0. Gorsel
degistirilmeden yeniden verilmistir.
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6. HISTOLOJIK DEGERLENDIRME
YONTEMLERI

6.1. Rutin Histoloji ve Histokimya

H&E, doku mimarisi, nekroz, inflamasyon,
reepitelizasyon ve graniilasyon dokusunun degerlendirilmesinde
temel yontemdir. Hematoksilen cekirdekleri mavi-mor, eozin
sitoplazmik ve ekstraselluler proteinleri pembe-kirmiz1 tonlarda
gosterir.  Yara yiizeyi, kenarlar1 ve derin dokular birlikte
incelenmelidir. Morfoloji molekiiler 6zgiilliikk saglamadigindan,
hiicresel alt popiilasyonlarin arastirilmast ek boyamalar
gerektirebilir (Masson-Meyers vd., 2020; van de Vyver vd.,
2021).

Masson trikrom kollajen birikimi ve fibrozisi, Picrosirius
Red ise kollajen agmin diizenini degerlendirmeyi destekler.
Kollajen pozitif alan yiizdesi ve lif yonelimi dijital analizle
Olciilebilir. Kesit kalinligi, boyama siiresi, polarizasyon agisi ve
dijital esikler standartlastirilmalidir. Boyanmis alanin artigi
sentez hizin1 veya mekanik dayanikliligi dogrudan gdstermez
(Lattouf vd., 2014; Masson-Meyers vd., 2020).

6.2. Immiinohistokimya

Ki-67 proliferatif hucreleri; CD31 ve CD34 vaskiler
yapilari; CD68 makrofajlarla iligkili hiicre popiilasyonlarini; a-
SMA kontraktil stromal hiicreleri degerlendirmede kullanilir.
Belirteglerin  6zgiilliigli, doku i¢indeki yerlesimi ve pozitif-
negatif kontroller sonuglarin yorumlanmasinda onemlidir. o-
SMA pozitif damar duvarlar1 miyofibroblastlardan ayrilmali;
CD68 boyanmasi tek basina makrofaj aktivasyon fenotipi olarak
yorumlanmamalidir (Masson-Meyers vd., 2020; Wilkinson &
Hardman, 2020). Y6ntemler Tablo 3’te karsilagtirilmustir.

Tablo 3. Histolojik degerlendirme yontemleri ve stmmrhihklar

Yontem Temel degerlendirme alani Onemli simirliik
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Yontem Temel degerlendirme alam Onemli simirhihk

Genel morfoloji, inflamasyon,
H&E reepitelizasyon, graniilasyon
dokusu

Molekiiler 6zgiulligii
sinirlt

Kollajen birikimi, fibrozis ve Kollajen tiplerini ayirt

Masson trikrom . .
matriks organizasyonu etmez

Polarizasyon rengi
kollajen tipini kesin
gostermez

Picrosirius Red Knollaj_ en liflerinin yogunlugu ve
yonelimi
Hicre migrasyonunu

Ki-67 (IHK) Hiicresel proliferasyon gostermez

Damarlarin fonksiyonel

Vaskiiler yapilar ve endotel )
perfiizyonunu

CD31 (iHK)

hicreleri -
gostermez
CD68 (HK) Malirofajlarla iligkili hiicre Makrofaj fenotipini tek
popiilasyonlari basina tanimlamaz
: Miyofibroblastlarla iligkili Vaskiler diiz kas
-SMA (IHK) kontraktil hlicreler hiicrelerini de boyar
Dijital Epitelizasyon, doku kalinligi, Kesit duzlemi ve

drnekleme yonteminden

histomorfometri  hiicre ve alan élcumleri A
etkilenir

Not: IHK: immiinohistokimya. Belirtecler morfoloji ve boyama
kontrolleriyle birlikte yorumlanmalidir. Lattouf vd. (2014), Masson-Meyers
vd. (2020) ve van de Vyver vd.’den (2021) yararlanilarak diizenlenmistir.

6.3. Histomorfometri ve Ornekleme

Histomorfometrik incelemede reepitelizasyon, epidermal
kalinlik, graniilasyon dokusunun alani ve kalinligi, inflamatuvar
hiicre yogunlugu, mikrovaskiiler yogunluk ve kollajen pozitif
alan yuzdesi olctlebilir. Olgiim bolgesi ve birimler 6nceden
tanimlanmali; yara kenarindaki reaktif hiperplazi yeni
epidermisten ayrilmalidir (Masson-Meyers vd., 2020; van de
Vyver vd., 2021).

Uygun  deneysel  eksizyonel yara  Kkesitlerinde
reepitelizasyon yizdesi, iki kenardan ilerleyen yeni epitel
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uzunluklarinin ~ toplaminin ~ orijinal  yara  genisligine
oranlanmasiyla hesaplanabilir:

Reepitelizasyon (%) = [(L1 + L2) / Wo] x 100

Burada L: ve L: yeni epitel uzunluklarini, Wo orijinal
yara smirlar1 arasindaki mesafeyi ifade eder. Bu yaklagim tiim
yara modellerine dogrudan uygulanamaz; sinirlarin taninmasi ve
kontraksiyonun 6l¢iimii etkilemesi dikkate alinmalidir (Masson-
Meyers vd., 2020; van de Vyver vd., 2021).

6.4. Yontemsel Smirhliklar

Histolojik kesitler dinamik iyilesmenin belirli bir zaman
noktasint ve iki boyutlu goriiniimiinii temsil eder. Yara
merkezinin ve periferinin heterojenligi, tek kesitin temsil
giiciinii smirlar. Tespit, doku takibi, parafine gomme, kesit
kalinlig1 ve boyama degiskenleri nicel sonuglari etkiler. Seri
kesitler, standart 6rnekleme alanlar1 ve Onceden tanimlanmis
skorlama sistemleri karsilastirilabilirligi artirir (Masson-Meyers
vd., 2020; van de Vyver vd., 2021).

7. PATOLOJIK YARA IYILESMESININ
HISTOLOJIiSi

7.1. Kronik Yaralar

Kronik  yaralar, onarimin beklenen  bi¢imde
ilerleyemedigi ve doku kaybinin siirdiigli yaralardir. Diyabetik
ayak iilserleri, venoz tilserler ve basing yaralanmalar1 farkli
etiyolojilere ragmen uzamis inflamasyon, hiicresel islev
bozuklugu ve diizensiz matriks dongiisii gosterebilir. Histolojik
kesitlerde fibrindz ekslda, debris, notrofil infiltrasyonu ve
degisken nekroz izlenir (Martin & Nunan, 2015; Pastar vd.,
2023).
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Yara kenarinda hiperplazi, hiperkeratoz ve parakeratoz
bulunabilir.  Keratinositler ¢ogalmalarina karsin  yeterli
migrasyon  gerceklestiremeyebilir;  boylece  kalinlagsmis
epidermis ile agik yara yiizeyi birlikte goriiliir. Graniilasyon
dokusu yetersiz veya dizensiz olabilir. Ventz (Ulserlerde
konjesyon ve hemosiderin, basing yaralanmalarinda iskemiye
bagli nekroz on plana ¢ikabilir. Bulgular klinik etiyoloji ve
anatomik yerlesimle birlikte yorumlanmalidir (Pastar vd., 2014;
Pastar vd., 2023).

7.2. Diyabetik Yaralar

Hiperglisemi, noropati, vaskiler bozukluk ve immin
islev degisiklikleri diyabetik iyilesmeyi etkiler. Oksidatif stres
ve ileri glikasyon son urtinleri fibroblast proliferasyonu,
migrasyonu ve matriks organizasyonunu bozabilir. Uzamis
inflamasyon, gecikmis reepitelizasyon ve diizensiz graniilasyon
dokusu goriilebilir; makrofajlarin inflamasyonu sonlandiran
islevlerinin yetersizligi onarima gecisi geciktirebilir (Deng vd.,
2023; Pastar vd., 2023).

7.3. Hipertrofik Skar

Hipertrofik ~ skar, genellikle baglangictaki  yara
siirlarinda kalan kabarik fibrotik dokudur. Papiller ve retikiiler
dermisin yerini yogun kollajen demetleri alir. Yiizeye paralel
veya noduler kollajen dizeni, fibroblastlardan zengin alanlar ve
belirgin vaskiiler yapilar goriilebilir. Hiicresellik ve damar
yogunlugu skarin yasina gore degisir (Lee, Yang, Chao, &
Wong, 2004; Limandjaja, Niessen, Scheper, & Gibbs, 2021).

Miyofibroblastlar devam eden kontraksiyon ve matriks
organizasyonuna katkida bulunabilir. o-SMA pozitifligi
yardimcidir; ancak hipertrofik skara 6zgli degildir. Tanisal
yorumda kollajen diizeni, stromal hiicreler ve klinik biyime
davranisi birlikte ele alinmalidir (Lee vd., 2004; Limandjaja vd.,
2021).
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7.4. Keloid ve Karsilastirmah Degerlendirme

Keloid, baslangictaki yara smirlarini agabilen asirt
fibrotik onarimdir. Kalin, yogun eozinofilik ve siklikla
hiyalinize kollajen demetleri karakteristik bulgudur. Demetler
diizensiz veya girdapst yonelim gosterebilir. Keloidal kollajen
her Ornekte aynmi Olgiide belirgin degildir; merkez ve perifer
arasinda hiicresellik ve matriks farklar1 bulunabilir (Lee vd.,
2004; Limandjaja vd., 2021).

Hipertrofik skar ve keloidde nodiler duzenlenme,
vaskiiler degisiklikler ve a-SMA ekspresyonu oOrtiisebilir. Bu
nedenle ayrim yalnizca kollajen morfolojisine dayandirilmamali;
lezyonun yara sinirlartyla iligskisi ve zaman i¢indeki davranisi
dikkate almmalidir. Normal ve patolojik iyilesmenin baslica
karsilagtirma noktalar1 Tablo 4’te verilmistir (Lee vd., 2004;
Limandjaja vd., 2021).

Tablo 4. Normal ve patolojik yara iyilesmesinin karsilastiriimasi

Onarim

bigimi Baslica histolojik goriiniim Ayiric dzellik
Reepitelizasyon tamamlanir;
Normal inflamasyon, hiicresellik ve damar ~ Onarim alaniyla sinirl
iyilesme yogunlugu azalir; kollajen olgun skar.
olgunlasir.
Uzamis inflamasyon, yetersiz Acik doku kaybr siirer;
Kronik yara epitelizasyon, diizensiz graniilasyon etiyolojiye bagl vaskiiler
dokusu ve matriks dongusu. degisiklikler.
Yogun, yer yer nodiiler kollajen;
Hipertrofik degisken fibroblast ve Genellikle baglangigtaki
skar miyofibroblast etkinligi; belirgin yara sinirlar1 i¢inde.
damarlar.
Kalin, siklikla hiyalinize kollajen Baslangigtaki yara
Keloid demetleri; diizensiz matriks ve sinirlarinin Stesine

vaskiiler dagilim. blyuyebilir.

Not: Bulgular 6rmekleme bolgesi ve iyilesme donemine gore degisir; ayirict
degerlendirme klinik ozelliklerle birlikte yapilir. Pastar vd. (2023) ve
Limandjaja vd.’den (2021) yararlanilarak diizenlenmistir.
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8. SONUC

Deri yara iyilesmesinin histolojik sonucu, inflamasyonun
¢Oziilmesi, epidermal Ortiinlin yeniden kurulmasi, graniilasyon
dokusunun gelismesi ve matriksin olgunlagsmasi arasindaki
koordinasyona baghdir. Iyilesme evreleri birbirine gecis
gosterdiginden, tek bir hiicre tipi veya bulgu iizerinden evre ve
basar1 degerlendirmesi yapilamaz. Epidermal siireklilik,
inflamatuvar infiltrasyon, fibroblastlar, vaskiiler yapilar ve
kollajen organizasyonu birlikte yorumlanmalidir.

H&E genel mimariyi; histokimyasal boyamalar matriks
ozelliklerini; immiinohistokimya belirli proteinlerin yerlesimini;
histomorfometri ise yapisal degisikliklerin nicel karsiligini
gosterir. Bu yontemlerin 6zgiilliik ve ornekleme sinirliliklar:
gozetilerek kullanilmasi, normal onarimin kronik yara ve asiri
fibrotik iyilesmeden ayrilmasini destekler. Yara ylizeyinin
kapanmas1 6zgiin deri mimarisinin biitiiniiyle geri kazanildigmi
gostermediginden, iyilesme kalitesi yapisal ve gerektiginde
fonksiyonel verilerle degerlendirilmelidir.
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