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Investigation of the Effect of Antenatal Family Planning Counseling in Primary Care

on Postpartum Family Planning Method Use

Birinci Basamakta Verilen Dogum Oncesi Aile Planlamasi Danismanhginin Dogum Sonrasi Aile
Planlamasi Yontemi Kullanimina Etkisinin Incelenmesi

@ Asiye Sezer Olgunl,®irem Medeni2

1Department of Family Medicine, Kastamonu University Faculty of Medicine, Kastamonu, Tirkiye
2Department of Employee Health, General Directorate of Public Health, Republic of Tiirkiye Ministry of Health, Ankara, Tiirkiye

ABSTRACT

Objective: This study aimed to assess the effect of family planning (FP)
counseling provided to pregnant women who attended a family health
center on their use of FP after pregnancy.

Methods: The antenatal and postpartum records of 219 of 225 women
registered at a family health centre in Kastamonu between 2017 and
2022, whose follow-up was complete and without missing information,
were retrospectively examined. The patients’ sociodemographic
data, obstetric information, the FP method they planned to use after
birth (recorded at the third and fourth antenatal follow-ups), and
information on postpartum FP method use were recorded.

Results: The mean age of the participants in this study was 29.6
years, and 41.5% were university graduates. The study reported an
unplanned pregnancy rate of 16.4%. When asked about the FP method
they would use in the postpartum period during the third antenatal
visit (28-32 weeks), 52.5% of participants were undecided, 42.0%
preferred a modern method, and participants were then provided
FP method counselling. At the fourth antenatal follow-up (36-38
weeks), the rate of undecided individuals decreased significantly to
35.6%, while the rate of those preferring a modern method increased
significantly to 59.4% (p < 0.001). At the postpartum follow-up (30—
42 days after birth), 95% of women had started using FP methods:
condoms were the most commonly used modern method (63.9%) and
injections were the least used (1.9%).

Conclusion: FP consultancy services provided during the antenatal
period facilitate women’s ability to make informed choices in the
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Amag: Bu calismada aile saghg merkezinde gebelik doneminde
verilen aile planlamasi danismanhginin, gebelik sonrasi aile planlamasi
kullanim durumuna etkisinin incelenmesi amaglanmistir.

Yontemler: 2017-2022 yillari arasinda Kastamonu'daki bir aile saghgi
merkezine kayith olan 225 kadindan, izlemleri tam ve eksik bilgi
olmayan 219 kadinin gebe-lohusa izlem dosyalar retrospektif olarak
incelendi. Hastalarin sosyodemografik verileri, obstetrik bilgileri,
dogumdan sonra kullanmayi planladiklari aile planlamasi (AP) yontemi
(Uglincl ve dordiincl antenatal izlemde kaydedilen) ve postpartum AP
yontem kullanimi hakkinda bilgiler kaydedilmistir.

Bulgular: Calismaya katilanlarin ortalama vyasi 29,6 ve %41,5'i
Universite  mezunuydu. Calismada, plansiz gebelik orani %16,4
bulundu. Uglincii antenatal izlemde yapilan gebe izlemde (28-32
hafta) postpartum donemde kullanacaklari AP yontemi soruldugunda,
katilimcilarin %52,5’i kararsizdi, modern yéntem tercih edenlerin orani
%42,0 olarak bulundu, sonrasinda AP yontem danismanhgi verildi.
Dordiinci antenatal izlemde (36-38 hafta), kararsizlarin orani anlamli
olarak azalmis (%35,6) ve modern yontem tercih edenlerin orani ise
anlamli olarak artmisti (%59,4) (p < 0,001). Dogumdan 30-42 giin sonra
yapilan lohusa izleminde, kadinlarin %95’i aile planlamasi yontemini
kullanmaya basladi; kondom en ¢ok tercih edilen modern yontemdi
(%63,9), enjeksiyon ise en az tercih edilen yontemdi (%1,9).

Sonug: Antenatal donemde verilen AP danismanhk hizmetleri,
kadinlarin dogum sonrasi dénemde bilingli secimler yapabilmelerini
kolaylastirarak hem kendi sagliklarini hem de yeni dogan bebeklerinin
saghginin korunmasina katkida bulunur.
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ABSTRACT

postpartum period, thereby contributing to the protection of both
their own health and that of their newborns.

Keywords: Family planning counselling, postpartum contraception,
family planning, modern family planning

INTRODUCTION

Family planning (FP) refers to the conscious effort of a couple to limit
the number of children they will have or to determine the intervals
between births, typically through the use of contraceptive methods
(1). The most important goals of FP are to protect and improve
maternal and fetal health, to inform couples, to prevent unwanted
pregnancies, and to provide assistance to individuals who cannot
have children (2). FP affects the reproductive health of the mother,
fetus, and the whole family by promoting adequate birth intervals
for the mother, reducing unwanted pregnancies and abortions, and
preventing sexually transmitted diseases (3).

FP methods are classified into modern and traditional contraceptive
methods (4). Modern contraceptive methods include male
and female sterilization, intrauterine devices (IUDs), implants,
injectables, oral contraceptive pills, male and female condoms, and
vaginal barrier methods (diaphragm, cervical cap, and spermicidal
foam). In contrast, traditional contraceptive methods include the
calendar method and withdrawal (5).

As long as humanity exists, the need for FP will persist; there will be
girls and boys who reach sexual maturity and people who require FP
and other health services (6). According to a study conducted by the
United Nations in 2022, among 1.9 billion women of reproductive
age (15-49 years), approximately 874 million women use modern
contraceptive methods, while 92 million women use traditional FP
methods (7). In Turkiye, FP services were legalized in 1965, and their
use has become increasingly widespread since then (8). According
to the results of the 2018 Tiirkiye Demographic and Health Survey,
the most commonly used FP methods are withdrawal (20%), male
condom (19%), IUD (14%), and tubal ligation (10%) (9).

If women become pregnant again during the early postpartum
period, problems may occur for maternal and infant health (10). An
important aspect of maternal care during the postpartum period is
FP (11). According to the Prenatal Care Guidelines and Postpartum
Care Guidelines of the Ministry of Health of the Republic of Turkiye,
FP education and counseling are provided to pregnant women in
primary health care institutions during the third (28-32 weeks) and
fourth (36—38 weeks) antenatal follow-ups and in the postpartum
period (12,13). During these follow-ups at health centers, family
physicians and nurses provide both personalized general and
method-specific counseling.

This study aimed to examine the effect of FP education, provided to
pregnant women who applied to a family health center, on their use
of FP after pregnancy.

MATERIALS AND METHODS

This study examined the antenatal and postpartum records of women
who gave birth between 2017 and 2022 and who were registered
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Anahtar Sozciikler: Aile planlamasi danismanhgi, dogum sonrasi
kontrasepsiyon, aile planlamasi, modern aile planlamasi

at a family medicine center in Kastamonu Province. According to
the “Prenatal Care Management Guide” published by the General
Directorate of Public Health, each pregnant woman should have at
least four follow-up visits, and counseling on reproductive health
methods should be provided at the 3 (28-32 weeks) and 4" (36-38
weeks) visits and during the postpartum period (12).

In this retrospective cross-sectional study, all antenatal and
postpartum records from the relevant institution within the
specified date range were included. The inclusion criteria for
the study included access to all prenatal and postnatal records
of 225 women who were registered at the family health center
and who applied for prenatal follow-up between 2017 and 2022.
However, six participants were excluded from the study due to
missing information in their files. The study included 219 women
whose follow-up was complete from the beginning of pregnancy
through the puerperium and who had no missing information in
the antenatal and postpartum records.

The patients’ sociodemographic data, obstetric information the FP
method they planned to use after birth (at the 3™ and 4™ antenatal
follow-ups), and information on postpartum FP method use were
recorded.

Statistical Analysis

In this study, all statistical analyses were performed using Pearson’s
chi-square test and Fisher’s exact test to compare categorical
variables, which were presented as numbers and percentages in the
descriptive results section, using IBM SPSS Statistics version 22 (IBM
Corp.). The threshold for statistical significance was established at
p <0.05.

RESULTS

Sociodemographic information and the percentage distribution of
participants, based on data from 219 antenatal and postpartum
records included in the study, are presented in Table 1. Participants’
ages ranged from 18 to 42 years (mean: 29.6 + 5.0 years). 41.5% of
the participants were university graduates, 68.5% were housewives,
and 83% were from nuclear families. Twenty-seven (12.3%) of the
participants reported having a chronic disease before pregnancy,
and 18 (8.2%) reported smoking during pregnancy. Participants’ ages
at first marriage ranged from 16 to 36 years, with a mean age of 23.6
+ 3.8 years.

Information on FP use and the obstetric history of the participants
is shown in Table 2. Among the 219 participants, 83.6% did not use
any FP method during the pre-pregnancy period because they were
planning to become pregnant, and became pregnant unintentionally
while using a FP method. Unplanned pregnancies (n = 36) occurred
primarily during condom use (55.6%) and secondarily during
withdrawal (38.9%).
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During the study, 32.4% of the participants had their first pregnancy,
37.4% had their second pregnancy, 4 participants (1.8%) had
multiple pregnancies, 26.5% had experienced a miscarriage before
their current pregnancy, 41.6% had no living children, and 44.3% had
one living child.

During the pregnancy follow-up at 28-32 weeks, when asked which
FP method they planned to use in the postpartum period, 52.5%

Table 1. Descriptive characteristics of the participants.

n %
Age (n=219)
18-23 33 15.1
24-29 72 32.9
30-35 91 41.6
36 and over 23 10.5
Occupation (n = 219)
Housewife 150 685
Teacher 22 10.0
Worker 17 7.8
Other* 30 13.7
Educational status (n = 219)
Not completed any school 1 0.5
Primary school graduate 29 13.2
Middle school graduate 32 14.6
High school graduate 63 28.8
University graduate 91 41.5
Master’s/PhD 3 1.4
Smoking (n = 219)
No 201 91.8
Yes 18 8.2
Chronic disease (n = 219)
No 192 87.7
Yes 27 12.3
Types of family (n = 219)
Nuclear family 183 83.6
Extended family 36 16.4
Marriage age (n = 219)
16-21 69 315
22-27 118 539
28-33 29 13.2
34 and over 3 1.4
Number of people living in the household n =219
2 79 36.1
3 82 37.4
4 28 12.8
5 and more 30 13.7

*Other: Academician, nurse, officer

responded “uncertain”, 25.6% chose condom, 9.1% chose 1UD, and
5.9% chose tubal ligation. At the 36—38-week pregnancy follow-up,
35.6% reported “uncertain”, 35.6% reported condom use, 11.4%
reported IUD use, and 8.7% reported tubal ligation.

In the postpartum follow-up conducted between days 30 and 42
after birth, 5% of the participants had not yet started using a FP

Table 2. Distribution of some reproductive and FP use characteristics
of the participants.

(n) (%)
Total number of pregnancies(n = 219)
1 71 32.4
2 82 37.4
3 37 16.9
4 20 9.1
5 and over 9 4.2
Total number of living children (n = 219)
0 91 41.6
1 97 44.3
2 25 114
3 6 2.7
Miscarriage/abortion status (n = 219)
No 161 73.5
Yes 58 26.5
Multiple pregnancy status (n = 219)
No 215 98.2
Yes 4 1.8
Blood type incompatibility (n = 219)
No 205 93.6
Yes 14 6.4
Use of FP before pregnancy (n = 219)
Does not use 183 83.6
Is using 36 16.4
FP method used before pregnancy (n = 36)
Withdrawal 14 38.9
Condom 20 55.6
Oral contraceptive pills 1 2.8
Injectables 1 2.8

The decision to use the FP method in the postpartum period was
made after the first interview (n = 219)

Uncertain 115 52.5
Condom 56 25.6
IUD 20 9.1
Tubal ligation 13 5.9
Withdrawal 10 4.6
Injectables 2 0.9
Oral contraceptive pills 1 0.5
Does not want to use 1 0.5
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Table 2. Continued.

() (%)

The decision to use the FP method in the postpartum period was
made after the second interview (n = 219)

Uncertain 78 35.6
Condom 78 35.6
IUD 25 11.4
Tubal ligation 19 8.7
Withdrawal 9 4.1
Injectables 4 1.8
Oral contraceptive pills 3 1.4
Does not want to use 1 0.5
The status of postpartum FP use (n = 219)

No 11 5.0
Yes 208 95.0
FP method used after pregnancy (n =2 08)

Condom 133 63.9
Tubal ligation 19 9.1
Withdrawal 22 10.6
IUD 15 7.2
Oral contraceptive pills 6 2.9
Injectables 4 1.9
Lactational amenorrhea 9 4.3

IUD: Intrauterine device

method, while 95% had; among the 209 method users, condoms
were the most preferred (63.9%) and injections the least (1.9%).

Table 3 shows the FP methods used before and after the training. In
our study, participants were asked during the third pregnancy follow-
up which FP method they planned to use in the postpartum period.
The 53.4% of the participants stated that they were uncertain or
would not use a method; 4.6% that they; and 42.0% that they would
prefer modern methods. Subsequently, FP counseling was provided
as part of the third and fourth pregnancy follow-up visits. When
participants were asked at the fourth pregnancy follow-up which
FP method they planned to use during the postpartum period, the
proportion who were uncertain or who said they would not use a
method decreased to 36.5%. The rate of those who preferred the
withdrawal method decreased to 4.1%, while the rate of those who
preferred modern methods increased to 59.4%. As a result of FP

Table 3. Distribution of FP methods used before and after education

Before After
education education
n % n %
Traditional methods 10 4.6 9 4.1 p<0.001
Modern methods 92 42.0 130 59.4 p<0.001
Uncertain/unwilling 117 534 80 36.5 p<0.001

counseling, there was a significant increase in plans to use modern
methods and a significant decrease in the rate of uncertainty or
unwillingness p < 0.001.

In our study, no significant relationship was found between
postpartum FP method use and either age or educational status.

DISCUSSION

This study assesses the current use of FP methods among women
who gave birth at a family health center by comprehensively
analyzing five-year follow-up slips for pregnant and postpartum
women. The findings show that women who were educated about
the subject during the antenatal period had increased use of modern
methods.

Worldwide, 42% of pregnancies are unintended (14). Unintended
pregnancy rates were 55% in Papua New Guinea, 27% in Middle
Eastern and North African countries, 33.9% in sub-Saharan African
countries, and 31% in Sweden (15-18). In a study conducted
in Turkiye, the unplanned pregnancy rate was 30%; of these
pregnancies, 38.5% occurred in women who did not use FP methods
and 47.2% occurred in women who used traditional FP methods. In
our study, the rate of unplanned pregnancies was 16.4% (19). These
rates indicate that unintended pregnancies are a significant public
health problem in both developed and developing countries. The
reason our study’s results were lower than those of other studies
may be the high level of education among the participants.

According to World Health Organization data, 95% of women do
not want to become pregnant again in the first year after delivery;
however, 70% of these women do not use any contraceptive method
(20). A study conducted in England found that 71.1% used the FP
method at the 8" postpartum week; a study conducted in Brazil
found 87.9% at the 3" postpartum month; and a study conducted in
Ethiopia found 16% at the 6" postpartum week (21-23). In a study
conducted in Tirkiye among women 6-12 months postpartum,
84.8% were using the FP method, while nearly half (49.3%) were
using modern methods (24). In our study, the FP method use rate at
the 6-week postpartum follow-up was 95%. The high rate of FP use
during the postpartum period among the women who participated
in our study was associated with the provision of FP counseling
during the 3™ and 4" antenatal follow-ups. These differing rates in
the literature may be due to variation in the time elapsed since birth
across studies and to differences in participants’ sociodemographic
characteristics. In a study conducted in China, the rates of
knowledge and use of effective postpartum methods were higher,
and the rate of unintended pregnancy was lower in the group that
received postpartum FP counseling intervention within 1 year after
delivery compared to the control group (25). Studies conducted
in Kenya, Zambia, and Tanzania found that the intention to use
postpartum contraception and the use of effective methods would
increase with the integration of FP counseling into prenatal follow-
up (26,27). In another study, conducted in Uganda, the plans to use
postpartum modern methods during pregnancy follow-up were
87% in the intervention group and 71% in the control group (28).
In a study conducted in Southern Ethiopia, 69.7% of women received
FP counseling during pregnancy; the rate of postpartum FP use was
1.79 times higher in those who received counseling (29). In our
study, the use of modern FP methods increased from 42% before the
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training to 59.1% after the training; this difference was statistically
significant p < 0.001. These results suggest that FP counseling during
pregnancy can increase awareness of the use of modern FP methods
in the postpartum period.

Study Limitations

A limitation of this study is that it was conducted at a single center,
which may limit the generalizability of the findings to the national
level. However, this study reveals the contribution of family medicine
to women’s and community health and will guide similar studies on
this subject.

CONCLUSION

The protection and promotion of maternal and infant health are
critical to the sustainability of public health. Correct and regular use
of FP methods prevents unintended pregnancies, reduces the health
risks of both mother and baby, and enables fertility control. The
rate at which women use FP methods, especially in the postpartum
period, is directly related to the counseling provided by healthcare
providers. These counseling services, provided during the antenatal
period, enable women to make informed choices in the postpartum
period and contribute to protecting both their own health and
that of their newborns. According to the results of our study,
women who receive FP counseling are more likely to use modern
FP methods appropriately and safely during the postpartum period.
Family physicians should provide individualized, comprehensive, and
holistic information and counseling on FP, taking into account the
sociodemographic and cultural characteristics of women they serve.
Community-based studies should be conducted to assess public
knowledge and attitudes, and national and regional policies should
be developed.
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ABSTRACT

Objective: Reactive oxygen species that accumulate during aging can
cause oxidative stress in kidney and testicular tissues, contributing to
the progression of chronic kidney disease and to male infertility. Caloric
restriction (CR) is considered the most effective non-pharmacological
method to promote healthy aging through multiple mechanisms,
including modulation of oxidative stress. This study aimed to
investigate the effects of short-term CR on kidney and testicular tissues
during aging.

Methods: Twenty-eight rats were divided into four groups: young
control, young CR, old control, and old CR. Control groups were fed ad
libitum, whereas CR groups received approximately one-third of their
daily caloric intake. After 10 weeks, blood parameters [creatinine (Cre),
blood urea nitrogen, uric acid (UA), testosterone levels], oxidative
stress markers [malondialdehyde (MDA) and glutathione (GSH)], and
histological changes were analyzed.

Results: Aging was associated with increased body and kidney
weights and a reduced testicular index p < 0.005. CR reduced body
and kidney weights and increased kidney and testicular indices (p
<0.005). Renal function markers (Cre and UA) increased with age but
were significantly reduced by CR (p <0.005). Aging increased MDA
levels and decreased GSH levels in both renal and testicular tissues.
Aging increased inflammatory cell infiltration and fibrosis in the kidney
and testicular tissues, whereas CR significantly reduced the fibrosis
percentage in aged rats.

Oz

Amag: Yaslanma sirasinda biriken reaktif oksijen tirleri, bobrek
ve testis dokularinda oksidatif strese neden olarak kronik bobrek
hastaliginin ve erkek kisirhginin ilerlemesine katkida bulunabilir. Kalori
kisitlamasi (CR), oksidatif stresin modilasyonu da dahil olmak Uzere
cesitli mekanizmalar araciligiyla saghkl yaslanmayi destekleyen en
etkili farmakolojik olmayan yontem olarak kabul edilir. Bu ¢alisma, kisa
slreli CR’nin yaslanma sirasinda bobrek ve testis dokulari Gzerindeki
etkilerini arastirmayi amaglamistir.

Yontemler: Yirmi sekiz sican, dort gruba ayrildi: geng kontrol, geng CR,
yasli kontrol ve yagh CR. Kontrol gruplari al-libitum olarak beslenirken,
CR gruplari gunlik kalori alimlarinin yaklasik lgte birini tiiketti. On
hafta sonra, kan parametreleri [kreatinin (Cre), kan lre azotu, Urik asit
(UA), testosteron dlizeyleri], oksidatif stres belirtegleri [malondialdehit
(MDA) ve glutatyon (GSH)] ve histolojik degisiklikler analiz edildi.

Bulgular: Yaslanma, vicut ve bobrek agirliklarinda artis ve testis
indeksinde azalma ile iliskiliydi p < 0,005. CR, viicut ve bobrek
agirliklarinda azalma ve bobrek ve testis indekslerinde artis gosterdi
(p < 0.005). Bobrek fonksiyon belirtegleri (Cre ve UA) yasla birlikte
artmis, ancak CR ile anlaml olarak azalmisti (p <0,005). Yaslanma,
hem bobrek hem de testis dokularinda MDA dizeylerini artirdi ve
GSH dizeylerini dugirdi. Yaslanma, bodbrek ve testis dokularinda
inflamatuar htcre infiltrasyonunu ve fibrozisi artirirken, CR yasl
sicanlarda fibrozis ylzdesini anlamli sekilde azaltt.
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ABSTRACT

Conclusion: Short-term CR may alleviate structural and functional
impairments in the kidney and testis during aging by reducing oxidative
stress.

Keywords: Caloric restriction, aging, kidney, testis, oxidative stress,
infertility

0z
Sonug: Kisa stlireli CR, oksidatif stresi azaltarak yaslanma sirasinda
bobrek ve testisteki yapisal ve fonksiyonel bozukluklari hafifletebilir.

Anahtar Sozciikler: Kalori kisitlamasi, yaslanma, bobrek, testis,
oksidatif stres, infertilite

INTRODUCTION

Aging causes morphological and functional changes in various
organs, increasing the risk of many important diseases, including
neurodegenerative and cardiovascular diseases, as well as renal
failure (1). Advancing age is associated with a significant decline
in kidney function and in male fertility. The gradual decline in
kidney glomerular filtration rate (GFR) and blood flow contributes
to impaired renal function (2). In addition, the age-related loss of
nephrons-the essential functional and structural units of the kidney-
contributes to reduced renal capacity (3). This condition elevates
the risk of developing chronic kidney disease (CKD) in older adults
(4). CKD is 3-13 times more common in older individuals (5) and
is anticipated to become the fifth most prevalent cause of death
worldwide by 2040 (6).

Infertility is a significant health issue affecting 10-15% of couples
worldwide. The etiology of this problem, which is male-related in 25—
50% of cases, is largely unknown (7). Different levels of kidney disease
in men have been associated with azoospermia, oligospermia, and
low testosterone levels (8). Therefore, assessing reproductive and
renal functions during aging is essential for preventing age-related
disorders and promoting healthy aging (2).

Age-related dysfunction in organs such as the kidneys and testes
results from an imbalance between reactive oxygen species
(ROS) and the antioxidant defense system, leading to increased
oxidative stress (9). Renal tissue is susceptible to oxidative damage
due to age-related decreases in renal blood flow and GFR (10).
Similarly, testicular tissue is vulnerable to oxidative stress due to
its high metabolic activity, low antioxidant defenses, and abundant
unsaturated fatty acids (11).

Caloric restriction (CR), in which total caloric intake is reduced while
adequate intake of essential nutrients is maintained, is the most
effective non-pharmacological strategy to support metabolic health
(12). CR has been reported to improve kidney function by lowering
levels of blood urea nitrogen (BUN), creatinine (Cre), and urinary
protein. Thus, it delays the onset and progression of CKD, the risk
of which increases with age (13). In addition, short-term CR has
been shown to reduce glomerulosclerosis, urinary protein excretion,
and renal fibrosis (14,15). It also reduces oxidative stress and
supports testosterone production in the testes (16). In obese mice,
CR increases the testicular organ index and serum testosterone
levels by reducing oxidative stress levels and also regulates sperm
morphology (17).

Various interventions that slow the aging process may help prevent
organ damage. Our research examines the potential protective
effects of CR against age-related changes in renal and testicular
tissues, using markers of organ function, oxidative stress parameters,
and histological assessments.
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MATERIALS AND METHODS

Animals and the Experimental Group

The experimental procedures were approved by the Gazi University
Animal  Experiments Ethics Committee (approval number:
#G.U.ET-25.068, date: 18.07.2025). All procedures involving rats were
conducted in accordance with the European Convention (ETS 123)
guidelines. Twenty-eight male Wistar albino rats obtained from the
Gazi University Experimental Animal Research and Application Center
were included in the study. The rats were kept under standardized
laboratory conditions at 23 °C, with a 12-hour light-12-hour dark
cycle from 08:00 to 20:00. A total of 28 rats were divided into two
age groups: young (3 months old) and old (20 months old). They were
further divided into four subgroups: young control (YC) (YC, n = 6);
young experimental [young calorie restriction (YCR), n = 6); old control
(0C), n = 8]; and old experimental [old calorie restriction (OCR), n = 8].

The control group was fed standard chow ad libitum for 10 weeks.
To ensure that the effects of short-term CR were achieved, the
Altromin C-1012 diet (Altromin Spezialfutter GmbH, Germany) was
administered to the CR group for the same period [30% of daily caloric
intake (~1,303 kcal/kg)] (18). Rats’ weights were monitored weekly
throughout the experiment. At the end of the 10-week period, after
a 12-hour fast, all rats were anesthetized with 10% ketamine and
2% xylazine. Subsequently, cardiac blood was collected, and the rats
were decapitated. The right testis and right kidney were removed,
and wet organ weights were measured.

The organ index for the kidney and testis was calculated as (organ
weight/body weight) x 100. For histological evaluation, tissue
samples were placed in 10% formaldehyde, whereas the remaining
tissue samples were washed with PBS and immediately frozen in
liquid nitrogen. Then they were stored at -80 °C until further analysis.

Evaluation of MDA and GSH Levels in Tissue Samples

Testis and kidney tissues were homogenized using rotor-stator tissue
homogenizer in trichloroacetic acid (TCA) [200 mg tissue and 1.8 mL
TCA (10% w/v)]. Supernatants obtained by centrifugation at 4,000
rpom for 15 minutes were analyzed for malondialdehyde (MDA, an
indicator of lipid peroxidation, using the thiobarbituric acid-reactive
substances assay (19). The supernatants were mixed with butylated
hydroxytoluene [1% (w/v)] and thiobarbituric acid [(TBA, 0.67%
(w/v)] in glass tubes and then boiled at 100 °C for 15 minutes.
The resulting mixtures were transferred to plates and analyzed
spectrophotometrically at 532 nm.

To assess antioxidant defense capacity in tissue samples, glutathione
(GSH) levels were measured using the modified Ellman method
(20). Supernatants from tissues homogenized at room temperature
were reacted with 0.3 M disodium hydrogen phosphate (Na;HPO,)
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and 5,5’-dithiobis-(2-nitrobenzoic acid) (0.4 mg/mL in 1% sodium
citrate). The mixtures were then transferred to plates and analyzed
spectrophotometrically at 412 nm.

Evaluation of Kidney Parameters and Plasma Testosterone
Levels

Prior to sacrifice, blood samples were collected from the rats via
cardiac puncture and then centrifuged at 4,000 rpm for 15 minutes.
Plasma BUN, Cre, and uric acid (UA) levels were measured in the
supernatants using colorimetric methods on a Siemens Advia
Chemistry XPT (Siemens Healthcare Diagnostics, Tarrytown, NY, USA),
and plasma testosterone levels were measured in the supernatants
using chemiluminescent immunoassay on a Siemens Advia Centaur
XPT at the Gazi University Hospital Biochemistry Central Laboratory.

Histological Analysis

Morphometric Measurements and Histological Staining

Tissue sections (5 pm thick) were prepared from renal and
testicular samples using a microtome (Slee, CUT 5062, Germany).
Histological analyses of kidney tissue were performed using
(H&E) (M&T)
stains. Stained sections were evaluated under a ZEISS Axiolab 5

hematoxylin-Eosin and Masson’s Trichrome
computer-assisted light microscope (Germany) using ZEN Blue 3.4
software. After M&T staining, the fibrotic area ratio was quantified
in randomLy selected kidney sections. The fibrotic area ratio (%),
glomerular diameters (um) in kidney sections, and seminiferous
tubule diameters (um) in testicular sections were evaluated using
Imagel software.

Additionally, testicular tissue was analyzed histologically using
H&E, following the same protocol. After staining, the samples
were examined microscopically, and histological evaluations of the
seminiferous tubules and interstitial space were performed.

Johnsen Testis Score Evaluation

Histopathological assessment of spermatogenesis was performed
using the Johnsen testicular biopsy score. Scores were calculated
from 100 randomly selected seminiferous tubules per group
(21). Only scores in the range of 7-10 were observed in testicular
sections from the evaluated groups. The scoring system for
testicular biopsies was as follows: 10 (complete spermatogenesis);
9 (numerous late spermatids, irregular epithelial cells); 8 (fewer
than five spermatocytes per tubule, few late spermatids); and
7 (no spermatocytes, no late spermatids, numerous early-stage
spermatids).

Statistical Analysis

Study data were analyzed using SPSS 22. Data are presented as
group mean * standard deviation. One-way ANOVA (post-hoc LSD)
was used for group comparisons, and a paired-sample t-test was
used to compare weight changes. Pearson’s r was also calculated to
examine the relationship between variables. Statistical significance
was set at p < 0.05.

RESULTS

Effects of CR on Weight Change, Right Testis/Body Weight
Ratio, and Right Kidney/Body Weight Ratio

Initially, the body weights of older rats were greater than those of
younger rats YC: 179.50£6.60, YCR: 185.33 £7.94, 0C: 360.50+ 30.18,
OCR: 351.38 + 37.05; p < 0.001). While weight gain was observed
in the OC group at the end of 10 weeks, significant weight loss was
observed in young and old rats due to CR (YCR: 167.33 + 16.40, p <
0.001; OCR: 258.88 +42.82, p <0.001) (Figure 1A). Kidney weight was
significantly higher in the OC group compared to the YC group (1.27
+0.11, 0.87 £ 0.1, p < 0.001, respectively), while CR reduced kidney
weight in both young and elderly rats (0.70 + 0.06, 0.97 + 0.08, p <
0.001, p < 0.001, respectively) (Figure 1B). There was no difference in
the kidney index between the control groups, whereas CR increased
the kidney index in both young and old rats (0.41 + 0.04, p = 0.001;
0.39 + 0.04, p = 0.024, respectively) (Figure 1C). There was no
significant difference in testis weight between the YC and OC groups.
Testicular weight was lower in the OCR group than in the OC group
(1.35+0.28 and 1.61 + 0.17, respectively; p = 0.013) (Figure 1D). The
testicular index was lower in the OC group than in the YC group (OC:
0.44 £ 0.03; YC: 0.56 + 0.06; p < 0.001). CR significantly increased the
testicular index in both young and aged rats (0.84 + 0.06, p < 0.001;
0.52 £ 0.04, p = 0.004, respectively) (Figure 1E).

The Effect of CR on Kidney Function

Serum Cre was significantly elevated in the OC group (0.44 + 0.06; p
= 0.019); CR decreased Cre in both the YCR and OCR groups (0.29 +
0.07 and 0.26 + 0.03; p = 0.009 and p < 0.001, respectively) (Figure
2A). BUN levels were significantly higher in aged rats (YC: 16.67 £
3.61, YCR: 16.83 £ 2.48, OC: 25.13 + 1.95, OCR: 24.25 £ 0.49, p <
0.001), whereas CR had no significant effect in either young or aged
rats (Figure 2B). Serum UA levels were significantly elevated in aged
rats (YC: 0.44 + 0.05; OC: 15.63 + 0.20; p < 0.001), and CR decreased
UA levels in aged rats (OCR: 0.39 + 0.07; p < 0.001) (Figure 2C).

Effect of CR on Blood Testosterone Levels

Plasma testosterone levels were significantly decreased in the OC
group (63.75 + 14.62, p < 0.001). CR reduced testosterone levels in
both young and old rats [YCR: 26.29 + 14.35 (p < 0.001]); OCR: 33.89
+15.55 (p = 0.032)] (Figure 3).

Effect of CR on MDA and GSH Status in Kidney and Testicular
Tissue

Aging significantly increased kidney MDA levels (YC: 12.44 + 1.25,
OC: 19.15 + 3.95, p < 0.001), whereas CR significantly decreased
MDA levels in aged rats (12.41 + 3.24, p < 0.001; Figure 4A). Kidney
GSH levels declined with age in control rats (YC: 2.69 + 0.29, OC: 2.31
+ 0.15, p = 0.006), and CR increased GSH levels in aged rats (2.62
+ 0.29, p = 0.016) (Figure 4B). Kidney MDA levels were negatively
correlated with GSH and positively correlated with Cre, BUN, and
UA (r =-0.38, p = 0.046; r = 0.435, p = 0.021; r = 0.452, p = 0.016;
r = 0.788, p < 0.001, respectively). Testicular MDA levels were
significantly higher and GSH levels were lower in aged rats compared
to young rats (MDA; YC: 2.05 + 0.33, OC: 3.50 + 1.15, p = 0.002 ;
GSH; YC: 2.40 + 0.17, OC: 2.11 % 0.05, p = 0.005). CR significantly
decreased testicular MDA levels in aged rats (2.44 + 0.52; p = 0.024;
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Figure 4C), whereas GSH levels remained unchanged (Figure 4D).
Furthermore, tissue MDA levels were negatively correlated with the
organ index (r =-0.455, p = 0.029).

Histological Findings

H&E staining of kidney tissue showed a normal histological

architecture in young rats, whereas aged rats showed inflammatory
cell infiltration, tubular dilatation, and vacuolar degeneration in

a b
500- 1.5+
= # S
D 400- =
- L
E 5 1.0
S 300 2
S =
= 200 * >
> O 0.5
ke] [=
2 100 E
0- 0.0-
YC YCR OC OCR
2.0
o)
£
5 157
2
~ 1.0
o
3
2 0.51
b
=4
0.0-

YC YCR OC OCR

e

Testicular Index

some areas. No statistically significant differences were observed
between the YC and YCR groups (p = 1.000). M&T staining revealed
an increase in the fibrotic area in both the OC and OCR groups
compared with the YC group (p = 1.000). M&T staining revealed
an increase in the fibrotic area in both the OC and OCR groups
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Figure 1. Effect of caloric restriction on body weight (a), kidney weight (b), kidney organ indices (c), testicular weight (d) and testicular indices (e) in young

(YC, YCR) and old (OC, OCR) rats.

*p < 0.05 compared with the YC group; #p < 0.05 compared with the YC and YCR groups; 6p < 0.05 compared with the OC group.
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Figure 2. Effect of CR on serum Cre (a), BUN (b) and UA (c) levels in young (YC, YCR) and old (OC, OCR) rats.
*p < 0.05 compared with the YC group; #p < 0.05 compared with the YC and YCR groups; 6p < 0.05 compared with the OC group.
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< 0.020), whereas the fibrotic area in YCR kidneys was lower than
in OCR kidneys (p < 0.001). CR reduced fibrosis in aged rats (p <
0.005). Glomerular diameter in the YCR, OC, and OCR groups
decreased compared with the YC group (p < 0.001, p<0.001, and p
=0.001, respectively).

Testicular histology in YC rats revealed a normal interstitium and
normal seminiferous tubules. In OC rats, seminiferous tubules were
dilated, spermatogenic cells showed atrophic changes, interstitial
edema increased, Leydig cell degeneration was observed. The
seminiferous tubule diameter was significantly lower in the YC
group compared with the OC and OCR groups (p < 0.001 for both
comparisons). The Johnsen score was significantly higher in the
YC compared with the OC (p < 0.001). CR significantly decreased
the Johnsen score in young rats and increased it in aged rats (p <
0.001 and p = 0.011, respectively). The Johnsen score was positively
correlated with plasma testosterone levels and inversely correlated
with BUN and UA (p = 0.013, p < 0.001, and p < 0.001, respectively)
(Table 1).

DISCUSSION

Aging, a gradual and pathological process, affects many organs and
systems (22). Our findings suggest that aging decreases testicular
index while increasing kidney weight. Imaging studies in healthy
individuals without kidney disease report age-related reductions in
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Figure 3. Effect of CR on plasma testosterone levels in young (YC, YCR) and
old (OC, OCR) rats.

*p < 0.05 compared with the YC group; &p < 0.05 compared with the OC
group.
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kidney volume (23,24). Findings from experimental animal models
support these results (25,26).

Gonadal aging involves morphological, hormonal, and metabolic
changes that impair reproductive function and quality of life. It is also
associated with an increased risk of age-related diseases, including
diabetes, renal dysfunction, cardiovascular failure, and cancer (27).
Aging is commonly associated with decreased testicular volume in
men (28). Studies show that men aged over 75 years have a lower
average testicular volume than men aged 18-40 years (29). Similarly,
our study observed a reduction in testicular weight in aged rats.

The literature indicates that aging impairs renal and testicular
function. It increases Cre, BUN, and UA and decreases testosterone
levels (26,30—-32). It has been reported that testosterone levels
begin to decline in the third decade of life and continue to decrease
gradually throughout life (33). Consistent with these data, our study
found higher levels of kidney function markers (Cre, UA) and lower
levels of serum testosterone with aging.

Because of their high oxygen consumption, the kidneys are
particularly vulnerable to ROS-induced damage (34). ROS-
induced oxidative stress, along with tissue damage and structural
deterioration, is a key factor in premature aging associated with
CKD (35). Moreover, increased oxidative stress, influenced by
endogenous and environmental factors, leads to irreversible changes
in the kidneys and testes (36,37). These changes predispose them to
various pathologies (38).

ROS contribute to several physiological processes, including
spermatogenesis, sperm capacitation, and acrosomal activity.
However, controlled ROS levels are essential for healthy sperm
function and, consequently, successful fertilization (39). Elevated
ROS levelsimpair sperm function and increase DNA fragmentationin
the sperm nucleus (40), both of which contribute to male infertility
(41). Previous studies have reported elevated ROS concentrations
in the semen of 25-40% of infertile men (42). Furthermore,
lower levels of antioxidant enzymes are detected in the seminal
plasma of these individuals compared than in controls (43).
ROS found in seminal plasma have been shown to be primarily the
superoxide anion, the hydroxyl radical, and hydrogen peroxide (44).
Our earlier research demonstrated that aging in male Wistar rats
increases oxidative stress in testicular tissue, leading to a decline in
testosterone and GSH levels (36). Moreover, a study of 66 men at
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Figure 4. Effect of CR on MDA (a-c) and GSH (b-d) levels in kidney and testicular tissue in young (YC, YCR)and old (OC, OCR) rats.
*p < 0.05 compared with the YC group; #p < 0.05 compared with the YC and YCR groups; &p < 0.05 compared with the OC group.
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Table 1. Histological evaluation results.

Young oid
Control CR Control CR
Renal fibrotic area (%) 1.68 £0.22 1.23+0.12 9.89 £ 0.66* 4.86 + 0.63*
Glomerular diameter (um) 64.25 +0.79 57.51+0.47* 58.44 + 1.07* 60.51 + 1.04*
Seminiferous tubule diameter (um) 216.11+1.71 222.54 £ 1.79 273.49 + 1.60* 249.62 + 1.47**
Johnsen score (0-10) 9.63+0.12 9.17 £0.13* 8.28 £ 0.07* 8.51+0.26**

*p < 0.05, compared with the YC group; #p < 0.05, compared with the OC group; &p < 0.05, compared with the YCR group.

various stages of kidney disease revealed a significant association
between reduced testosterone levels and progressive loss of kidney
function (45).

Changes associated with aging are not limited to biochemical and
inflammatory processes; they also encompass morphological
alterations. Morphological changes with aging include a reduced
number of glomeruli in the kidneys as well as an increase in
glomerular volume and fibrosis (14). Other changes observed in
the testis include reduced tubular diameter, increased basement
membrane thickness, fibrosis, and decreased numbers of sertoli and
spermatogenic cells (2). These structural deteriorations reduce the
Johnsen score, a marker of male fertility (36).

CR is an effective dietary strategy to mitigate age-related
degenerative changes. It functions by reducing oxidative stress,
inflammation, and metabolic disorders through the limitation of
energy intake (46). In our study, CR resulted in decreased organ
weight and body weight regardless of age, whereas renal and
testicular indices increased significantly. Evidence from other
studies suggests that CR may increase the organ index, leading to
a compensatory mechanism against mass reduction (47,48). CR
has also been shown to slow the progression of CKD in rodents.
It lowers blood markers, such as Cre, BUN, and UA, and delays
disease onset, thereby increasing survival (49,50). CR suppresses
oxidative damage to lipids, proteins, and DNA that is associated
with aging, while enhancing cellular defense mechanisms against
oxidative stress (51). CR also reduces mitochondrial ROS formation
in the cardiac and skeletal muscles and the liver (52). In the kidney,
CR decreases levels of MDA, a marker of oxidative stress, and
increases levels of GSH, an important antioxidant (53). In mice,
60% CR for 2 months increased GSH levels and decreased levels
of oxidized GSH and GSH peroxidase in the kidneys (54). In rats,
short-term 60% CR decreased body weight, triacylglycerol levels,
glomerular volume, fibrosis, and cellular senescence (14,15).
Furthermore, CR decreases the incidence of histopathological
nephropathy and improves renal function (14,15). Although CR
prolongs lifespan (55), it can have adverse effects on reproduction
(56). Studies in adult rats have demonstrated that CR can decrease
body, testicular, epididymal, and prostate weights (57). Short-term
CR decreases blood testosterone levels in rats, whereas long-
term CR increases testosterone levels compared with rats fed ad
libitum (58). While these results are consistent with our findings,
the observed differences may be attributable to the duration of CR
application, age, and hormonal status.
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Study Limitations

Although our study is preliminary and suggests that CR may protect
kidney and testicular tissues by reducing oxidative stress during
ageing, it is limited by the lack of measurements of oxidative
stress parameters (such as superoxide dismutase and GSH oxidase)
and hormone levels (such as FSH and LH). However, renal and
reproductive dysfunctions may coexist and should be considered
during follow-up.

CONCLUSION

In conclusion, our findings show that CR during aging helps preserve
the structural and functional integrity of the kidney and testis. These
effects are demonstrated by reduced oxidative stress, increased
antioxidant defenses, and reduced fibrosis on histology. However,
further histological and molecular analyses are needed to clarify the
underlying mechanisms and their interactions.
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ABSTRACT

Objective: Metabolic syndrome (MetS) is characterized by the
coexistence of several risk factors, including abdominal obesity,
elevated blood pressure, glucose intolerance, and dyslipidemia. MetS
has become a significant public health concern worldwide, and its
prevalence is steadily increasing in Tirkiye. It has been suggested
that serum ferritin concentrations are higher in individuals with MetS
and that inflammation plays a crucial role in the pathogenesis of the
syndrome. The aim of this study was to evaluate serum ferritin levels
and inflammatory cytokine levels in individuals with and without MetS.

Methods: A total of 150 individuals who presented to the
endocrinology unit were included in the study. According to the
National Cholesterol Education Program/Adult Treatment Panel llI
(NCEP ATP Ill) criteria, participants were divided into two groups:
those with MetS (n = 75) and those without MetS (n = 75). Fasting
serum ferritin, interleukin (IL)-1a, IL-10, and interferon (IFN)-y levels
were analyzed using commercial enzyme-linked immunosorbent
assay (ELISA) kits. Demographic characteristics, anthropometric
measurements, and biochemical parameters of the participants were
also evaluated.

Results: Serum levels of ferritin, IL-1a, and IFN-y were significantly
higher in individuals with MetS than in the control group (p < 0.05).
Although IL-10 levels were also higher in the MetS group, the
difference was not statistically significant. Furthermore, fasting blood
glucose, triglycerides, blood pressure, and waist circumference were

0z

Amag: Metabolik sendrom (MetS) abdominal obezite, artmis kan
basinci, glukoz intoleransi ve dislipidemi gibi risk faktorlerinden olusan
bir durum olarak tanimlanmaktadir. MetS diinya ¢capinda énemli bir halk
saghgl sorunudur ve Tirkiye'de MetS prevalansi giderek artmaktadir.
Serum ferritin konsantrasyonunun MetS’li bireylerde daha yiksek
ve enflamasyonun, MetS patogenezinde 6nemli bir rol oynadigi 6ne
surtlmistir. Bu ¢alismanin amaci MetS olan ve olmayan bireylerde
serum ferritin ve enflamatuvar sitokin duzeylerini degerlendirmektir.

Yontemler: Endokrinoloji Ginitesine bagvuran 150 kisi, Ulusal Kolesterol
Egitim Programi/Yetiskin Tedavi Paneli (NCEP ATP 1lI) MetS kriterleri
temel alinarak her grupta 75 kisi olacak sekilde iki gruba ayrilmistir.
Aclik serum ferritin, interlokin (IL)-1a, IL-10 ve interferon (IFN)-y
duzeyleri ticari enzim baglantili immiinosorbent test (ELISA) yontemi
ile analiz edilmistir. Ayrica demografik parametreler, antropometrik
Olgtimler ve biyokimyasal parametreler degerlendirilmistir.

Bulgular: MetS’li bireylerde serum ferritin, IL-1a ve IFN-y dlzeyleri
kontrol grubuna kiyasla anlamh dizeyde yiksek bulunmustur (p <
0,05). IL-10 dizeyleri hastalarda daha ylksek olmasina ragmen, bu
artis istatistiksel olarak anlamli bulunmamistir. Ayrica MetS grubunda,
kontrol grubuna gore acglk kan sekeri, trigliserit, kan basinci, bel gevresi
degerleri anlamli sekilde vyiksek; yiksek yogunluklu lipoprotein-
kolesterol duizeyleri ise anlamli sekilde disik saptanmistir.
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ABSTRACT

significantly higher, whereas high-density lipoprotein cholesterol
levels were significantly lower in the MetS group than in controls.

Conclusion: The findings suggest that inflammatory markers such as
ferritin, IL-1a, and IFN-y may serve as biomarkers for the diagnosis and
management of MetS, thereby contributing to a better understanding
of its pathogenesis and early detection. Further large-scale studies
are required to validate these findings and clarify the roles of these
parameters in MetS.

Keywords: Ferritin, inflammation, metabolic syndrome, interleukin-
lalpha, interleukin-10, interferon-gamma

Oz

Sonug: Bulgular, ferritin, IL-1a ve IFN-y gibi enflamatuvar belirteglerin
MetS tani ve yonetiminde potansiyel biyobelirtegler olarak hizmet
edebilecegini, patogenezinin daha iyi anlasilmasina ve erken teshisine
katkida bulunabilecegini gostermektedir. Bu bulgularin dogrulanmasi
icin bu degiskenlerin dikkate alindigi daha genis 6rneklemli galismalara
ihtiyag duyulmaktadir.

Anahtar Sozciikler: Ferritin, enflamasyon, metabolik sendrom,
interlokin-1alfa, interlokin-10, interferon-gama

INTRODUCTION

Metabolic syndrome (MetS) is a worldwide clinical challenge
characterized by a cluster of risk factors, including abdominal
obesity, insulin resistance, glucose intolerance, diabetes mellitus,
dyslipidemia, and hypertension (1). According to the International
Diabetes Federation, one-quarter of the global population has MetS
(2). The Turkish Adult Risk Factor study reported that the prevalence
of MetS among adults aged over 40 years in Turkiye was 53% (3).
Obesity, low educational level, physical inactivity, hypertension,
elevated total cholesterol levels, older age, and higher body mass
index (BMI) are also strong risk factors for the development of
MetS (4). Although the precise pathogenic pathways underlying
MetS remain to be elucidated, the interaction among obesity, low-
grade inflammation, and insulin resistance is considered to play
a vital role in its development (5). The association between MetS
and inflammation has not been fully explained; however, adipose
tissue is thought to mediate the relationship between MetS and
inflammation (6).

Obesity, an important risk factor for the development of MetS,
is characterized by low-grade inflammation leading to adipose
tissue dysfunction. Adipose tissue is an endocrine organ that
secretes various bioactive substances, such as adipocytokines. An
imbalance between the production of anti-inflammatory and pro-
inflammatory adipocytokines in obese adipose tissue contributes to
the pathophysiology of MetS (7). Ferritin, an acute-phase reactant, is
a recognized biomarker of acute or chronic inflammation and is non-
specifically elevated in various inflammatory conditions, including
acute infection, malignancy, chronic kidney disease, rheumatoid
arthritis, and other autoimmune disorders (8). Despite this, it remains
unclear whether serum ferritin is involved in an inflammatory cycle
or whether it causes or reflects inflammation (9). This study aimed
to contribute to this growing area of research by exploring serum
levels of ferritin, interleukin (IL)-1a, IL-10, and interferon (IFN)-y as
inflammatory markers and by examining the relationships among
them in individuals with and without MetS.

MATERIALS AND METHODS

Study Population

Overweight or obese subjects were recruited from the
Endocrinology and Metabolism Unit of Selguk University Medical
Faculty Hospital. This cross-sectional study was conducted in Konya
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Province, Tirkiye, with 150 adults (114 women, 36 men) aged 19-
65 yearsin Konya province, Turkiye. In this case-control study, 75
subjects diagnosed with MetS according to the National Cholesterol
Education Program/Adult Treatment Panel Ill (NCEP ATP lIl) criteria
constituted the patient group (mean age 40.4 + 1.5 years; mean
BMI: 34.5 + 0.8 kg/m?), and 75 subjects without MetS constituted
the control group (mean age 28.1 + 1.0 years; mean BMI: 29.8 + 0.6
kg/m?). Individuals were excluded from the study if they met any
of the following criteria: age outside the 19-65-year age range; use
of antioxidants or specialized nutritional supplements; presence of
inflammatory conditions (e.g., connective tissue diseases, cancer,
infection, inflammatory bowel disease, rheumatoid arthritis, lupus,
tuberculosis); diagnosis of any chronic or genetic disease other than
diabetes mellitus or hypertension; pregnancy or lactation; or use of
medications that affect nutritional status.

BMI was calculated as weight in kilograms divided by the square of
height in metres (kg/m?). BMI categories were defined as follows
(10):

Normal weight: 18.5-24.9 kg/m?

Overweight: 25-29.9 kg/m?

Obesity: 230 kg/m?

Obesity class I: 30-34.9 kg/m?

Obesity class II: 35-39.9 kg/m?

Obesity class Ill: 240 kg/m?

The classification of MetS was based on the NCEP ATP Ill guidelines.
According to the NCEP ATP IlI definition, a diagnosis of MetS requires
the presence of at least three of the following five components: waist
circumference >102 cm for men and >88 for women; triglycerides
>150 mg/dL; high-density lipoprotein cholesterol (HDL)-C <40 mg/
dL for men, and <50 mg/dL for women; systolic blood pressure >130
mmHg or diastolic blood pressure 285 mmHg; and fasting glucose
>110 mg/dL] (11).

Laboratory Analysis

Blood samples were collected after an overnight fast. Serum samples
were separated by centrifugation at 3000 rpm for 10 minutes
at room temperature and stored at -80 °C until analysis. Serum
ferritin (DiaMetra, DK0039), IL-1a (Elabscience, E-EL-H0088), IL-10
(Elabscience, E-EL-H6154), and IFN-y (Elabscience, E-EL-H0108) levels
were analyzed using commercial enzyme-linked immunosorbent
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assay (ELISA) kits. Biochemical parameters were analyzed at the
Pharmaceutical Biochemistry Laboratory of Gazi University.

Blood pressure was measured twice on the participant’s right arm
using a mercury sphygmomanometer after a 20-minute rest. The
mean of the two measurements was used for statistical analysis.

The study was approved by the Medical Ethics Committee of Selguk
University (approval number: 2016/304, dated: 21.12.2016). Written
informed consent was obtained from all participants prior to study
enroliment.

Statistical Analysis

Numerical variables were expressed as mean + standard error and
categorical variables as percentages. Unequal gender group sizes can
affect test power when group variances are heterogeneous but have
minimal impact when group variances are homogeneous. Therefore,
Levene’s test was used to assess the homogeneity of variances.
When variances were not homogeneous, Welch’s t test was applied;
otherwise, Student’s t-test or ANOVA was used for parametric
variables. For nonparametric variables, the Mann-Whitney U test or
the Kruskal-Wallis test was employed. Correlations were evaluated
using either Pearson or Spearman correlation coefficients. A p-value
of <0.05 was considered statistically significant. All analyses were
performed using SPSS (Statistical Package for the Social Sciences)
version 24.0.

RESULTS

A total of 150 subjects participated in the present study. participants
were divided into two subgroups based on the NCEP ATP Il criteria
for the diagnosis of MetS. The patient group included individuals
with at least three MetS components: 31.3% (n = 47) had three
components; 14.7% (n = 22) had four components; and 4% (n = 6)
had all five components. The control group comprised individuals
with no MetS components or with only one or two components:
7.3% (n = 11) had none; 17.3% (n = 26) had one component; and
25.3% (n = 38) had two components.

The general characteristics of the study participants, including age
and BMI ranges, gender distribution, education level, smoking
status, and alcohol consumption status, are summarized in Table 1.

Across the patient group (aged 40-65 years) and the control group
(aged 18-24 years), the participation rate was 52% (n = 39). The
mean ages of the patient and control groups were 40.4 + 1.5 and
28.1 + 1.0 years, respectively. Individuals diagnosed with MetS were
significantly older than those without MetS (p=0.000; data not
shown). Among patients, 33.3% (n = 25) had first-degree obesity,
whereas among controls, 58.7% (n = 44) were overweight. BMI was
significantly higher in patients than in controls (34.5 + 0.8 and 29.8 +
0.6, respectively; p < 0.001; data not shown). In terms of education,
most patients (53.3%) were elementary school graduates, while
most controls (48%) were high school graduates. The majority of
participants reported never smoking and never consuming alcohol
(77.3% and 91.3%, respectively).

Demographic characteristics, anthropometric measurements,

biochemical data, and other measured parameters for each group
are summarized in Table 2.

Anthropometric measurements, including hip circumference and
mid-upper arm circumference, were significantly higher in patients
than in controls (p = 0.000 for both). Biochemical analysis revealed
that homeostatic model assessment-insulin resistance and levels of
total cholesterol, alanine transaminase (ALT), urea, and insulin were
significantly higher, whereas the estimated glomerular filtration rate
(e-GFR) was significantly lower in patients compared with controls
(p =0.000, p =0.001, p =0.001, p=0.000, p = 0.000, and p = 0.000,
respectively). MetS components identified in patients included
increased waist circumference, elevated fasting blood glucose,
elevated systolic and diastolic blood pressure, elevated triglycerides,
and reduced HDL-C levels. Recent evidence suggests that MetS
accelerates eGFR decline, thereby increasing the risk of chronic
kidney disease and end-stage renal disease (12). Although no prior
study has specifically examined the relationship between urea and
MetS, it is hypothesized that MetS may elevate serum urea levels by
impairing renal function. Serum ferritin, IL-1a, IL-10, and IFN-y levels
for each group are presented in Table 3.

In the present study, serum levels of ferritin, IFN-y, and IL-1a were
significantly higher in patients than in controls. Although serum IL-10
levels were also higher in individuals with MetS, this difference did
not reach statistical significance. The distribution of the measured
parameters by gender is presented in Table 4.

This study revealed that serum ferritin concentrations were
statistically significantly higher in men than in women in both the
control and patient groups.

DISCUSSION

The main finding of this study was that the concentrations of serum
ferritin, IL-1a, and IFN-y were significantly higher in participants with
MetS than in healthy controls. Although serum IL-10 levels were also
higher in patients, the difference was not statistically significant.
These results suggest that ferritin, IL-1a, and IFN-y may serve as
biomarkers for MetS.

Although the precise pathogenic mechanisms underlying MetS
unclear, the interplay between obesity, low-grade
inflammation, and insulin resistance is thought to play a vital role in
its development (5). In particular, chronic low-grade inflammation is
considered a central factor in the pathogenesis of MetS (13).

remain

Ferritin plays a critical role in iron homeostasis and serves as a clinical
biomarker for both iron deficiency and hemochromatosis (14).
Recent studies have reported higher serum ferritin concentrations in
individuals with MetS compared with healthy controls (13,15). This
finding supports the idea that serum ferritin may serve as a marker
for the development of MetS. Although the underlying mechanisms
linking ferritin and MetS are not fully understood, several
hypotheses have been proposed, including the Fenton reaction
(16), the iron dysregulation and dormant microbes hypothesis (17),
the lipolytic effect of excessive iron concentrations (18), and the
increased hypersensitivity of pancreatic cells to reactive oxygen
species (19). Nevertheless, some studies have reported conflicting
results regarding the association between serum ferritin and MetS.
These discrepancies have been attributed to small sample sizes,
confounding factors, and differences in study populations (20).
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Table 1. General characteristics of study participants.

Total individuals n (%)

Patients n (%) Controls n (%)

Age range 18-24 years 50 (33.3%) 11 (14.7%) 39 (52%)
25-39 years 50 (33.3%) 25 (33.3%) 25 (33.3%)
40-65 years 50 (33.3%) 39 (52%) 11 (14.7%)
Gender Male 36 (24%) 23 (30.7%) 13 (17.3%)
Female 114 (76%) 52 (69.3%) 62 (82.7%)
BMI range Overweight 65 (43.3%) 21 (28%) 44 (58.7%)
1%t degree obesity 46 (30.7%) 25 (33.3%) 21 (28%)
2" degree obesity 26 (17.3%) 18 (24%) 8 (10.7%)
3 degree obesity 13 (8.7%) 11 (14.7%) 2(2.7%)
Level of education Literate 8 (5.3%) 4 (5.3%) 4 (5.3%)
Elementary 57 (38%) 40 (53.3%) 17 (22.7%)
High school 53 (35.3%) 17 (22.7%) 36 (48%)
University 28 (18.7%) 12 (16%) 16 (21.3%)
Postgraduate 4(2.7%) 2 (2.7%) 2(2.7%)
Smoking status Current 20 (14%) 13 (17.3%) 7 (10.7%)
Never 116 (77.3%) 54 (72%) 62 (82.7%)
Former 13 (8.7%) 8 (10.7%) 5 (6.7%)
Alcohol consumption Current 7 (4.7%) 3 (4%) 4 (5.3%)
Never 137 (91.3%) 68 (90.7%) 69 (92%)
Former 6 (4%) 4 (5.3%) 2 (2.7%)

BMI: Body mass index.

Adipose tissue, which is currently recognised as an endocrine
organ (21), undergoes hypertrophy and hyperplasia in response
to excessive caloric intake (22). This increase in adipose tissue
mass leads to elevated adipokine production by pre-adipocytes
and macrophages, thereby contributing to the development of
inflammation (23). Therefore, the accumulation of visceral adipose
tissue, a characteristic feature of MetS, may alter the vascular and
lymphatic microenvironment, thereby creating lethal conditions for
adipocytes that are distant from blood vessels. In addition, hypoxia
and lipotoxicity may occur in adipocytes, thereby triggering the
release of fatty acids and substrates that activate pro-inflammatory
pathways in tissues (22). Although the pathogenesis of MetS has
not yet been fully elucidated, it is hypothesised that an imbalance
between antioxidant and pro-oxidant activities plays a vital role
in its development (24). Furthermore, a chronic inflammatory
state is considered the primary mechanism underlying MetS
pathophysiology (21). Chronic low-grade inflammation, resulting
from the accumulation of excess adipose tissue, is generally regarded
as a key factor in the development of insulin resistance and may play
an important role in the pathobiology of MetS (24,25).

Nicoara et al. (26) demonstrated the diagnostic value of the systemic
immune-inflammatory response index for distinguishing MetS in
obese children. Another study found a pronounced increase in pro-
inflammatory cytokines in men with MetS and a decrease in anti-
inflammatory adipokines in women with MetS (27). IFN-y suppresses
the expression of Sirtuin-1 (SIRT1), leading to metabolic dysfunction
and the development of T2DM (28). Increased IFN-y levels reduce
insulin activity, disrupt metabolic homeostasis and insulin signaling

18

in skeletal muscle, and induce tumor necrosis factor (TNF)-a and
Nuclear Factor Kappa B (NF-kB). IFN-y also contributes to T-cell
modulation, diet-associated insulin resistance, T2DM, and obesity
by activating the JAK-STAT pathway, ultimately leading to insulin
resistance (28). IFN-y cytokine levels were found to be significantly
higher in individuals diagnosed with MetS than in healthy adults
(29), and increased serum IFN-y concentrations were associated
with insulin resistance and MetS components in obese children
(30). These findings indicate that elevated IFN-y levels are related
to insulin resistance and MetS in pediatric population. Therefore,
IFN-y concentration may serve as a clinical biomarker for MetS and
T2DM development and is considered a potential therapeutic target
for improving these pathologies (31). Similar to previous studies, we
found that serum IFN-y concentrations were significantly higher in
patiens with MetS compared to healthy counterparts.

IL-1, which includes IL-1a, IL-1B, and IL-1 receptor, is produced and
secreted by hepatocytes and various other cellss, including vascular
smooth muscle cells, endothelial cells, and macrophages/monocytes
(32). Elevated serum IL-la concentrations have been identified
as vital parameters in the development of MetS (29). Lower IL-1a
concentrations were associated with reduced adiposity and improved
glucose tolerance in diet-induced obese mice, suggesting that
inhibition of IL-1a may help maintain glucose tolerance and protect
against obesity-related comorbidities (33). In another study, IL-1a
treatment was shown to impair insulin signaling (34) by increasing
IL-6 production in 3T3-L1 adipocytes, thereby contributing to insulin
resistance. Other mechanisms have been suggested, including
disruption of insulin signalling via STAT phosphorylation, SOCS3
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Table 2. Demographic, anthropometric, and clinical data of study participants.

Age

BMI

Hip circumference (cm)

Mid upper arm circumference (cm)
Waist circumference (cm)

SBP (mmHg)

DBP (mmHg)

Fasting blood glucose (mg/dL)
Insulin (mU/L)

HOMA-IR

Total cholesterol (mg/dL)
Triglycerides (mg/dL)

HDL-C (mg/dL)

LDL-C (mg/dL)

e-GFR (mL/min)

ALT (U/L)

Creatinine (mg/dL)

Urea (mg/dL)

Vitamin B, (ng/L)

TSH (mU/L)

Patients Controls p-value
mean + SE mean t SE

40.4+1.5 28.1+1.0 0.000*
345+0.8 29.8+0.6 0.000*
119.8+1.6 112.5+1.3 0.000*
37.9+05 342105 0.000*
1159+1.8 99.8+1.9 0.000*
128.5+2.4 110.8+1.5 0.000*
80.2+1.4 72.7+1.2 0.000*
118.5+5.7 88.7+0.9 0.000*
18.6+1.3 12.7+0.7 0.000*
4.6+0.3 2.8+0.2 0.000*
200.5+5.6 178.2+3.9 0.000*
203.5+10.8 90.7+4.1 0.000*
447 +1.1 53.6+1.2 0.000*
117.2+4.6 106.5+2.9 0.051
117.6+2.2 131416 0.000*
255+15 19.5+1.4 0.001*
0.73 £0.02 0.68 £ 0.01 0.178
26.2+0.9 22.3+0.6 0.000*
292.0+11.2 307.7 £13.5 0.684
21+0.1 23+0.2 0.403

*p < 0.05, HOMA-IR: Homeostatic model assessment-insulin resistance, SE: Standard error, BMI: Body mass index, SBP: systolic blood pressure, DBP: Diastolic
blood pressure, HDL-C: High denstiy lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, ALT: Alanine aminotransferase, TSH: Thyroid-stimulating

hormone.

Table 3. Evaluation of measured parameter levels in participants
according to MetS status.

Patients Controls p-value
Mean+SE  Mean * SE
Ferritin (ng/mL) 60.8 +4.2 37.1+3.4 0.000*
IL-1a (pg/mL) 33+0.2 27+0.1 0.011*
IL-10 (pg/mL) 39+0.1 3.7+0.1 0.089
IFN-y (pg/mL) 3.0+0.1 2.8+0.0 0.001*

*p < 0.05.
IL-1a: Interleukin-1a, IL-10: Interleukin 10, IFN-y: Interferon-y, SE: Standard
error.

induction (35), and downregulation of insulin receptor substrate-1
in the presence of IL-6 (28). Consistent with previous research (29),
the present study found that serum IL-la concentrations were
significantly higher in patients than in controls.

IL-10, an anti-inflammatory cytokine, plays an important role in
regulating the immune system and in inhibiting the production and
expression of pro-inflammatory cytokines (25). IL-10 is produced by
macrophages and lymphocytes and exerts its anti-inflammatory and
insulin signalling-modulating effects by inhibiting kappa B inhibitor
kinase activity, suppressing TNF-induced nuclear factor kappa
B activation (36), inhibiting NADPH oxidase-mediated oxidative
stress, and downregulating TNF-a and IL-6 concentrations (37).

High circulating IL-10 levels help counter chronic inflammation
in obesity and T2DM (38,39). Serum IL-10 has been found to be
inversely associated with metabolic disorders, including elevated
blood pressure, dyslipidemia, glucose intolerance (40), and MetS
(25,38). Freitas et al. (41) reported that subjects with the IL-10 AA
genotype, which is associated with lower IL-10 levels, had a higher
risk of developing MetS. Serum IL-10 concentration has been linked
to improvements in MetS and obesity by reducing BMI and body
fat mass, reducing insulin resistance, and improving adipose tissue
function in both human and animal models (42,43). Reduced IL-10
concentrations in adipose tissue and serum have been observed
in subjects with obesity and type 2 diabetes (44,45). Interestingly,
increased serum IL-10 concentrations have been found in obese
women compared to non-obese women (38); this was attributed
to a compensatory increase in IL-10 aimed at downregulating
pro-inflammatory cytokines (38), as well as in children and
adolescents (46). Some studies have also reported higher serum
IL-10 concentrations in subjects with MetS compared with healthy
counterparts (29,47). In our study, serum IL-10 concentrations
were higher in patients; however, the difference between the two
groups was not statistically significant. Although the underlying
mechanism is not fully understood, a compensatory increase in
IL-10 in response to the pro-inflammatory state may explain these
findings (29). Additionally, genetic factors are thought to contribute
to variability in cytokine production (48), and genetic differences
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Table 4. Evaluation of measured parameters according to gender in
controls and patient groups.

Measured parameters in n Meant + SE  p-value
controls
Ferritin
Female 62 30.7+2.1

0.03*
Male 13 67.7+14.6
IL-1a
Female 62 2.6+0.1

0.317
Male 13 3.0+0.3
IL-10
Female 62 3.7+0.1

0.905
Male 13 3.7+0.2
IFN-y
Female 62 2.8+0.0

0.413
Male 13 2.8+0.0
Measured parameters in patients
Ferritin
Female 52 52.7+4.1

0.011*
Male 23 79.2+9.0
IL-1a
Female 52 3.2+0.2

0.899
Male 23 3.4+0.4
IL-10
Female 52 3.8+0.1

0.140
Male 23 40+0.1
IFN-y
Female 52 3.1+0.1 0.411
Male 23 3.0+0.1
*p < 0.05.

IL, IL-1a: Interleukin-1a, IL-10: Interleukin 10, IFN-y: Interferon-y, SE:
Standard error.

among individuals in our study may account for the higher serum
IL-10 concentrations observed in patients with MetS compared with
those in the control group.

Gender is considered a significant factor that potentially influences
differences in serum ferritin levels. A review of the literature
has revealed that studies report inconsistent results (49). The
discrepancies observed across studies may be attributed to
differences in study population characteristics, sample size, and
factors influencing serum ferritin levels. Physiologically, women tend
to have lower serum ferritin concentrations than men due to iron
loss through menstruation. In men, increased visceral adiposity and
metabolic disorders may elevate serum ferritin levels by promoting
the production of inflammatory cytokines. In our study, consistent
with previous research (50), Levene’s test indicated that variances
across groups were not homogeneous. Therefore, Welch’s t-test was
applied, and only serum ferritin concentrations were higher in men
than in women in both the patient and the control groups.
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Study Limitations

Although this study was successfully completed, several limitations
should be considered. First, the small sample size and the cross-
sectional design of the study may limit the generalizability of the
findings. Prospective studies with larger sample sizes are needed to
clarify the causal relationships between serum ferritin, inflammatory
cytokines, and MetS. Another limitation is that menopausal status
was not considered, which may have influenced serum ferritin levels.

CONCLUSION

To the best of our knowledge, this is the first study in Tirkiye to
evaluate levels of serum ferritin and other inflammatory cytokines in
individuals with and without MetS. The main finding was that serum
concentrations of ferritin, IL-1a, and IFN-y were significantly higherin
participants diagnosed with MetS than in healthy controls. Although
serum IL-10 levels were also higher in patients, the difference was
not statistically significant. These findings indicate that individuals
with MetS have elevated serum levels of pro-inflammatory cytokines
and ferritin, which may be clinically relevant to the pathogenesis
of the syndrome. Identifying new determinants of MetS could
facilitate earlier diagnosis and more effective treatment. A better
understanding of the roles of inflammation and ferritin in MetS
may also contribute to improved prevention strategies. Prospective
studies with larger cohorts are needed to further elucidate the
relationship between cytokines and MetS.
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ABSTRACT

Objective: This study aims to evaluate nasal bone fractures, the
most frequently encountered injuries in maxillofacial trauma, from a
forensic medicine perspective and to contribute to the objectivity of
the medicolegal analysis of such cases.

Methods: A total of 205 patients with nasal bone fractures who
presented to Cankiri State Hospital between 2022 and 2025 and
were reported as forensic cases were retrospectively analyzed. Age,
sex, etiology of trauma, fracture type, associated injuries, physical
examination findings, and imaging methods used were evaluated. Data
were analyzed using descriptive and comparative statistical methods.

Results: The prevalence of nasal fractures among forensic cases was
1.15%, and 82.9% of the patients were male. The most common
etiological factor was assault (57.1%), followed by traffic accidents
(33.7%). Of the fractures, 62% were displaced, 31.2% were linear,
and 6.8% were comminuted/depressed; 92.2% were closed, and 7.8%
were open. Open fractures were significantly more common during in-
vehicle traffic accidents. Additional skeletal fractures were detected in
31.2% of cases. Computed tomography was the most frequently used
imaging modality (63.4%).

Conclusion: Nasal fractures are more frequently observed in young
adult males and are commonly associated with assault-related
trauma. The presence of accompanying fractures reflects the
severity of the trauma. These findings are expected to contribute to
the standardization and objectivity of forensic medical evaluation
processes.

Keywords: Nasal bone, forensic medicine, facial injuries, wounds and
injuries, maxillofacial injuries, violence

0z

Amag: Bu calisma maksillofasiyal travmalar igerisinde en sik karsilasilan
nazal kemik kiriklarini adli tip agisindan degerlendirmeyi ve bu olgularin
medikolegal analizini objektiflestirmeyi amaglamaktadir.

Yontemler: 2022-2025 yillari arasinda Cankiri Devlet Hastanesi'ne
basvuran, adli olgu bildirimi yapilan ve nazal kirik saptanan 205
olgu retrospektif olarak incelenmistir. Olgularin yas, cinsiyet, travma
etiyolojisi, kirik tipi, eslik eden yaralanmalar, muayene bulgular ve
kullanilan gorintileme yontemleri incelenmistir. Veriler tanimlayici ve
karsilastirmali istatistiklerle analiz edilmistir.

Bulgular: Nazal fraktir gorilme sikhgr %1,15 olarak saptanmis,
olgularin %82,9’unu erkekler olusturmustur. En sik etiyolojik nedenin
darp (%57,1) oldugu belirlenmis, bunu trafik kazalar (%33,7) takip
etmistir. Kiriklarin %62’si deplase, %31,2’si lineer, %6,8’i pargali/¢okme
tipi olup; %92,2’si kapali, %7,8’i acik kiriklardan olusmaktadir. Ozellikle
arag ici trafik kazalarinda agik kirik orani anlamli diizeyde daha yiiksek
bulunmustur. Olgularin %31,2’sinde eslik eden baska kemik kiriklari
tespit edilmistir. Bilgisayarli tomografi en sik kullanilan gorintiileme
yontemi olarak saptanmistir (%63,4).

Sonug: Nazal kiriklar geng eriskin erkeklerde ve darp kaynakli
travmalarda daha sik gorilmekte olup, eslik eden kiriklarin varlig
travma siddetini yansitmaktadir. Bulgular, adli tibbi degerlendirme
sureglerinin objektiflestiriimesine katki sunacaktir.

Anahtar Sozciikler: Burun kemigi, adli tip, yliz yaralanmalari, yaralar ve
travmalar, maksillofasiyal yaralanmalar, siddet
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INTRODUCTION

The maxillofacial region is among the most frequently affected
anatomical areas in traumatic incidents because of its location and
exposure to the external environment (1). Among injuries involving
this region, the nasal bone is one of the most commonly fractured
structures, because it is the most prominent part of the face and has
the weakest supporting tissue (2). The unprotected structure of the
nasal bone makes it susceptible to fracture even under forces that
may be insufficient to cause fractures of other facial bones (3).

Nasal bone fractures are frequently associated with forensic cases,
such as assaultassaults, and with accidental causes, including
falls, traffic accidents, and occupational or domestic injuries (4).
Clinically and radiologically, they are typically classified as linear
(non-displaced), displaced, or comminuted fractures. Moreover,
depending on whether the integrity of the skin overlying the
fracture line is compromised, they may also be classified as closed or
open (5). Clinical findings commonly include nasal deviation, nasal
depression, tenderness, edema, crepitus, and epistaxis (6). Imaging
modalities such as plain radiography or computed tomography (CT)
are used to confirm the diagnosis and guide treatment planning (7).

Nasal bone fractures require specialized evaluation not only from
a medical perspective but also from forensic and legal perspectives
(8). According to the Turkish Penal Code, injuries resulting in bone
fractures are punishable by imprisonment for one to six years,
depending on the extent to which the fracture affects vital bodily
functions (9).

In this context, the Guide for the Forensic Medical Evaluation of
Injuries Defined in the Turkish Penal Code (10) classifies bone
fractures as mild (1), moderate (2-3), and severe (4-6) according to
their impact on vital bodily functions. In the forensic assessment of
nasal bone fractures, the fracture type serves as a primary parameter.
A linear fracture or avulsion of the nasal bone is considered to have
a mild (1) effect on vital functions, whereas more complex fractures,
such as comminuted or depressed nasal fractures, are deemed to
have a moderate (2) effect on vital functions.

Although nasal fractures may occur as isolated injuries, they are
often accompanied by fractures of other facial bones or of bones in
other regions of the body, particularly in high-energy trauma cases
(11). The presence of multiple fractures is regarded as a significant
indicator of increased trauma severity (12).

The aim of this study is to elucidate the role of nasal bone fractures
in forensic medicine and to contribute to standardization of criteria
and diagnostic methods used to evaluate such cases. Additionally,
the study seeks to enhance the forensic medical assessment of nasal
bone fractures and expand the body of knowledge in this area.

MATERIALS AND METHODS

Data from cases presenting to Cankiri State Hospital between 2022
and 2025 and reported as forensic incidents were retrospectively
reviewed, and cases in which a nasal bone fracture was identified
were included in the study. For each included case, general forensic
examination reports, patient discharge summaries (epicrises), and
radiological images were evaluated. The following variables were
examined: age, sex, time of injury, cause of the incident, physical
examination findings, type of fracture, presence of accompanying
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fractures, and diagnostic investigations performed to establish the
clinical diagnosis.

This study was approved by the Ethics Committee of Health
Sciences of Cankiri Karatekin University (meeting number: 22, date:
14.07.2025). The research was conducted in accordance with the
principles of the Declaration of Helsinki.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics
version 26 (IBM Corp., Armonk, NY, USA). Descriptive statistics were
presented as frequencies, percentages, means, standard deviations,
minimum and maximum values. The differences between
categorical variables were analyzed using the Pearson chi-square
test. Additionally, a chi-square goodness-of-fit test was employed
to assess whether a categorical variable was uniformly distributed
across categories by comparing the observed distribution with
the expected distribution under equal proportions. The expected
frequencies in some cells were less than 5. A p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 17,810 cases reported as forensic incidents and assessed
as involving medico-legal injuries were reviewed. Among these, 205
cases were identified as having nasal fractures and were included
within the scope of the study. The prevalence of nasal fractures
among all forensic cases was 1.15%.

Of the 205 cases included in our study, 82.9% (n = 170) were male
and 17.1% (n = 35) were female. The number of male cases was
significantly higher than that of female cases (x2=88.90, p <0.001).

The ages of the cases evaluated in the study ranged from 2 to 87
years, with a mean age of 35.51+16.42 years. The distribution of
cases by age group is presented in Table 1. The highest number of
cases was observed in the 26-40 age group (34.6%, n = 71), followed
by the 18-25 age group (25.9%, n = 53) and the 41-64 age group
(25.9%, n = 53). Additionally, 5.9% (n = 12) of the cases were in the
13-17 age group, 5.4% (n = 11) were aged 65 and above, 1.5% (n = 3)
were in the 7-12 age group, and 1% (n = 2) were aged 0-6 years. Nasal
bone fractures in forensic incidents were significantly concentrated
in the 18-25 and 26-40 age groups (x*>=168.46, p <0.001).

The monthly distribution of nasal fractures is presented in Figure 1.
The highest number of cases was recorded in October (14.1%, n =
29), followed by January (10.2%; n = 21), May (9.8%; n = 20), and
July (9.8%; n = 20). The lowest number of cases was observed in
December (3.9%; n = 8).

Regarding seasonal distribution the highest number of cases
occurred in autumn (32.2%; n = 66) followed by summer (25.4%;
n = 52), spring (24.4%; n = 50), and winter (18.0%; n = 37). While
the monthly distribution was not statistically significant (x*=18.43;
p=0.072), the seasonal variation was found to be significant (x2=8.25;
p=0.041). A notable increase in forensic nasal fractures was observed
particularly during the autumn season.

The distribution of injury mechanisms is presented in Table 1. The
most common cause of nasal fractures was physical assault (57.1%;
n = 117). This was followed by in-vehicle traffic accidents (21.5%; n =
44), out-of-vehicle traffic accidents (12.2%; n = 25), falls from height
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(7.3%; n = 15), and other types of accidents (e.g., occupational or
domestic/environmental incidents) (2%; n = 4). The notably high
proportion of assault-related cases was found to be statistically
significant (x>=197.22; p <0.001).

The distribution of injury mechanisms by sex is presented in Table 2.
Among males the most common cause of injury was physical assault
(62.4%; n = 106), followed by in-vehicle traffic accidents (17.6%;
n = 30), out-of-vehicle traffic accidents (11.2%; n = 19), falls from
height (7.6%; n = 13), and other accidents (1.2%; n = 2). In female
cases the leading causes were in-vehicle traffic accidents (40.0%; n
=14) and physical assault (31.4%; n = 11), followed by out-of-vehicle
traffic accidents (17.1%; n = 6), falls from height (5.7%; n = 2), and
other accidents (5.7%; n = 2). The distribution of injury mechanisms
differed significantly between sexes (x?=15.68; p=0.003).

The distribution of fracture types among the cases is presented in
Table 3. The most frequently observed fracture type was displaced

64) and comminuted/depressed fractures (6.8%; n = 14). Bilateral
nasal bone fractures were identified in 67.3% of cases (n = 138)
while unilateral fractures were observed in 32.7% (n = 67). A total of
92.2% (n = 189) of the fractures were classified as closed and 7.8%
(n = 16) as open fractures. The proportion of open fractures was
significantly higher in in-vehicle traffic accidents compared to other
causes (x2=26.91; p <0.001).

Upon examination of clinical findings, crepitation over the nasal
dorsum was detected in 35.6% of the cases (n = 73) whereas no such
finding was observed in 64.4% (n = 132). Additionally active epistaxis
was present in 48.3% of the cases (n = 99) in the remaining 51.7%
(n = 106) either no nasal bleeding was observed or active epistaxis
was absent.

Regarding imaging modalities 63.4% of the cases (n = 130) were
evaluated using only CT, 26.3% (n = 54) underwent both CT and plain
radiography and 10.2% (n = 21) were assessed with plain radiography

fractures (62.0%; n = 127) followed by linear fractures (31.2%; n = solely.
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Figure 1. The monthly and seasonal distribution of nasal fractures.
Table 1. Distribution of injury mechanisms by age group.
Age group Injury mechanisms Total, n (%) X2 p
Physical assault IVTA OVTA Falls Other accidents
n (%) n (%) n (%) n (%) n (%)
0-6 - - 1 (50%) 1 (50%) - 2 (1%) 168.46 <0.001
7-12 2 (66.7%) - 1(33.3%) - - 3 (1.5%)
13-17 7 (58.3%) 3 (25%) 2 (16.7%) - - 12 (5.9%)
18-25 34 (64.2%) 9 (17%) 4 (7.5%) 1(1.9%) 5 (9.4%) 53 (25.9%)
26-40 46 (64.8%) 12 (16.9%) 7 (9.9%) 1(1.4%) 5 (7%) 71 (34.6%)
41-64 25 (47.2%) 15 (28.3%) 8 (15.1%) 2 (3.8%) 3 (5.7%) 53 (25.9%)
65+ 3(27.3%) 5 (45.5%) 2 (18.2%) - 1(9.1%) 11 (5.4%)
Total 117 (57.1%) 44 (21.5%) 25 (12.2%) 4 (2%) 15 (7.3%) 205 (100%)

IVTA: in-Vehicle traffic accidents, OVTA: Out-of-vehicle traffic accidents, Falls: Falls from height, Other accidents: Occupational or domestic/environmental

incidents.
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During the forensic evaluation process clinical management
approaches revealed that 37.6% of the cases (n = 77) were referred
for consultation with an otorhinolaryngology (Ear, Nose, and Throat;
ENT) specialist while 62.4% (n = 128) were directed to outpatient
follow-up. When consultation rates were examined according to
fracture type it was found that 21.9% (n = 14) of cases with linear
fractures, 40.9% (n = 52) of those with displaced fractures, and
78.6% (n = 11) of those with comminuted fractures were referred
for specialist consultation. It was determined that Consultation rates
increased significantly with the severity of the fracture (x>=17.37, p
<0.001).

In accordance with our hospital’s protocol for forensic cases blood
ethanol levels are routinely assessed in all presenting patients.
Ethanol was detected in blood samples in only 10.2% of the cases
(n=21).

In 31.2% (n = 64) of cases with nasal bone fractures additional
fractures in other parts of the body were also identified. The
distribution of these accompanying fractures is detailed in Table
4. The most frequently additional fractures involved facial bones
(20.0%; n = 41) followed by extremity fractures (14.1%; n = 29),
vertebral fractures (5.4%; n = 11), rib fractures (4.9%; n = 10),
and cranial fractures (4.9%; n = 10). Fractures of the facial bones
were found to be significantly more common than other types of
accompanying fractures (x=39.74, p <0.001). Furthermore the rate
of accompanying fractures was significantly higher in both in-vehicle
and out-of-vehicle traffic accidents compared to other types of
incidents (x2=41.05; p < 0.001).

DISCUSSION

Maxillofacial injuries are among the most common types of physical
trauma (1). The nose, the most prominent part of the face, accounts
for approximately half of all maxillofacial fractures resulting from
trauma (5). To determine the legal penalty for the perpetrator of an
assault, it is essential to assess, from a forensic-medical perspective,
the severity of these injuries and the conditions they cause.

In our study, the mean age of cases with nasal fractures was 35.51
years. The age group most frequently affected was 26-40 years
(34.6%), followed by the 18-25 age group (25.9%). According to our
findings, approximately 60.5% of nasal fractures occurred during
young adulthood, indicating that individuals in this age range are
at higher risk of nasal trauma-related fractures. The data obtained
in this study are largely consistent with findings reported in the
literature. Previous studies have documented that the mean age of
patients with nasal bone fractures ranges from 25.9 to 34 years, and
the majority of nasal fractures occur between the ages of 18 and 40

Table 2. Sex-based distribution of injury mechanisms.

(2,11,13-16). Young adults are more frequently exposed to traumatic
circumstances because of lifestyle factors. In particular, sports-related
injuries, incidents of physical assault, and occupational and traffic
accidents are more common in this age group (17). Moreover, factors
such as increased social activity, participation in nightlife, presence in
crowded environments, and a tendency toward risk-taking behaviors
may further elevate the likelihood of trauma in this population.

Regarding the sex distribution of nasal fractures, the literature
consistently reports that nasal fractures occur significantly more
frequently in males thanin females. Numerous studies have indicated
that 72.5% to 88% of nasal fracture cases occur in males (2,15,16,18-
21). In a study conducted by Karbeyaz et al. (18), the prevalence of
nasal fractures was also found to be significantly higher in males
than in females. Similarly, in our study, the vast majority of cases of
nasal bone fractures (82.9%) were male, which is consistent with the
existing literature. The higher incidence of nasal fractures in males is
thought to be primarily due to increased exposure to physical trauma
(such as traffic accidents and acts of violence), greater activity levels
among younger males, influenced by sociocultural factors, and more
frequent presence in outdoor or high-risk environments (1).

In our study, physical assault was identified as the most common
cause of nasal fractures, accounting for 57.1% of cases. Assault was
followed by in-vehicle traffic accidents (21.5%) and out-of-vehicle
traffic accidents (12.2%). Overall, traffic accidents accounted for
33.7% of all nasal fractures. These findings are largely consistent
with data reported in the literature. Previous studies have indicated
that nasal fractures most frequently result from assault, with rates
ranging from 32% to 90%, followed by traffic accidents reported at
rates ranging from 7% to 38.4% (4,8,19,22,23). The high prevalence
of assault-related nasal fractures may be attributed to the
anatomical vulnerability of the nose, which is the most prominent
and exposed part of the face, making it particularly susceptible to
trauma (24). Attacks targeting the facial region often result in a
direct impact to the nasal bone. In cases of interpersonal violence,
physical aggression frequently begins with blows to the face, which
may explain the predominance of assault as a mechanism of injury
in nasal fractures. That traffic accidents rank second may be related
to the direct exposure of the head and neck region to trauma during
both in-vehicle and out-of-vehicle collisions.

The etiology of nasal fractures demonstrates a marked difference
according to sex, a finding supported by various studies in the
literature. Karbeyaz et al. (18) reported that physical assault was
the most common cause of nasal fractures among males, whereas
traffic accidents were the most common cause among females.
The study also noted that this difference was statistically significant.

Gender Injury mechanisms Total X2 p
Physical assault  IVTA OVTA Falls Other accidents " (%)
n (%) n (%) n (%) n (%) n (%)
Male 106 (62.4%) 30 (17.6%) 19 (11.2%) 13 (7.6%) 2 (1.2%) 170 (82.9%) 15.68 0.003
Famale 11 (31.4%) 14 (40%) 6(17.1%) 2 (5.7%) 2 (5.7%) 35(17.1%)
Total 117 (57.1%) 44 (21.5%) 25 (12.2%) 15 (7.3%) 4 (2%) 205 (100%)

IVTA: in-Vehicle traffic accidents, OVTA: Out-of-vehicle traffic accidents, Falls: Falls from height, Other accidents: Occupational or domestic/environmental

incidents.
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Table 3. Fracture typing and distribution.

Fracture type n %
Linear 64 31.2
Displaced 127 62
Comminuted 14 6.8
Broken side

Unilateral 67 32.7
Bilateral 138 67.3

Skin integrity

Open fractures 16 7.8

Closed fractures 189 92.2

Similarly, Hwang et al. (4) found that the most frequent cause of
nasal fractures among male patients was assault (66.7%), whereas
among female patients, accidents (52.7%) were the most common;
this difference was also reported to be statistically significant. In
our study, consistent with the aforementioned literature, similar
results were observed. When all cases were analyzed collectively,
regardless of sex, assault emerged as the most common etiological
factor. However, a more detailed examination by sex revealed that
among female cases, in-vehicle traffic accidents were the leading
cause of nasal fractures (40%), followed by assault (31.4%). In
contrast, among male cases, assault was the most frequent cause
(62.4%), followed by in-vehicle traffic accidents (17.6%) and out-
of-vehicle traffic accidents (11.2%). This difference was statistically
significant (x?=15.68, p=0.003). This variation is likely attributable to
differences between genders in societal roles, behavioral patterns,
and exposure to violence. Although social structure, gender roles,
and the prevalence of violence may vary across countries and
regions (25), the findings of our study are consistent with previously
reported data in the literature.

In our study, the evaluation of nasal bone fracture types revealed
that displaced fractures were the most common type (62%).
This was followed by linear fractures (31.2%) and comminuted/
depressed fractures (6.8%). Our findings are consistent with those
of several studies in the literature. Hosukler et al. (15) reported
that 56.5% of nasal fractures were displaced; Bitln et al. (19) also
identified displaced fractures as the most prevalent type (45.8%).

The high proportion of displaced fractures may be associated with
the severity of the trauma. Although the majority of our cases were
assault-related, high-energy trauma mechanisms such as traffic
accidents also constituted a substantial proportion and may have
contributed to the increased rate of displaced fractures. While linear
fractures are more commonly observed in low-energy injuries,
high-energy injuries are more likely to result in displaced fractures
that are severe enough to cause deformity. Some studies, however,
have reported a higher frequency of linear fractures. For example,
Balandiz et al. (1) found linear nasal fractures in 77.9% of cases,
and Toygar et al. (8) reported a rate of 95%. These discrepancies
may be attributed to differences in the characteristics of the study
populations, the diversity and severity of trauma mechanisms, the
diagnostic methods employed, and the criteria used for fracture
classification.

The vast majority of nasal fractures were closed (92.2%), while the
proportion of open fractures was 7.8%. Moreover, the rate of open
fractures was significantly higher in in-vehicle traffic accidents than
in other types of incidents (x?=26.91, p <0.001). These findings
are largely consistent with the existing literature. Sayin et al. (14)
reported that 92.9% of nasal bone fractures were closed, whereas
only 7.1% were open. Similarly, Hosukler et al. (15) noted that the
rate of open nasal fractures was 11.4%. These data suggest that
most fractures tend to be closed due to the anatomical structure of
the nasal region; however, as trauma severity increases, soft-tissue
integrity may also be compromised. The higher frequency of open
fractures during in-vehicle traffic accidents may be associated with
the high kinetic energy involved in such incidents. In these cases, the
force generated by the impact velocity is often transmitted directly
to the facial region, typically causing collisions with hard surfaces
such as the steering wheel or windshield, or with the airbag. This
mechanism may result in skin lacerations, leading to open fractures
(26). In contrast, in cases of assault or low-energy trauma, soft tissue
often serves as a buffer overlying the bone, helping to preserve skin
integrity and resulting in a closed fracture.

Evaluation of clinical symptoms associated with nasal fractures
revealed that crepitation was present in 35.6% of cases, while
epistaxis was observed in 48.3% of cases. When compared with
findings reported in the literature, these rates show some variation.
Gupta et al. (22) reported crepitation in 80% and active epistaxis
in 76.8% of nasal fracture cases. Similarly, Akdag et al. (3) reported

Table 4. Distribution of fractures accompanying nasal bone fractures according to injury mechanisms.

Accompanying fractures Injury mechanisms Total x? p
Physical IVTA OVIA  Falls Other n (%)
assault accidents
n (%) n (%) n (%) n (%) n (%)
Facial fractures 13 (11.1%) 14 (31.8%) 9(36%) 4 (26.7%) 1(25%) 41 (20%) 41.05 <0.001
Cranial fractures - 5(11.4%) 2 (8%) 3 (20%) - 10 (4.9%)
Extremity fractures 3(2.6%) 13 (29.5%) 7 (28%) 5(33.3%) 1(25%) 29 (14.1%)
Vertebral fractures 1(0.9%) 8 (18.2%) 2 (8%) - - 11 (5.4%)
Rib fractures - 8(18.2%) - - 2 (13.3%) 10 (4.9%)

IVTA: in-Vehicle traffic accidents, OVTA: Out-of-vehicle traffic accidents, Falls: falls from height, Other accidents: Occupational or domestic/environmental

incidents.
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a crepitation rate of 75.3%. In contrast, Ersoy et al. (27) identified
epistaxis in 45% and crepitation in 27.5% of cases, whereas Hosukler
et al. (15), in their study based on medical record review, reported
these rates as 19.4% and 11.7%, respectively. This variability
suggests that the identification and documentation of symptoms
of nasal fractures are influenced by several factors, including the
severity of the trauma, the time elapsed since the incident, the
patient’s condition at the time of presentation, and variations in
clinical practice. Additionally, during the retrospective review of
medical records, the extent to which symptoms were thoroughly
documented by the physician may affect the reported rates.
Crepitation, in particular, is a clinical finding that can vary depending
on the examiner’s level of experience and examination technique; it
is not always assessed in a standardized manner.

CT is currently regarded as the gold-standard imaging modality for
diagnosing facial trauma (5). CT provides high-resolution cross-
sectional images, offering significant advantages in evaluating the
fracture line, the degree of displacement, and any concomitant
facial bone injuries. However, plain radiographs (direct X-rays) are
still used in some centers, with factors such as cost, accessibility, and
radiation exposure influencing this preference. The literature reveals
considerable variability in imaging methods used to diagnose nasal
fractures. For instance, Hosukler et al. (15) reported using both CT
and direct radiography in 76.5% of cases and direct radiography
alone in 14.6% of cases. Similarly, Akdag et al. (3) used CT in 46.8% of
cases and direct radiography in 53.2% of cases for fracture detection.
In our study, nasal bone fractures were evaluated using CT alone in
63.4% of cases, both CT and direct radiography in 26.3% of cases,
and direct radiography alone in only 10.2% of cases. These findings
suggest a markedly greater reliance on CT. One likely explanation
for this trend is the increased accessibility of CT in modern clinical
practice. Furthermore, the limited sensitivity of plain radiographs—
particularly in detecting minimally displaced fractures—has led
clinicians to favor CT as a more reliable diagnostic tool. The use
of both CT and plain radiography may reflect cases in which initial
evaluation with plain radiography was followed by CT to confirm
the diagnosis. The low proportion of cases evaluated solely with
direct radiography further supports the view that this modality is no
longer considered sufficient as a standalone diagnostic tool in the
assessment of nasal fractures.

In the preparation of medico-legal reports for forensic cases the
expert opinion of a specialist physician in the relevant field becomes
increasingly important to provide detailed scientific data. Karakus
et al. (28) reported that nasal fractures were observed in 23.2% of
forensic cases referred to the Department of ENT. In our study, an
ENT specialist consultation was requested in 37.6% of cases, and the
consultation rate also increased significantly with fracture severity
(x3=17.37, p <0.001). (x>=17.37, p <0.001). In more severe cases in
which both forensic reporting and therapeutic management become
more complex, the involvement of ENT specialists is both expected
and necessary to ensure a valid and objective evaluation.

Alcohol consumption is known to be a significant risk factor for
trauma-related injuries (29). Maxillofacial trauma, in particular,
occurs more frequently as a result of risk-taking behavior associated
with alcohol intake. This association increases susceptibility not only
to accidents but also to violence-related incidents. In a previous
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study (29), ethanol was detected in the blood of 36.5% of patients
with trauma-related maxillofacial injuries. In contrast, in our study,
blood ethanol positivity was detected in 10.2% of forensic nasal
fracture cases. This rate appears to be lower than those reported in
studies of facial trauma in general. One likely explanation is that our
study was limited to nasal fractures . Maxillofacial trauma involves a
broad anatomical region and is often associated with more severe
mechanisms of injury. Therefore, behavioral risk factors such as
alcohol use may be reported at higher rates in studies including a
wider range of facial injuries.

Nasal bone fractures are among the most frequently encountered
in maxillofacial trauma. Although they are often considered isolated
injuries, they are frequently accompanied by additional damage to
adjacent anatomical structures. The literature reports that fractures
of other facial bones, such as the maxilla, nasal septum, and orbital
walls, coexist with nasal fractures in 10%-35.6% of cases (30-32). This
variation is influenced by the mechanism and severity of the trauma
(24). In our study, consistent with the literature, 31.2% of cases of
nasal bone fractures also had fractures in other body regions. This
finding supports the notion that nasal fractures frequently occur as
part of broader, more complex trauma patterns. The likelihood of
such associations is particularly high in high-energy trauma. Upon
examining the accompanying fractures in our study, extremity
fractures were identified in 14.1% of cases, vertebral fractures in
5.4%, rib fractures in 4.9%, and cranial fractures in 4.9%. These data
indicate that nasal fractures, especially those resulting from high-
energy mechanisms, may be part of multisystem injury patterns.
Similar findings have been reported in the literature. Kim et al. (33)
emphasized that in high-energy trauma, such as traffic accidents,
nasal fractures are often observed in conjunction with injuries to the
head, spine, and extremities. This underscores the importance of
identifying associated injuries during forensic reporting, as they play
a critical role in determining the nature of the incident and assessing
the severity of the trauma.

Study Limitations

Due to the retrospective design of this study, data were evaluated
solelyonthe basis of existing medical records and forensicdocuments.
Incomplete or non-standardized documentation may have affected
the accuracy of certain findings. The study was conducted at a single
center and included only cases that had been officially reported as
forensic incidents. This limits the generalizability of the results and
excludes milder or unreported cases within the broader population.
Furthermore, the absence of data on the treatment process and
long-term outcomes of the fractures limited the ability to thoroughly
assess the relationship between clinical management and forensic
implications.

CONCLUSION

This study aimed to contribute to both the anatomical and clinical
understanding of nasal fractures and their systematic evaluation
in forensic medicine. Our findings revealed that nasal fractures
most commonly occur in young adult males and are predominantly
associated with forensic incidents, such as physical assault. The
majority of fractures were identified as displaced and closed,
suggesting that the trauma often involved direct but moderate-
intensity force.



Gazi Med J 2026;37(1):23-30

Bulutluéz and Kaya. The Forensic Medical Significance of Nasal Bone Fractures

However, the presence of accompanying fractures of the facial
bones, extremities, vertebrae, and cranium indicates that nasal
fractures are frequently associated with high-energy trauma rather
than occurring as isolated injuries. Regarding diagnostic imaging, the
predominant use of CT reinforces its role as the standard modality
in current clinical practice, highlighting its advantages in providing a
detailed evaluation.

The findings of this study emphasize the necessity of evaluating nasal
fractures in forensic medicine based not solely on the presence of a
fracture but also on the fracture type, associated injuries, etiology of
the incident, and clinical findings. Moreover, it was concluded that
forensic reporting of nasal fractures should be grounded in objective
criteria that reflect the extent of the injury.

Future large-scale, multicenter studies conducted across different
geographical regions and sociocultural contexts may significantly
contribute to the development of standardized guidelines and the
revision of existing protocols for the forensic assessment of nasal
fractures. Furthermore, collaboration between clinical and forensic
experts will enhance both patient management and the accuracy of
legal processes. The results obtained in this study serve as a valuable
reference for both healthcare professionals and forensic authorities,
supporting the development of more reliable and scientifically
grounded forensic reports.
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Interactive Pharmacokinetics: A Software for Discovery, Analysis, and Simulation

interaktif Farmakokinetik: Kesif, Analiz ve Simiilasyon Yazilimi

® Muhammed Cihan Giivel, ® Canan Uluoglu

Department of Medical Pharmacology, Gazi University Faculty of Medicine, Ankara, Turkiye

ABSTRACT

Objective: We aimed to develop “interactive pharmacokinetics (PK)”,
an open-source, Python-based software package with a user-friendly
graphical user interface. Our main goal was to overcome the cost
and complexity barriers to industry-standard PK modeling tools and
to facilitate the practical application of theoretical PK principles for
students and researchers.

Methods: The software employs one, two, and three-compartment
models, solving systems of differential equations to simulate drug
concentration-time profiles. Parameter estimation is performed using
non-linear optimization algorithms to minimize the sum of squared
logarithmic errors. The platform is developed in Python, using NumPy
and SciPy for core computations and the multiprocessing library for
parallel processing of population data.

Results: A fully integrated, functional software application with a user-
friendly graphical user interface was created. The platform enables
users to run simulations and visualize results, including key parameters
suchasC__and T__.It performs de novo parameter estimation from
patient data for one-compartment models and generates novel two-
and three-compartment models using a priori data.

Conclusion: The software provides an accessible, no-cost tool for
fundamental PK simulation and modeling. It serves as both a valuable
pedagogical instrument for pharmacology education and a capable
platform for preliminary research, particularly in resource-limited
environments. Future work should focus on comprehensive validation
against established software.

Keywords: Pharmacokinetic modelling, scientific software, drug
development, clinical research
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Amag: Kullanici dostu bir grafiksel kullanici arayliziine sahip, agik
kaynak kodlu ve Python tabanli bir yazihm paketi olan “interaktif
farmakokinetiki (FK)” gelistirmeyi amagladik. Temel hedefimiz,
endustri standardi FK modelleme araglarina erisimdeki maliyet ve
karmasiklik engellerini agsmak; 6grenciler ve arastirmacilar igin teorik
FK prensiplerinin pratik uygulamasini kolaylastirmaktir.

Yontemler: Yazilim, ilag konsantrasyon-zaman profillerini simiile etmek
icin diferansiyel denklem sistemlerini gézerek bir, iki ve tig kompartmanh
modelleri kullanmaktadir. Parametre tahmini, logaritmik hata kareleri
toplamini en aza indirmek icin dogrusal olmayan optimizasyon
algoritmalari kullanilarak gergeklestirilir. Platform; temel hesaplamalar
icin NumPy ve SciPy kitiiphanelerini, poptlasyon verilerinin paralel
islenmesi igin ise multiprocessing kutlphanesini kullanarak Python
dilinde gelistirilmistir.

Bulgular: Kullanicidostu bir grafik kullaniciarayiiziine sahip, tam entegre
ve islevsel bir yaziim uygulamasi olusturuldu. Platform, kullanicilarin
similasyonlar yiritmesineve C__ileT__ gibi temel parametreler dahil
olmak Uzere sonuglari gorsellestirmesine olanak tanimaktadir. Yazilm,
tek kompartmanl modeller igin hasta verilerinden sifirdan parametre
tahmini gerceklestirebilmekte ve dnceden saglanan verileri kullanarak
yeni iki ve Gig kompartmanli modelleri olusturabilmektedir.

Sonug: Bu yazilim, temel FK simiilasyonu ve modellemesi igin erisilebilir
ve Ucretsiz bir arag sunmaktadir. Arag, 6zellikle kaynaklarin kisitl
oldugu ortamlarda, hem farmakoloji egitimi icin degerli bir pedagojik
enstriman hem de 6n arastirmalar igin yetenekli bir platform goérevi
gormektedir. Gelecekteki calismalar, kabul gérmis yazilimlara karsi
kapsamli bir validasyon gergeklestiriimesine odaklanmalidir.

Anahtar Sozciikler: Farmakokinetik modelleme, bilimsel yazilm, ilag
gelistirme, klinik arastirma
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INTRODUCTION

Pharmacokinetics (PK) is a fundamental discipline of pharmacology
that studies the disposition of a drug in the body, encompassing the
processes of absorption, distribution, metabolism, and excretion
(ADME). PK modeling, in turn, utilizes a mathematical framework
to define and predict these ADME processes. These models provide
key information on a drug’s efficacy and safety by predicting its
time-concentration profile within the body in silico and are used to
optimize therapeutic outcomes preclinically (1).

The model-based drug development (MBDD) approach, conducted
through PK modeling, aims to reduce the high failure rates in
clinical trials by providing better predictions about drug exposure-
response relationships. Another important aspect of this approach
is its acceptance not only by scientists but also by regulatory bodies.
Leading regulatory agencies like the US Food and Drug Administration
and the European Medicines Agency actively encourage the use of
MBDD and view it as a critical component of marketing authorization
applications (2).

The growing importance of PK modeling has led to the development
of various specialized software platforms designed to perform these
analyses. This ecosystem consists of both commercial and open-
source tools, each specializing in specific types of analysis and is
adapted to different user profiles.

Non-linear mixed-effects modeling (NONMEM) is a software package
that has long been considered the gold standard for population
PK/pharmacodynamic analyses. Its primary function is to analyze
typically sparse data from patient populations to investigate the
sources of variability in drug response (3).

Physiologically based PK (PBPK) modeling is an approach that
mechanistically predicts ADME properties based on fundamental
physiological and biochemical principles. The Simcyp simulator
stands out as the most prominent platform in this field. It is known
for its comprehensive libraries of diverse virtual populations and its
ability to predict complex scenarios, such as drug-drug interactions
(4).

Even though the current landscape of PK modeling software rests
on a strong foundation, certain challenges and limitations present
significant opportunities for developing new tools. These challenges
include a lack of usability, accessibility, and integration with modern
scientific computing platforms. All of these are directly linked to a
broader issue encountered in pharmacology education. Students
and young researchers find it difficult to translate theoretical
principles into practical applications, a process known as “contextual
learning transfer” (5). Software with complex interfaces deepens
this educational gap and makes it difficult for the next generation of
scientists to adopt these critical methods (6).

All the dominant platforms that are considered industry standards
are commercial products. This restricts access for academic
institutions, small biotechnology companies, and, in particular,
researchers in low- and middle-income countries.

In this study, we developed an open-source, Python-based software
package named “interactive PKs” for PK modeling and simulation
to address these challenges. Our goal is to provide a powerful
experimental tool open to further development by experienced
pharmacologists and an intuitive learning platform for students and
researchers new to the field.
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MATERIALS AND METHODS

The software developed in this study was designed as an integrated
platform that combines two fundamental components of PK
analysis—simulation and parameter optimization—on a modern
computational infrastructure.

Libraries Used

The software is based on Python 3.13, chosen for its rich ecosystem
of scientific libraries. Tkinter, Python’s standard interface library, was
used to provide a desktop user experience and to make the software
easily accessible to a wide audience. Two critical functions at the
core of the software—solving differential equations and non-linear
optimization—are handled by the NumPy and SciPy libraries. The
industry-standard Matplotlib library was used to generate simulation
results and graphics.

The multiprocessing library was employed to accelerate
computationally intensive tasks, such as parameter estimation from
population data, via processor-level parallelism.

Simulation

The software used a compartmental modeling approach to
simulate the drug concentration-time profiles in the body. One-,
two, and three-compartment models were represented as systems
of differential equations describing the movement of the drug
within the body. The equations used were based on differential
pharmacological equations and on compartment-based PK models
presented in Chapter 3 of Oguz Kayaalp’s Medical Pharmacology,
14 edition (7).

HOE f—D<k—a> (e ket — g~kat)

va \ka — ke

Equation 1. Basic concentration-time equation

The concentration equation for the central compartment was
linked to those of the peripheral compartments through the
intercompartmental transfer constants k,, k21, k13, and k31.
Parameters for the percentages of free and bound drug were
determined for each compartment.

The compartmental relationships described by differential equations
were simplified by reducing the number of compartments. A
three-compartment model was created first, followed by two-
compartment and single-compartment models.

The fundamental operating mechanism of the software is based on
object-based and event-based programming, combined with solving
differential equations. The software uses a numerical solver (solve_
ivp from SciPy) to simulate the process over small time intervals.

The solver works by following these steps:

1. Starts at time O: It knows the initial drug concentrations in each
compartment.

2. Rate calculation: It uses differential equations to compute the
instantaneous rate of change.

3. Steps forward: It takes a small “time step” (e.g., 1 minute) and
determines the updated amount of drug in each compartment

based on the calculated rates.

4. Repeats: Steps 2 and 3 are repeated until the end of the simulation
period.
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This process creates the concentration-time curve point by point. At
the end of the process, an interactive concentration-time curve is
displayed.

Parameter Estimation

In addition to simulations, the software includes parameter-
estimation functions that predict key PK parameters [k, k_, volume
of distribution (V ), etc.] from patient concentration-time data. This
process is treated as a non-linear optimization problem.

The objective of the optimization algorithms is to minimize the
difference between model-predicted concentrations (Cpred) and
observed concentrations (C_ ). To achieve this, our software uses
the sum of squared logarithmic errors as its primary function. This
function is expressed mathematically in equation 2.

Error = Z(log(cobs) - log(cpred))z

Equation 2. Sum of squared logarithmic errors

The aim of the optimization process is to find the model parameters
that make the predicted curve match the actual patient data as
closely as possible.

1. Initial Estimate: The process begins with an estimate of the
parameters.

2. Simulation: Using these estimated parameters, a simulation is run
to generate a predicted concentration curve.

3. Error Calculation (Loss Function): The predicted curve is compared
with the actual patient data points to compute a single error (loss)
value.

4. Adjust and Repeat: An optimization function (scipy.optimize.
minimize) adjusts the parameter estimates to reduce the error. The
gradient-based trust-constr and L-BFGS-B optimization algorithms
are used to optimize this function. This “simulate-compare-adjust”
loop is repeated until the error can no longer be reduced. The final
parameters are those that produce the best-fitting curve.

When working with population data, calculating the error function
for each individual can significantly slow processing. To overcome
this computational bottleneck, our software leverages the
multiprocessing library. This method allows for parallel computations
on multiple processor cores. The goal of this approach is to make the
analysis of large datasets more practical by significantly accelerating
the optimization process compared with single-core processing.

Using a parameter-estimation approach, four functions were
integrated into the software.

1. Creation of single-compartment parameters from real patient
data: users can input patient concentration-time data to determine
parameters for a one-compartment analysis.

2. Assessment of the fit of existing patient data to pre-existing
two- or three-compartment model data: after entering patient
concentration-time data, the system evaluates how well the data fit
an a priori reference model.

3. New models are developed from existing patient concentration-
time data using a pre-existing two- or three-compartment model:
users enter the concentration-time data, and a new model is created
by optimization against an a priori reference model.

4. Generation of two-compartment model parameters from a single-
compartment model: unlike the first three methods, this function

uses both optimization and a heuristic approach to generate those
parameters.

Attempt to Estimate Two-Compartment Model Data from
One-Compartment Model Data

Attempting to generate parameters of a two-compartment model
from one-compartment data represents the most experimental
aspect of our software. For this purpose, a heuristic equation was
developed.

k |
(o ()

Equation 3. Heuristic equation for estimating two-compartment
parameters from single-compartment parameters. (Equation
Parameters: K, Elimination constant from the one-compartment
model; V: Tissue compartment volume; Vp: Plasma compartment
volume; V: Virtual distribution volume; Kp: Ratio of free drug ratio in
plasma to free drug ratio in tissue; R: Ratio of V, to (Vc+Vp); e: Euler’s

number).

This equation generates a two-compartment model from
single-compartment data, using a formula derived from several
assumptions. The known variables in this equation are manually
entered values for V_ and kelcomp the free drug fraction in plasma,
and the calculated values for V_and v, based on body weight. The
goal is to obtain an approximate value of k , using these values.

We can explain this equation step-by-step as follows:

1. The calculation of [(VC/Vp)*Kp] in the middle of the equation
involves dividing the amounts of free drug in the two compartments.
The purpose of this calculation is to determine approximately
whether the drug is more likely to move from plasma to tissue or
from tissue to plasma. At steady state, we obtain the ratio of the
total drug amount in the tissue compartment to that in the central
compartment. This combined ratio is used to establish a balance
between k, (the rate of transfer from plasma to tissue) and k,,
(the rate of return from tissue to plasma). The Kp value, which is
calculated based on the drug-binding rate in tissue, is derived from
the equation V, = V) + [V.* (plasma free drug fraction/tissue free
drug fraction)]. This formula is based on the assumption that “as the
free drug fraction in plasma increases and the free fraction in tissue
decreases, the drug is expected to bind more extensively in tissue,
thereby increasing the V .

2.Thevalue of Ris calculated by dividing the virtual V , already known
from the single-compartment model, by the total physiological
volume (Vp + V), which is calculated from body weight. This ratio
serves as an approximate measure of how much of a drug is retained
in the tissues. For example, if the ratio is 5, it means the drug behaves
as if it’s distributed in a volume five times the physical volume.
Therefore, the calculation e®9"25 suggests that, as R exceeds 1, the
accumulation rate in the tissue will increase and k , will increase
proportionally as well.

3. However, based on the kelcomp/R2 calculation in the equation, the
drug’s elimination must decrease in proportion to R2. The drug’s
tendency to remain in the plasma decreases as R increases. Making
k,, proportional to kelcomp in this equation ensures the consistency
of the two-compartment model. Assuming that a rapidly eliminated
drug also distributes rapidly and that a slowly eliminated drug
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distributes slowly, a more balanced model can be created. If there
were no such relationship between k, and kelkomp, it would be
possible to produce strange and illogical models in which a drug is
eliminated very quickly but enters tissues extremely slowly.

This equation is merely a heuristic estimate and cannot directly
simulate real-life situations. We observed that attempts to use this
approach were unsuccessful. Two-compartment model predictions
generated by this equation were unsuccessful.

Subsequently, the curve estimated by this equation was considered
a hypothetical model. The single-compartment and the hypothetical
two-compartment model curves were optimized relative to one
another. When an optimization approach was applied to the two
curves, substantially more successful estimation curves were
obtained. The partial success achieved at this stage was retained in
the software as a basis for further experimentation and development.
This is currently at an experimental stage and requires further
mathematical development and testing in a real-world environment.

Finally, all the simulation and parameter estimation functions
within the software have been integrated and presented to the user
through a user-friendly interface.

This research focuses on the design and implementation of an open-
source computational tool for PK modeling. The study methodology
relies entirely on mathematical algorithms and theoretical data
processing. As no human subjects, animal models, or biological
samples were utilized or collected during the development and
testing of this software, no ethical approval was sought or required
for this work.

RESULTS

Based on the approaches applied, an integrated environment with a
user-friendly interface was created. When the program is launched,
the screen shown in Figure 1 appears.

The first feature on the interface is a control for selecting the number
of compartments. Users can choose among one-, two-, and three-
compartment models (Figure 1a). This is followed by the section for
entering model parameters (Figure 1b). For the single-compartment
model, the required parameters are the virtual V,, plasma protein
binding rate, simulation duration, simulation time step (calculation
frequency), and steady-state concentration tolerance, which
determines the precision of the steady-state concentration. The
model-parameter screen shows minor differences between the
two- and three-compartment models. For instance, in the two-
compartment model, the user must determine the transfer
coefficients from plasma to tissue (k,,) and from tissue to plasma
(k,,), and the percentage of protein binding in the tissue (Figure 2).

Next, the user is prompted to select the route of administration,
with options for oral, IV bolus, and IV infusion. Here, the user also
determines whether elimination will follow first-order or zero-order
kinetics (Figure 1c).

In the block below, the elimination parameters are entered according
to the chosen elimination type. If first-order kinetics is selected,
the elimination constant (K ) is required; if zero-order kinetics is
selected, the user must provide the V__ and K_ values (Figure 1d).

The next block, which is optional, is for a loading dose. If this option is
selected, the user is prompted to provide the loading dose (Figure 1e).
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Finally, the user is prompted to specify the dose, number of doses,
dosing interval, absorption rate, intestinal bioavailability, and hepatic
bioavailability (Figure 1f).

After the “start simulation” button is clicked, a concentration-time
graph will be generated (Figure 3). Additionally, the estimated half-
life, T, C__. clearance, steady-state concentration, and time to
reach the steady-state concentration will be calculated (Figure 1g).

Additionally, the software’s capabilities extend beyond mere
visualization of differential equations.

De Novo Estimation Function from Patient Data

The software can create population data and estimate K_and K_ using
only patient blood concentration-time data and the provided volume
of distribution and plasma protein-binding rates. Furthermore, it
can generate concentration-time population curves based on these
parameter estimates.

To use this function, the user inputs the patient number, dose,
blood sampling time, and concentration values into the interface
(Figure 4). The system then iteratively applies optimization
algorithms. This process can take a relatively long time (30 minutes
to 1 hour), depending on how close the initial estimates are to the
correct values. Following this process, goodness-of-fit graphs can
be generated at the user’s request. The operation concludes with
the estimation of model parameters and the visualization of the
predicted concentration—time profile based on these parameters
(Figure 5).

Estimation from Patient Data: Two- and Three-Compartment
Models

Because of the large number of unknown variables in the two- and
three-compartment models, new values could only be obtained
through optimization based on a previously prepared model.
Therefore, an a priori model must first be entered into the system.
The system then attempts to determine new parameter estimates for
these patients using the patient concentration-time data provided to
the software (Figure 6).

This method not only builds a new model from an a priori model
but also evaluates how well the entered data fit the pre-existing
predictive model.

Estimation from Single-Compartment Model Data to Two-
Compartment Model Parameters

When the estimated curve resulting from the heuristic equation
was treated as a hypothetical model, the single-compartment
and hypothetical two-compartment model curves were optimized
relative to each other. It was observed that optimizing the fit
between the two curves produced substantially more accurate
prediction curves than the initial attempt (Figure 7). Here, the
criterion for success was the similarity between the curve of the
single-compartment model and the newly created optimization
curve; no mathematical similarity analysis was conducted. This point
is still in the experimental stage and needs to be further developed
mathematically and tested in a real-world environment.
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Figure 1. Main User Interface. (a) Selection of the number of compartments. (b) Model parameters. (c) Selection of the drug administration route and
elimination type. (d) Determination of elimination parameters. (e) Selection of a loading dose. (f) Dose parameters, absorption rate, and bioavailability.

(g) Calculated parameters.
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Figure 2. View in a two-compartment model.
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Figure 3. Concentration-time graph resulting from a two-compartment model calculation (the dark blue line: total plasma concentration. The light blue
line: Free plasma concentration. The dark green line: total tissue concentration. The light green line: free tissue concentration).
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Figure 5. Visualization of the results from the de novo estimation function using patient data.
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a Pharmacokinetic Model: Concentration-Time Profile
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Figure 6. Visualization of the new concentration-time model estimated from patient data in a two-compartment model (a: the “x” marks show the patient
data, while the dashed red line represents the new model curve created through optimization; b: the red dots indicate the new patient data entered, and

the blue line shows the estimated model curve).
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Figure 7. Estimation of two-compartment model parameters from single-compartment model data. (a) The dashed blue line represents the model
resulting from the heuristic formula, the black line shows the single-compartment model, and the red line is the curve of the common model that emerged
from optimization. (b) Panel b shows the new parameters created through optimization being tested in a two-compartment model simulation.

DISCUSSION

In this study, a software tool was developed to simulate and predict
fundamental PK analyses. This software platform was designed to
meet the needs of both educational and research fields.

The software interface is the most crucial element for ensuring
accessibility and ease of use, which is our claim. In this context,
the software’s features should be regarded as a curated set of
the most fundamental and frequently used tools in PKs. This
highlights our strategic approach during the design phase. Rather
than competing with the highly specializedand comprehensive
features of commercial giants, our study focused on addressing
the core curriculum of PK education and the fundamental needs of
exploratory research. Therefore, the success of this work should be
evaluated not by “what it can do”, but by “whom it empowers”.

Historically, the field of pharmacometric modeling has been
dominated by powerful yet costly commercial software such as
NONMEM and Simcyp. While these tools are considered industry
standards, they create significant financial barriers. This makes
them largely inaccessible to academic institutions, researchers in
low-income countries, and small-scale companies. The open-source,
free nature of the developed software is intended to completely
eliminate this financial obstacle.

A second obstacle is the complexity and steep learning curve. Tools
such as NONMEM are command-line-based and require in-depth
knowledge of specialized programming languages or complex

control files for effective use (8). In contrast, our software’s user-
friendly graphical interface removes this barrier, allowing users to
focus on PK principles without struggling with the software.

However, strong alternatives exist within the open-source domain.
The most prominent of these is the nimixr2 package, which is based
on the R programming language. nlmixr2 is a code-based solution
that requires programming proficiency (9). Additionally, user-
interface add-ons like shinyMixR, which have been developed for
this package, indicate a need for user-friendly platforms within this
ecosystem (10).

Basing this software on Python placesitin a unique position regarding
its linguistic foundation. While R has deep roots in statistics and
bioinformatics, Python is increasingly the dominant language for
scientific computing, data science, and machine learning. Its larger
talent pool and ability to integrate more smoothly into large-scale
corporate or web-based workflows make Python an attractive choice
for modern scientific software development (11). Consequently, this
software is positioned not only as a PK tool but also as a potential
component of a broader Python-based scientific workflow.

The software’s value should also be assessed by its potential to
transform how PKs is taught and applied. Its accessibility and
ease of use have the potential to foster pedagogical innovation in
education and to provide equal opportunities for researchers. The
software transforms abstract equations into an interactive visual
experience. It allows learners to change parameters such as dose,
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clearance, and volume of distribution and instantly see the results
on the concentration-time curve, providing a dynamic, intuitive way
to learn how these concepts are interrelated. This type of hands-
on, simulation-based learning is a powerful active learning strategy
that can increase understanding and retention more effectively than
static textbook examples. Therefore, it can be confidently stated that
this tool can make the learning process more engaging and effective
by allowing students to explore theory in a gamified manner and to
observe the results immediately.

Study Limitations

The software is more than a simulator; it is also a predictive tool
that incorporates several optimization functions, some of which are
more effective, while others remain experimental. At this point, it is
important to highlight the effort required to calculate the transition
from a single-compartment model to a two-compartment model.
Initially, a heuristic equation-based approach was attempted but
proved unsuccessful. This failure is, in itself, a significant finding
because it provides evidence of the non-linear nature of the
relationship between single-compartment and two-compartment
model parameters. While the second approach, based on
optimization between two curves, was more successful, this feature
is not yet mature.

On the other hand, the software’s current capabilities must be
evaluated within certain limitations. One of the most significant
limitations is its focus on standard compartmental models in its
current form. This excludes more complex and mechanistic modeling
paradigms, such as PBPKs, which play a central role in modern drug
development. This situation defines the boundaries of the software’s
current applicability.

Another critical limitation is the lack of a comprehensive official
validation study. While the software is functional, its outputs have
not yet been compared with those of established software or with
standard reference datasets accepted by regulatory agencies. This
step is indispensable for the software to be accepted as a reliable
research tool. This validation is essential for adoption of the software
by the scientific community and should be the top development
priority for future work.

CONCLUSION

In this study, new open-source PK-modeling software built within
the Python ecosystem was developed. The platform offers a package
of fundamental simulation and parameter estimation tools within an
accessible graphical user interface.

The primary and most novel contribution of this work is not the
invention of new modeling algorithms. Instead, existing numerical
methods have been holistically integrated into a platform that
aims to overcome critical barriers—such as cost, complexity, and
usability—that limit access to industry-standard tools. This approach
is intended to make PK modeling capabilities accessible to a wider
audience.

In doing so, the study makes a dual contribution to the field: on
the one hand, it provides a powerful pedagogical tool to bridge the
gap between theory and practice in pharmacology education, and
on the other hand, it empowers researchers in resource-limited
environments with a capable platform for preliminary modeling
and hypothesis testing. We also believe that our work will make
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significant contributions to postgraduate and lifelong learning in
pharmacology. These capabilities require further improvement and
validation through future development efforts.
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ABSTRACT

Objective: This study examined the effects of the occupational health
and safety (OHS) Law No. 6331, enacted in Tirkiye in 2013. It analyzed
the rates of work-related accidents (WrAs), occupational diseases
(ODs), and work-related mortalities (WrMs) among compulsory
insured workers from 2007 to 2023. Additionally, it aimed to reveal
the situation prior to the introduction of compulsory OHS services for
public institutions and low-risk workplaces with fewer than 50 workers
in 2025.

Methods: Using data from Turkiye’s Social Security Institution (SSI),
trends across 81 cities were examined through an epidemiological,
observational, and descriptive design. Indirect standardization was
applied to adjust for variations in the number of “4-1/a compulsory
insured” workers, allowing for comparisons of standardized (s) WrA,
sOD, and WrM ratios between cities.

Results: The number of insured workers in Turkiye nearly doubled
during the study period. Regional disparities became evident, with
WrA ratios higher in western provinces and WrM ratios elevated in
the east. Zonguldak, Bilecik, Kitahya, Manisa, Bartin, Karabik, and
Kocaeli consistently showed the highest standardized ratios. After
the law’s implementation, WrA rose in the Black Sea region, while a
modest rise in sOD was detected in Marmara. Peaks in WrM occurred
in various cities, with clustering observed in the Eastern Black Sea.

Conclusion: This study highlights systemic weaknesses and regional
inequalities in Tirkiye’s OHS landscape. The upcoming 2025 expansion
of Law No. 6331 provides an opportunity for improvement; however,

0z

Amag: Bu galisma, 2013 yilinda Tirkiye'de yirurlige giren is saghgi
ve giivenligi (ISG) Kanunu No. 6331’in etkilerini incelemistir. 2007—
2023 yillari arasinda zorunlu sigortali ¢alisanlar arasinda is kazasi
(WrA), meslek hastaligi (OD) ve isle iligkili 6lum (WrM) oranlarini
analiz etmistir. Ayrica, kamu kurumlari ve 50’den az ¢alisani bulunan
disiik riskli is yerleri i¢in iISG hizmetlerinin 2025 yilinda zorunlu hale
gelmesinden dnceki durumu ortaya koymayi amaglamistir.

Yontemler: Turkiye Sosyal Guvenlik Kurumu’ndan (SGK) elde edilen
veriler kullanilarak, 81 ildeki egilimler epidemiyolojik, gozlemsel ve
tanimlayici bir ydontemle degerlendirilmistir. “4-1/a zorunlu sigortal’”
calisan sayisindaki degisiklikleri dengelemek amaciyla dolayh
standardizasyon uygulanmis; boylece iller arasinda standardize edilmis
(s) WrA, sOD ve WrM oranlarinin kargilagtiriimasi saglanmistir.

Bulgular: Calisma doneminde Tirkiye'deki sigortali ¢alisgan sayisi
neredeyse iki katina c¢ikmistir. Bolgesel esitsizlikler belirginlesmis;
bati illerinde WrA oranlar daha yuksek, dogu illerinde ise WrM
oranlari daha fazla goézlenmistir. Zonguldak, Bilecik, Kitahya, Manisa,
Bartin, Karabik ve Kocaeli, dénem boyunca en yiiksek standardize
oranlara sahip iller arasinda yer almistir. Kanunun yirirlige girmesinin
ardindan WrA oranlari Karadeniz bélgesinde artig gdstermis, Marmara
bélgesinde ise sOD oranlarinda sinirh bir artis gézlenmistir. WrM
oranlarinda ise farkli illerde zirveler gorilmis olup, bu artislarin Dogu
Karadeniz bolgesinde kiimelendigi izlenmistir.

Sonug: Bu ¢alisma, Turkiye'deki is saghgi ve glivenligi sistemine iligkin
yapisal zayifliklari ve bolgesel esitsizlikleri ortaya koymaktadir. 2025
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ABSTRACT

persistent underreporting, limited diagnostic capacity for occupational
diseases, and uneven implementation across regions suggest that
significant structural gaps remain.

Keywords: Work-related accident, occupational disease, work-related
mortality, occupational health and safety, OHS, Tiirkiye, city, province,
region, standardization, 6331

6z

yilinda Kanun No. 6331’'in kapsaminin genisletilmesi iyilestirme igin
bir firsat sunmaktadir; ancak OD tanilamasindaki yetersizlikler, WrA
raporlamasindaki eksiklikler ve bolgesel uygulamalardaki esitsizlikler
dikkate alindiginda, 6nemli yapisal agiklarin stirdigii gorilmektedir.

Anahtar Sozciikler: is kazasi, meslek hastaligl, isle iliskili 8lim, is saglig
ve giivenligi, iSG, Tirkiye, sehir, iller, bélge, standardizasyon, 6331

INTRODUCTION

In Tarkiye’s recent history, significant reforms in occupational health
and safety (OHS) have been initiated, initially the social security
reform of 2006. This reform unified previously separate social security
institutions (SSI), including those for self-employed individuals and
civil servants, under a single framework. As part of this reform, social
security Law No. 5510 was enacted, mandating the reporting of all
work-related accidents (WrA) to the SSI. Since 2007, the Ministry of
Labor and Social Security has made annual statistical data publicly
accessible (1,2), compiled in accordance with International Labor
Organization (ILO) definitions and European Union (EU) sustainability
criteria, and shared with relevant stakeholders (2).

Despite these advancements, the ILO reported in 2009 that
OHS practices remained inadequate in 33 countries, including
Turkiye (3). The Ministry also acknowledged deficiencies
in the reporting of OHS issues during the same period (4).
In response, OHS Law No. 6331 was introduced in 2013 (5), which
requires employers to appoint occupational safety experts and
workplace physicians, conduct risk assessments, provide OHS
training, and designate worker representatives. This law also imposes
penalties for non-compliance and mandates the preparation of
emergency response plans. Following its implementation, reported
WrAs tripled in 2013 (6,7), indicating increased awareness and
reporting of workplace incidents. In the National OHS Policy
Document-lll (8,9), published immediately after this law, OD set a
target for a significant increase in diagnosis rates. However, these
targets were not achieved (9).

The law intended to require OHS services compulsory for public
institutions and low-risk workplaces with fewer than 50 workers
since its inception. However, due to infrastructural deficiencies, its
implementation was postponed until 2025 (10). With the publication
of the 2023 SSI annual statistical data, a comprehensive dataset
covering 17 years (2007-2023) is now available online (2), allowing
for an in-depth analysis of long-term trends in OHS.

The purpose of this study is to evaluate the effects of the OHS Law
No. 6331, which entered into force in Tirkiye in 2013, by analyzing
the standardized (s) ratios of work-related accidents (WrAs),
occupational diseases (ODs), and work-related mortalities (WrMs).
Additionally, it seeks to elucidate the conditions preceding 2025,
when OHS services will become compulsory for public institutions
and low-risk workplaces with fewer than 50 workers, thereby
providing insights for potential future interventions by the Ministry
of Labor and Social Security.
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MATERIALS AND METHODS

Research Method

This study was designed as an epidemiological, observational, and
descriptive research project. By standardizing the incidence rates
of WrAs, ODs, and WrMs, these data were utilized for targeted
evaluations.

Inclusion and Exclusion Criteria

This study included workers classified under the “4-1/a insurance”
status, as defined by Article 4, Paragraph 1(a) of the Law No. 5510
(1,11). This category specifically refers to individuals “worked by one
or more workers under a service contract”, for whom social security
contributions are paid by their employers. This group was selected
because of its comprehensive and reliable data set, as well as its
regular workup and higher risks of WrAs and ODs (11,12).

e Excluded groups include; interns, trainees, apprentices, partially
insured workers, voluntary insured workers due to their lower
exposure to hazardous tasks, and the groups mentioned below.

e Insured in agricultural sector: High levels of informal employment
and seasonal work.

e Collective insured: Data unrelated to workplaces in Turkiye.

Furthermore, ODs diagnosed after insurance coverage were not
reported prior to Law No. 6331. Therefore, those reported after
the law were also excluded to ensure consistency. Moreover, these
data lacked city-specific information and were excluded from the
standardization analysis to maintain comparability and consistency
in the results.

Data Sources

Data were obtained from all statistical yearbooks publicly published
by Tirkiye’s SSI to date. The analysis covers a 17-year period (2007—
2023) and includes data from 81 cities, allowing for a detailed
examination of trends (2). Since the data for 2024 has not yet been
published, it could not be included in the analysis.

Statistical Analysis

Indirect standardization technique was chosen because it does not
require detailed age-specific rates or other confounding factors,
making it appropriate for datasets where such information is
unavailable (13—-15). This method is particularly advantageous for
adjusting variations in the number of insured workers and ensuring
comparability of incidence rates across cities (16,17). This approach
adjusted for city-level differences in the number of insured workers,
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accounting for regional variations and enabling more accurate
comparisons of WrAs, ODs, and WrM incidence rates.

The analysis utilized the “standardized ratio formula”, offering a
reliable method for comparing observed and expected rates. The
following formulas were applied to calculate standardized ratios for
WrAs, ODs, and WrMs:

e National WrA or OD or WrM (incidence) Rate (only for WrA x1,000)
= Turkiye’s Observed WrAs / Turkiye’s Number of Workers x 100,000
¢ Expected Incident

= City’s Number of Workers x National WrA or OD or WrM Rate

* Standardized () City’s WrA or OD or WrM incidence [ WrA or OD
or WrM] Ratio

= (City’s Observed / Expected Incident) x 100

Statistical analyses were performed using SPSS 25 (IBM Corp.,
Armonk, NY, USA), and visualizations were generated via Excel and
Flourish Studio (available at https://flourish.studio).

Interpretation of Standardized Ratios

A normal incidence rate is expressed as, for example, the “WrA rate”,
while a standardized incidence rate is referred to as the “ WrA ratio”
and is typically expressed as a percentage. A “ WrA ratio” of 100%
represents the national average. For instance, in 2015, “Sirnak’s
WrM ratio” was 1,080%, indicating a 9.8-fold increase compared
to the national average. This indicates that while 17 fatalities were
“observed” in Sirnak that year, only 2 fatalities were “expected”
based on the national WrM rate and the number of insured workers
in the city.

In other words, large standardized ratios highlight unexpected
developments in specific cities during certain years. ldentifying
and analyzing these deviations can provide critical insights into

underlying causes and help develop targeted solutions to address
them.

Presentation Method - Tables

The results of the standardization analyses for WrAs, ODs, and work-
related mortality (WrM) are presented in three supplementary
tables (Supplementary Tables 1-4), which provide a comprehensive
list of all cities and their respective ratios. The effective date of OHS
Law No. 6331 is highlighted. Due to the extensive length of these
tables, a summary is provided for clarity and emphasis:

e Cities that ranked in the top six for WrAs in any year during the 17-
year period are included in Table 1.

e Cities ranked in the top three for ODs in any year were included
in Table 2.

e Cities ranked first for WrMs in any year were shown in Table 3.

This approach allows for limiting each table to 14 cities, ensuring a
concise presentation while effectively representing key patterns and
trends in the data.

Presentation Method - Figures

The interpretation of OHS statistics largely depends on the
methodological approach adopted. In our study, these approaches
can be observed in a hierarchical progression from simpler to more
complex analyses.

Figure 1 presents the annual numbers of WrA, OD, and WrM in
Turkiye as raw values, offering a general overview of the country’s
OHS status. However, this approach is limited in several respects,
primarily because it does not account for changes in the number
of workers over time. In other words, it cannot determine whether
the observed increase in work-related incidents truly reflects a rise
in occupational risk or simply results from workforce expansion.
To overcome this limitation, it is necessary to examine rates rather
than raw numbers, as shown in Figure 2. By presenting these two
perspectives together, we aimed to draw the reader’s attention to
this crucial distinction.

Table 1. Cities appearing in the top six for standardized work-related accident (sWrA) ratios in any year from 2007 to 2023.

City (%)* 2007 2008 | 2009 | 2010 | 2011 | 2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Zonguldak | 565 587 340 295 | 278 252 212 | 174 | 221 | 239 225 211 216
Bilecik 360 350 316 287 293 | 267 [WPENSEIE] 289 271 258
Karabiik 635 616 607 | 454 267 252 | 252 216 198 | 165 | 184 | 183 201 159 149
Manisa 376 532 446 | 549 501 | 593 339 312 | 233 223 208 | 213 |201 | 196 207 204 205
Karaman 122 94 155 132 153 | 173 205 217 | 198 277 CETNNPYYAN 279 | 243 203 189 146
Kutahya 167 244 288 179 301 | 262 158 179 | 155 150 159 | 156 | 137 | 147 148 157 134
Kocaeli 272 145 119 152 207 | 122 193 202 | 215 193 185 | 175 | 176 | 183 183 183 178
Eskisehir 201 252 210 270 291 | 93 203 179 180 172 149 145 145 148 143 140 141
Kayseri 226 243 184 20 227 | 215 213 204 | 184 174 165 |149 |158 | 171 176 162 159
Bartin 157 146 239 | 367 362 | 177 175 145 143 138 125 | 131 | 119 | 126 139 136 133
Denizli 169 216 210 245 248 | 251 175 161 156 147 136 | 125 | 123 125 128 127 115
Bolu 136 121 179 205 194 | 165 151 149 138 149 135 | 143 | 164 | 176 192 187 173
Yalova 90 106 154 63 97 138 98 114 | 136 156 164 | 160 | 230 | 253 266 241 251
Bursa 198 197 188 249 162 | 262 158 154 | 157 142 125 | 117 | 115 112 112 119 118
;Ztrizgfargzed ratio - 2 31 4 5t 6t OHS Law No. 6331
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Table 2. Cities appearing in the top three for standardized occupational disease (sOD) ratios in any year from 2007 to 2023.

City (%)* 2013 | 2014 | 2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Zonguldak 7615 5316 2201 PEFEEE 8279 4921 3737 EEEEIN 1269 MMELEEM 872 706 458 704 302
Kutahya 26 28 0 0 SYAE 267 231 1508

Bilecik 22 52 0 56 169 77 1347

Kocaeli 39 5 207 129 9 83 218

Cankiri 146 334 1060 | 102 271 1303 |0 146 0 104 144 124 69 152 62

Bartin 42 0 0 0 494 0 189 | 519 478 | 272 | 762 349 |0 50 0

Yalova 0 0 0 0 0 0 0 0 71 62 307 | 410 619 384 486 728

izmir 128 242 110 458 31 80 35 61 52 128 116 | 55 204 91 86 82 612
Sakarya 35 477 100 0 99 0 125 85 91 211 205 264 372 299 197 0
Corum 0 0 0 0 0 0 0 0 251 913 138 | 297 0 129 49 235 63
Ankara 17 26 199 414 260 187 53 40 140 81 127 102 76 53 39 38 7
Samsun 52 0 17 0 23 20 32 0 0 22 8 19
Artvin 0 0 0 131 0 0 0 61 410 262 292 30
Erzincan 0 195 559 0 0 0 0 0 0 0 261 0 0 0 0 0 0
*Standardized ratio ond 3rd OHS Law No. 6331
percentage

Table 3. Cities ranked first for standardized work-related mortality (sWrM) Ratios in any year from 2007 to 2023.

City (%)* 2007 2008 | 2009 2010 | 2011 | 2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 2021 | 2022 | 2023
Sirnak 168 305 93 517 457 124 344 | 440 331 | 441 135

Hakkari 131 267 255 383 209 m 0 156 | 153 | 474

Artvin 208 131 86 252 214 348 347 253 | 134 | 260

Bartin 0 118 211 103 146 196 106 | 184 | 116 | 144

Zonguldak 115 269 122 626 267 278 229 | 116 | 211 | 151 |231 |147 | 144 162 192 146 128
Siirt 155 157 220 176 419 344 182 | 43 190 meEyfomw 151 | 28 122 78 35 67 209
Gumiishane |0 277 68 55 240 210 | 66 223 |73 223 | 122 | 259 232 149 68 90
Manisa 80 153 86 107 125 63 105 | 110 |99 68 133 109 122 165
Tunceli 0 302 376 110 0 0 138 | 144 | 479 | 111 | O 0 132 248 0 365
Karabiik 140 131 157 50 128 147 312 | 202 |86 185 | 138 [ELYAN 68 67 180 194 113
Batman 36 112 129 185 468 304 139 | 158 | 89 101 | 60 142 | 179 124 127 118 130
Nevsehir 202 177 90 338 124 47 394 3 55 55 115 | 161 | 118 252 73 130 116
Bingol 110 0 354 99 341 359 95 220 | 130 |63 166 | 239 82 187 0 77
Bayburt 388 0 0 0 125 223 0 0 0 144 | 98 111 0 247 119 113
*Standardized ratio percentage _ OHS Law No. 6331

To further explore these national trends at the subnational level,
Figures 3-5 visualize city-level standardized ratios and their spatial
clustering. In Figures 3-5, the analysis was extended to the city
level. However, city-level analyses are inherently complex, as the
number of workers varies substantially both across cities and over
time. Therefore, a more advanced approach beyond Figure 2 was
required, and standardization, the core analytical method of this
study, was applied. Through this approach, city-level variations were
mapped to enhance interpretability, regional clustering patterns
were clearly visualized, and, to identify the cities most influenced by
Law No. 6331, correlation analyses across years were conducted to
reveal those with the most notable increases.
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Finally, we focused on the cities with the highest deviations from
expected values, documenting their trajectories in Figures 6-8.

RESULTS

The results and figures were presented in a hierarchical structure
progressing from general to specific to ensure clarity and ease of
interpretation. The analyses were conducted at three levels—
national, regional, and city—and within each level, WrA, OD, and

WrM were evaluated separately.

National Level

Between 2007 and 2023, the number of 4-1/a compulsory insured
workers in Tirkiye nearly doubled (from 8.5 to 16.4 million),
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Figure 1. The count of workers, workplaces and work-related incidents in
Tiirkiye (2007-2023).

This figure illustrates the annual changes in the number of workers, workplaces,
WrAs, ODs, and WrMs across Tiirkiye. It emphasizes trends at the national level
and highlights the effective date of OHS Law No. 6331. This figure is particularly
significant as it visualizes the five key work-related risk parameters in a single graph.
Two Y-axes were used: parameters marked with an asterisk (*) correspond to the left
axis, while those shown with dashed lines correspond to the right axis (logarithmic
scale).

workplaces increased from 1.1 to 2.2 million, WrA cases rose from
80,602 to 681,401, OD diagnoses slightly declined from 1,208 to 945,
and WrM cases increased from 1,043 to 1,966 (Figure 1)

The number of WrAs had nearly tripled within a year following
the implementation of Law No. 6331, and this increase continued
steadily in the subsequent years. OD diagnoses exhibited a delayed
response, demonstrating a consistent upward trend one year
after the law’s enactment. This trend persisted until the onset
of the COVID-19 pandemic, during which the ratios experienced
fluctuations. Conversely, the number of WrM cases followed a
fluctuating and irregular pattern; however, when averaged over
time, it can be stated that they demonstrated a stable trajectory
(Figure 1).

Upon examining the National Incidence Rates (Figure 2), which
are more reliable than the numbers in Figure 1, it was found that
although no difference in the WrA trajectory could be detected that
would change the interpretation, the increase observed in OD rates
in Figure 1 was, in fact, minimal. Furthermore, while no significant
difference in WrM rates was observed before and after the
implementation of the law in Figure 1, a notable decrease in these
rates was recorded in the period following the law’s enactment, in
Figure 2. Overall, after the implementation of Law No. 6331, the
reporting WrA and OD rates increased, while WrM rates gradually
decreased over the study period.

Region Level

WIrA reports were predominantly concentrated in the western half
of the country. However, an analysis of the 14 cities showing the
greatest post-law increase in WrAs (range: 70%—96.4%) revealed a
distinct clustering pattern in the Black Sea region (Figure 3).

Regarding ODs, cities such as Zonguldak, Kutahya, and Bilecik
consistently ranked among the highest. The 14 cities with the largest
increase in OD diagnoses (range: 61.5%-96.1%) formed a marked
concentration within the Marmara Region, reflecting region-specific
differences in diagnostic activity (Figure 4).

In contrast to ODs, elevated WrM ratios were more geographically
dispersed across Tirkiye. Yet, when mapped, the 14 cities with the
highest WrM levels (range: 35.5%—58.2%) showed a clear tendency
to cluster in the Eastern Black Sea region (Figure 5).

City-Level

The top 7 cities with the highest overall ratios of JWrA, 0D, and
WrM were as follows: Zonguldak, Bilecik, Kitahya, Manisa, Bartin,
Karabuk, and Kocaeli, respectively. Notably, the top six cities
consistently ranked at the forefront both before and after the
implementation of Law No. 6331. When examined their locations
on the map, it can be observed that they were aligned almost in
a consecutive line on the north-south axis. In the cities at the top
of the rankings, a noticeable decline pattern in WrA was observed
following the implementation of Law No. 6331. While irregularities
and a wide range of fluctuations dominate the trends of 0D, a
slight downward trend is evident in the maximum rates observed
after the enactment of Law No. 6331. In contrast, WrMs exhibit
more frequent peaks and troughs, showing no discernible pattern
associated with Law No. 6331 (Figures 6—8).

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

«+++3 Work-related Accident (WrA) Rate (per 1,000) @ Occupational Disease (OD) Rate (per 100,000)

@ Work-related Mortality (WrM) Rate (per 100,000) OHS Law No. 6331 was published

Figure 2. National work-related incidence rates in Tirkiye (2007-2023).
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Figure 3. Heatmap of standardized work-related accident ( WrA) ratios (%)
by city (2007-2023).

Figures 3—5 are heatmaps of Tiirkiye created to visualize the 17-year standardization
analyses, illustrating the average standardized ratio percentages for 81 cities. The
top left corner includes a scale for standardized incidence ratios (%) and a second
scale showing percentage increases (upward arrows). These arrows highlight
cities that exhibited an increasing trend following the implementation of Law No.
6331, effectively representing both the magnitude and direction of the correlation
(Spearman). This approach was limited to the 14 cities with the highest ratios in
order to focus attention.
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Figure 4. Heatmap of standardized occupational disease (sOD) ratios (%)
by city (2007-2023).
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Figure 5. Heatmap of standardized work-related mortality (sWrM) ratios
(%) by city (2007-2023).

Work-Related Accidents

Before the implementation of Law No. 6331, WrA reached as high
as 900% in some cities; however, no city recorded a rate exceeding
500% in any subsequent period.

Specifically: WrA ratios declined from 565% to 216% in Zonguldak,
from 527% to 258% in Bilecik, and from 576% to 149% in Karabuk.
Similar downward trends were observed in Manisa (593% — 205%)
and Bartin (367% - 133%) (Table 1, Figure 6).

Occupational Diseases

Prior to the implementation of Law No. 6331, some cities reported
extremely high OD values—up to 10,000% in Zonguldak in 2007.
Following the enactment of the law, maximum ratios declined
markedly to around 4,000% by 2016 and continued to decrease to
approximately 1,000% between 2017 and 2019. After 2020, ratios
above 500% became rare, except for isolated spikes such as 1,016 %
in Samsun (2023).

Specifically: OD ratios declined in Zonguldak (9,900% -> 302%), in
Bilecik (3,764% —> 48%), and in Kutahya (5,788% —> 147%), while
Bartin’s rate decreased (519% - 0%) by 2023 (Table 2, Figure 7).
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Figure 6. Trends in standardized ratios (%) of work-related accidents (WrA)
in the top 7 cities (2007-2023).

Figures 6-8 provide detailed analyses of the top seven cities with the highest
standardized ratios of WrAs, ODs, and WrMs over the 17-year period, particularly
in relation to the implementation of Law No. 6331. This approach allows a closer
examination of specific cities while preserving the general-to-specific flow of the
study. These figures use a logarithmic Y-axis while retaining original values, allowing
both small and large ratios to be displayed for clearer comparison.
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Figure 7. Trends in standardized ratios (%) of occupational diseases (OD) in
the top 7 cities (2007-2023).

Work-Related Mortalities

In terms of WrMs, no consistent pattern associated with Law No.
6331 was observed, and the cities with the highest ratios varied
considerably over the years. Unlike WrA and OD (Tables 1, 2), WrM
ratios displayed abrupt spikes rather than stable rankings. Cities
showing recurrent peaks often exceeded 200-300%, whereas others
such as Manisa (2014) and Bartin (2022) exhibited isolated, extreme
surges. Specifically:

e Bartin showed an extraordinary increase in 2022 with a WrM ratio
of 1,622%, but this ratio dropped to 23% in 2023.

* Manisa experienced a notable spike in 2014, reaching a WrM ratio
of 1,232%.

* Sirnak had one of the highest WrM ratios in 2015 at 1,080%, but
this ratio decreased to 131% in 2023.
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* Zonguldak had a high WrM ratio of 626% in 2010, which dropped
to 128% in 2023.

e Karabiik reached a WrM ratio of 312% in 2013, but this ratio fell
to 113% in 2023.

These data indicate significant variations in WrM ratios across cities
and reveal that sudden spikes occurred in certain years (Table 3,
Figure 8).

DISCUSSION

This study examined the effects of the OHS Law No. 6331, which
came into force in Turkiye in 2013, through the standardization (s)
of data related to WrAs, ODs, and WrM. Utilizing data published
by the SSI for all available years, the analysis revealed a significant
increase in WrAs following the implementation of Law No. 6331,
a slight increase in _OD ratios, and no significant change in WrMs.
The analyses also revealed that occupational health indicators were
concentrated in certain regions; however, the highest standardized
rates in these regions showed a declining trend over the years.

Beyond this, our study is the first to evaluate all these dimensions
simultaneously and uniquely investigates the impact of the law
on these data. To improve interpretability, our study used rates
instead of raw counts and extended the analysis from national to
city level through standardization, which allowed meaningful spatial
comparison. Previously, Bayramlar et al. (9) illustrated these regional
clusters based on a limited five-year period (2010-2015) and
highlighted only the top ten cities with the highest standardized WrA,
0D, and WrM ratios. issever et al. (18), similarly, analyzed the 2008—
2017 period from an occupational perspective and demonstrated
that mining-intensive cities consistently exhibited high WrA and OD
rates. Our study not only corroborates these earlier findings but also
goes beyond them by analyzing a longer period (2007-2023) and
providing a broader spatial perspective on regional clustering.

This broader temporal and spatial scope not only enhances the
representativeness of our findings but also provides a stronger
basis for cross-national comparison. Typically, even in countries
with the most advanced OHS systems, it is estimated that there
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Figure 8. Trends in standardized ratios (%) of work-related mortality
(WrM) in the top 7 cities (2007-2023).

are reporting deficiencies (including WrM) (19,20). To contextualize
these deficiencies, we believe that the most effective assessment
can be achieved through a comparison with German Statutory
Accident Insurance statistics, a country with a similar population
and a strong OHS system. In terms of WrAs, while 870,000 WrAs
were reported in Germany in 2019 (21), this number was below
430,000 in Turkiye (Figure 1). The seemingly large gap observed here
was considerably wider in previous years, particularly before 2013,
when the absence of a comprehensive OHS framework led to severe
underreporting. The Ministry became aware of this situation at the
time and concluded that the major problem lay in the structural
deficiencies of the national OHS system; accordingly, it enacted Law
No. 6331 in 2013 to establish a comprehensive legal framework. As
part of this legal framework, the forthcoming implementation of
compulsory OHS services in 2025 for public institutions and low-risk
workplaces with fewer than 50 workers is also expected to further
strengthen this progress (5). However, the continued discrepancy
with Germany after 2013 also suggests that other major structural
factors—such as informal employment, enforcement limitations, and
the absence of a mature safety culture—have remained influential.
This interpretation is supported by Calis and Kugukali (22), who
argued that the lack of a well-established work safety culture in
Turkiye contributes significantly to underreporting. Normally, the
prevention of WrAs reflects an effective OHS system; however, due
to the aforementioned reasons underlying Turkiye’s much lower
WTrA reporting rates compared to Germany, any increase in WrAs
should be interpreted positively as an indication that the OHS system
is beginning to take hold. This increase does not indicate a rise in
actual incidents but rather reflects improved reporting practices and
growing compliance with OHS regulations. In particular, regional
increases in WrA reporting can be regarded as early evidence of
a developing safety culture at the local level. Consistent with this
interpretation, our study found that the provinces with the highest
rise in standardized WrA were concentrated in the Black Sea region
following the enactment of the law, suggesting that this area may
have been among the first to internalize the emerging safety culture
(Figure 3).

Having examined WrA as indicators of reporting behavior and
enforcement, it is also important to evaluate OD, which reflect the
diagnostic and recognition capacity of the OHS system. Following the
enactment of Law No. 6331, the expected increase in OD diagnoses
began only in 2014, one year after the law’s enactment. This rise
showed a steady upward trend until the fluctuations in the COVID-19
pandemic period (Figure 2). As of 2022, the number of OD diagnoses
in Turkiye has reached only around 1,000 (Figure 1). Yuvka and Zorlu
(6) also demonstrated that the number of OD diagnoses in Tirkiye
remained consistently low, highlighting a chronic underreporting
problem (6). Likewise, Ucuncu (7) showed that OD diagnosis rates
in the SGK statistics were far below expectations. In contrast, during
the same period, this number was 200,000 in Germany (21,23).
Nienhaus et al. (23) reported that the recognition of COVID-19
as an OD in Germany dramatically increased OD notifications. In
contrast, the fact that COVID-19 was not recognized as an OD in
Turkiye led to a marked difference between the two countries in
this regard. Tirkiye’s disparity in this regard exists not only with
Germany but also with many other countries (6). The seriousness
of missed diagnoses in OD is clearly observed in the complex trends
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depicted in the relevant graphs and the differences in the heat
map (Figures 4 and 7). Authorities acknowledge that the number
of OD diagnoses in Turkiye remains quite low (7,8,24). Following
the enactment of Law No. 6331, the cities experiencing the highest
increase in OD diagnoses were concentrated in the Marmara region,
the most developed area of Turkiye. This situation suggests that the
infrastructure and awareness for identifying OD may be stronger
in more industrialized and economically developed regions. As can
be inferred from our interpretive perspective on these findings,
a high reporting rate of OHS incidents in a region of Turkiye does
not indicate poor workplace management; rather, it reflects the
functionality of the system and the emergence of a developing
safety culture, serving as a positive indicator.

Following the assessment of OD as an indicator of diagnostic
capacity, we next evaluated WrM, which represents the final and
most severe outcome in the spectrum of occupational health
indicators. In Eurostat data for 2014, the rate of WrM per 100,000
workers was recorded as 1.27 in EU countries (25), while in Turkiye,
our study found this ratio to be 12.2 (Figure 2). Contrary to the
issues of underreporting in WrAs and ODs, the problem concerning
WrMs lies in the very high rates themselves, which is understandably
concerning. Even if some underreporting exists, it appears to be at
much lower levels compared to WrAs and ODs, since a concrete
and extremely serious outcome such as fatality is less likely to be
overlooked. Since WrAs and ODs ultimately lead to WrM, fatalities
represent the most tangible and predictable endpoint, whereas
WrA and OD data are more dependent on reporting practices
and therefore would be expected to be less reliable. Studies such
as Hamalainen et al. (26) have provided global estimates of both
work accidents and fatal work-related diseases, demonstrating that
fatalities constitute a substantial and measurable burden. While
these analyses do not directly evaluate reporting reliability, the fact
that fatal outcomes can be estimated globally indirectly supports
our assumption that WrM data are less prone to underreporting
compared to other occupational health indicators. en et al. (27)
associated the ten-fold higher WrM rates in Turkiye with insufficient
preventive measures and weak implementation of OHS legislation,
and Ceylan (28) highlighted that fatal work accidents in Tirkiye remain
substantially higher than in EU countries. Moreover, Yuvka and Zorlu
(6) and Ucuncu (7) reported that occupational incidents in Turkiye
often result in more severe outcomes compared to other countries.
Taken together, these findings reinforce our view that WrM data can
be considered a gold standard when evaluating occupational health
indicators in Tirkiye. In our study, despite many developments
following the enactment of Law No. 6331, the average WrM rate has
not changed (Figure 2). In our study, despite many developments
following the enactment of Law No. 6331, the average WrM rate has
remained unchanged, and these rates were found to be higher in the
relatively less developed regions of Turkiye (Figure 5). Overall, while
legislative progress has provided a framework for improvement, the
persistently high WrM rates highlight the need for stronger policy
enforcement and region-specific preventive strategies to reduce
fatal outcomes.

According to the ILO accident hierarchy pyramid, expected fatalities
can typically be predicted based on the quantity and quality of WrA
(29). However, in the Turkish context, widespread underreporting
of WrAs prevents such predictions from being reliable. When we
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examine the 14 cities with the highest WrM ratios, we find that,
with the exception of two cities, these locations had already
reached WrMs of 200-300 prior to major incidents (Table 3 and
Figure 8). This indicates that these cities exhibited significant risks
for major accidents and displayed clear warning signs even before
such catastrophic events occurred. Consequently, in the case of
Turkiye, this situation may suggest the potential for prevention of
catastrophic events if focused interventions are implemented in
these high-risk cities.

The consistency of WrM data can also be observed in its clear
reflection of well-known disasters (30), such as the 2010 mining
accident in Kilimli (Zonguldak), during which the city’s WrM rose
to 626%. Similarly, the 2014 Soma mining disaster in Manisa, which
resulted in the fatalities of 301 workers, caused the city’s WrM ratio
to spike to 1,232%. Another notable incident was the 2014 Ermenek
mining accident in Karaman, which also contributed to elevated
WrM. More recently, the 2022 Amasra mining disaster in Bartin
led to an extraordinary increase in the city’s WrM, reaching 1,622%
(Table 3 and Figure 8).

The vast majority of major mining disasters in Turkiye have occurred
in the western and northwestern regions (30). However, despite this
geographic concentration of large-scale accidents, WrA reporting
rates are markedly lower in the eastern provinces, whereas
standardized WrM rates are substantially higher (Figures 3 and 5).
This apparent paradox can be explained by the fact that in the west,
fatal events are concentrated in isolated industrial centers with
intensive production activity, rather than forming a regional cluster.
In contrast, in the east, limited industrial activity combined with
severe underreporting and weaker preventive mechanisms leads to
proportionally higher fatality rates. This pattern demonstrates that
the inadequacy of Turkiye’s OHS system is even more pronounced
in the eastern regions, where structural weaknesses manifest as
persistently elevated mortality despite lower reported accident
frequencies.

Generally, the cities with the highest ratios of WrA, OD, and WrM
included Zonguldak, Bilecik, Kitahya, Manisa, Bartin, Karabiik,
and Kocaeli (Tables 1-3). Mining activities were predominant in all
of these cities except for Kocaeli, which was an industrial center.
Furthermore, these mining cities consistently ranked at the top both
before and after the enactment of Law No. 6331. This is also evident
in issever’s et al. (18) research on industrial sectors. However,
the pattern of decreasing peak values observed in previous years
for WrA and OD was also evident in these cities over time (Figures
6 and 7). The underlying reason for this may be the improvements in
OHS practices in other cities following the enactment of Law No. 6331
and the resulting increase in work-related incidence rates, which
has led to the growth of the denominator in the standardization
formula. No direct or clear impact of COVID-19 had been observed
in these cities.

Study Limitations

This study has several limitations that should be acknowledged.
While the SSI reports include all individuals under the 4-1/a category
collectively, our analysis focused specifically on compulsory insured
workers, who represent the main risk group for occupational
incidents. This scope may have led to a slight overestimation in
standardized rates but ensured a consistent and homogeneous
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comparison across years. Another limitation involves potential
reporting and detection bias, particularly in WrA and OD data, which
depend heavily on institutional awareness and diagnostic capacity.
Intercity variations in economic structure and enforcement intensity
may also have acted as uncontrolled confounders. Although
standardization was applied to mitigate these effects, residual bias
cannot be fully excluded. Furthermore, the study did not account
for the severity of WrAs, which could have provided a more detailed
understanding of the outcomes (31). The lack of sector-specific data,
international benchmarks, and workplace hazard profiles limits
broader generalizability. Finally, region-specific academic research
on occupational health indicators in Tirkiye remains scarce,
constraining the contextual interpretation of spatial disparities.
Despite these limitations, the study offers a comprehensive national
and regional overview that can guide future, more granular research
and policy design.

CONCLUSION

This study provides valuable insight into Tlrkiye’s OHS system in
the period preceding the planned 2025 expansion of Law No. 6331.
Cities with the highest standardized ratios of workplace incidents—
particularly WrAs, ODs, and WrMs—were concentrated in mining-
intensive provinces such as Zonguldak, Bilecik, and Manisa. Marked
regional disparities were identified: eastern provinces showed lower
WrA reporting but higher WrM rates, indicating underreporting
except in fatal cases. Although ODs remained low nationwide,
a relative rise in the Marmara Region likely reflects improved
infrastructure and awareness. The overall decline in extreme peak
values suggests gradual progress in reporting and compliance. To
strengthen the system, we recommend targeted OHS training in high-
risk regions, enhanced OD diagnosis and reporting, and improved
surveillance of WrM. Future national monitoring frameworks should
integrate standardized indicators such as WrA, OD, and WrM to
enable comparability, data-driven evaluation, and early detection of
regional disparities. Region-specific research should be encouraged
to guide evidence-based interventions.
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ABSTRACT

Objective: The subperiosteal pocket technique (SPT) is widely used in
cochlear implantation (Cl) for its ability to reduce operative time and
minimize complications. This study revisits the technique, focusing on
surgical efficiency, stepwise analysis, and implications for training.

Methods: A retrospective analysis of 160 pediatric Cl cases was
conducted. The total surgery time and durations of eight defined steps
were documented, and practical insights were integrated to optimize
outcomes.

Results: The cumulative surgical step durations averaged 37.2 *
6.2 minutes. The most time-intensive steps included suturing and
skin closure (13.4 + 3 minutes) and posterior tympanotomy (7.1 +
2.7 minutes). These steps were critically analyzed for efficiency and
educational value.

Conclusion: The SPT is comparable to conventional methods in safety
and effectiveness , with the added benefits of reduced operative time
and enhanced training potential. This study provides detailed guidance
to improve surgical workflow and education in CI.

Keywords: Subperiosteal pocket, cochlear implantation, surgical
training, operative efficiency, pediatric hearing loss

0z

Amag: Subperiostal cep teknigi (SPT), operasyon siresini kisaltma ve
komplikasyonlari azaltma potansiyeli nedeniyle koklear implantasyon
(Ki) cerrahisinde yaygin olarak kullaniimaktadir. Bu ¢alisma, teknigi
yeniden ele alarak cerrahi verimlilik, basamakli analiz ve egitim
acisindan gikarimlar tizerine odaklanmaktadir.

Yontemler: Toplam 160 pediatrik Ki olgusunun retrospektif analizi
yapildi. Toplam cerrahi siire ve tanimlanan sekiz cerrahi basamagin
streleri kaydedildi ve sonuglari optimize etmeye yonelik pratik
¢ikarimlar ¢alismaya entegre edildi.

Bulgular: Cerrahi basamaklarin kiimulatif siire ortalamasi 37,2 + 6,2
dakika olarak bulundu. En fazla zaman alan basamaklar sutlr ve cilt
kapatilmasi (13,4 + 3 dakika) ile posterior timpanotomi (7,1 + 2,7
dakika) idi. Bu basamaklar, verimlilik ve egitsel deger agisindan ayrintili
olarak analiz edildi.

Sonug: SPT, glvenlik ve etkinlik agisindan konvansiyonel yontemlerle
karsilastirilabilir olup, daha kisa operasyon siresi ve artmis egitim
potansiyeli gibi ek avantajlar sunmaktadir. Bu ¢alisma, Ki cerrahisinde
cerrahi is akisini ve egitimi gelistirmeye yonelik ayrintili rehberlik
saglamaktadir.

Anahtar Sozciikler: Subperiostal cep, koklear implantasyon, cerrahi
egitim, operatif verimlilik, pediatrik isitme kaybi
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INTRODUCTION

Cochlearimplants (Cls) are sophisticated electronic devices surgically
implanted to restore hearing in individuals with profound or severe
hearing loss, for whom conventional sound amplification devices
have proven ineffective.

Precision in surgical expertise is essential because of the potential
for injury to critical structures, such as the facial nerve, chorda
tympani, vestibular system, and cochlear structures, during Cl. To
ensure sufficient and minimally traumatic electrode insertion while
preserving potential residual hearing, high-quality training and
deliberate practice are indispensable (1,2).

The traditional gold-standard method for Cl fixation involved drilling
a bony recess and securing the device with sutures. Although
effective, this approach is associated with longer operative time,
increased risk of dural tears and cerebrospinal fluid leakage, and
greater technical variability (3,4). These challenges have led to the
development of alternative techniques such as the subperiosteal
pocket method. Recent studies have compared fixation and non-
fixation approaches, reporting no significant differences in implant
stability (3,4). Furthermore, an international survey demonstrated
variability in fixation preferences among Cl surgeons (5), and
prospective trials, such as the Cochlear Implant Fixation Techniques
(COMFIT) study, are ongoing to further investigate these methods
(6). In this study, we describe the application of the subperiosteal
pocket technique (SPT) without fixation, focusing on a step-by-
step description of the surgical timing and technical aspects of the
workflow.

The SPT was initially described by Balkany et al. (7) as the temporal
pocket technique. This technique has been validated by numerous
comparative studies in subsequent years (8-10). It provides
advantages in Cl because it is easy to perform, shortens operating
time, carries a minimal risk of postoperative complications, and does
not require external part fixation (8-10).

A technical description serves to organize and standardize the
conveyance of information and communication among surgical
staff regarding procedural details, thereby potentially enhancing
surgical safety (11). Widely adopted, efficacious, standardized, and
structured approaches play a crucial role in enhancing surgical safety.
A notable example is the integration of the surgical safety checklist,
which has demonstrated a substantial decrease in postoperative
complications and mortality rates (12,13).

At our tertiary institution, the SPT has been routinely performed
in Cl since 2008 (8). A growing body of literature on SPT addresses
indications, alignment, outcomes, and complications (2,9,10,14).
This study revisits the SPT in Cl, providing a detailed examination
of each surgical step while incorporating practical insights (“tips
and tricks”) derived from a single-center experience. Additionally,
it evaluates the efficiency of each stage and its implications for
surgical training. This study analyzes data from pediatric Cl surgeries
to contribute to the standardization of this technique, to offer
actionable guidance for surgeons, and to address the growing need
for optimized training methods in Cl.
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MATERIALS AND METHODS

Study Design and Setting

This retrospective study analyzed pediatric patients who underwent
Cl using the SPT at our institution between March 2017 and August
2023. Procedural timing and surgical steps were recorded and
analyzed based on standardized operative protocols. To ensure
methodological consistency and minimize variability, only surgeries
performed by a single senior surgeon (Y.G.) with more than 10 years’
experience in Cl were included. The study was approved by the
istanbul University-istanbul Faculty of Medicine Clinical Research
Ethics Committee (approval number: 2024/940, reference number:
2572440, date: 24.05.2024).

Patient Selection

Patients with severe-to-profound hearing loss, including both
prelingual and postlingual cases, were included in the study.
Patients with temporal bone abnormalities, anatomical variations,
or patients whose surgeries were extended due to abnormal surgical
progress (such as instrument or device problems or anesthesia-
related complications) were excluded.

Surgical Technique and Analysis

A standardized SPT procedure, divided into eight distinct surgical
steps (Figures 1 and 2) was followed:

1. Retroauricular incision and Palva flap elevation.

2. Subperiosteal pocket creation.

)

Figure 1. Key steps of the Subperiosteal pocket technique (a),
Retroauricular incision with elevation anterior-based tailed Palva flap. (b)
Subperiosteal pocket creation. (c) Cortical Mastoidectomy. (d) Posterior
tympanotomy.
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Figure 2. Key steps of the Subperiosteal Pocket Technique, with the
subsequent stages continuing in the image. (a) Exposure of round window
membrane. (b) Placement of the device in the pocket and suturing tail of
Palva flap incision. (c) Electrode array insertion. (d) Suturing Palva flap and
skin closure.

3. Cortical mastoidectomy.

4. Posterior tympanotomy.

5. Exposure of the round window (RW) membrane.

6. Placement of the device and suturing of the Palva flap.
7. Electrode array insertion.

8. Suturing of the Palva flap and skin closure.

Surgical technique was analyzed and quantified using surgical video
recordings and operative notes. Total surgery time was defined as the
duration from skin incision to skin closure. In contrast, cumulative
surgical step durations included only the active phases of each of
the eight defined steps. For this analysis, a timer was started at the
beginning and stopped at the end of each step; short pauses between
steps—such as material preparation, instrument handling, and brief
workflow interruptions—were not included. Additionally, non—Cl-
specific intervals such as anesthesia preparation, patient positioning,
surgical field preparation, hemostasis, and intraoperative testing
were excluded from the cumulative analysis. This exclusion accounts
for the difference between cumulative surgical duration and total
surgery time.

Technique
Retroauricular Incision with Elevation Anterior-Based Tailed

Palva Flap

This technique starts with standard positioning and a C-shaped
retroauricular incision, typically placed 8-10 mm posterior to the
postauricular skin crease. The incision is extended through the

skin and into the subcutaneous tissue. After the posterior auricular
muscle is dissected, the auricle is retracted anteriorly over the
periosteum. The temporal lines were located through palpation.
Following these lines, a 2-cm horizontal periosteal incision was made
from the zygomatic root posteriorly using electrocautery. Another
periostealincision, parallel to the initial one, was made at the mastoid
tip. These two periosteal incisions were then linked by a posterior
vertical incision, creating an anteriorly based musculoperiosteal flap
according to Palva’s method. Moreover, a tailed Palva flap is created
by making a 1-2-cm incision that includes the periosteum, extending
from the posterosuperior corner of the flap toward the subperiosteal
pocket where the internal receiver will be placed. This modification
facilitates atraumatic implant placement and reduces skin tension
without compromising the tightness of the subperiosteal pocket
(15).

Subperiosteal Pocket Creation

Using the Freer elevator (Karl Storz, Tuttlingen, Germany), a
subperiosteal pocket is made according to template of the IRS.

Cortical Mastoidectomy

In a RW approach, a complete mastoidectomy may not always be
necessary, but exposing specific anatomical landmarks is crucial for
success. These landmarks include the sigmoid sinus, dural plate,
mastoid segment of the facial nerve, retrofacial recess, mastoid tip
cell, and the thinned outer bony canal wall up to the origin of the
chorda tympani at the facial nerve.

Posterior Tympanotomy

For safe access to the RW during Cl surgery, the facial recess
should be sufficiently widened, particularly inferiorly. The posterior
tympanotomy should ideally begin at the origin of the chorda tympani
on the facial nerve. It should be widened as much as possible along
the chorda and the facial nerve while avoiding exposing the facial
nerve sheath to prevent nerve damage and unnecessary bleeding.
Opening the inferior facial recess is vital, as it aids in identifying the
round window niche (RWN). The Incudal buttress should be protected
to help prevent damage to the ossicles during drilling. Preservation
of the buttress is necessary, particularly when significant residual
hearing is present. In cases of incomplete exposure of the recess,
anterior repositioning of the chorda tympani may resolve the issue.
If the RW is not visible at this stage, the patient’s position may be
adjusted to facilitate better visualization, and the posteromedial
bone overlying the facial canal may be drilled to expose the medial
space of the posterior tympanum. Furthermore, if the visual field is
obstructed by the funnel-shaped wall of the external auditory canal
(EAC), lowering the EAC’s outer margin can help provide a clearer
visual field during the procedure.

Exposure of Round Window Membrane

When the RWN was identified after posterior tympanotomy, the
anterior and posterosuperior bony overhangs of the RW were
carefully removed using a low-speed drill or micro-curette until the
annulus of the RW membrane became visible. The pseudomembrane
covering the RW membrane was then delicately excised. Additionally,
bone adjacent to the anterior-inferior RW annulus might be removed
by 1 to 2 mm to facilitate the surgical approach. These meticulous
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procedures were essential for optimizing the success and safety of
RW CI.

Placement of the Device in the Pocket and Suturing Tail of
Palva Flap Incision

The inner part of the implant was placed into the previously prepared
pocket. The tail flap incision was then closed with absorbable
sutures.

Electrode Array Insertion

A sharp, right-angled pick was used to make a vertical incision over
the RW membrane, leaving the annulus intact to minimize perilymph
leakage. To successfully preserve hearing, the electrode is placed in
the anterior-inferior direction and slowly advanced in the posterior-
superior direction. The crista semilunaris defines the space available
for electrode insertion, primarily within the medial part of the scala
tympani.

Suturing the Palva Flap and Skin Closure

Closure of the Palva flap incision and subcutaneous tissue was
performed using separate absorbable sutures. For skin closure,
intracutaneous absorbable sutures were used.

Statistical Analysis

Operative times were presented as mean * standard deviation (SD).
Differences in the duration of each surgical step were analyzed using
one-way analysis of variance (ANOVA). Comparisons between the
first and last quartiles of surgeries were performed using paired
t-tests to evaluate procedural standardization. Statistical significance
was set at p < 0.05. Furthermore, variability within steps was
assessed using the coefficient of variation (CV).

RESULTS

A total of 160 pediatric patients underwent Cl using the SPT. The
mean age was 17.4 £ 7.3 months (range: 12-144 months [1-12
years]). Among the patients, 128 (80%) had prelingual hearing loss,
while 32 (20%) had postlingual hearing loss. Right ear surgeries
accounted for 96 cases (60%), and left ear surgeries for 64 cases
(40%).

Operative Time Analysis

The average surgery time as interval skin incision to skin closure 58
+ 3.6 and the average cumulative surgical step durations was 37.2 £

6.2 minutes. The mean duration, SD, and CV for each surgical step
are summarized in Table 1.

Statistical Analysis Results

Stepwise Comparisons: Suturing of the Palva flap and skin closure
took significantly longer than all other steps (p < 0.01, ANOVA).

e Variability Across Surgical Steps: The CV analysis showed that
certain steps were performed more consistently than others.
Retroauricular incision and Palva flap elevation (CV = 0.14), cortical
mastoidectomy (CV = 0.17), device placement with flap suturing (CV
= 0.21), and final skin closure (CV = 0.22) demonstrated the lowest
variability, indicating a relatively high degree of standardization.

e Learning Curve and Procedural Consistency: A comparison of
the first and last quartiles of surgeries revealed no significant
difference in total operative time (p = 0.6), suggesting stable surgical
performance over time. Furthermore, variability patterns across
steps did not differ significantly between early and late cases (p =
0.8, t-test), supporting the overall standardization of the technique
within this surgical series.

Complications

No intraoperative complications, including facial nerve injury,
bleeding requiring additional intervention, or difficulties during
electrode insertion, were observed. Similarly, no postoperative
complications were noted; in particular, no device migration
occurred, and all postoperative evaluations confirmed correct and
stable positioning of the implants.

DISCUSSION

This study revisited the SPT in Cl, providing a step-by-step analysis
of surgical efficiency and its implications for training. By evaluating
160 pediatric cases, we identified critical areas for optimization and
standardization.

The average cumulative surgical step duration was 37.2 £ 6.2 minutes,
which aligns with the technique’s reputation for reducing operative
time. Among the eight procedural steps, suturing the Palva flap
and closing the skin (13.4 £ 3 minutes) and posterior tympanotomy
(7.1 £ 2.7 minutes) were the most time-intensive, accounting for
a significant portion of the operative time. In contrast, steps such
as subperiosteal pocket creation and electrode array insertion
exhibited minimal variability and consistently shorter durations. This
suggests that these steps are well standardized and less influenced

Table 1. Mean duration, standard deviation, and coefficient of variation for each of the eight surgical steps.

Surgical step Mean duration (min) SD (min) Coefficient of variation
Retroauricular incision and Palva flap elevation 4.4 0.60 0.14
Subperiosteal pocket creation 1.2 0.37 0.31
Cortical mastoidectomy 5.2 0.90 0.17
Posterior tympanotomy 7.1 2.70 0.38
Round window membrane exposure 1.3 0.75 0.58
Device placement and Palva flap suturing 3.4 0.70 0.21
Electrode array insertion 1.2 0.50 0.42
Suturing of the Palva flap and skin closure 13.4 3.00 0.22

SD: Standard deviation, min: Minimum.
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by surgeons’ experience. In contrast, more complex steps such as
posterior tympanotomy and suturing are affected by factors such as
anatomical variations, surgeon experience, and the equipment used,
which makes them more variable and challenging to standardize.
Identifying these differences provides an opportunity to refine
the more variable and time-consuming steps, thereby enhancing
efficiency and reducing overall surgical duration, particularly in high-
volume centers.

Numerous studies have demonstrated the reliability of SPT, showing
an absence of device migration and, in some instances, spontaneous
bone bed formation (15-18). Conventional methods for securing Cls
typically include the creation of a bony bed and a channel within the
calvarium, sometimes accompanied by tie-down sutures. However,
the process of drilling through potentially thin calvarial bone carries
the risk of rare but severe complications, such as epidural hematoma,
cerebral infarction, and cerebrospinal fistulae (19-22). The shift
towards the SPT can be attributed to its potential to mitigate these
complications and reduce operation time. This trend underscores
the growing recognition of the technique’s advantages in enhancing
patient safety and optimizing surgical efficiency (8-10,14,23).

A cross-sectional survey of the American Neurotology Society
elucidated the collective preferences for internal device fixation
in Cl. Among the respondents, 65% expressed a predilection for a
variation of the tight SPT, highlighting its prevalence in contemporary
practice. The survey further revealed that 19% favored a bony bed
and trough with tie-downs, 10% preferred a bony bed and trough
without tie-downs, and 5% opted for a screw fixation system. Within
the subset of respondents endorsing the SPT, 62% incorporated a
bony trough, while 38% performed the SPT alone, underscoring the
diversity of approaches within this specialized field (23).

Recent studies have highlighted the ongoing debate regarding
COMFITs and their surgical implications (3-5,24). While multiple
fixation methods, including bony bed preparation and tight
subperiosteal pockets, have been proposed, systematic reviews have
shown no significant differences in implant stability between these
approaches (3,24,25). In line with these findings, the present study
focused not on comparing fixation methods but rather on providing
a detailed, step-by-step technical description of the SPT without
fixation, and on analyzing surgical timing for each stage. Our results
support the conclusion that the technique can be standardized with
minimal variability across key surgical steps, thereby contributing to
procedural reproducibility and educational frameworks. Moreover,
recent international surveys emphasize the variability in surgeons’
practices regarding fixation (5), reinforcing the need for clearly
structured protocols rather than reliance on fixation type alone.

The simplicity and efficiency of the SPT make it highly suitable for
surgical education and for reproducible clinical practice. In our
series, total operative times did not differ significantly between
the early and late surgical quartiles (p = 0.6), indicating consistent
performance over time and suggesting that the procedure can be
mastered without a prolonged learning curve. Variability analysis
further supported this observation: steps such as retroauricular
incision, cortical mastoidectomy, device placement, and final skin
closure showed the lowest coefficients of variation, indicating a
high degree of procedural standardization. In contrast, greater

variability in steps such as posterior tympanotomy, RW exposure,
subperiosteal pocket creation, and electrode insertion was observed,
likely reflecting differences in anatomy, surgical complexity, and
case-specific technical adjustments. This structured and stepwise
breakdown of the procedure facilitates targeted learning by helping
trainees focus on the more variable and technically demanding
steps, while reliably executing the more standardized components.
Historically, surgical skills have been transmitted through the master-
apprentice model in which the apprentice begins by observing the
master and gradually assumes more responsibility until capable of
performing the procedure independently (26-28). However, changes
in working-hour regulations and the increasing focus on operational
efficiency have reduced instructional time, posing challenges for
surgical education (29). In this context, a step-by-step framework like
the one described in this study offers a standardized breakdown of
procedures, enhancing education, communication, and evaluation
for trainees. It ensures that critical skills are effectively imparted
despite time constraints (28).

Our findings also highlight the relationship between the surgeon’s
experience and operative time. The SPT demonstrated a learning
curve comparable to previous studies of stapedectomy, in which
surgeons required 60—-100 cases to achieve full proficiency (30-32).
Adopting a standardized technique and surpassing this threshold
resulted in significant reductions in operative time, which eventually
plateaued as surgeons reached a high level of competence. This
underscores the value of procedural standardization in optimizing
both surgical efficiency and training outcomes.

The estimated cost for operating room time, encompassing both
anesthesia and facility fees, is $42 per minute (33). Therefore,
surgical duration is positively correlated with costs. In a different
study using data from 2006-2007, the facility fee at another
institution was $1,581 for the first 30 minutes of surgery and $1,265
for each subsequent half-hour. The facility fee alone has been
reported as $6,641 for the standard unilateral Cl procedure, which
has a duration of 144 minutes. When Combined with the implant’s
list price of $28,900, the total bill reached $35,541. Additional
fees, such as those for the recovery room, anesthesia, laboratory,
pharmacy, surgeon, anesthesiologist, clinic, and other related
costs, are not included in this calculation (34). We believe that our
surgical description contributes to reducing surgical duration and,
consequently, costs.

Study Limitations

One limitation of our study is its retrospective design, which may
introduce biases in data collection and interpretation. Furthermore,
our analysis focused exclusively on pediatric cases, limiting the
generalizability of the findings to adult populations. At the time
of the surgical interventions included in this study, the standard
clinical practice at our institution typically resulted in implantation
at a mean age of 17.4 months, which was influenced by national
guidelines, referral patterns, and parental factors. We recognize
the growing emphasis on implantation before 12 months of age in
contemporary clinical practice. Moreover, this study did not assess
functional or patient-reported outcome measures (PROMs), which
areincreasingly recognized as important indicators of surgical success
and patient satisfaction (35). Prospective studies could expand on
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these findings by incorporating long-term outcomes such as device
stability, patient satisfaction, PROMs, and cost-effectiveness to
further validate the advantages of the SPT.

CONCLUSION

This study concludes that the SPT is an efficient approach to Cl,
offering reduced operative time and a structured framework suitable
for surgical training. By identifying time-intensive steps and analyzing
procedural efficiency, this technique can be further optimized to
enhance its clinical and educational utility. Future studies with
diverse populations and long-term follow-up are recommended to
expand on these findings.
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ABSTRACT

Objective: To describe the clinical and genetic findings, as well as
treatment outcomes, in patients with gelatinous drop-like corneal
dystrophy (GDLD) from a single center in Tirkiye.

Methods: In this retrospective study, 10 patients from five families
who were clinically diagnosed with GDLD at the Ophthalmology
Department of Gazi University Medical Faculty were included. Genetic
analysis was performed using Sanger sequencing of the coding regions
of the tumor-associated calcium signal transducer 2 (TACSTD2) gene
and of exons 4 and 12 of the transforming growth factor-beta-induced
(TGFBI) gene. Clinical findings, treatment modalities, and follow-up
outcomes were documented.

Results: One novel TACSTD2 mutation (c.779del, p.Tyr260SerfsTer11)
and two previously reported TACSTD2 mutations, c.355T>A (p.C119S)
and c.341T>G (p.F114C), were identified in three families. In one
family, no disease-associated variants were detected in either TGFB/
or TACSTD2. The most common initial symptoms were photophobia,
corneal pain, and blurred vision, and the mean age at onset was
11.3 years. The follow-up duration ranged from 2 to 21 years, and
seven patients required repeated surgical interventions. Epithelial
debridement followed by diamond burr polishing (ED-DBP) was
performed in seven patients, resulting in symptomatic improvement
and delaying the need for keratoplasty.

Conclusion: This is the first report of the clinical and genetic
characteristics of GDLD patients from Central Anatolia, and it expands
the TACSTD2 mutational spectrum with a novel variant. ED-DBP is

0z

Amag: Bu galismanin amaci, Turkiye'de tek bir merkezden gelatinéz
damla benzeri kornea distrofisi (GDLD) tanisi alan hastalarda klinik ve
genetik bulgular ile tedavi sonuglarini tanimlamaktir.

Yontemler: Bu retrospektif calismaya, Gazi Universitesi Tip Fakiiltesi
GOz Hastaliklari Anabilim Dali'nda klinik olarak GDLD tanisi konulan
bes aileden 10 hasta dahil edildi. Genetik analiz, timorle iliskili
kalsiyum sinyal transdiseri 2 (TACSTD2) geninin kodlayici bolgeleri
ile transforming growth factor-beta-induced (TGFBI) geninin 4. ve
12. ekzonlarinin Sanger dizilemesi ile gergeklestirildi. Klinik bulgular,
uygulanan tedavi ydntemleri ve takip sonuglari kaydedildi.

Bulgular: Ug ailede, biri yeni (c.779del, p.Tyr260SerfsTer11) ve ikisi
daha o6nce bildirilmis ¢.355T>A (p.C119S) ve ¢.341T>G (p.F114C) Ug
TACSTD2 mutasyonu saptandi. Bir ailede ise ne TGFBI ne de TACSTD2
genlerinde hastalikla iliskili herhangi bir varyant tespit edilmedi. En
stk gorilen baslangic semptomlar fotofobi, kornea agrisi ve bulanik
gérme olup, ortalama baslangi¢ yasi 11,3 yil idi. Takip siresi 2 ile 21 yil
arasinda degismekteydi ve yedi hastada tekrarlayan cerrahi girisimler
gerekmisti. Yedi hastaya epitel debridmani sonrasi elmas freze ile
polisaj (ED-DBP) uygulanmis; bu islem semptomatik iyilesme saglamis
ve keratoplasti gereksinimini geciktirmistir.

Sonug: Bu calisma, Orta Anadolu’dan bildirilen GDLD hastalarinin
klinik ve genetik 6zelliklerine iligkin ilk rapor olup, TACSTD2 mutasyon
spektrumunu yeni bir varyant ile genisletmektedir. ED-DBP, GDLD
icin bir tedavi secenegi olarak onerilmektedir; hastaligin ilerlemesini
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ABSTRACT

proposed as a treatment modality for GDLD; it may not halt disease
progression but can alleviate corneal discomfort, temporarily improve
vision, and postpone corneal transplantation.

Keywords: Gelatinous drop-like
debridement with diamond burr
sequencing, keratoplasty

corneal dystrophy, Epithelial
polishing, TACSTD2, Sanger

0z
durdurmasa da korneal rahatsizhig azaltabilir, gérmeyi gegici olarak
iyilestirebilir ve kornea transplantasyonunu erteleyebilir.

Anahtar Sozciikler: Gelatindz damla benzeri kornea distrofisi, elmas
freze ile epitel debridmani, TACSTD2, Sanger dizileme, keratoplasti

INTRODUCTION

Gelatinous drop-like corneal dystrophy (GDLD) is a rare inherited
corneal disorder (OMIM 2014870) characterized by subepithelial
and stromal deposition of amyloid. GDLD has been most frequently
reported in Japan, where its prevalence is estimated at 1 in 33,000
(1,2). However, cases have also been described in other countries (3-
10). Because the disease follows an autosomal recessive inheritance
pattern, consanguineous marriages are more common among
families affected by GDLD (11).

GDLD typically presents during the first or second decade of life
and affects both sexes equally. The most common initial symptoms
include foreign body sensation, photophobia, and visual impairment,
depending on the location and severity of the corneal deposits (12).
In the early stages, deposits usually appear in the subepithelial
central cornea. As the disease progresses, these deposits increase
in number and depth, extend peripherally, and coalesce (13). In
advanced stages, superficial and deep corneal vascularization often
accompany the corneal deposits (13). Four clinical subtypes of GDLD
have been described based on the appearance of corneal deposits:
1. Typical mulberry type: observed in early stages, characterized by
white-grayish gelatinous deposits; 2. Band-keratopathy type: also
seen in early stages, featuring band-shaped amyloid deposits in
the subepithelial space; 3. Stromal opacity type: found in advanced
stages, in which deposits extend into the deeper stromal layers;
4. Kumquat-like type: an advanced form characterized by yellow-
white, widespread deposits with neovascularization (14). Treatment
strategies for GDLD include removal of the superficial corneal
layer via photoablation or keratectomy in early stages, and corneal
transplantation using DALK or penetrating keratoplasty (PKP) in
advanced cases (12). In addition, limbal stem cell transplantation
(LSCT) and the Boston keratoprosthesis have been reported as
treatment options for patients with GDLD (15-17). Recurrence of
amyloid deposits remains the main challenge during follow-up, and
repeated interventions are often required (12).

Mutations in the tumor-associated calcium signal transducer 2
(TACSTD2) gene are responsible for the majority of GDLD cases
(18,19). TACSTD2, located on chromosome 1p32, encodes a
transmembrane glycoprotein consisting of 323 amino acids. The
non-sense variant p.GIn118Ter (Q118X) has been reported in up
to 90% of Japanese GDLD cases (18). Nevertheless, the Human
Genome Mutation Database (HGMD) lists more than 30 distinct
TACSTD2 mutations across different populations. Loss-of-function
mutations in TACSTD2 alter the expression of key cell-junction
proteins, disrupting cell-to-cell and cell-to-substrate adhesion in
the corneal epithelium, thereby increasing epithelial permeability

(20, 21). This abnormal permeability facilitates protein leakage—
such as lactoferrin—into the cornea, resulting in amyloid deposition
(22). In the early stages of disease, the basal lamina, Bowman’s
membrane (BM), and stroma remain intact in corneas with GDLD
(23). However, with disease progression, BM destruction occurs,
and amyloid deposits extend into the deeper stromal layers (23,24).
Corneal vascularization and mechanical stress have also been shown
to exacerbate deposit formation (25).

To date, two siblings from a Turkish family have been clinically and
genetically characterized by Uhlig et al. (25) no additional cases
have been reported from Tiirkiye (26). Furthermore, there are few
studies describing long-term follow-up of GDLD patients, and none
have reported the use of epithelial debridement with diamond burr
polishing (ED-DBP) as a treatment modality (25,27). In this study, we
present the clinical characteristics, treatment modalities, and long-
term outcomes of 10 patients with GDLD from five Turkish families
and identify three disease-causing TACSTD2 variants in three of
those families, one of which is novel.

MATERIALS AND METHODS

Ethical Approval

This retrospective study was approved by the Institutional Ethics
Review Board of Gazi University (approval number: 2025-405/04,
date: 11.03.2025) and conducted in accordance with the principles
of the Declaration of Helsinki. Written informed consent was
obtained from all participants and/or their legal guardians.

Participants and Clinical Evaluation

Patients clinically diagnosed with GDLD and followed at the
Department of Ophthalmology Gazi University Faculty of Medicine
between January 2004 and January 2025 were included in the study.
A detailed medical history was obtained from all patients, including
information on ethnicity, family history, parental consanguinity,
history of ocular trauma, exposure to chemicals, drug use, systemic
diseases, and previous treatments.

Comprehensive  ophthalmic  evaluations were performed,
including best-corrected visual acuity (BCVA), intraocular pressure
measurement, slit-lamp biomicroscopy, and, when feasible
depending on the degree of corneal opacity or photophobia, fundus
examination. In cases where fundus visualization was limited,
ultrasonography was performed. Treatment modalities, treatment
outcomes, and follow-up durations were also recorded. Interocular
asymmetry in BCVA was evaluated in patients and defined as a
difference of more than two lines between the eyes.
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Genetic Analyses

Peripheral blood samples (5 mL) were collected from patients, when
available, their parents for DNA extraction and molecular analysis.
DNA isolation was performed using a spin-column-based nucleic
acid purification method (MN Macherey-Nagel, Diiren, Germany).
The coding regions and exon—intron boundaries of TACSTD2, as well
as exons 4 and 12 of TGFBI, were amplified by polymerase chain
reaction using primers designed with Primer3 (Table 1).

Bidirectional Sanger sequencing was conducted using the BigDye
Terminator Mix v3.1 (Applied Biosystems, Foster City, CA, USA) and
analyzed on an ABI-3100 Genetic Analyzer (Applied Biosystems).
Chromatograms were reviewed using ChromasPro v1.7.7
(Technelysium, South Brisbane, Australia), and obtained sequences
were compared with reference gene sequences in the National
Center for Biotechnology Information database. Familial segregation
of the novel variant was confirmed by sequencing the parents of the
probands.

Identified variants were classified according to the 2015 ACMG/AMP
guidelines for sequence variant interpretation. Population allele
frequencies were obtained from the Genome Aggregation Database
(gnomAD v4.1.0; https://gnomad.broadinstitute.org/). Variant
pathogenicity was evaluated using the Ensembl Variant Effect
Predictor (VEP; https://useast.ensembl.org/Tools/VEP) and Franklin
(https://franklin.genoox.com/). Additional data on variant function
and associated phenotypes were retrieved from the Human Gene
Mutation Database (Professional 2025.1), ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/), and the relevant published literature.

RESULTS

Demographic and Clinical Findings

Ten patients from five unrelated families were included in the present
study. All families consisted of sibling groups. The demographic and
clinical characteristics of the patients are summarized in Table 2.
The mean age at the first ophthalmological examination (AE) at our
center was 28.3 years (range, 8—42 years). The sex distribution was
equal for males and females. The mean age of onset (AO) of the
first ocular symptoms or signs was 11.3 years (range, 6—17 years).
All participants self-identified as Turkish and originated from the
Central Anatolia region. Parental consanguinity was present in all
families, with marriages between first cousins reported in three of
them. Participants with Systemic diseases, a history of drug use, or
ocular trauma that could lead to corneal amyloid deposition were

excluded based on detailed medical history. The most common
presenting symptoms were photophobia, corneal pain, and blurred
vision (Table 2).

At the first examination, the BCVA ranged from hand motion (HM)
to 0.8. Slit-lamp examination revealed central and paracentral
mulberry-like, transparent or whitish nodular corneal elevations;
band keratopathy; corneal scarring; widespread yellow-white
deposits; recurrent nodular lesions in the graft; and opaque corneal
grafts (Figure 1). Corneal neovascularization was present in four
patients at baseline and was subsequently observed in five patients
during follow-up (Table 2, Figure 1).

Patients from the same family exhibited similar phenotypes,
including anterior segment findings, BCVA, and AO. Notable
interocular asymmetry was observed only in patient 8, particularly
in BCVA and anterior segment findings (Tables 2 and 3).

Treatment Modalities and Outcomes

The mean follow-up duration of the patients was 9.4 years, ranging
from 2 to 21 years (Table 3). Surgical interventions performed during
follow-up included ED-DBP photorefractive keratectomy (PRK), deep
anterior lamellar keratoplasty (DALK), and PKP (Table 3). In addition
to surgical procedures, bandage contact lenses and medical therapy
were administered as needed for symptomatic relief. Between the
first and last visits, BCVA increased in 7 eyes, remained stable in 5
eyes, and decreased in 8 eyes (Table 3). In the better-seeing eye,
BCVA was at least 0.1 in seven of 10 patients and at least 0.5 in four
(Table 3).

To remove the superficial corneal layer, ED-DBP or PRK was
performed. During ED-DBP, the corneal epithelium surrounding
the lesions was removed to Bowman'’s layer, followed by diamond-
burr polishing of the entire corneal surface. A handheld, battery-
powered ophthalmic burr with a 3.3-mm diamond-dusted spherical
tip was used to polish the corneal surface for approximately 10-15
seconds (Figure 2a). At the end of the procedure, a soft bandage
contact lens was applied. Postoperatively, patients received topical
corticosteroids, antibiotics, and artificial tears, each administered
four times daily for one month. The bandage lens was removed on
the fifth postoperative day. ED-DBP was performed as the initial
surgical step in 7 eyes (5 patients) and as a secondary procedure
following keratoplasty in 2 eyes (2 patients) (Table 3). Recurrent
ED-DBP was applied to 3 eyes of 2 patients during follow-up; in one
eye, a stromal anti-VEGF injection was co-administered. All patients
reported significant symptomatic relief following ED-DBP, with

Table 1. Primer List of TACSTD2 and TGFBI genes.

TACSTD2 Sequences of primers (5'-3')
F: CCTGCAGACCATCCCAGAC
Primer_1
R: CAGGAAGCGTGACTCACTTG
TGFBI Sequences of primers (5'-3')
F: TCGTCCTCTCCACCTGTAGA
Exon 4
R: AACATGTTCTCAGCCCTCGT
F: AACCAAGGTGTGTGCATTCC
Exon 12

R: TTTAGTCCCGCCCACTCTTT

Tm (°C) PCR product (bp)
59 1140

Tm (°C) PCR product (bp)
59.0 548

59.0 415

TACSTD2: Tumor-associated calcium signal transducer 2, TGFBI: Transforming growth factor-beta-induced, PCR: Polymerase chain reaction.
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Table 2. Demographic, clinical and genetic findings of Turkish GDLD patients.

Patient Sex AE AO Initial
no symptom

Anterior segment findings

1! M 33 10 Vision loss OD: typical yellow-white

nodules, vascularization

0OS: corneal scar,
vascularization

Vision loss OD: corneal scar,

vascularization

0S: typical yellow-white
nodules, vascularization

32 M 26 12 Corneal pain  OD: yellow-white nodules

OS: yellow-white nodules,
band keratopathy

42 M 33 16 Corneal pain  OD: typical yellow-white

nodules

OS: typical yellow-white
nodules

53 F 42 15 Vision loss OD: opaque graft with

vascularization
0OS: opaque graft with
vascularization

63 F 32 10 \Visionloss OD: widespread nodules

OS: widespread nodules,
vascularization

74 F 42 17 OD: corneal scar with

vascularization

Vision loss

OS: widespread nodules

8* F 18 6 Vision loss OD: few corneal deposits

0OS: corneal scar

9° F 8 8 Photophobia  OD: typical yellow-white

nodules

0S: typical yellow-white
nodules

10° M 17 11 Corneal pain  OD: typical yellow-white

nodules
OS: typical yellow-white
nodules

Genetic Gene Nucleotide Amino acid Zygosity
test change change

Yes TACSTD2  c.355T>A p.C119S Homozygous
Yes TACSTD2  ¢.355T>A p.C119S Homozygous
Yes TACSTD2  ¢.341T>G p.F114C Homozygous
No NA NA NA NA

Yes TACSTD2  ¢.779delT* p.Tyr260SerfsTerll Homozygous
Yes TACSTD2  c¢.779delT* p.Tyr260SerfsTerll Homozygous
No NA NA NA NA

No NA NA NA NA

Yes Negative NA NA NA

Yes Negative NA NA NA

*Denotes novel variant, ***°denotes family numbers.

M: Male; F: Female; AO: Age of onset, AE: Age at exam, OD: Right eye; OS: Left eye, NA: Non-available, GDLD: Gelatinous drop-like corneal dystrophy

improvement lasting for at least 12 months during follow-up (Figure
2b). Three eyes of three patients underwent PRK, including one eye
that received intraoperative mitomycin-C. In two patients, PRK was
performed as a secondary procedure following ED-DBP.

For corneal transplantation, either DALK or PKP was performed. Six
eyes in four patients underwent PKP as a second-step procedure
following ED-DBP during the follow-up period; one patient received
PKP as the primary surgical treatment. Two eyes of one patient
initially underwent DALK; however, one of these later required PKP
as a second surgery (Figure 2c). The interval between ED-DBP and
keratoplasty ranged from 12 to 38 months (Table 3). Following DALK
or PKP, BCVA improved further in treated eyes. However, Patient

1 developed retinal detachment in the left eye during follow-up,
resulting in permanent vision loss. Additionally, recurrence of
corneal deposits within the graft led to a decrease in BCVA during
late postoperative visits and necessitated repeated keratoplasties in
six eyes of six patients, as shown in Table 3.

Variants in TACSTD2 and TGFBI

Sanger sequencing was successfully performed in seven patients
from four families (Table 1). In two families, previously reported
disease-associated homozygous missense variants were detected:
c.355T>A (p.C119S) and c¢.341T>G (p.F114C) (Table 2). Both
variants were classified as likely pathogenic according to the ACMG

59



Gazi Med J 2026;37(1):56-64

Yaylacioglu Tuncay et al. Gelatinous Drop-Like Corneal Dystrophy in Turkiye

Figure 1. Anterior segment images of representative Gelatinous drop-like
corneal dystrophy patients at first visit. (a) Youngest patient in the cohort
(Patient 9) with few corneal deposits; (b) Patient 4 with yellow-white
nodules and band keratopathy; (c) One of the sibling pair, Patient 1, with
typical central whitish mulberry-like nodular corneal elevations; (d) The
other sibling, Patient 2, with a similar pattern of corneal deposits with his
brother; (e) Opaque corneal graft with corneal vascularization in Patient 5;
(f) Central severe corneal deposits and vascularization in Patient 6.

guidelines. In one family, no disease-associated variant was detected
in TACSTD2. No disease-associated variants were identified in exons
4 or 12 of the TGFBI gene in any of the patients.

In Family 3, a novel biallelic frameshift variant was identified:
c.779del (p.Tyr260SerfsTer11) (Figure 3). The allele frequency of this
variant has been reported as 8.477 x 1077 in populations of European
ancestry, and this variant has not been reported in the homozygous
state in any database. This variant has not been described in HGMD,
LOVD, or ClinVar, nor has it been reported in association with GDLD
in the literature or in the Turkish Genome Project Data Sharing
Portal. Given its predicted loss-of-function effect and extremely
low frequency in population databases, this variant was classified
as likely pathogenic under ACMG criteria (Pathogenic very strong
1_PVS1, Pathogenic moderate 2_PM2). Segregation analysis
revealed heterozygosity in both parents, who were second-degree
cousins and exhibited no corneal abnormalities. Family 3 included
two affected female siblings diagnosed at ages 10 and 15 years.
Their initial symptom was visual loss. Patient 5 underwent PKP in
both eyes in her twenties at another hospital. At her first visit to
our center, both corneal grafts were opaque and vascularized, and
ultrasonography detected chronic retinal detachment in the left
eye (Table 2, Figure 1e). Slit-lamp examination of patient 6 revealed
central, severe, yellowish corneal deposits in both eyes, with
peripheral corneal vascularization in the left eye. In both siblings,
BCVA at diagnosis was HM in the right eye and 0.05 in the left eye.
Patient 5 underwent recurrent PKP on the right eye at our center
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in 2016 and 2025. The right eye of patient 6 underwent ED-DBP
as the first intervention, followed by PKP on subsequent follow-
up, whereas the left eye underwent PRK as the first intervention,
followed by DALK on subsequent follow-up.

The clinical findings of patients with the frameshift variant regarding
AO, BCVA, anterior segment findings, and the need for and timing
of corneal transplantation tended to be more severe than those in
patients with missense variants (Tables 2 and 3).

DISCUSSION

In this study, we investigated the clinical findings of five pairs of
siblings with GDLD from Turkiye. Three disease-associated TACSTD2
variants were identified in three families; one variant was novel.
A follow-up period of up to 21 years was documented, including
treatment modalities and patient outcomes.

The novel TACSTD2 variant identified in our cohort, c.779del
(p.Tyr260SerfsTerll), is a frameshift variant predicted to cause
premature truncation of the protein, resulting in the loss of
the transmembrane and PIP,-binding domains. A previously
reported truncating mutation located near this site, c.798del
(p.Lys267SerfsTer4), has been shown to be deleterious in Hela cells,
leading to loss of function and impaired trafficking of claudin-1
and claudin-7 from the cytoplasm to the plasma membrane (28).
In our cohort, patients carrying this truncating variant (Patients 5
and 6) exhibited a more severe phenotype than those with missense
variants (Tables 2 and 3). However, previous studies have reported
conflicting results regarding the relationship between mutation type
and disease severity 6,14,29.

Previously reported TACSTD2 missense variants, c.355T>A (p.C119S)
and ¢.341T>G (p.F114C), were identified in two families in our study.
Both p.C119S and p.F114C affect the thyroglobulin-like repeat
domain, a region crucial for protein stability and epithelial cell
adhesion, and have been described in patients from Tunisia, Saudi
Arabia, and Iran 6,10,30. A Sudanese patient carrying the p.C119S
variant experienced recurrent keratoplasties, similar to patient 1 in
our cohort (30). In contrast, the Iranian patient with the p.F114C
variant exhibited earlier disease onset and a more severe phenotype
than patient 3 in our series (6). Although previous reports from Japan
and Iran have highlighted phenotypic heterogeneity both within
families and among patients carrying the same TACSTDZ2 variant, the
siblings in our cohort exhibited remarkably similar clinical findings
(Tables 2 and 3) 6,31. Nevertheless, interocular differences were
evident in patients 1, 7, and 8. Interocular asymmetry and even
unilateral cases have previously been reported in GDLD (6,32). These
observations support the concept that loss of TACSTD2 function is
essential for GDLD development; however, it is unlikely to be the
sole determinant of disease severity. The variability in clinical
expression may depend on factors such as tear film composition,
epithelial microtrauma, eyelid structure, glandular function, systemic
conditions, and other genetic or epigenetic modifiers (8,10).

The only previously reported Turkish GDLD family in the literature
consisted of two siblings who carried a different TACSTD2 truncating
mutation, c.653delA, which was not detected in our cohort (9). The
15-year follow-up of that family showed a clinical course comparable
to that of our patients with truncating TACSTD2 variants, as repeated
PKP were required because of recurrent corneal deposits (25).
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Table 3. Treatment modalities and treatment outcomes of patients of GDLD patients.

Patient no/eye Tx_1/Year Tx_2/Year

1/0D ED-DBP+anti-VEGF/2015 ED-DBP/2019

1/0S PPK/2004 PPK+PPV/2013

2/0D PPK/2004 ED-DBP/2018

2/0s ED-DBP/2015 _

3/0D ED-DBP/2013 _

3/0s ED-DBP/2014 _

4/0D ED-DBP/2014 ED-DBP/2021

4/0S ED-DBP/2014 ED-DBP/2021

5/0D PPK/1996* PPK/2016

5/0S PPK/2000* _

6/0D ED-DBP/2016 PPK/2017

6/0S PRK/2020 DALK/2025

7/0D DALK/2023 Cataract surgery/2024
7/0S DALK/2017 Cataract surgery /2020
8/0D _ _

8/0S PPK/2007 PPK/2017

9/0D _ _

9/0S _ —

10/0D _ _

10/0S _ _

Tx_3/Year Tx_4/Year BCVA at first BCVA at last
visit/year visit/year
ED-DBP/2023 PRK/2025 0.2/2004 0.1/2025
B B 0.05/2004 HM/2025
PRK+MM(C/2022  _ HM/2004 0.05/2022
3 _ 0.05/2004 0.05/2022
3 _ 0.4/2013 0.6/2020
: B 0.3/2013 0.5/2020
ED-DBP/2023 ED-DBP+/2025 0.4/2014 0.2/2025
ED-DBP/2023 _ 0.6/2014 0.2/2025
PPK/2025 _ HM/2016 0.05/2025
_ _ 0.05/2016 HM/2025
PPK/2025 _ HM/2016 0.05/2025
B _ 0.05/2016 0.05/2025
: 3 HM/2017 0.5/2024
ED-DBP/2023 PPK/2024 0.2/2017 0.1/2024
_ a 0.8/2017 0.8/2024
3 _ HM/2017 0.2/2024
3 _ 0.7/2021 0.7/2023
3 _ 0.5/2021 0.4/2023
B _ 0.4/2020 0.3/2023
0.3/2020 0.3/2023

*Denotes treatment applied in another center.

OD: Right eye, OS: Left eye, ED-DBP: Epithelial debridement with diamond burr polishing, PPV: Pars plana vitrectomy, PRK: Photorefractive keratectomy, DALK:
Deep anterior lamellar keratoplasty, PPK: Partial penetrating keratoplasty, BCVA: Best-corrected visual acuity, HM: Hand motion, MMC: Mitomycin-C, Anti-VEGF:

Anti-vascular endothelial growth factor, BCVA: Best-corrected visual acuity.

Figure 2. Anterior segment images of representative Gelatinous drop-
like corneal dystrophy patients during follow-up regarding treatment

modalities and outcomes. (a) Intraoperative image of Epithelial
debridement with diamond burr polishing in the left eye of Patient 2; (b)
Preoperative image of the left eye of Patient 2; (c) Postoperative image
of the left eye of Patient 2; (d) Right eye of Patient 7 in 2018 after deep
anterior lamellar keratoplasty; (e) Right eye of Patient 7 in 2024 showing
recurrence of deposits in the graft; (f) Right eye of Patient 7 in 2025 after
partial penetrating keratoplasty.

There was one family without any disease-associated TACSTD2
variants in our cohort. Sequencing of exons 4 and 12 of TGFBI also
did not reveal any variants. In the literature, GDLD patients without
variants in the TACSTD2 gene have been reported (10,33,34).
A detailed investigation, by next-generation sequencing, of the non-
coding regions of the TACSTD2 gene or of other genes may reveal the
responsible genetic variant in these patients.

The surgical management of GDLD primarily aims to remove the
superficial corneal layers during the early stages of deposit formation,
thereby improving vision, alleviating discomfort, and delaying
the need for corneal transplantation. Among these procedures,
phototherapeutic keratectomy (PTK) is one of the most frequently
performed treatments in reported cases. In our cohort, ED-DBP was
applied as the first surgical intervention to seven eyes of five patients
and found to improve visual acuity, reduce corneal discomfort, and
effectively postpone corneal transplantation, as anticipated. To the
best of our knowledge, this is the first report describing the use of
ED-DBP in patients with GDLD. ED-DBP has been demonstrated to
be an effective treatment modality for recurrent corneal erosion
and epithelial basement membrane dystrophy and is considered
a safe, convenient, and cost-effective approach for managing
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Patient 6

Figure 3. Pedigree of family 3 including Patient 5 and Patient 6 with homozygous novel frameshift variant, c.779del, p.Tyr260SerfsTer11, father and mother
is heterozygous for this variant and the brother does not carry this variant and does not have any corneal signs or symptoms.

these pathologies (35-37). Furthermore, ED-DBP is reported to
be technically simpler and less expensive than excimer laser PTK
(38). Hieda et al. (39) reported that, after PTK combined with soft
contact lens wear, the mean time to significant recurrence of GDLD
was approximately 10 years. In contrast, Ozbek et al. (40) observed
recurrence as early as two years after PTK without contact lens use,
a recurrence interval comparable to that observed after ED-DBP in
our cohort (Table 3).

Reports on long-term follow-up of GDLD patients are limited in the
literature, and generally describe recurrent surgical interventions
during the disease course. In our cohort, the longest follow-up
period was 21 years, observed in patient 1, who underwent multiple
ED-DBP procedures in the right eye and repeated PKPs in the left
eye and had a BCVA of 0.1 in the better-seeing eye at the last visit.
The longest follow-up reported in the literature is that of a Turkish
patient, lasting 15 years, who required repeated PKPs and achieved
a BCVA of 0.2 at the final examination (25). During follow-up, several
of our GDLD patients required repeated keratoplasties, consistent
with previous reports (Table 3). Recurrence rates after keratoplasty
in GDLD have been reported as high as 50-70% within two years,
and up to 97% within four years (1,12). To reduce recurrence, LSCT
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combined with keratoplasty has been reported to maintain corneal
clarity and improve vision for up to two years 41,42. However, this
technique has not gained routine clinical use due to complications
such as severe glaucoma, the requirement for aggressive
immunosuppression, and the need for repeat LSCT in failed cases
(41,42). In the present study, LSCT was not performed on any of our
GDLD patients.

Study Limitations

This study has several limitations. First, genetic testing could not
be performed on all patients, and additional genetic analyses for
those with negative Sanger sequencing results were unavailable.
Second, histopathological evaluation of corneal specimens could
not be performed on any patient. Third, statistical comparisons
could not be performed due to the limited sample size. Finally, the
pathogenicity of the novel variant was assessed only by in silico
prediction methods.

CONCLUSION

In conclusion, this study represents the first report of GDLD patients
from Central Anatolia and provides the most comprehensive clinical
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and genetic characterization of Turkish GDLD patients to date. Our
findings expand the mutational spectrum of TACSTD2 in GDLD by
identifying a novel variant and underscore the importance of genetic
analyses of patients from diverse populations to better understand
allelic and phenotypic heterogeneity. Furthermore, ED-DBP is
proposed as a potential treatment modality for GDLD, particularly
for cases with superficial deposits in both native corneas and grafts.
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ABSTRACT

Objective: Lavender oil has antimicrobial, anti-inflammatory, analgesic
properties as well as beneficial activities on wound healing. This study
aims to determine the effect of lavender oil on wound healing in an
experimental diabetes model in rats.

Methods: This randomized controlled experiment included three
diabetic and three non-diabetic groups of 42 male Wistar albino rats.
A 12-mm-diameter, full-thickness wound was created on the backs of
the rats. Lavender oil, Madecassol, and 0.9% sodium chloride [normal
saline (NS)] were applied as wound dressings. During macroscopic
evaluation of wound healing, wound-healing percentage was
calculated using the Walker formula, and wound area was determined
using the Image) image analysis program. For microscopic evaluation,
the tissue samples were taken from the rats on days 1, 7, and 14.
Hematoxylin-Eosin staining findings and the distributions of vascular
endothelial growth factor-A (VEGFA), collagen-I, and collagen-Ill were
determined.

Results: In all groups, the highest wound-healing percentage and the
lowest wound-area measurements were observed in those treated
with lavender oil. Lavender oil increased inflammatory cell infiltration
and angiogenesis, and accelerated granulation tissue formation and
re-epithelialization. The VEGFA and collagen-Ill levels on day 7, and the
collagen-I levels on day 14, were highest in those treated with lavender
oil. Although rats treated with lavender oil differed significantly from
those treated with NS in wound healing, there was no difference between
rats treated with Madecassol and those treated with lavender oil.

0z

Amag: Llavanta vyagl, antimikrobiyal, antiinflamatuar, analjezik
ozelliklerinin yani sira yara iyilesmesi Uzerinde de yararl etkilere
sahiptir. Bu ¢alismanin amaci deneysel diyabet modeli olusturulmus
ratlarda lavanta yaginin yara iyilesmesi tizerine etkisini belirlemektir.

Yontemler: Bu randomize kontrolli deneysel calismada, 42 erkek
Wistar albino sigandan olusan (g diyabetik ve (¢ diyabetik olmayan
grup yer almaktadir Siganlarin sirtlarina 12 mm c¢apinda, tam
kalinlikta yara olusturuldu. Lavanta yagi, Madecassol ve %0,9 sodyum
klortr [serum fizyolojik (SF)] yaralara uygulandi. Yara iyilesmesinin
makroskobik degerlendiriimesinde; Walker formullyle yara iyilesme
ylzdesi ve ImagelJ goriintl analizi programiyla yara alanlari hesaplandi.
Mikroskobik degerlendirmede; 1., 7., 14. ginlerde siganlardan doku
ornekleri alindi. Hematoksilen-Eozin boyama bulgulari ve vascular
endothelial growth factor-A (VEGFA), kollajen-I, kollajen-1Il dagihmlari
belirlendi.

Bulgular: Tum gruplarda en yiksek yara iyilesme yizdesi ve Image
J Olglimlerinde en duslk yara alaninin, lavanta yagiyla pansumani
yapilan gruplarda oldugu saptandi. Lavanta yaginin; inflamatuar
hicre infiltrasyonunu ve anjiyogenezisi arttirdigl, graniilasyon doku
olusumunu ve reepitelizasyonu hizlandirdigl belirlendi. 7. gilinde
VEGFA, kollajen-lll, 14.giinde ise kollajen-l diizeyinin en ylksek
lavanta yagl uygulanan gruplarda oldugu saptandi. Yara iyilesmesi
acisindan lavanta yagi-SF gruplari arasinda anlamli farklilik saptanirken,
madecassol-lavanta arasinda fark olmadigi belirlenmistir.
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ABSTRACT

Conclusions: On both macroscopic and microscopic examination,
dressing with lavender oil was effective in promoting wound healing
in all groups.

Keywords: Diabetic foot, lavender oil, rats, wound care, nursing

0z
Sonug: Lavanta yaglyla pansumanin tim gruplarda makroskopik ve
mikroskobik olarak yara iyilesmesinde etkili oldugu belirlendi.

Anahtar Sozciikler: Diyabetik ayak, lavanta yagi, siganlar, yara bakimi,
hemsirelik

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease characterized by major
abnormalities in carbohydrate, fat, and protein metabolism, resulting
from the hormone insulin (1,2). DM is a progressive disease, and
uncontrolled DM can lead to acute and chronic complications (3).
One of these complications is the diabetic foot, which can develop
in association with neuropathy, peripheral arterial disease, infection,
and immune system disorders (4,5). Although the negative effects of
diabetes on wound healing cannot be fully explained, hyperglycemia
is thought to affect this process due to factors such as impaired
collagen synthesis; decreased fibroblast proliferation and reduced
growth factor production; increased apoptosis of cells within scar
tissue; impaired angiogenesis; defective granulation tissue formation;
and increased risk of infection due to decreased chemotaxis and
phagocytosis (3,6,7). To prevent pathogen proliferation and to
enable debridement of necrotic tissue, treatments currently used
for wound healing include application of antimicrobial agents.
Although applied simultaneously, the effects of both treatments
are not permanent (6). Topical application of compounds containing
antioxidants will be beneficial, especially for wound healing and
protection of tissues against oxidative damage. Furthermore, certain
plant species can be used to treat both acute and chronic wounds
(8). Lavender is one of these medicinal plants, and its oil is known
to have antimicrobial, anti-inflammatory, and analgesic properties,
as well as beneficial biological activities in wound healing. Studies
have concluded that the chemical components in lavender oil,
such as a-borneol, a-terpinene, terpinen-4-ol, a-terpineol, linalyl
acetate, and linalool, are effective in wound healing (9—11). A review
of the evidence on the effects of lavender oil on wound healing
found that wounds treated with lavender oil exhibited an increased
healing rate, elevated collagen expression, and enhanced activity of
proteins involved in tissue remodeling (12). Additionally, lavender oil
has the potential to accelerate the formation of granulation tissue,
remodel the tissue through collagen replacement, and support
wound healing by promoting early wound contractions mediated by
transforming growth factor beta (TGF-B) (13). This study aimed to
assess the effect of lavender oil on the healing of diabetic wounds.
Teamwork is essential to the healing of diabetic wounds. Among the
team members, nurses play a central role as the primary providers of
care (14). Currently, the discipline of nursing is producing new high-
quality evidence on care through rigorous research. In this context,
the use of experimental animals in nursing constitutes research
that strengthens evidence-based nursing knowledge, advances the
development of nursing practices, and fosters innovation in nursing
(15). Because wound care is one of the primary responsibilities of
nurses, it is considered a basic research topic. For this reason, it is
essential to conduct various studies in nursing science, including
animal (preclinical) and clinical research. This study aimed to evaluate
the effects of lavender oil on wound healing in an experimental rat
model of diabetes.
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MATERIALS AND METHODS

Animal Experimentation and Study Groups

In this study, Wistar albino male rats aged 4-5 months, with an
average weight of 250-350 g, were used. These rats were obtained
from the Kahramanmaras Siit¢li imam University, Faculty of
Medicine, Experimental Research Laboratory. During the experiment,
the rats were housed in rooms with a 12-h light/dark cycle, at a
room temperature of 22°C+2°C and a humidity level of 45%-50%,
and were provided with tap water and a standard portion of pellet
food. With the alpha level (type | error) set at 0.05 and the power
set at 0.80 in the statistical power analysis, the required sample
size was 48. The effect size was interpreted using Cohen’s criteria
(17). The study consisted of three diabetic and three non-diabetic
groups. The rats were randomly assigned to the groups using the
Research Randomizer software (https://www.randomizer.org/) (16).
Due to anesthesia complications, six rats died: some during wound
dehiscence and others after tissue removal on the seventh day. The
study included 42 rats.

Non-DM-normal saline (NS), (n = 7): The dressing was applied daily
with 0.9% sodium chloride (NaCl) solution.

Non-DM-lavender oil (n = 7): The dressing was applied with 0.5 mL
of lavender oil daily.

Non-DM-madecassol, (n = 7): For the positive control, the dressing
was treated with 0.5 g of Madecassol ointment daily.

DM-NS, n = 7: The dressing was applied daily using 0.9% NaCl
solution.

DM-lavender oil, (n = 7): The dressing was applied with 0.5ml
lavender oil every day

DM-madecassol (n = 7): The dressing was applied using 0.5 g of
Madecassol ointment daily.

Development of Experimental Diabetes Model and Incisional
Wound Model

To develop the diabetes model, streptozotocin (Sigma-Aldrich,
Germany) was administered intraperitoneally to rats at a dose of 60
mg/kg after 18 h of food deprivation. Rats with blood glucose levels
> 250 mg/dL, measured from the tail vein 48 h after induction, were
considered diabetic (18). The rats were weighed sequentially, and,
after determining the appropriate doses from their weights, they
were induced. Plasma glucose levels were measured from the tail
vein 24 hours after induction, and rats with levels of 250 mg/dL or
higher were considered diabetic. No action was taken in the non-
DM groups. To develop the wound model, rats were anesthetized
intraperitoneally with xylazine (10 mg/kg) and ketamine (50
mg/kg). The rats’ dorsal hair was shaved without damaging the
skin, which was then cleaned with a povidone-iodine solution.
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Three full-thickness skin-defect wounds, each 12 mm in diameter
and containing the panniculus carnosus muscle, were created by
punch biopsy; the dorsal midline wounds were separated by at least
15 mm. To avoid impairing the evaluation of wound healing when
tissue was taken on days 1, 7, and 14, three wounds were opened
in each rat. The day the wounds were created was considered day O,
and wound care was provided for 14 days.

Wound Care Materials and Dressing Application

Lavender oil (Lavandula angustifolia L., natural), with a density of
0.879 g/mL at 25°C, was obtained from Sigma-Aldrich (Germany).
This natural lavender oil, whose stability and quantification tests
were performed by the company, was applied locally to the wounds.
Prior to application of lavender oil to the wounds, potential irritant
effects were evaluated, and no allergic or irritant reactions were
detected. As a positive control and consistent with the literature,
Madecassol pomade (Bayer, Germany) was used as a reference
drug (19,20). Madecassol is an ointment derived from the extract
of Centella asiatica, a medicinal plant that accelerates connective
tissue and prevents scars formation (21). The NS solution provided
by Eczacibagi/Baxter (Tirkiye) was used as a negative control. The
rats were dressed at the same time each day for 14 days. In the
DM and non-DM groups, 0.5 mL lavender oil and 0.5 g Madecassol
pomade were applied topically to the wounds with a sterile sponge,
and the NS was applied dropwise to the wounds. The wounds were
left open after the application. At the end of the study, the rats were
euthanized by an overdose of anesthetic.

Data Collection Method

Research data were obtained from day O (wound creation) to day 14
(study completion). In this study, wound healing data were collected
macroscopically and microscopically. For macroscopic examination,
after the rats’ wounds were identified, wound measurements were
obtained using a digital caliper on days 3, 5, 7, 11, and the percentage
of healing was calculated using the Walker formula given below.

Walker Formula

% wound area = (Wound area on day X/Wound area on day 0) x 100.

Wound area closure percentage on day X = 100%-% unclosed wound
area.

Additionally, the wound was photographed on days 3, 5, 7, 11, and
14 using a digital camera, and the wound area was measured using
the Imagel image analysis program. Image) is a Java-based image-
processing program available free of charge for public use at https://
imagej.nih.gov/ij/download.html. The calculations and results of the
program are internationally recognized and may be used in scientific
studies (22-24).

For the microscopic examination, one-fourth of the tissue samples
were taken from the wounds of the rats in all groups on days 1,7
and 14. Some tissue samples taken for light microscopic examination
were stained with Hematoxylin—eosin (H&E), while other sections
were stained for vascular endothelial growth factor A (VEGFA)
(Abcam, England), collagen-1 (Abcam, England), and collagen-II
(Abcam, England) by the indirect immunoperoxidase method to
determine their distribution.

H&E Staining

The tissues taken from the wound sites were subjected to routine
tissue processing after 48 h of fixation in a 10% neutral-buffered
formalin solution. The tissues were blocked, sectioned at 5 um, and
stained with H&E for examination by light microscopy. Parameters
used to evaluate wound healing on histopathological examination
were scored using the method of Galeano et al. (25,26).

Indirect Immunoperoxidase Staining

Tissue sections 5-um thick taken from the wound areas were
placed on polylysine-coated slides and incubated at 60 °C for 1 h for
immunohistochemical staining. Then two changes of xylene clearing,
30 min each, were performed. They were further rehydrated through
a graded alcohol series and then held in distilled water for 10 min.
To inhibit endogenous tissue peroxidase, the sections incubated in
Dakopen solution for 15 min at room temperature were treated
with 3% H,0, for 5 min. The sections were washed three times for
5 min each with phosphate-buffered saline and then treated with a
blocking solution for 10 min. After the blocking solution was removed
from the tissue, the sections were incubated overnight with primary
antibodies against VEGFA, collagen-I, and collagen-IIl. The following
day, the sections were washed three times with phosphate-buffered
saline and then stained with secondary antibodies against VEGFA,
collagen-I, and collagen-IIl for 30 min each. To detect the visibility of
the immunohistochemical reaction, the sections that were washed
three times with phosphate-buffered saline for 5 min each wash
were also stained with 3-Amino-9-ethylcarbazolefor 5min. After the
background staining was completed with Mayer’s hematoxylin, the
sections were washed with distilled water for 10 min and covered
with a mounting medium. After indirect immunohistochemistry,
the samples are evaluated by the histology technician and scored
as following; no findings of immunoreactivities “0”, partial/slight
“1”, complete but immature or mild “2”, complete and mature/
moderately rated“3”, and severe “4” (25,26).

Ethical Dimensions of the Research

Consistent with the Declaration of Helsinki, developed by the
World Medical Association and with the Regulation on the Working
Procedures and Principles of Animal Experiments Ethics Committees
(dated: 07.06.2006, number: 26220), the researcher received the
Certification of Experimental Animal Usage following training of
the personnel involved in the use of animals for experimental
research. Prior to conducting the research, approval was obtained
from Kahramanmaras Siitcli imam University Experimental Animals
Ethics Committee on June 6, 2018 (session number: 2018/08;
decision number: 05). Informed consent was not applicable, as this
study did not involve human participants and was conducted using
experimental animals.

Statistical Analysis

The data obtained from the study were entered into SPSS version
22.0 (SPSS Inc, Chicago, IL, USA) for statistical analyses. Data were
analyzed with parametric tests when assumptions of normality were
met, and with non-parametric tests when those assumptions were
not met. Student’s t-test and the Mann-Whitney U test were used
to examine differences between the two groups, depending on the
results of the normality test. For comparisons among multiple groups,
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the Kruskal-Wallis test was used when the data were not normally
distributed; post hoc tests were used for pairwise comparisons. In
the statistical analysis, the level of significance was set at p < 0.05.

RESULTS

Macroscopic Results

During macroscopic examination on days 3, 5, 7, 11, and 14, the
healing percentage was calculated using the Walker formula, and the
wound area was measured with the ImageJ image-analysis program.
By day 14, among the groups, rats whose wounds were dressed with
lavender oil had the highest wound-healing percentage. A significant
difference between the NS and Lavender groups was observed in the
diabetic group on days 5, 7, 11, and 14, and in the non-DM group
on days 5, 11, and 14 (p < 0.05). Similar wound-healing percentages
were observed in the control groups treated with Madecassol and
Lavender. On all days, as measured using the ImageJ program, the
lowest wound area was observed in the lavender oil group, and the
highest average wound area was observed in the groups dressed with
NS. Significant differences were observed between the DM and non-
DM groups on day 7, between the NS and Lavender groups on days
11 and 14, and between the Lavender group and the other groups.
Image) measurements showed significant differences between the
NS and Lavender groups on day 7 within both the DM and non-DM
groups, and between the Lavender group and the other groups on
days 11 and 14 (Figure 1; p <0.05). There were no complications or
infections in the wounds (Figure 2).

Microscopic Results

Microscopic examination for the study was performed by the
histology technician. The parameters for each tissue on H&E
staining, including inflammatory cell infiltration, increase in
granulation tissue, angiogenesis, and levels of re-epithelialization,
were considered. On the first day, the highest level of inflammatory
cell infiltration was measured in the DM and non-DM groups treated
with lavender oil. Formation of granulation tissue, angiogenesis,
and re-epithelialization were not observed on day 1 in any group(s).
For Granulation tissue formation on day 14, the highest mean
score was observed in the DM-Madecassol, DM-Lavender, and
non-DM-Lavender groups. The highest mean angiogenesis score
was observed in the groups treated with lavender oil on days 7 and
14. The highest mean level of re-epithelialization was observed
in the groups dressed with lavender oil on day 7, and in the DM-
Madecassol, DM-Lavender, and non-DM-Lavender groups on day
14 (Table 1, Figure 3). VEGFA, collagen-l, and collagen-Ill levels
were evaluated in tissues stained with indirect immunoperoxidase.
On days 7 and 14, the highest mean VEGFA level was observed in
the groups dressed with lavender oil. When collagen-I levels were
evaluated, the highest mean across all days was observed in the DM-
Lavender and non-DM-Lavender groups. The highest mean collagen-
Il level was observed in the groups dressed with lavender oil on day
7. The lowest mean score was observed in the NS groups on day 14
(Table 2; Figures 4-6).

DISCUSSION

Previous studies evaluated the effects of lavender oil on wound
healing, but the effects on diabetic wounds were not examined
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(3,10,12,13,27,28). Studies have shown that lavender oil stimulates
wound contraction and skin regeneration by increasing activities of
antioxidant enzymes; accelerates the development of granulation
tissue, collagen replacement, and wound closure; and may support
wound repair by promoting early wound contraction via TGF-B
(10,12,13). Given these characteristics, lavender oil is thought to
accelerate wound healing. In this study, rats treated with lavender oil
had the highest wound-healing percentages and the lowest wound-
area measurements at 14 days compared with other groups (Figure 1).

Reduction of inflammatory cells in diabetic individuals increases
susceptibility to wound infection, and prolongation of the
inflammatory phase further delays wound healing (3,6). Mori et
al. (13) reported that topical application of lavender oil induced
inflammation in wound lesions. In a study by Koca Kutlu et al. (27) on
wound healing in rats, the authors found no signs of local infection
in groups treated with lavender oil. However, to our knowledge, no
study in the available literature has examined the effects of lavender
oil on diabetic wounds. In this study, lavender oil showed the highest
level of inflammatory cell infiltration on day 1 across all groups,
whereas on day 7 the highest level was observed in groups dressed
with Madecassol. Nevertheless, there was no significant difference
between the groups on day 7. On day 14, the lowest mean scores
were measured in the DM-Lavender and non-DM-Madecassol groups.
These findings show that lavender oil produces results consistent
with the positive control and with the literature, and that it affects
inflammatory cell infiltration.
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Table 1. Hematoxylin-eosin staining results.

Group 1 day 7 day 14 day
inflammatory cell infiltration DM-NS (n =7) 0.86 +0.69 1.71+0.76 1.86 + 0.69d
DM-Madecassol (n = 7) 0.86 +0.69 2.43+0.98 1.57 £0.53d
DM-lavender (n =7) 1.14 £0.69 1.86 £ 0.69 0.43+0.53
Non-DM-NS (n =7) 1.57£0.53 271+1.11 1.71+£0.49
Non-DM-Madecassol (n = 7) 2.29+1.11° 2.86 +0.69 0.29 £ 0.49%¢
Non-DM-lavender (n = 7) 2.43 £0.98° 2.71+£0.76 0.43 £0.53%¢
Granulation tissue increase DM-NS (n=7) 0.0+0.0 1.57+0.98 1.57+0.53
DM-Madecassol (n = 7) 0.0+0.0 3.00 £0.82° 2.86 +0.90°
DM-lavender (n =7) 0.0+£0.0 3.00 £ 0.82° 2.86 + 0.90°
Non-DM-NS (n = 7) 0.0+£0.0 2.57+1.13 2.71+1.11*
Non-DM-Madecassol (n = 7) 0.0+£0.0 3.71+0.49* 2.86 +0.69%
Non-DM-lavender (n = 7) 0.0+£0.0 3.71+0.49° 3.14+0.69°
Angiogenesis DM-NS (n =7) 0.0+0.0 0.71 £ 0.49¢ 0.71+0.49
DM-Madecassol (n = 7) 0.0+0.0 0.86 +0.69¢ 2.29+1.11°
DM-lavender (n = 7) 0.0£0.0 1.57+£0.53 2.43 +£0.98°
Non-DM-NS (n = 7) 0.0+£0.0 1.57 £0.53° 2.14 +0.69*
Non-DM-Madecassol (n = 7) 0.0+0.0 1.57 +0.53° 3.29+0.76%¢
Non-DM-lavender (n = 7) 0.0+0.0 1.71+0.49° 3.29 £ 0.95%¢
Re-epithelialization DM-NS (n =7) 0.0+£0.0 0.14+0.38 1.57+0.79
DM-Madecassol (n =7) 0.0+£0.0 0.86 +0.69 3.29+0.76°
DM-lavender (n = 7) 0.0+£0.0 1.29 £0.76° 3.29+0.76°
Non-DM-NS (n =7) 0.0+0.0 0.86 + 0.69° 2.43+£0.53
Non-DM-Madecassol (n = 7) 0.0+£0.0 0.86 +0.69° 3.43 +0.53%¢
Non-DM-lavender (n = 7) 0.0£0.0 1.43 +£0.53° 3.71+£0.49%¢

2: The difference between the DM-NS group and the non-DM group on the specified days was p < 0.05.

b

: The difference between the DM-NS group and the other diabetic groups on the specified days was p < 0.05.

¢: The difference between the non-DM-NS group and the other non-DM groups on the specified days was p < 0.05.

d

Granulation tissue begins to form during the proliferation phase
of wound healing, approximately 4 days after the lesion, providing
the basis for the remodeling and maturation phase (29,30). In this
study, because granulation tissue development began during the
proliferative phase, no granulation tissue was observed on the first
day. High blood glucose levelsimpairfibroblast formation and collagen
synthesis, causing impaired development of granulation tissue.
Therefore, in diabetic individuals, wound healing is impairedand the
wound closure time is prolonged (3,6,31). Lavender oil accelerates
the development of granulation tissue in the early stages and
promotes tissue remodeling through collagen replacement (13). In
dogs with wounds dressed with lavender oil, the proliferative phase
had an earlier onset, and the development of granulation tissue
and collagen deposition were increased (28). In this study, on day
7, when development had increased, the highest mean granulation
tissue was measured in the lavender oil and Madecassol groups. A
significant difference was observed between the DM-NS group and
the other DM groups on days 7 and 14 (Table 1; p < 0.05). The fact
that lavender oil gave similar results to Madecassol led to positive

: The difference between the DM-Lavender and diabetic groups on the specified days was p < 0.05.

results in our study. Consistent with these results, lavender oil
appears to accelerate the development of granulation tissue.

Angiogenesis is a coordinated process that occurs during the
proliferation phase (29,32). In this study, angiogenesis did not
occur on day 1. The angiogenesis process started to occur on day 7
and reached its peak level on day 14. Hyperglycemia in individuals
with diabetes impairs angiogenesis and delays wound healing. This
situation plays an important role in the development of the diabetic
foot (31,33,34) . An in vivo study demonstrated that high glucose
concentrations impair angiogenesis by causing loss of endothelial
integrity, endothelial cell detachment, and increased sensitivity
of endothelial cells (35). Angiogenesis was decreased in diabetic
groups compared with the non-DM groups. A significant difference
between the DM-NS and non-DM groups was observed on days 7
and 14 (p < 0.05). The angiogenesis phase is crucial to wound healing.
Therefore, it is necessary to prevent diabetes-induced impairment of
angiogenesis, which contributes to diabetic skin ulcers, particularly
diabetic foot ulcers. In this study, in the DM and non-DM groups, the
highest level of angiogenesis was evaluated in the groups dressed
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with lavender oil on days 7 and 14 (Table 1). This suggests that
lavender oil is effective at promoting angiogenesis.

Re-epithelialization, which occurs in the proliferative phase of wound
healing, begins 24h after the injury with migration of keratinocytes
to the wound site (32,36). Re-epithelialization was not observed in
all groups on day 1 of the study. Moreover, re-epithelialization was
lower in diabetic rats than in non-diabetic rats, and a significant
difference was observed between the DM-NS group and the non-
DM groups on days 7 and 14 (Table 1; p < 0.05). The findings of this

Group

3 Day

SDay

DM-NS

DM-
Madecasso
1

DM-
Lavender

NonDM-
NS

NonDM-
Madecasso

NonDM-
Lavender

Figure 2. Examples of the wound healing process in groups based on time.
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study indicate that diabetes delays re-epithelialization by inhibiting
keratinocyte migration on the extracellular matrix, thereby delaying
re-epithelialization during the proliferative phase (31,37). The re-
epithelialization process is stimulated by growth factors such as
epidermal growth factor (EGF), TGF-B, and fibroblast growth factor;
this stimulation is important for rapid closure of the wound area
(33). In a study of wound healing in rats, lavender oil accelerated re-
epithelialization and wound closure by increasing EGF secretion (27).
In this study, re-epithelialization levels were high in the lavender

TDay
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Table 2. Immunohistochemistry VEGFA, collagen-I, and collagen-Ill levels in groups based on days.

Group 1 day 7 day 14 day
DM-NS (n=7) 0.0+£0.0 0.14+0.38 0.14+0.38
DM-Madecassol (n = 7) 0.14+0.38 2.29+1.11° 2.00 + 0.82°
DM-lavender (n = 7) 0.29+0.49 2.43 +0.98° 2.43+0.53°
R Non-DM-NS (n = 7) 0.14 +0.38 3,57 40.53° 2.71+0.76°
Non-DM-Madecassol (n = 7) 0.29+0.49 3.71+0.49° 3.00+0.82?
Non-DM-lavender (n = 7) 0.0£0.0 4.00 £ 0.0° 3.14+0.90°
DM-NS (n =7) 0.14 £0.38 0.43+£0.53 1.00 +£0.58
DM-Madecassol (n = 7) 0.71+0.76 1.57 +0.53° 2.29 +£0.49°
Collagen-| DM-lavender (n = 7) 0.86 +0.69 1.71+0.76° 2.71+0.49°
Non-DM-NS (n = 7) 1.14 +£0.38° 1.43+0.53° 2.14 +£0.69
Non-DM-Madecassol (n = 7) 1.14 +0.69° 1.71+0.76° 2.86 + 0.90°
Non-DM-lavender (n = 7) 1.43+£0.53° 1.86 +0.69° 3.71+0.49°
DM-NS (n=7) 0.29+0.49 0.71+0.76 0.43+0.53
DM-Madecassol (n = 7) 0.29+0.49 2.57+0.79° 1.71+0.76°
Collagen-lll DM-lavender (n = 7) 0.4340.79 3.0040.58" 1.57 +0.53°
Non-DM-NS (n =7) 0.43+0.53 2.14 £0.69 1.43 £0.53°
Non-DM-Madecassol (n = 7) 1.00 £0.82 3.00+0.82° 1.71+0.76°
Non-DM-lavender (n = 7) 1.14+0.69 3.71 £ 0.49° 1.86 + 0.69°

2: The difference between the DM-NS group and the non-DM group on the specified days was p < 0.05.

b

: The difference between the DM-NS group and the other diabetic groups on the specified days was p < 0.05.

¢: The difference between the non-DM-NS group and the other non-DM groups on the specified days was p < 0.05.

d

groups on days 7 and 14. By day 14 of the study, a significant
difference was found between the NS group and the lavender
and Madecassol groups in both the DM and non-DM groups. No
difference was observed between the positive-control groups for
lavender oil and Madecassol. This shows that lavender oil yields
results consistent with the positive control and accelerates wound
healing by promoting re-epithelialization.

VEGFis animportant angiogenic growth factor that regulates vascular
permeability in the wound-healing process; it also contributes to the
revascularization of the wound site, development of new granulation
tissue, and epithelialization (38,39). Errors in VEGFA release cause
delays in wound healing (40-42). In this study, the VEGFA levels
were evaluated in tissues obtained from the wound area. Studies
have shown that the synthesis of various growth factors, including
VEGF, is decreased in wounds of streptozotocin-induced diabetic
mice (43). Reduced expression of VEGF in non-obese diabetic mice
decreased angiogenesis, whereas increased VEGF expression could
increase it (42). In this study, average VEGFA levels were lower in
the diabetic groups than in the non-DM groups, and a significant
difference in VEGFA levels between the DM-NS and non-DM groups
was observed on days 7 and 14. Previous studies have reported that
an increase in VEGF levels in the wound area can promote healing
in diabetic wounds by improving angiogenesis and increasing
perfusion. Many different factors also contribute to wound healing
through multiple activities, including collagen deposition and re-
epithelialization (44,45). In this study, the highest VEGFA levels in the

: The difference between the DM-Lavender and diabetic groups on the specified days was p < 0.05.

DM and non-DM groups were observed in rats treated with lavender
oil. Additionally, a significant difference was observed between the
DM-NS group and the other diabetic groups on days 7 and 14 (Table
2; p < 0.05). Dressing with lavender oil increased VEGFA levels and
showed a positive effect on wound healing.

in the early stages of wound healing, collagen-lll is first to occur,
as the scar formation progresses, collagen-l increases as it is better
regulated against mechanical stress in the remodeling phase (46-
48). In the results of this study, collagen-lll levels were found to
be higher on day 7 than on other days in all groups, whereas the
collagen-I levels were found to be higher on day 14. In addition, the
mean scores of collagen-I and collagen-Ill were found to be lower in
the diabetic groups. The results of this study indicate that diabetes
affects collagen synthesis. In the study of Mori et al. (13) on wound
healing in rats, it has been stated that, compared with the control
groups, the number of fibroblasts synthesizing collagen increased
in wounds treated with lavender oil. Furthermore, 4 days after
injury, the collagen-Ill and collagen-I level, significantly increased
in wounds treated with lavender oil compared with those treated
with a control solution. In this study, the collagen levels in the DM
and non-DM groups were found to be higher in those dressed
with lavender oil on all days. Although dressing with lavender oil
in diabetic rats increased the collagen-I and Il levels, since there
is no study on the use of lavender oil in diabetic wound healing in
the literature, a comparison could not be made. It was determined
that there was a significant difference between the NS and lavender
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Group
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DM-
Madecassol

DM-Lavender

NonDM-SF

NonDM-
Madecassol

NonDM-
Lavender

Figure 3. Examples of the Hematoxylin—Eosin staining process in groups based on time.
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VEGFA
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Figure 4. VEGFA immunohistochemistry staining samples in groups based on time.
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Collagen I

DM-NS
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Figure 5. Collagen-l immunohistochemistry staining samples in groups based on time.
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Figure 6. Collagen-Ill immunohistochemistry staining samples in groups based on time.

DM: Diabetes mellitus, NS: Normal saline

14 Day
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groups. However, no significant difference was found between the
Madecassol and lavender groups. This indicates that lavender oil
gives results that are consistent with those of the positive control
and that it is effective on collagen synthesis.

Study Limitations

The present study is situated within the preclinical stage of
research. While the findings obtained from experimental animal
models provide significant insights and predictive value regarding
the efficacy of lavender oil in wound healing, they do not directly
represent clinical outcomes in humans. To establish the clinical utility
of these findings for human subjects, further investigations based on
these results must be designed as clinical trials. Additionally, as this
research was conducted on acute wounds created via full-thickness
skin defects in diabetic rats, the results are representative of diabetic
acute wounds specifically. Consequently, the scope of the study
findings is limited to the context of acute wound healing.

CONCLUSION

Lavender oil dressing was found to be effective in wound healing, both
macroscopically and microscopically, in all groups. The results of this
study suggest that the positive effects of lavender oil on wound healing
may increase the likelihood of using it as a novel dressing material in
combination with conventional treatment. It’s recommended to plan
randomized, controlled clinical trials to evaluate the application of
lavender oil in the treatment of diabetic wounds and to identify the
active constituent(s) responsible for its healing effect.

The results:

e Wounds dressed with lavender oil healed faster than those dressed
with NS or Madecassol.

e On day 14, groups dressed with lavender oil showed the highest
wound-healing percentage and the smallest wound area.

e Lavender oil produced results consistent with those of the positive
control, Madecassol.
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ABSTRACT

Objective: The present study aimed to examine the characteristics of
ganglion cysts in the hand and wrist region using magnetic resonance
imaging (MRI) and to evaluate the relationship between these cyst
existence and ligamentous injuries.

Methods: Patients who were diagnosed with ganglion cysts after being
evaluated with wrist MRI due to chronic wrist pain between January
2018 and December 2022 were retrospectively reviewed. Patients
with a history of hand or wrist trauma in the last 3 months or previous
hand and wrist surgeries were excluded from the study. The ganglion
cysts were assessed in terms of location, size, and accompanying to
the triangular fibrocartilage complex (TFCC) and intercarpal ligament
(ICL) injuries.

Results: A total of 156 patients were included in the study The average
age of the patients was 37.53 (+ 15.02) years. The ganglion cyst was
located dorsally in 85 patients (54.5%), volarly in 68 patients (43.6%),
and both dorsally and volarly in 3 patients (1.9%). TFCC injury was
detected in 33 patients (21.1%). There was no statistically significant
relationship between TFCC injury and cyst location (dorsal, volar) (p =
0.187). ICL injury was present in 2 patients (1.2%). Dorsal cysts were
more frequent in patients younger than 40 years old.

Conclusion: The majority of patients with ganglion cysts did not have
accompanying ligament injuries this finding raises doubts about the
role of ligament injuries in the formation of ganglion cysts. While dorsal
ganglion cysts were slightly more common overall, the frequency of
volar localization increased with age.

Keywords: Ganglion cyts, ligament injury, TFCC, intercarpal ligament

Oz

Amag: Bu calismanin amaci, el ve el bilegi bolgesindeki ganglion
kistlerinin manyetik rezonans gortntileme (MRG) ile ozelliklerini
incelemek ve bu kistlerin varligi ile ligaman yaralanmalari arasindaki
iliskiyi degerlendirmektir.

Yontemler: Ocak 2018 ile Aralik 2022 tarihleri arasinda kronik el bilegi
agrisi nedeniyle el bilegi MRG ile degerlendirilen ve ganglion kisti tanisi
alan hastalar retrospektif olarak incelendi. Son 3 ay iginde el veya el
bilegi travma 6ykusi bulunanlar ile daha 6nce el veya el bilegi cerrahisi
gecirmis hastalar ¢alisma disi birakildi. Ganglion kistleri; lokalizasyon,
boyut ve eslik eden triangular fibrokartilaj kompleks (TFCC) ve
interkarpal ligaman (ICL) yaralanmalari agisindan degerlendirildi.

Bulgular: Calismaya toplam 156 hasta dahil edildi. Hastalarin ortalama
yasi 37,53 (+£15,02) yildi. Ganglion kistleri 85 hastada (%54,5) dorsal,
68 hastada (%43,6) volar yerlesimliydi; 3 hastada (%1,9) ise hem
dorsal hem volar yerlesim mevcuttu. Otuz lg¢ hastada (%21,1) TFCC
yaralanmasi saptandi. TFCC yaralanmasi ile kist lokalizasyonu (dorsal,
volar) arasinda istatistiksel olarak anlamli bir iliski bulunmadi (p =
0,187). iki hastada (%1,2) ICL yaralanmasi tespit edildi. Dorsal yerlesimli
kistler 40 yas altindaki hastalarda daha sik izlendi.

Sonug: Ganglion kisti olan hastalarin bilyik c¢ogunlugunda eslik
eden ligaman yaralanmasi bulunmamaktadir. Bu bulgu, ganglion
kistlerinin olusumunda ligaman vyaralanmalarinin roli konusunda
siphe uyandirmaktadir. Genel olarak dorsal ganglion kistleri biraz daha
stk goriilmekle birlikte, yas ilerledikce volar yerlesim sikhginin arttigi
izlenmistir.

Anahtar Sozciikler: Ganglion kisti, bag yaralanmalari, TFCC, interkarpal
baglar
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INTRODUCTION

Ganglion cysts are the most common tumor-like condition of the
hand and wrist region, reportedly accounting for 70% of lesions in this
area (1,2). Studies have shown that they are more frequently located
on the wrist, particularly on the dorsal side (3, 4). Additionally, they
are more commonly observed in women than in men (5).

A meta-analysis by Head et al. (6) reported recurrence rates after
treatment for ganglion cysts of 21% for open excision, 6% for
arthroscopic excision, and 59% for aspiration. One possible reason for
these high recurrence rates is the unclear etiology and pathogenesis
of ganglion cysts. Several theories regarding the pathogenesis of
ganglion cysts exist, but no consensus has been reached (7).

Some theories suggest that repetitive wrist stress, as seen in
gymnasts, weakens the joint capsule, leading to the formation of
ganglion cysts (8,9). It has been proposed that myxoid degeneration
of peri-articular tissue may cause cyst formation, or that cysts arise
primarily from herniation of the joint capsule (10). However, the
absence of a synovial lining, which is typically present in normal
cystic lesions, raises questions about this theory. Moreover, the
inflammatory theory, which posits that cyst formation is related to
inflammation, has been discounted due to the lack of expected peri-
cystic inflammatory changes in ganglion cysts (9, 11). Recent studies
involving patients who underwent arthroscopic excision of ganglion
cysts have linked these cysts to ligamentous injuries (5,12). It has
also been suggested that ganglion cysts might arise from intercarpal
ligament (ICL) injuries (5,12-14). While the dorsal cysts commonly
arise from the scapholunate joint, volar ganglion cysts mostly
originate from the scaphotrapeziotrapezoid and radiocarpal joints.
the other major ligament of the wrist and hand is the (TFCC), which
may also contribute to the etiology of ganglion cysts (12,15-17).

The aim of this study was to examine the characteristics of ganglion
cysts of the hand and wrist using magnetic resonance imaging (MRI)
and to evaluate the relationship between these cysts and non-acute
ligamentous injuries of the hand and wrist.

MATERIALS AND METHODS

Patients diagnosed with ganglion cysts who underwent wrist imaging
MRI for chronic hand and wrist pain lasting more than 6 weeks
between January 2018 and December 2022 were retrospectively
evaluated. Patients with a history of hand and wrist trauma within
the last 3 months (n = 11) or previous hand and wrist surgeries
(n = 5) were excluded from the study. The ganglion cysts in the
patients were examined using MRI. The presence of solitary or
multiple ganglion cysts was assessed. The patients were grouped
based on the location of the ganglion cysts (volar or dorsal), the
anatomic level (wrist, intercarpal, carpometacarpal, metacarpal,
and metacarpophalangeal), and the presence of associated ligament
injuries, such as injury to the triangular fibrocartilage complex (TFCC)
or the ICL. Additionally, the patients were grouped by age (<40 and >
40 years). These groups were compared statistically to evaluate their
association with the frequency of ganglion cysts.

Statistical Analysis

The statistical analyses were performed using SPSS version 21.0
(Statistical Package for Social Sciences, Chicago, IL, USA). All tests
were conducted at a 95% confidence level, with a margin of error

set at 0.05. A p-value of less than 0.05 was considered statistically
significant. The normality of the distributions was assessed using the
Shapiro-Wilk test. Variables that failed the normality test (Shapiro—
Wilk test p < 0.05) were analyzed with non-parametric tests. For
inter-group comparisons, Mann-Whitney U test, Kruskal-Wallis test,
and chi-square tests were used.

This study was performed in line with the principles of the Declaration
of Helsinki. Approval was granted by the Ethics Committee
of University of Health Sciences Tirkiye, Ankara Training and
Research Hospital (decision number: 135/2024, date: 24/07/2024),
and informed consent was obtained from each patient.

RESULTS

A total of 156 patients were included in the study. Among the
patients, 43 (27.6%) were male and 113 (72.4%) were female. The
mean age of the participants was 37.53 + 15.02 years. Sixty patients
(38.4%) were under 40 years of age, while 96 patients (61.6%) were
40 years or older (Table 1).

The mean size of the ganglion cysts identified in the patients was
8.72 +6.87 mm. The smallest ganglion cyst measured 2 mm in length,
while the largest measured 40 mm in length. Solitary ganglion cysts
were found in 151 patients (96.7%), whereas multiple cysts were
present in only 5 patients (3.3%). The ganglion cyst was located
on the dorsal side in 85 patients (54.5%), on the volar side in 68
patients (43.6%), and on both the dorsal and volar sides in 3 patients
(1.9%). In 136 patients (87.2%), the cyst was located at the wrist;
in 19 patients (12.2%), at the hand; and in 1 patient (0.6%) at both
the hand and wrist (Table 1). 75% (51/68) of the volar ganglion cysts
were located at the radiocarpal joint; however, only 23.5% (20/85)
of the dorsal cysts originated from the radiocarpal joint. 40% (34/85)
of the dorsal cysts originated from the scapholunate joint, whereas
only 2.9% (2/85) of volar cysts did.

The majority of patients with ganglion cysts (61.6%) were under 40
years of age. Dorsal cysts were more frequent in patients younger
than 40 years, at a rate of 64.5%; however, volar cysts were more
frequent in patients aged 40 years or older, at a rate of 60%. (p =
0.001) The side of the affected extremity was comparable between
groups (p = 0.739) (Table 2).

TFCC injuries were identified in 33 patients (21.1%). There was no
statistically significant association between TFCC injury and cyst
location (dorsal vs. volar; p = 0.187) (Table 3). An ICL injury was
present in two patients (1.2%). The injured ligaments were the
scapholunate ligaments.

When the relationship between TFCC injury and patient age (under
or over 40 years), cyst location (p = 0.187), cyst level (p = 0.355), and
multiplicity (p = 0.535) was examined, no significant associations
were found (p = 0.901) (Table 3).

DISCUSSION

The most important finding of the present study was that only
22% of patients with ganglion cysts and chronic wrist pain had
associated ligament injuries. Among those with ligament injuries,
only 3% had a complete rupture. The majority of ligament injuries
were TFCC injuries, and only 1.2% of patients had ICL (Scapholunate
ligament) injuries, which have been reported as the most common
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Table 1. Patient and lesion characteristics

n %
Gender Male 43 27.6
Female 113 72.4
Age <40 years 60 38.4
> 40 years 96 61.6
Multiplicity Solitary 151 96.8
Multiple 5 3.2
Cyst level Hand 19 12.1
Wrist 136 87.1
Hand + wrist 1 0.8
Cyst location Dorsal 85 54.4
Volar 68 43.6
Dorsal + volar 3 2

Table 2. The relationship between the side and location of the ganglion cyst and patient age groups

< 40 years 2 40 years p
Side Right 55 36 0.739
Left 41 24
Cyst location Dorsal 62 23 0.001*
Volar 32 36
Dorsal + volar 2 1

Table 3. The relationship between the incidence of ligament injury and ganglion cyst localization,level and multiplicity

TFCC injury
No Yes
Partial injury Total injury p
(rupture)
n n n
Age <40 years 76 19 1 0.901
> 40 years 47 10 3
Cyst location Dorsal 70 13 2 0.187
Volar 50 16 2
Dorsal + volar 3 0
Cyst level Wrist 105 27 4 0.355
Hand 17 2 0
Wrist + hand 1 0 0
Multiplicity Solitary 118 29 4 0.535
Multiple 5 0 0

TFCC: Triangular fibrocartilage complex
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origin of ganglion cysts. Ganglion cysts are commonly reported,
as they are often related to ICLs and most commonly arise from
the scapholunate joint (18). Several studies have examined the
relationship between ganglion cysts and TFCC injuries (5,13,14).
Langner et al. (15) hypothised that TFCC injuries can also cause
ganglion cysts, similar to meniscal tears in the knee. They evaluated
the patients arthroscopically and concluded that recurrent
radiopalmar ganglions are also associated with TFCC pathologies
(19). In a study of arthroscopic findings in painful ganglion cysts, ICL
injury was reported in 75% of patients (13). The authors proposed
that joint anomalies, such as ligament injuries, may cause cysts
similar to popliteal cysts of the knee. They also noted that wrist pain
could persist even after ganglion excision, without recurrence of the
cyst. This conflict may be attributable to the patient group in the
referenced study consisted primarily of individuals with instability.
In another study, Watson et al. (8) suggested that ganglion cysts
might be a secondary manifestation of peri-scaphoid ligamentous
injury and recommended that patients with persistent symptoms
after excision be investigated for instability. McKeon and colleaguess
(20), in a prospective study, suggested the presence of ligamentous
hyperlaxity in patients with symptomatic ganglion cysts. EI-Noueam
et al. (21) reported associated ligament injuries in approximately
30% of symptomatic ganglion cyst cases. On the other hand, there
are also studies in the literature that do not support this claim. Rizzo
et al. (22) indicated that none of the patients treated for dorsal
wrist ganglion cysts had scapholunate ligament instability. Similarly,
Lowden et al. (23) found no evidence of ligament injury on MRI
in patients with ganglion cysts, aligning with the present study’s
findings. Moreover, in a recent study that compared dynamic wrist
radiographs of patients with or without ganglion cysts, the authors
concluded that there were no differences in scapholunate gap and
radiocarpal angles between the groups, and these findings do not
support the instability hypothesis. With respect to the TFCC, the
percentage of patients with ICLinjuries was particularly low. Although
TFCC injuries were commonly observed, a previous study using MRI
to evaluate patients reported that TFCC injuries were present in up
to 50% of the population, regardless of age. This suggests that while
TFCC damage is frequently present, it may not always be directly
related to the presence of ganglion cysts. In the present study, the
absence of ligament injury in most patients suggests that ligament
injury may not be a major factor in the etiology of ganglion cysts.
Notably, the fact that symptomatic ganglion cysts often become
asymptomatic with conservative treatment calls into question the
role of ligamentous hyperlaxity in their etiology.

The risk of developing ganglion cysts is three times higher in women
than in men. A previous study reported that 60% of patients
diagnosed with ganglion cysts were women (24). In our study,
72.4% of the patients diagnosed with ganglion cysts were female,
consistent with the literature.

The mean age in the present study was 37.53 years, consistent with
many previous studies. Kulinski et al. (25) reported an average age of
41.3 years in their retrospective study, while Dermon and colleagues
(3) reported an average age of 37.2 years. Other studies of surgically
treated patients found an average age of 43 years, while a study with
a broader patient population reported an average age of 35.6 years
(26). These findings indicate that ganglion cysts tend to be more
frequent from the late 30s to the early 40s.

In a previous study of ganglion cysts, 76% of cases were reported
to occur at the wrist (25). Similarly, in the present study, 87% of
cysts were located at the wrist level. Regarding cyst localization, it
has been suggested that 70% of ganglion cysts are found dorsally,
20% volarly, and 10% at other body sites (24). While the dorsal cysts
commonly arise from scapholunate joint, volar ganglion cysts mostly
originate from the scaphotrapeziotrapeziodal and radiocarpal joints.
In contrast, several studies have reported that ganglion cysts are
more common on the volar side (12,16,23,27). In the present study,
ganglion cysts were located dorsally in 54.4% of patients and volarly
in 43.6%. Also, the majority of the volar ganglion cysts originated
from the radiocarpal joint while dorsal wrist ganglions commonly
originated from the scapholunate joint, which is similar to previous
studies’ findings. Analysis of the relationship between cyst formation
and age revealed that, among patients older than 40 years, 60% of
ganglion cysts were located on the volar side. No significant difference
was observed in the incidence of ligament injury between patients
younger than 40 years and those 40 years or older. Previous studies
have provided limited data on the relationship between age and
cyst location. Kulinski et al. (25) also noted that patients with volar
wrist ganglion cysts tended to be older than those with dorsal cysts.
Degeneration has previously been suggested as a potential factor in
cyst formation (28). The increased occurrence of volar ganglion cysts
with advancing age may be related to their degenerative nature,
warranting further histopathological studies.

In the current study, the mean ganglion cyst size was 8.72 + 6.87 mm.
A similar study examining wrist ganglion cysts on MRI found a mean
diameter of 8 mm, with many studies reporting comparable findings
(23,29,30). Despite recent research indicating that wrist ganglion
cysts do not typically favor one side, the present study found that
right-sided cysts were more frequent than left-sided cysts, at 58.3%
and 41.7%, respectively (25,31,32).

Study Limitations

The study has several limitations. First, it was a single-center
retrospective study. Diagnosis is based on MRI findings; however,
the sensitivity of MRI for subtle TFCC or ligamentous pathologies
may result in missed diagnoses. A further limitation is the lack of a
control group without signs of ganglion cysts. However, the results of
the present study were carefully discussed in relation to the findings
in the literature to minimize the limitation arising from the absence
of a control group.

CONCLUSION

The present study found that most patients with ganglion cysts
did not have associated ligament injuries, raising questions about
the role of ligament injuries in the formation of ganglion cysts.
Additionally, most ganglion cysts were located at the wrist. Although
dorsal ganglion cysts were slightly more common, volar cysts were
more frequent in patients aged 40 years or older.

Ethics

Ethics Committee Approval: This study was performed in line with
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miR-99b-5p'nin Ubikitin-Aracili Mekanizma ile Luminal B Meme Kanserinde KLF4 Ekspresyonunu
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ABSTRACT

Objective: Luminal B breast cancer (BC) exhibits aggressive behavior
and distinct molecular features, often leading to resistance to therapies
such as trastuzumab and tamoxifen. MicroRNAs have emerged as
key regulators of cancer progression and drug response. This study
explores the role of miR-99b-5p in modulating treatment resistance
in Luminal B BC.

Methods: Both trastuzumab-sensitive BT-474 cells and trastuzumab-
resistant BT-474 cells were employed to evaluate the functional role
of miR-99b-5p through mimic and inhibitor transfections. Gene and
protein expression levels were measured using qRT-PCR and Western
blotting, respectively. Bioinformatic analyses were performed using the
ENCORI, UALCAN, GeneMiner, ROCplot, and UbiBrowser databases.

Results: Our results demonstrated that miR-99b-5p expression
was initially downregulated following tamoxifen or trastuzumab
treatment, but was subsequently elevated in trastuzumab-resistant
cells, suggesting a dynamic regulatory role in therapeutic adaptation.
Bioinformatic analyses identified an association between miR-99b-
5p and Kruppel-like factor 4 (KLF4), a zinc-finger transcription factor
implicated in BC progression and therapy sensitivity. Biological assays
provided evidence that miR-99b-5p positively regulates KLF4 and BCL2
protein levels, potentially promoting cell survival and contributing to
drug resistance. Mechanistically, we identified TRAF7 as a downstream
target of miR-99b-5p, and TRAF7 modulates KLF4 protein stability
through ubiquitin-mediated degradation. Suppression of TRAF7 by
miR-99b-5p reduces KLF4 ubiquitination, enhancing its stability and
downstream signaling.

6z

Amag: Luminal B tipi meme kanseri, artmis timor agresifligi ve 6zgiin
molekiiler 6zellikleriyle karakterize olup, trastuzumab ve tamoksifen
gibi hedefe yonelik tedavilere karsi direng gelisimiyle siklikla iligkilidir.
MikroRNA'lar (miRNA), kanser progresyonu ve tedavi yanitinin temel
dizenleyicileri olarak ©6ne ¢ikmaktadir. Bu c¢alismada, miR-99b-
5p’nin Luminal B meme kanserinde tedavi direncini diizenleyici roli
arastirilmistir.

Yontemler: Trastuzumab’a duyarli ve trastuzumab direngli BT-474
meme kanseri hucrelerinde, miR-99b-5p’nin fonksiyonu, 6zgil
mimik ve inhibitorler kullanilarak degerlendirilmistir. Gen ve protein
ekspresyon diizeyleri sirasiyla qRT-PCR ve Western blot yontemleriyle
analiz edilmistir. Ayrica, ENCORI, UALCAN, GeneMiner, ROCplot ve
UbiBrowser gibi biyoinformatik veri tabanlari araciligiyla hedef genlerin
ekspresyon profilleri ve tedavi cevabi ile iligkisi incelenmistir.

Bulgular: miR-99b-5p ekspresyonu, tamoksifen veya trastuzumab
uygulamasi sonrasinda ilaca duyarli BT-474 hiicrelerinde azalirken,
trastuzumab direngli hiicrelerde artis gdstermistir; bu durum, terapétik
adaptasyonda dinamik bir duzenleyici rolline isaret etmektedir.
Biyoinformatik ve deneysel analizler, miR-99b-5p’nin ¢inko parmak
transkripsiyon faktéri (KLF4) ile iligkili oldugunu ortaya koymustur.
Hicre temelli analizlerde miR-99b-5p'nin KLF4 ve BCL2 protein
diizeylerini artirarak hicre sagkalimini destekledigi ve ilag direncine
katkida bulundugu goézlemlenmistir. Mekanistik olarak, miR-99b-
S5p’nin hedefledigi TRAF7 olarak bilinen E3 ubikitin ligazin KLF4'iin
ubikutinasyonu aracili yikimini diizenledigi; TRAF7’nin baskilanmasiyla
KLF4 ubikitinasyonunun azaldigi ve protein stabilitesinin arttig
belirlenmistir.
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ABSTRACT

Conclusion: These findings reveal a novel miR-99b-5p/TRAF7/KLF4
axis that promotes drug resistance in Luminal B BC through post-
transcriptional and ubiquitin-mediated mechanisms. Targeting this
regulatory pathway may represent a promising strategy to overcome
therapy resistance and may warrant further investigation in biomarker
development and targeted treatment design.

Keywords: Luminal breast cancer, miR-99b-5p, post-transcriptional
regulation and drug response

0z

Sonug: miR-99b-5p/TRAF7/KLF4 ekseni, Luminal B meme kanserinde
post-transkripsiyonel ve ubikitin aracii  mekanizmalarla tedavi
direncinin gelisiminde rol oynamaktadir. Bu dizenleyici agin
hedeflenmesi, tedaviye direng gelisimini engellemeye yonelik yeni
terapotik stratejilerin  gelistiriimesine katki saglayabilir. Bulgular,
bu eksenin daha kapsaml fonksiyonel ve ¢oklu omik yaklasimlarla
incelenmesini gerekli kilmaktadir.

Anahtar Sézciikler: Luminal meme kanseri, miR-99b-5p, transkripsiyon
sonrasl regilasyon ve ilag yaniti

INTRODUCTION

Given the heterogeneity of breast cancer (BC), targeted therapeutic
approaches have become essential in enhancing treatment efficacy
(1). The routine assessment of biomarkers, including progesterone
receptor, estrogen receptor (ER), HER2, and Ki-67, is essential for
accurate diagnosis and to inform adjuvant treatment strategies
in BC management (2). Molecular analytical techniques have
significantly refined the identification of prognostic and predictive
biomarkers, enabling more accurate patient stratification (3).
The molecular classification system introduced by Sorlie et al. (4),
based on gene expression profiling, established a framework for
distinguishing biologically distinct subtypes of BC. Among these, the
Luminal subtypes, typically distinguished by the expression of ER/
PR and the absence of HER2 amplification, are routinely classified by
immunohistochemistry and further subclassified into Luminal A and
Luminal B based on molecular profiling, with each subtype carrying
distinct prognostic significance. Additionally, multigene expression
assays such as Oncotype DX, PAM50, MammaPrint, and EndoPredict
offer improved risk stratification and inform decisions regarding the
potential benefit of adjuvant chemotherapy when used alongside
endocrine therapy, thereby advancing the paradigm of personalized
BC management (5,6).

For hormone-receptor-positive Luminal Aand Luminal B BC, adjuvant
endocrine therapy is the cornerstone of treatment. These tumors are
generally responsive to anti-estrogen therapies, including tamoxifen
and aromatase inhibitors, and, when applicable, to HER2-directed
therapies (7). Tamoxifen inhibits ER signaling, thereby reducing
tumor proliferation, and is typically given long-term to lower
recurrence risk (7). Trastuzumab, a monoclonal antibody targeting
HER2, is primarily used to treat HER2-positive Luminal B tumors,
where it inhibits HER2 signaling (8). It also helps overcome resistance
to endocrine therapy by modulating the interplay between HER2 and
ER signaling pathways (9). Nevertheless, prolonged anti-estrogen
and HER2-targeted therapies often lead to intrinsic or acquired drug
resistance, limiting treatment effectiveness and promoting disease
progression.

MicroRNAs (miRNAs) are small, non-coding RNAs that control gene
expression post-transcriptionally (10) and, in BC, influence major
oncogenic and tumor-suppressive pathways by regulating processes
such as proliferation, apoptosis, and metastasis (11). Epigenetic
regulation mediated by miRNAs has emerged as a central focus
of recent research aimed at developing prognostic and predictive
models (12). Numerous miRNAs are significantly upregulated
or downregulated depending on the BC stage, the risk of tumor
recurrence, and the overall survival, underscoring their potential

84

as valuable biomarkers and therapeutic targets (13). Dysregulated
miRNA expression is closely linked to various malignancies,
including BC (14,15); altered expression profiles not only distinguish
cancerous from healthy tissues but also enable classification of
distinct molecular subtypes (16). This underscores the significance
of miRNA profiling as a promising tool in personalized medicine,
particularly for the early detection and accurate classification of BC
subtypes (17). Specifically, in Luminal BC, miRNA profiling provides
significant prognostic and predictive value beyond that provided
by traditional endocrine therapies (18). Distinct miRNA expression
patterns have been shown to differentiate between Luminal A and
Luminal B subtypes, with certain profiles correlating with tumor
grade, proliferation rate, and clinical outcomes (19). These findings
indicate that miRNAs acting both as molecular biomarkers for disease
detection and prognostic assessment, and as valuable surrogates for
guiding and personalizing therapeutic interventions.

Kruppel-like factor 4 (KLF4) plays a fundamental role in BC,
integrating multiple signaling pathways that regulate cell
proliferation, differentiation, apoptosis, and maintenance of cancer
stem cells (20). Due to its dual and context-dependent roles, acting
either as a tumor suppressor or as an oncogene, tight regulation
of KLF4 expression and activity is essential (21). Recent studies
have highlighted the importance of post-transcriptional regulatory
mechanisms in modulating KLF4 protein levels, particularly in BC
(22). These mechanisms include miRNAs, non-coding RNAs, RNA-
binding proteins, mMRNA modifications, and alternative splicing
events. This study presents a comprehensive overview of the post-
transcriptional regulation of miR-99b-5p, which is downregulated in
response to drug treatment in Luminal BC. It explores the underlying
molecular mechanisms driving this regulation and examines the
impact of miR-99b-5p on tumor behavior and therapeutic response.
We hypothesize that therapeutic pressure from tamoxifen or
trastuzumab in Luminal B BC dynamically modulates miR-99b-5p
levels, which, in turn, regulate KLF4 expression through an ubiquitin-
mediated mechanism, thereby influencing the drug response.
Recent evidence suggests that post-transcriptional regulation of
key transcription factors, including KLF4, plays a pivotal role in BC
progression and therapy response (23). However, the mechanisms
controlling KLF4 protein stability remain incompletely understood.
Emerging data implicate E3 ubiquitin ligases such as TRAF7 in
modulating protein degradation pathwaysin cancer. Yet, the interplay
between miRNAs and ubiquitin ligases in regulating KLF4 stability
in Luminal B BC has not been elucidated. Here, we investigate the
role of miR-99b-5p in modulating KLF4 expression through targeting
TRAF7, unveiling a novel miR-99b-5p/TRAF7/KLF4 regulatory axis
that may contribute to therapy resistance and BC progression.
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MATERIALS AND METHODS

Cell Culture and Drug Treatment

BT-474 BC cells, either trastuzumab-sensitive or -resistant, were
grown in RPMI-1640 supplemented with 10% fetal bovine serum
and 1% penicillin under standard culture conditions at 37 °C with
5% CO; in a humidified incubator. In addition to the BT-474 BC cell
line, the SK-BR-3 and MCF7 cell lines were used. SKBR3 cells were
cultured in McCoy’s medium, and MCF7 cells were cultured in
DMEM high glucose medium. Tamoxifen (Tocris) and trastuzumab
(Roche) were used in this study; their ICso values were determined
in our previous research (24). BT-474 (trastuzumab-resistant) cells
were continuously treated with 6 ug/mL trastuzumab to maintain
the resistant phenotype (25,26).

As this study involves in vitro cell culture experiments, ethics
committee approval is not required according to the guidelines of the
Scientific and Technological Research Council of Turkey (TUBITAK) for
such studies.

miRNA Transfection

Overexpression of miR-99b-5p was induced using a miR-99b-5p
mimic (Qiagen, Cat. No. MSY0000689), with a scrambled negative
control (Qiagen, Cat. No. SI03650318); downregulation was achieved
using a miR-99b-5p inhibitor (Dharmacon, Cat. No. IH-300658-05)
and its corresponding scrambled control (Dharmacon, Cat. No. IN-
001005-01). Cells were plated in 6-well plates (3x10° cells/well)
and cultured overnight under standard conditions (37 °C, 5% CO,,
humidified atmosphere). Transfection was carried out the following
day using 25 nM of the mimic or 100 nM of the inhibitor. Cell pellets
were collected 48 and 72 hours after transfection for RNA isolation
and protein extraction, respectively.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was isolated from the harvested cell pellets using
TRIzol reagent (Invitrogen), and complementary DNA (cDNA) was
synthesized from 1 pg of RNA using the iScript™ cDNA Synthesis Kit
(Bio-Rad). gRT-PCR analysis was then performed on a LightCycler®
480 system (Roche) using a SYBR Green-based master mix. Primer
sequences and corresponding reference IDs are listed in Table 1.
The expression of miR-99b-5p in BC cells was evaluated by reverse-
transcribing total RNA using the miScript Il RT Kit (Qiagen, Cat. No.
218160) according to the manufacturer’s instructions. Quantification
of miR-99b-5p was performed by qRT-PCR using a specific miScript
Primer Assay (Qiagen, Cat. No. MS00032165) and the miScript SYBR®

Table 1. Primer sequences.

Gene name  Sequences 5’---3’ RefSeq ID

KLF4 F: ACCCACACAGGTGAGAAACC NM_004235.6
R: ATGTGTAAGGCGAGGTGGTC

BCL2 F: CTTTGAGTTCGGTGGGGTCA NM_000633.3
R: GCCGGTTCAGGTACTCAGTC

TRAF7 F: ACCACAGGGACCAGAATGGA NM_032271.3
R: GTCCTGCAGTGCTGCTTGTA

GAPDH F: TTCGACAGTCAGCCGCAT NM_002046.7

R: TGAAGGGGTCATTGATGGCA

Green PCR Kit (Qiagen, Cat. No. 218075) on the LightCycler® 480
system (Roche). Each reaction was conducted in duplicate using
5 ng of cDNA. The endogenous control RNU6 (Qiagen, Cat. No.
MS00033740) was used for normalization, and relative expression
was quantified via the 2A-ACT approach.

Western Blot

Total protein was extracted from cell pellets using RIPA buffer
(Cell Signaling Technology, Cat. No. 9806) and quantified by the
Bradford assay (Thermo Scientific). Equal amounts (15 pg per
sample) were separated by SDS-PAGE at 100 V for 2 hours. Proteins
were transferred to membranes by wet transfer, and subjected
to immunoblotting with specific primary antibodies, and then
incubated with corresponding secondary antibodies. The following
primary antibodies were used: KLF4 (Invitrogen, Cat. No. MAS-
41214, 1:1000), BCL2 (Cell Signaling Technology, D17C4, 1:1000), and
B-actin (ACTB, BioLegend, Cat. No. 643801, 1:1000). S The secondary
antibodies used were HRP-conjugated anti-mouse IgG (Cell Signaling
Technology, Cat. No. 7076) and HRP-conjugated anti-rabbit IgG (Cell
Signaling Technology, Cat. No. 7074). Immunoreactive bands were
visualized using the WesternBright Sirius Kit (Advansta, Cat. No.
K12043-D20) and imaged with the LI-COR Odyssey Imaging System.

Bioinformatic Analysis

The expression of miR-99b-5p in BC was analyzed using the ENCORI
and UALCAN databases. KLF4 expression was evaluated separately
in tumor versus normal tissues, as well as across PAM50 molecular
subtypes, utilizing GTEx and The Cancer Genome Atlas (TCGA)
datasets through the GeneMiner platform. Additionally, the
association between miR-99b-5p expression and drug response was
investigated using ROCplot analysis. The substrate proteins of E3s
were predicted using UbiBrowser.

Statistical Analysis

Statistical significance for pairwise comparisons was assessed using
Student’s t-test, with p-values below 0.05 deemed statistically
significant. Statistical analyses were conducted using SPSS software
(IBM Corporation, New York, USA).

RESULTS

miR-99b-5p Expression Dynamics in Drug Response and
Resistance

Our previous research analyzed miRNA expression profiles that were
altered in response to therapeutic regimens, including tamoxifen
and trastuzumab. We observed that miR-99b-5p expression was
significantly downregulated following exposure to either drug (24).
Supporting these findings, an independent study reported that the
overexpression of miR-99b-5p promotes proliferation of BT-474 BC
cells (27). In this study, we aimed to elucidate the regulatory role of
miR-99b-5p, whichisconsistently suppressedfollowing drugexposure
(Figure 1a). miR-99b-5p expression was markedly upregulated in
trastuzumab-resistant BT-474 cells (Figure 1c), suggesting a potential
role in acquired resistance mechanisms. Consequently, its predictive
value for trastuzumab response in patients with luminal BC was
assessed by receiver operating characteristic (ROC) curve analysis (n
= 47). The analysis revealed a 1.1-fold change that was statistically
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significant (p=0.005). The ROC analysis yielded an area under the
curve of 0.833, demonstrating robust discriminative performance;
sensitivity (true positive rate) was 0.71, specificity (true negative
rate) was 1.0, and the optimal threshold was 14.74 (Figure 1b).
Collectively, these results demonstrate that miR-99b-5p expression
is acutely downregulated in response to tamoxifen and trastuzumab,
but is significantly elevated in resistant cell populations, highlighting
its potential dual role in drug sensitivity and resistance.

Bioinformatic Evidence for the Regulatory Role of miR-99b-
5p on KLF4 in Breast Cancer

KLF4 expression was analyzed in BC using datasets from GTEx and
TCGA. The analysis revealed that KLF4 expression was significantly
downregulated in breast tumor tissue compared with both normal
breast tissue and adjacent non-tumorous tissue samples. PAM50-
based subtype-specific analysis further demonstrated that the
Luminal B subtype exhibits the lowest KLF4 expression levels (Figure
2a). In contrast, data from the ENCORI database indicated that
miR-99b-5p is significantly upregulated in BC tissues. Consistently,
analysis of the BRCA dataset showed elevated miR-99b-5p expression
across all PAMS50 subtypes relative to normal tissue (Figure 2b).
Bioinformatic analyses identified a potential correlation between
miR-99b-5p and KLF4 expression, suggesting a post-transcriptional
regulatory interaction. Collectively, these findings imply that miR-
99b-5p may modulate KLF4 expression in BC, particularly within the
Luminal B subtype.

a.
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Regulatory Effects of miR-99b-5p on KLF4 and BCL2
Expression in Luminal Breast Cancer Cells

Expanding upon our previous research that suggests a regulatory
interaction between miRNA and KLF4, and considering the
observed downregulation of miR-99b-5p following drug treatment,
we investigated the effects of miR-99b-5p modulation on KLF4
expression in BT-474 cells, a representative model of the Luminal
B BC subtype. gRT-PCR (Figure 3a) and protein expression analyses
(Figure 3b) revealed that miR-99b-5p inhibition led to a significant
reduction in KLF4 levels, while its overexpression did not elicit a
notable change. In parallel, suppression of miR-99b-5p resulted in
decreased BCL2 protein levels, supporting a positive correlation
between KLF4 and BCL2 expression. Notably, tamoxifen-treated
BT-474 cells exhibited increased miR-99b-5p expression, and this
increase was accompanied by significant upregulation of both
KLF4 and BCL2 relative to the scrambled control. A similar pattern
of miR-99b-5p induction and associated protein upregulation was
observed following trastuzumab treatment (Figure 3c). Collectively,
these findings suggest a context-dependent positive regulatory
relationship between miR-99b-5p and expression of KLF4, potentially
contributing to tumor cell proliferation.

KLF4 Expression is Downregulated by miRNA Inhibition
Through an Indirect Ubiquitination Mechanism

The observed decrease in KLF4 expression following miR-99b-5p
inhibition was hypothesizedtoresultfromenhanced KLF4 degradation
mediated by a ubiquitination-related gene targeted by miR-99b-5p.
We propose that miR-99b-5p indirectly regulates KLF4 protein levels
by suppressing a gene involved in KLF4 ubiquitination. Inhibition
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Figure 1. Expression levels of miR-99b-5p in Luminal breast cancer cells. (a) Luminal breast cancer cell lines were treated with tamoxifen (10 uM) or
trastuzumab (6 pg/mL) for 48 hours, and miR-99b-5p expression levels were assessed by gPCR-array. (b) Predictive performance of miR-99b-5p expression
in response to trastuzumab was evaluated using receiver operating characteristic curve analysis in Luminal breast cancer patients (n =47), stratified by
median follow-up time. The area under the curve was 0.833, with a statistically significant p-value (p=0.005). The optimal cut-off value for miR-99b-5p
expression was 14.74, yielding a true positive rate of 0.71 and a true negative rate of 1.0. (c) miR-99b-5p expression levels were measured in parental
(BT-474_W) and trastuzumab-resistant BT-474 (BT-474_R) cells using qRT-PCR, normalized to U6 snRNA. Data are presented as mean * standard deviation
from two independent experiments. Statistical significance was determined using the Student’s t-test (*p<0.01).

KLF4: Kruppel-like factor 4, AUC: Area under the curve, TPR: True positive rate, TNR: True negative rate, miRNA: MicroRNA.
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of miR-99b-5p leads to upregulation of this target gene, thereby
promoting KLF4 ubiquitination and reducing its protein stability.
To investigate this post-transcriptional regulatory mechanism,
predicted miR-99b-5p target genes were intersected with known E3
ubiquitin ligases implicated in KLF4 degradation. This analysis yielded
FBX022, FBX032, FZR1, and TRAF7 as common candidates (Figure
4a). Subsequent evaluation based on expression levels, presence
of a miR-99b-5p binding site within the 3’-untranslated region

TCGA BC cohort identified a statistically significant overexpression
of TRAF7 in tumor specimens compared to matched normal tissues.
In contrast, KLF4 expression was lower in tumors than in normal
samples (Figure 4b). Based on this inverse correlation (Figure 4c),
we evaluated TRAF7 expression in BT-474 cells after transfection
with a miR-99b-5p mimic. Overexpression of miR-99b-5p led to
a marked decrease in TRAF7 expression (Figure 4d). Furthermore,
target prediction analysis revealed a putative miR-99b-5p binding

site within the 3’-UTR of TRAF7, supporting the notion that miR-
99b-5p directly interacts with TRAF7 mRNA. Collectively, these data

(3’-UTR), and literature evidence led to the selection of TRAF7 for
further analysis. Comprehensive bioinformatic interrogation of the
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Figure 2. Bioinformatic analysis of miR-99b-5p and KLF4 expression in breast cancer. (a) KLF4 expression was analyzed using transcriptomic datasets from
GTEx and TCGA, showing significant downregulation in breast tumor tissues compared to both normal breast tissue and adjacent non-tumorous samples
(healthy, n =92; tumor adjacent, n =89; tumor, n =743; p<0.0001). Subtype-specific analysis based on PAM50 classification revealed that the Luminal
B subtype exhibits the lowest KLF4 expression levels among subtypes (basal-like, n =1857; HER2-enriched, n =1342; Luminal A, n =3800; Luminal B, n
=1785; normal-like, n =1000; p<0.0001). (b) Conversely, miR-99b-5p expression was significantly upregulated in breast cancer tissues compared to normal
samples, as assessed via the ENCORI database (tumor, n =1085; normal, n =104; p<0.001). Furthermore, analysis of PAM50 subtypes in the UALCAN BRCA
dataset showed that all breast cancer subtypes exhibit elevated miR-99b-5p levels compared to normal tissue (normal, n =76; Luminal A, n =370; HER2-
enriched, n =25; TNBC, n =81) Differences between normal and breast cancer subtypes were evaluated using the two-sided Wilcoxon rank-sum test. Bars
represent median expression values. Statistical significance is indicated as follows: ****p<0.0001, ***p<0.001, **p<0.01.
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Figure 3. miR-99b-5p regulates KLF4 and BCL2 expression in BT-474 Luminal breast cancer. Modulation of miR-99b-5p in BT-474 cells, a model of Luminal
B breast cancer, was performed to investigate its impact on KLF4 and BCL2 expression. gRT-PCR (a) and protein analyses (b) demonstrated that inhibition
of miR-99b-5p significantly reduced KLF4 expression, whereas miR-99b-5p overexpression did not cause notable changes (two biological replicates,
#p<0.01, *p<0.05). Concurrently, suppression of miR-99b-5p led to decreased BCL2 protein levels, suggesting a positive correlation between KLF4 and
BCL2 expression. (c) Upon treatment with tamoxifen, BT-474 cells showed increased miR-99b-5p expression accompanied by significant upregulation
of both KLF4 and BCL2 proteins compared to scrambled controls. A similar induction of miR-99b-5p and associated protein upregulation was observed
following trastuzumab treatment.

KLF4: Kruppel-like factor 4, Scr: Scrambled control, TAM: Tamoxifen, TRAST: Trastuzumab.
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KLF4: Kruppel-like factor 4, Scr: Scrambled control.

imply that miR-99b-5p modulates KLF4 protein levels indirectly by
targeting TRAF7, which in turn regulates KLF4 degradation via the
ubiquitin—proteasome system.

DISCUSSION

Features of Luminal B BC include distinct profiles of somatic point
mutations, DNA methylation patterns, and gene copy-number
alterations (28) and are associated with aggressive clinical behavior.
Its prognosis parallels those of HER2-enriched and basal-like
subtypes, whereas Luminal A BC generally exhibits a more favorable
outcome. Notably, Luminal B tumors demonstrate higher relapse
rates within the first five-years post-diagnosis, which decline over
time, alongside a metastatic dissemination pattern similar to that
observed in basal-like and HER2-enriched cancers (29).

miRNAs serve as master regulators of BC development and drug
response by integrating signals from diverse cellular pathways
(30). Their capacity to target multiple genes simultaneously not
only drives tumor progression and metastasis but also modulates
chemotherapeutic efficacy, making them promising biomarkers and
therapeutic targets for overcoming drug resistance in BC (31). Both
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tamoxifen and trastuzumab, key therapeutic agents for hormone
receptor-expressing and HER2-overexpressing BCs, respectively,
exhibit variable clinical responses that may be modulated by miRNAs
(24,32,33). In line with these findings, our study revealed that miR-
99b-5p expression decreased following treatment with tamoxifen
and trastuzumab, regardless of cell line or drug, suggesting that miR-
99b-5p may be downregulated in response to therapeutic pressure
in luminal BC. Moreover, we observed increased miR-99b-5p levels
in trastuzumab-resistant cells, further supporting the hypothesis
that this miRNA is dynamically regulated by drug exposure and may
play a role in acquired resistance mechanisms.

KLF4, a zinc-finger transcription factor, exhibits a context-dependent
dualrolein BC, acting either as an oncogene or as a tumor suppressor,
and is regulated by a complex post-transcriptional network (34).
miRNAs represent one of the principal mechanisms regulating KLF4
via post-transcriptional control (35). By binding to the 3’ untranslated
region of KLF4 mRNA, these small non-coding RNAs induce either
degradation of the target mRNA or inhibition of its translation. A
previous study revealed that KLF4 mediates estrogen signaling in BC
by promoting estrogen-induced transactivation and cell proliferation
(23). Mechanistically, estrogen downregulates pVHL, a key regulator
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of KLF4 degradation, leading to KLF4 accumulation, which in turn
drives BC progression (23). Moreover, another study demonstrated
that KLF4 enhances sensitivity to tamoxifen in BC by suppressing
the MAPK/ERK and p38 signaling pathways. High KLF4 expression is
associated with an improved therapeutic response and a favorable
prognosis, suggesting that targeting the KLF4/MAPK regulatory axis
may constitute a novel therapeutic approach to overcome tamoxifen
resistance in BC (36). Our study, building upon this evidence, reveals
that upregulation of miR-99b-5p in the presence of tamoxifen leads
to increased expression of both KLF4 and BCL2. This suggests that
elevated levels of miR-99b-5p may compromise therapeutic efficacy
by modulating the expression of key regulators of drug response,
including KLF4. These findings indicate a potentially oncogenic
role for miR-99b-5p in the context of endocrine resistance and
underscore the complexity of KLF4 regulation in tamoxifen-treated
luminal BC.

E3 ubiquitin ligases, which control protein turnover by targeting
substrates for ubiquitin-dependent proteasomal degradation,
play critical roles in signal transduction, cellular homeostasis, and
cancer development (37); their dysregulation has been implicated
in BC progression, metastasis, and therapy resistance (38). Among
E3 ligases, members of the TRAF family, particularly TRAF7, have
emerged as context-dependent regulators of tumorigenesis (39).
TRAF7, which also functions as an adaptor protein in TNF signaling
pathways, promotes or suppresses KLF4 expression, the depending
on tumor type. In hepatocellular carcinoma, TRAF7 facilitates KLF4
degradation via ubiquitination, while in meningiomas, TRAF7 loss
leads to increased KLF4 expression (40). Our findings suggest that
in Luminal B BC cells, miR-99b-5p positively regulates KLF4 protein
levels by targeting TRAF7. An inverse correlation between miR-99b-
5p and TRAF7 expression was observed by bioinformatic analysis
and was further supported by the identification of a putative miR-
99b-5p binding site within TRAF7 3’ UTR, suggesting a direct post-
transcriptional regulatory interaction. Functional suppression of
TRAF7 by miR-99b-5p is postulated to attenuate KLF4 ubiquitination,
thereby promoting its stabilization by preventing proteasomal
degradation. Taken together, this miR-99b-5p/TRAF7/KLF4 axis may
contribute to BC cell survival and drug response, highlighting the
context-dependent role of ubiquitin-mediated regulation in BC.

Collectively, these post-transcriptional regulatory mechanisms
constitute a highly adaptable and evolutionarily conserved network,
enabling BC cells to dynamically modulate KLF4 expression in
response to microenvironmental cues, therapeutic pressure, and
intrinsic genomic alterations. A comprehensive understanding
of this regulatory landscape not only deepens our insight into
BC pathophysiology but also reveals promising therapeutic
opportunities aimed at correcting dysregulated KLF4 signaling and
re-establishing cellular homeostasis. In this context, our findings
support the existence of a miR-99b-5p/TRAF7/KLF4 regulatory axis
that governs KLF4 protein stability through a ubiquitin-dependent
mechanism, potentially contributing to therapy resistance in
Luminal B BC. These data demonstrate the central importance
of post-transcriptional and ubiquitin-mediated modulation in BC
progression and drug responsiveness. Targeting specific components
of this axis, particularly miRNA-E3 ligase interactions, may represent

a novel and effective strategy to restore tumor suppressor activity
and overcome resistance in hormone receptor—positive BCs.

Study Limitations

Although this study provides important insights into the role of
miR-99b-5p in modulating KLF4 expression and drug resistance
mechanisms in Luminal B BC through in vitro models, further
validation in in vivo systems, such as animal models, is essential
to substantiate the mechanistic findings. The translation of these
results into a clinical context presents additional challenges, as the
complex interactions within the tumor microenvironment and the
variability in patient-specific factors may influence the regulation and
functional activity of the key molecules involved. Consequently, it is
crucial that future studies incorporate in vivo validation and clinical
cohort analysis to confirm the clinical relevance of targeting the miR-
99b-5p/TRAF7/KLF4 axis and to assess its therapeutic potential in
patient populations.

CONCLUSION

Our findings delineate a novel post-transcriptional regulatory axis
whereby miR-99b-5p indirectly enhances KLF4 protein stability
through the targeted suppression of the E3 ubiquitin ligase TRAF7.
This regulatory pathway appears to modulate therapeutic response
in Luminal B BC cells, particularly by influencing sensitivity to
tamoxifen and trastuzumab. This evidence supports the notion
that miR-99b-5p may function as a positive regulator of KLF4 and
BCL2, contributing to therapy response dynamics and potentially
to resistance mechanisms. Hormone-dependent BCs represent the
predominant subtype, rendering acquired or intrinsic resistance to
endocrine therapies a significant clinical obstacle. Consequently,
extensive research efforts have focused on characterizing the
molecular mechanisms underlying hormone resistance, identifying
robust biomarkers indicative of the resistant phenotype, and
investigating alternative molecular targets to overcome these
resistance mechanisms. One promising strategy is the use of
epigenetic drugs that target reversible epigenetic modifications
and, when combined with chemotherapy or endocrine therapy,
may help restore therapeutic responsiveness. Moving forward,
integrating multi-omics approaches, including transcriptomics,
epitranscriptomics, proteomics, and functional genomics, will be
essential to achieving a more comprehensive understanding of
how post-transcriptional regulation of key factors, such as KLF4,
contributes to BC progression and therapy resistance. In particular,
investigations into the temporal dynamics of miRNA expression
and the interplay between IncRNAs and circRNAs under different
treatment conditions will be critical for the development of next-
generation therapeutic strategies capable of effectively modulating
these complex regulatory networks.
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ABSTRACT

Objective: Skeletal dysplasia is a heterogeneous disease affecting the
development of the skeletal system. Due to its complexity, clinical or
radiological examinations can be informative; therefore, molecular
approaches may be more effective for differential diagnosis and may
assist in clarifying subtypes. Although studies in cohorts have identified
associated genes and variants, further research is needed. This study
aims to investigate the genotype-phenotype relationship in a Turkish
cohort.

Methods: Thirty-six patients were involved in the study. Patients were
classified according to the 2023 revision of the Nosology of Genetic
Diseases of the Skeletal System. Following the genetic diagnostic
algorithm, Sanger sequencing, targeted gene panels, clinical exome
sequencing, or whole exome sequencing were performed. The existing
literature was reviewed for some of the identified variants.

Results: The proportion of females (63.9%) was higher than that of
males (36.1%). Notably, the parents of 16 patients (45.7%) were
consanguineous. Pathogenic or likely pathogenic variants were
identified in 29 of 36 patients, while variants of uncertain significance
were identified in 6 patients. The diagnostic yield was 80% based on
sequencing methods. The groups with the highest number of molecular
diagnoses were group 2, type Il collagen disorders (5 patients with
COL2A1 variants), and group 34, syndromes with craniosynostosis (5
patients with FGFR2, FGFR3, TWIST1, or SMO variants), according to
nosology.

6z

Amag: iskelet displazisi, iskelet sisteminin gelisimini etkileyen
heterojen hastalik gurubudur. Kompleks dogasi nedeniyle, klinik ya
da radyolojik degerlendirmeler bilgi verici olabilir; ancak molekiler
yaklagimlar ayirici tani ve alt tiplerin belirlenmesi agisindan daha
etkilidir. Kohort galismalar iliskili genleri ve varyantlari aydinlatmis
olsa da bu konuda halen galismaya ihtiya¢ duyulmaktadir. Sunulan
calisma bir Turk kohortunda genotip-fenotip iliskisini arastirmayi
amagclamaktadir.

Yontemler: Sunulan c¢alismaya 36 hasta dahil edilmistir. Hastalar,
Genetik iskelet Hastaliklarinin Nozolojisi, 2023’e gére gruplandiriimistir.
Genetik tani algoritmasina uygun olarak hastalara Sanger dizileme,
hedefli gen paneli, klinik ekzom dizileme ya da tim ekzom dizileme
calisiimistir. Tespit edilen spesifik varyantlar icin mevcut literatlr
derlenmistir.

Bulgular: Katilimcilar arasinda kadin sayisi (%63,9), erken sayisindan
(%36,1) daha fazladir. Kritik olarak, 16 hastanin (%45,7) ebeveynleri
akrabadir. Otuz alti hastanin 29’unda patojenik ya da olasi patojenik
varyant tespit edilmistir. Dizileme metoduna bagli olarak tani verimi
%80’dir. Nozolojiye gére molekdiler tanisi en yiksek olan gruplar, grup
2, tip Il kolajen hastaliklari (5 hastada COL2A1 varyantlari) ve grup 34,
kraniosinostozlu sendromlar (5 hastada FGFR2, FGFR3, TWIST1 ya da
SMO varyantlari) seklindedir.
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ABSTRACT

Conclusion: This study emphasizes the genetic and phenotypic
variation in skeletal dysplasia within a Turkish cohort. We expect these
findings to contribute to the current literature and help clinicians in
patient follow-up and assessment.

Keywords: Skeletal dysplasia, molecular diagnosis, sequencing

Oz

Sonug: Sunulan galisma, bir Tirk kohortunda, iskelet displazisinde
genetik ve fenotipik varyasyonlari vurgulamistir. Elde edilen bulgularin
mevcut literatlire katki sunmasi ve hasta takibi ve degerlendirmesi
agisindan klinisyenleri yénlendirmesi beklenmektedir.

Anahtar Sozciikler: iskelet displazisi, molekiiler tani, dizileme

INTRODUCTION

Skeletal dysplasia encompasses a wide range of genetic disorders
involving abnormalities in bone and cartilage resulting from
defects in skeletal development and maintenance (1). It is highly
heterogeneous, with more than 450 diseases or syndromes affecting
bone growth. In addition to bones and cartilage, skeletal dysplasia
can negatively affect muscles, tendons, and ligaments (2,3). Although
isolated cases are rare, the overall occurrence of skeletal dysplasia is
approximately one in 5,000 people worldwide (2-4).

At the molecular level, various pathways involved in regulating
structural proteins, metabolic processes, and the epiphysis play
critical roles in the development of skeletal dysplasia (3,5). According
to the 2023 revision of the Nosology of Genetic Skeletal Disorders,
these conditions are classified into 41 categories, with 552 genes
associated with them. Therefore, beyond standard clinical and
radiological diagnostic methods, molecular testing can be a valuable
tool for differential and definitive diagnosis of skeletal dysplasia.
Among these testing methods, gene panels and exome sequencing
(ES) are important not only for diagnosing but also for identifying
new genes or pathways related to skeletal dysplasia (6,7).

Given the rise of next-generation sequencing (NGS) for disease
diagnosis, numerous studies in diverse populations have documented
variant frequencies and identified novel or potentially disease-
related genes (8-10). However, these efforts still need to confirm
variant classifications, especially for those of unknown significance,
and to discover new variants in the associated genes by screening
diverse cohorts. Therefore, this study analyzed data from Sanger
sequencing, gene panels, and ES from 36 patients with skeletal
dysplasia. Our results show the usefulness of these methods within
a genetic algorithm for the molecular and differential diagnosis of
skeletal dysplasia.

MATERIALS AND METHODS

Ethics

The present study was approved by the Ethics Committee of Gazi
University (approval number 403; dated 30 May 2022). Both verbal
and written consent was obtained from patients or their guardians
before the study was initiated.

Participants

The present study involved 36 patients with skeletal dysplasia who
were enrolled at the Department of Medical Genetics, Faculty of
Medicine, Gazi University in Ankara, between July 2017 and January
2022. Patients were classified according to the 2023 revision of
the Nosology of Genetic Skeletal Disorders. Patients with mild
phenotypes, including isolated short stature, were excluded from
the study.

Genetic Analyses

The disease-related genes were sequenced, and a genetic algorithm-
based diagnostic approach was applied. Accordingly, patients with
specific skeletal dysplasias who had known genetic mutations in
siblings and/or parents were screened using Sanger sequencing. In
other cases, NGS using gene panels, clinical ES (CES), or whole-ES
(WES) was performed to comprehensively analyze genes associated
with skeletal dysplasia phenotypes. All sequencing procedures were
carried out after isolating genomic DNA from peripheral venous
blood samples using the Qiagen EZ1 Advanced XL automated system
(Qiagen Inc., Switzerland), following the manufacturer’s standard
protocol. The integrity of the isolated DNA was verified by 1%
agarose gel electrophoresis, and concentrations were measured
using a NanoDrop (NanoDrop 1000; Thermo Scientific, USA) or a
Qubit 4.0 (Thermo Scientific, USA).

Sanger sequencing was performed after amplification of specific gene
regions containing the relevant variants and further processing using
the BigDye™ Terminator v3.1 Cycle Sequencing Kit (Thermo Scientific,
USA). Allamplicons were run on the Applied Biosystems 3130 Genetic
Analyzer (Thermo Scientific, USA). Finally, chromatogram files were
visualized using Chromas 2.6.6 (Technelysium Pty Ltd, Australia), and
relevant variants were manually screened.

For the NGS gene-panel application, amplification-based custom
panels were used. After single or multiplex amplification of target
genes, the amplicons were processed with the Nextera XT DNA
Library Preparation Kit and sequenced on the MiSeq System
(lumina Inc., USA). For CES and WES, target regions, including
intron—exon boundaries and entire exons, were identified using
hybridization-based methods: the SOPHIA Clinical Exome Solution
(Sophia Genetics, France) for CES and the Whole Exome Sequencing
Panel—Exome 2.0 (Twist Biosciences, USA) for WES. All amplicons
were sequenced on either an MGISEQ-2000 (BGlI Inc., China) or a
NovaSeq 6000 (Illumina Inc., USA) platform.

NGS data were processed using either the Variant Annotation
and Filter Tool (VarAft) v2.17.1 (11) or Genomize-SEQ (Genomize,
Turkiye). Using these programs, raw FASTQ files were aligned to the
human reference genome (hg19) and a binary alignment map file was
generated. Next, variant call format files were produced. Using the
same tools, variants were filtered based on minor allele frequencies
of less than 0.001 in common genome databases and on genes listed
in the Human Phenotype Ontology (https://hpo.jax.org/) related
to disease. Finally, variants were prioritized and classified using
VarSome (https://varsome.com/) or Franklin by Genoox (https://
franklin.genoox.com/clinical-db/home), in accordance with the
American College of Medical Genetics (ACMG) Guidelines (12).
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RESULTS

Clinical Findings

The current study involved 36 patients with skeletal dysplasia.
The patients were classified according to the 2023 revision of the
Nosology of Genetic Diseases of the Skeletal System and assigned to
16 groups (Table 1). Participants’ ages ranged from newborn to 69
years. The proportion of females (23, 63.9%) was higher than that
of males (13, 36.1%). The parents of 16 of 36 patients (44.4%) were
consanguineous, and 16 of 36 patients (44.4%) had family members
with similar clinical features.

Analysis of height measurements in patients within the pathogenic/
likely pathogenic (LP) group showed that six individuals had heights
above the 3™ percentile at the time of evaluation. These patients
were diagnosed with conditions such as Stickler syndrome, Keutel
syndrome, osteopetrosis, Shwachman-Diamond syndrome, and
craniosynostosis, for which short stature is not typically expected.
Although short stature can occur in Shwachman-Diamond syndrome,
the height of patient P15 was recorded at the 14" percentile, and
data on other indicators, such as growth velocity and bone age, were

Table 1. Number of patients in groups of nosology.

unavailable. Among five patients with craniosynostosis syndromes,
primarily characterized by craniofacial features, two had heights
below -3 SD. One of the remaining 25 patients lacked height data;
this patient was diagnosed with osteogenesis imperfecta primarily
on the basis of recurrent fractures. Among the 18 patients with
skeletal dysplasia, in whom short stature was a key feature, 12
had heights below -3 SD and 8 had heights between -3 and -2 SD.
A summary of the clinical findings of these patients is shown in
Supplementary Table 1.

Molecular Findings

Sequencing results showed that all patients except one (P30,
35/36, 97.2%) had a variant associated with skeletal dysplasia. Of
these 35 variants, 28 were classified as pathogenic or LP, indicating
a diagnostic yield of 80%, while the remaining 7 (20%) were of
unknown significance. Among the 29 patients with pathogenic or LP
variants, 24 distinct variants were identified in 20 genes. The number
of patients with variants, categorized by nosological groups, is shown
in Table 1. Ten of these variants (detected in P6, P9, P11-15, P17,
P19, P24, and P28) were novel, and ACMG classifications and in silico
predictions of those variants were provided in Supplementary Table 2.

Nosology group  Nosology group name Gene Patient number
no P/ LP variant VUsS
1 FGFR3 chondrodysplasias FGFR3 3 1
2 Type 2 collagen disorders COL2A1 5
3 Type 11 collagen disorders COL11A1 1
4 Sulfation disorders PAPSS2 1
5 Dysplasias with multiple joint dislocations SLC10A7 1
7 Proteoglycan core proteins disorders HSPG2 1
9 Pseudoachondroplasia and the multiple epiphyseal dysplasias COL9A1 1
11 Metaphyseal dysplasias COL10A1 1
EFL1 2
15 Mesomelic and rhizo-mesomelic dysplasias ROR2 1
SHOX 2
17 Acromelic dysplasias FBN1 1
GNAS 1 2
21 Primordial dwarfism and slender bones group ccDecs 1
23 Chondrodysplasia punctata (CDP) group MGP 1
24 Osteopetrosis and related osteoclast disorders CLCN7 1
26 Osteogenesis Imperfecta and bone fragility group COL1A1 1
SERPINF1 1
TMEM38B 1
34 FGFR2 2
Syndromes featuring craniosynostosis FGFR3 1
TWIST1 1
SMO 1
38 Limb hypoplasia — reduction defects group - 1

P: Pathogenic, LP: Likely pathogenic, VUS: Variant of unknown significance.
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Fifteen patients with these variants exhibited an autosomal
dominant inheritance pattern, four of whom inherited the disease
from an affected parent. All 13 patients with an autosomal recessive
disease had consanguineous parents. Additionally, one patient was
found to have a somatic mosaic variant in the SMO gene, consistent
with Curry-Jones syndrome (CRIS). In a patient initially diagnosed
with fibular aplasia, tibial campomelia, and oligosyndactyly (FATCO)
syndrome, no variants were identified in genes associated with these
clinical features. The COL2A1 gene, which encodes the collagen type

Il alpha 1 chain, was the most commonly affected gene in this group.
Five patients were assigned to cluster 2 (type Il collagen) and five to
cluster 34 (syndromes with craniosynostosis) based on nosological
classification. Within the FGFR3 chondroplasia group, the second
nosology category, one patient exhibited a variant of uncertain
clinical significance, while three patients carried pathogenic variants
associated with achondroplasia. Variants identified in the patients
are listed in Table 2.

Table 2. Variants detected in the participants in the presence of zygosity, pathogenicity, associated disease and familial segregation information.

Patient Method Variant Zygosity  Variant Diagnosis (#OMIM; inheritance Familial
classification pattern) segregation
(ACMG criteria)
P1 Sanger FGFR3:NM_000142.4:c.1138G>A Het Pathogenic Achondroplasia (100800), AD Father: Het
Sequencing  (p.Gly380Arg) Mother: Wt
P2 Sanger FGFR3:NM_000142.4:c.1138G>A Het Pathogenic Achondroplasia (100800), AD NA
Sequencing  (p.Gly380Arg)
P3 Sanger FGFR3:NM_000142.4:¢c.1138G>A Het Pathogenic Achondroplasia (100800), AD NA
Sequencing  (p.Gly380Arg)
P4 WES COL2A1:NM_001844.5:c.1510G>A Het Pathogenic COL2A1-associated skeletal Father: Het
(p.Gly504Ser) dysplasia (120280), AD Mother: NA
P5 WES COL2A1:NM_001844.5:c.2059G>A Het LP COL2A1-associated skeletal Father: Wt
(p.Gly687Ser) dysplasia (120280), AD Mother: Wt
P6 WES COL2A1:NM_001844.5:c.2095G>A Het LP COL2A1-associated skeletal Father: Wt
(p.Gly699Ser) dysplasia (120280), AD Mother: Wt
P7 CES COL2A1:NM_001844.5:c.1510G>A Het Pathogenic COL2A1-associated skeletal Father: NA
(p.Gly504Ser) dysplasia (120280), AD Mother: NA
P8 CES COL2A1:NM_001844.5:c.1699G>A Het Pathogenic COL2A1-associated skeletal Father: NA
(p.Gly567Ser) dysplasia (120280), AD Mother: NA
P9 CES PAPSS2:NM_001015880.1:¢.520+2T>A Hom LP Brachyolmia 4 with mild epiphyseal  Father: NA
and metaphyseal changes (612847),  \iother: NA
AR
P10 WES SLCI0A7:NM_001029998.6:¢.335G>A Hom LP Short stature, amelogenesis Father: NA
(p.Gly112Asp) imperfecta, and skeletal dysplasia Mother: NA
with scoliosis (618363), AR
P11 WES HSPG2:NM_005529.7:¢c.4948T>G Hom LP Schwartz-Jampel syndrome, type 1~ Father: NA
(p.Cys1650Gly) (255800), AR Mother: NA
P12 WES COL9A1:NM_001851.4:¢c.1852C>T Hom Pathogenic Stickler syndrome, type IV (614134), Father: NA
(p.Arg618Ter) AR Mother: Het
P13 CES COL10A1: NM_000493.4:¢c.1766T>C Het LP Metaphyseal chondrodysplasia, Father: NA
(p.Phe589Ser) Schmid type (156500), AD Mother: NA
P14 WES EFL1:NM_024580:c.277T>C (p.Ser93Pro) Hom LP Shwachman-Diamond syndrome 2 Father: Het
(617941), AR Mother: Het
P15 Sanger EFL1:NM_024580:c.277T>C (p.Ser93Pro) Hom LP Shwachman-Diamond syndrome 2 Father: NA
Sequencing (617941), AR Mother: NA
P16 WES ROR2:NM_004560.4:¢c.355C>T Hom Pathogenic Robinow syndrome (268310), AR Father: NA
(p.Arg119Ter) Mother: NA
P17 CES FBN1:NM_000138.4:¢c.5285G>A Het LP FBN1-associated skeletal dysplasia Father: Het
p.(Gly1762Asp) (134797), AD Mother: NA
Affected
sibling: Het
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Table 2. Continued

Patient Method Variant Zygosity  Variant Diagnosis (#OMIM; inheritance Familial
classification pattern) segregation
(ACMG criteria)
P18 CES GNAS:NM_000516.5:¢.125G>T Het LP Pseudopseudohypoparathyroidism Father: NA
(p.Argd2Leu) (612463), AD Mother: NA
P19 CES CCDC8:NM_032040.5:c.84_85delTA Hom LP 3-M syndrome 3 (614205), AR Father: NA
(p.Lys29AlafsTer118) Mother: NA
P20 Gene Panel  MGP:NM_000900.5:c.43del (p.Vall5Ter) Hom LP Keutel syndrome (245150), AR Father: NA
Mother: NA
P21 Gene Panel CLCN7:NM_001287.6:¢c.1576C>T Hom LP Osteopetrosis, autosomal recessive  Father: NA
(p.Arg526Trp) 4 (611490), AR Mother: NA
P22 Gene Panel COL1A2:NM_000089.4:c.2521G>A Het LP COL1A2-associated osteogenesis Father: NA
(p.Gly841Ser) imperfect (120160), AD Mother: NA
P23 Gene Panel  SERPINFI:NM_002615.7:c.271_279dup Hom LP Osteogenesis imperfecta, type VI Father: NA
(p.Ala91_Ser93dup) (613982), AR Mother: NA
P24 WES TMEM38B:NM_018112.3:¢.240_247dup  Hom Pathogenic Osteogenesis imperfecta, type XIV Father: Het
(p.lle83ThrfsTer21) (615066), AR Mother: Het
P25 CES FGFR2:NM_000141.4:¢c.1021A>C Het Pathogenic Crouzon syndrome (123500), AD Father: NA
(p.Thr341Pro) Mother: NA
P26 WES FGFR2:NM_000141.4:c.983A>G Het Pathogenic Crouzon syndrome (123500), AD Father: NA
(p-Tyr328Cys) Mother: NA
Siblings: NA
P27 CES FGFR3:NM_000142.5:¢c.749C>G Het Pathogenic Muenke syndrome (602849), AD Father: NA
(p.Pro250Arg) Mother: NA
P28 WES TWIST1:NM_000474.4:c.A64A>C Het LP Saethre-Chotzen syndrome with or ~ Father: Het
(p.Tyr155Ser) without eyelid anomalies (101400),  pother: Wt
AD
Affected
twin: Het
P29 Sanger SMO:NM_005631.5:¢.1234C>T Het Pathogenic Curry-Jones syndrome, somatic Father: NA
Sequencing  (p.Leu412Phe) (somatic; mosaic (601707) Mother: NA
skin
biopsy)
P30 WES - FATCO syndrome (246570)
P31 CES FGFR3:NM_000142.5:c.1748A>T Het VUS - Father: NA
(p.Lys583Met) Mother: NA
P32 WES COL11A1:NM_001854.4:c.206G>C Het VUS - Father: NA
(p.Gly69Ala) Mother: NA
P33 CES SHOX:NM_000451.3c.847del Het VUS - Father: NA
(p.Ala283ArgfsTer1247?) Mother: NA
P34 CES SHOX:NM_000451.3c.847del Het VUS - Father: NA
(p.Ala283ArgfsTer124?) Mother: NA
P35 CES GNAS:NM_080425.3:¢c.2968-3C>G Het VUS - Father: Wt
Mother: Het
P36 CES GNAS:NM_080425.3:¢.2968-3C>G Het VUS - Father: Wt
Mother: Het

LP: Likely pathogenic, VUS: Variant of unknown significance, Wt: Wildtype, Het: Heterozygous, Hom: Homozygous, AD: Autosomal dominant, AR: Autosomal
recessive, WES: Whole exome sequencing, CES: Clinical exome sequencing, NA: Not applicable, ACMG: American College of Medical Genetics.
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DISCUSSION

Skeletal dysplasia encompasses a highly heterogeneous group
of genetic disorders, and its differential diagnosis can be difficult
based on radiographic and clinical evaluation. Therefore, molecular
techniques are valuable for precise diagnosis, thereby influencing
disease management (13). Although the genetic basis of skeletal
dysplasia has been described in various populations (14-18) and
even in the Turkish population (19,20), further studies are needed to
identify novel associated genes and variants.

This study presents molecular genetic findings in 36 Turkish patients
with skeletal dysplasia. Using various sequencing methods for genetic
diagnosis, the researchers successfully identified all but one patient
at the molecular and diagnostic levels. Including Sanger sequencing,
the diagnostic success rate reaches 80%. The COL2A1 gene was the
most affected in this group. Ages at diagnosis ranged from 1 month
to 69 years, showing that skeletal dysplasia can have a wide range of
severity. Patients were grouped into nosological categories based on
their specific or probable diagnoses. The largest groups were group 2
(type Il collagen disorders, 5 patients) and group 34 (syndromes with
craniosynostosis, 5 patients). Variants of unknown significance in
the FGFR3, COL11A1, SHOX, and GNAS genes, potentially associated
with clinical features, were identified in six patients.

Type Il collagen disorders are characterized by skeletal dysplasia,
ocular manifestations (such as cataracts, myopia, lens subluxation,
vitreous abnormalities, and retinal detachment), hearing loss, and
orofacial features. They cause a wide range of diseases, from fatal

a C

conditions in the perinatal period to mild symptoms in adulthood
(21). This study included five patients with pathogenic or LP variants
inthe COL2A1 gene. All patients carried missense variants (Gly504Ser,
Gly687Ser, p.Gly567Ser, and Gly699Ser) that lead to the substitution
of glycine, a neutral, non-polar amino acid that is small enough to
occupy the center of the collagen triple helix, with serine, a neutral,
polar amino acid. Due to the unique structural role of glycine
residues in the collagen triple helix, missense substitutions have
a greater impact than truncating variants, making them the most
common pathogenic variants (22). Aside from Gly699Ser, the other
variants had been identified previously. The Gly504Ser variant has
frequently been associated with the spondyloepiphyseal dysplasia
congenita (SEDC) phenotype (23,24). In a cohort study of 93 patients
with SEDC or related phenotypes, glycine substitutions in the triple-
helical domain were identified in 68 (73%) patients. Additionally, in
28 of these patients, glycine was replaced by serine (25).

Ingroup 34 of the nosological classification, which includes syndromes
with craniosynostosis, pathogenic variants were identified in FGFR2
(two patients) and in FGFR3, TWIST1, and SMO (one patient each).
A somatic mosaic c.1234C>T (p.Leud412Phe) variant in the SMO
gene was identified in P29, who had macrocephaly, facial and
cranial asymmetry, frontal bossing, microphthalmia of the left eye,
low-set ears, and bilateral polysyndactyly (Figures 1a and 1b). This
variant causes CRJS, which is a skeletal dysplasia characterized by
polysyndactyly, craniosynostosis, microphthalmia, and patchy skin
lesions. Within this group, a small number of cases of CRIS have
been reported in the literature (26). While most findings in P29

Figure 1. Clinical images of the selected patients. a) Dysmorphic facial features of the P29; macrocephaly, facial and cranial asymmetry, frontal bossing,
microphthalmia of the left eye, low-set ears. b) Polysyndactyly of the right hand of the P29. c) X-ray image of P9’s right hand showing short metacarpals

(2n-5t"), with the 5" metacarpal being the most prominent.
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match those of other patients described in the literature, this patient
also exhibited bilateral sensorineural hearing loss.

Patient 9, with short stature (-3.27 SD), short neck, pectus
carinatum, short metacarpals of the right hand (Figure 1c), and mild
epiphyseal and vertebral changes, carried a homozygous LP variant
in the 3-prime-phosphoadenosine 5-prime-phosphosulfate synthase
2 (PAPSS2) gene, classified as group 4 in the nosology. PAPSS2 has
been associated with brachyolmia type 4, characterized by a short
trunk, mild shortening of the metacarpal bones, mild epiphyseal and
metaphyseal changes in the tubular bones, a short femoral neck, and
vertebral changes (rectangular vertebral bodies with irregular end
plates and narrow intervertebral discs; OMIM #612847). PAPSS2-
related brachyolmia results from a loss-of-function mechanism
(27). The ¢.520+2T>A variant detected at P9 is located in intron 4.
This variant is predicted to cause nonsense-mediated mRNA decay.
Alternatively, if exon skipping occurs, exon 5, which constitutes part
of the adenylyl-sulfate kinase domain, is also predicted to be affected.
This variant has been reported as homozygous in two patients with
disproportionate short stature and platyspondyly and as compound
heterozygous in another case (27). Compared with other patients
reported in the literature, whether or not they had the same variant,
P9 lacked a short trunk, scoliosis, and platyspondyly. Since P9 is only
4.5 years old, further findings may emerge. Variable expressivity
should also be considered. A summary of clinical findings for patients
with biallelic PAPSS2 variants is available in Supplementary Table 3.

In P10, a homozygous LP variant was found in the SLC1I0A7 gene;
this variant is linked to a group of dysplasias involving multiple
joint dislocations. The gene is associated with autosomal recessive
short stature, amelogenesis imperfecta, and skeletal dysplasia with
scoliosis (OMIM #611459). The ¢.335G>A (p.Gly112Asp) variant in
transmembrane domain 4, present in P10, was previously identified as
part of compound heterozygosity with a splicing variant in siblings (28).
Another report described this variant paired with p.Gly130Arg, also
in exon 4 of the same gene (29). As detailed in Supplementary Table
4., all patients with biallelic pathogenic variants in SLC10A7 exhibited
amelogenesis imperfecta, with nearly all showing kyphoscoliosis.
Unlike other patients, P10 did not have intellectual disability or
hearing loss, but had pectus deformity and a narrow thorax—
features absent in other patients. These differences may result from
compound heterozygosity. Additionally, azoospermia was observed
in P10, representing a novel finding. His hormonal profile and
scrotal ultrasound results were normal. A previous report described
azoospermia in an SLC10A7-associated case that also exhibited a
structural chromosomal abnormality ([nv ins(2;4)] involving SLC10A7
at the breakpoint (30). However, further studies are needed to
elucidate the relationship between this finding and SLC10A7.

P16, carrying an LP FBN1 variant, was classified within the 17t
nosology group, known as acromelic dysplasias. This group includes
FBN1-associated geleophysic dysplasia (GD), acromicric dysplasia,
and Weill-Marchesani syndrome. The ¢.5285G>A p.(Gly1762Asp)
variant detected in P16 has not been previously reported, although
similar variants, such as Glyl762Val and Gly1762Ser, have been
linked to GD (31,32). Considering the features observed in P16—
disproportionate short stature, short limbs, and brachydactyly—the
diagnosis was deemed consistent with GD.
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P30, diagnosed with FATCO syndrome, was categorized in group
38 (limb hypoplasia—reduction defects). FATCO syndrome involves
fibular aplasia, tibial campomelia, and oligosyndactyly, although its
genetic basis remains unknown. The WES test for P30 did not detect
any variants linked to the observed features.

This study was limited because some patients had limited skeletal
imaging or limited physical exam findings, which hindered full
identification of disease-related features. Furthermore, in the group
with variants of uncertain clinical significance, there remains a
possibility of a different genetic cause—either not detected by the
CES analysis or attributable to mechanisms outside the scope of CES/
WES methods.

CONCLUSION

In genetic disorders, such as skeletal dysplasias, where molecular
diagnostics may not always specify subtypes, discovering new
variants and characterizing clinical features that resemble or differ
from those of known variants are essential for accurate diagnosis
and treatment. We believe that this study will enhance the
understanding of genotype-phenotype relationships by presenting

clinical data from patients with genetic skeletal diseases.
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Does Endoscopic Adenoidectomy Really Make a Difference? A Retrospective
Comparison with Conventional Adenoidectomy

Endoskopik Adenoidektomi Gergekten Fark Yaratiyor mu? Konvansiyonel Adenoidektomi ile

Retrospektif Karsilagtirma

@ Banu Tijen Ceylan, ® Emirhan Akyol, ® Berkan Uygun

Department of Otorhinolaryngology, Gazi University Faculty of Medicine, Ankara, Turkiye

ABSTRACT

Objective: To compare endoscopic and conventional curettage
adenoidectomy in terms of operative time, postoperative pain,
complications, and recurrence.

Methods: Thisretrospective, observational comparative study screened
532 adenoidectomy cases performed between December 2015 and
December 2024. After applying the inclusion and exclusion criteria,
143 patients were included in the final analysis: 73 in the endoscopic
group and 70 in the conventional group, all of whom had a follow-up
period of at least 12 months. Postoperative pain was assessed using
visual analogue scale (VAS) at 6 and 12 hours. Recurrence at 1 year
was defined as recurrence of symptoms accompanied by endoscopic
evidence of adenoid hypertrophy of grade > 2.

Results: Groups were comparable in sex, age, and preoperative adenoid
grade. Postoperative VAS pain (4.84 + 1.31 vs. 4.34 + 1.34; p = 0.033)
and operative time (30.75 + 8.11 vs. 15.64 = 5.03 minutes; p < 0.001)
were significantly greater in the endoscopic group. No perioperative
complications occurred in the endoscopic group, whereas one patient
(1.4%) in the conventional group experienced postoperative bleeding
(p = 0.490). No recurrence was observed in the endoscopic group.
Recurrence occurred in two patients (2.9%) in the conventional group
at the 1-year follow-up (p = 0.238).

Conclusion: Endoscopic adenoidectomy was associated with longer
operative time and higher early postoperative pain. Complication and
recurrence rates were lower in the endoscopic group; however, these
differences did not reach statistical significance.

Keywords: Adenoidectomy, endoscopic adenoidectomy, conventional
curettage adenoidectomy, postoperative pain, operative time,
complication

6z

Amag: Endoskopik ve konvansiyonel kiiretaj adenoidektomiyi cerrahi
siire, postoperatif agri, komplikasyon ve niiks agisindan karsilastirmak.

Yontemler: Retrospektif, gézlemsel karsilastirmali bu ¢alismada Aralik
2015-Aralik 2024 doéneminde yapilan 532 adenoidektomi olgusu
tarandi. Dahil edilme/dislama kriterleri uygulandiktan sonra en az
12 ayhk takibi olan 143 hasta analize alindi: endoskopik grup 73,
konvansiyonel grup 70. Postoperatif agri 6. ve 12. saatte gorsel analog
skala (VAS) ile degerlendirildi. Niks, 1. yilda sikdyetlerin tekrariyla
birlikte endoskopide grade > 2 adenoid hipertrofisi saptanmasi olarak
tanimlandi.

Bulgular: Gruplar cinsiyet, yas ve preoperatif adenoid boyutu agisindan
benzerdi. Postoperatif VAS agri skoru endoskopik grupta anlamli olarak
daha yiksekti (4,84 + 1,31 vs. 4,34  1,34; p = 0,033) ve cerrahi sire
endoskopik grupta belirgin daha uzundu (30,75 + 8,11 vs. 15,64 +
5,03 dk; p < 0,001). Endoskopik grupta komplikasyon izlenmezken,
konvansiyonel grupta 1 hastada (%1,4) kanama goralda (p = 0,490).
Endoskopik grupta niks saptanmazken, konvansiyonel grupta 1. yil
kontroliinde 2 hastada (%2,9) niks izlendi (p = 0,238).

Sonug: Endoskopik adenoidektomi, daha uzun cerrahi slre ve daha
ylksek erken postoperatif agri ile iliskili bulundu. Komplikasyon ve
niiks oranlari endoskopik grupta daha diisiik olmakla birlikte, bu farklar
istatistiksel olarak anlamli degildi.

Anahtar Sozciikler: Adenoidektomi, endoskopik adenoidektomi,
konvansiyonel kiretaj adenoidektomi, postoperatif agri, cerrahi sire,
komplikasyon
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INTRODUCTION

The adenoid is a pharyngeal lymphoid tissue located in the midline
of the nasopharynx, forming part of Waldeyer’s ring and contributing
to immune defense. It begins to develop in early embryogenesis,
continues to enlarge until approximately six years of age, and then
undergoes involution, typically regressing during adolescence (1,2).
Adenoid hypertrophy is common in children and may result in upper
airway obstruction and recurrent infections, particularly during the
early school-age period. Typical clinical manifestations include nasal
obstruction, mouth breathing, snoring, obstructive sleep apnoea,
recurrent sinusitis, Eustachian tube dysfunction, otitis media,
speech problems, and impaired maxillofacial development (3).
When symptoms persist despite medical therapy, adenoidectomy
is considered. Conventional curettage adenoidectomy remains the
most commonly performed technique because of its low cost and
technical simplicity. However, the limited surgical field may lead to
residual adenoid tissue, which can increase the risk of symptom
recurrence. In addition, complications such as bleeding and soft
palate injury may occur with this technique.

Endoscopic adenoidectomy, by contrast, involves the removal of
adenoid tissue under direct visualisation with a nasal endoscope.
This technique was first described by Ugar (4) and has been reported
as a safe alternative. Performing the procedure under direct
visualisation facilitates more complete adenoid removal and may
reduce symptomatic recurrence (5). Nevertheless, the endoscopic
approach requires additional equipment and may prolong operative
time.

The present study aimed to compare conventional and endoscopic
adenoidectomy with respect to operative time, postoperative pain,
complications, and recurrence, and to contribute to clinical decision-
making regarding technique selection.

MATERIALS AND METHODS

Study Design and Ethical Approval

This retrospective, observational, comparative review was approved
by the Ethics Committee of Gazi University Faculty of Medicine
(decision number: 2025-223, date: 28.01.2025).

Study Population

Between December 2015 and December 2024, 532 patients
who underwent adenoidectomy at the Department of
Otorhinolaryngology of Gazi University Hospital were screened.
Patients aged 5-14 years who underwent endoscopic or
conventional adenoidectomy and had Grade Ill (50-75%) or Grade
IV (>75%) adenoid hypertrophy on flexible nasopharyngoscopy were
considered eligible. Patients were excluded if they had craniofacial
anomalies; a history of cleft lip and/or palate (even if surgically
corrected), velopharyngeal insufficiency, or nasal polyposis; prior
adenoidectomy or adenotonsillectomy; concomitant tonsillectomy
and/or ventilation tube insertion; malignancy involving the adenoid/
nasopharynx; or incomplete postoperative follow-up data. After
applying these criteria (Figure 1), 143 patients remained and were
includedinthe final analysis, comprising 73 patientsin the endoscopic
adenoidectomy group and 70 patients in the conventional curettage
adenoidectomy group; all with at least 12 months of follow-up.

Surgical Technique

All procedures were performed under general anaesthesia with
orotracheal intubation by a single experienced otolaryngologist with
at least 10 years' experience. Operative time was defined as the
interval from initiation of adenoid excision to achievement of final
haemostasis.

For endoscopic adenoidectomy, the nasopharynx was visualised via
the nasal route using a 3-mm, 0° endoscope. Adenoid tissue was
excised transorally using an adenotome under endoscopic guidance,
and haemostasis was achieved by endoscopic identification and
cauterisation of bleeding foci.

For conventional curettage adenoidectomy, the adenoid tissue was
assessed transorally by digital palpation, and curettage was then
performed. Residual tissue was then re-assessed by digital palpation,
and curettage was repeated until the surgeon was satisfied that no
residual tissue remained. Haemostasis was subsequently achieved,
and the procedure was concluded.

2015-2024
Adenoidectomy

performed
(n=532)

Age outside 5-14 years
Excluded (n=44)

<5 years (n=28)
L >14 years (n=16) Y,

Excluded Craniofacial Anomalies

(n=35)

b J

/ Concomitant procedures \
(n=244)

Excluded

Total tonsillectomy (n=140)
Partial tonsillectomy (n=92)
Ventilation tube insertion (n=125)

Note: Categories are not mutually
\ exclusive; counts may overlap. /

4 . ™
Prior procedures

(n=29)
Adenoidectomy (n=13)
Partial/total tonsillectomy (n=16)

Excluded

Eligible patients
(n=180)
Exoliided Missing follow-up data
(n=37)

Included in the final
analysis
(n=143)

Endoscopic Conventional
Adenoidectomy Adenoidectomy
(n=73) (n=70)

Figure 1. Flow diagram of patient selection.
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Postoperative Follow-Up

Postoperative pain was assessed in all patients using the visual
analogue scale (VAS) at 6 and 12 hours after surgery; the higher
of the two scores was used for analysis. Patients underwent
endoscopic follow-up on postoperative day 7, at 3 months, and at
1 year. Recurrence was defined as the return of symptoms at the
1-year follow-up and endoscopic evidence of grade > 2 adenoid
hypertrophy.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics
(version 26.0; USA). Continuous and ordinal variables were
summarised as mean * standard deviation and median (minimum—
maximum), and categorical variables were summarised as number
and percentage [n (%)]. The Shapiro—Wilk test was used to assess
normality. Because variables were non-normally distributed
or ordinal, comparisons between the two independent groups
(endoscopic vs. conventional adenoidectomy) were conducted
using the Mann—-Whitney U test for age, pain VAS score, operative
time, and adenoid grade. Categorical variables were compared
using Pearson’s chi-square test when appropriate (e.g., sex) and
Fisher’s exact test when expected cell counts were fewer than 5
(e.g., recurrence and complications). A two-sided p-value < 0.05 was
considered statistically significant.

RESULTS

A total of 143 patients were included in the study: 73 underwent
endoscopic adenoidectomy, and 70 underwent conventional
adenoidectomy. The demographic and clinical characteristics of
the study groups are summarised in Table 1. The two groups were
comparable in terms of sex distribution (endoscopic: 63.0% male,
37.0% female; conventional: 65.7% male, 34.3% female; p = 0.598).
The groups were similar in age (endoscopic: 85.07 + 21.88 months;
conventional: 90.30 + 22.88 months; p = 0.115). Preoperative
adenoid size was similarly high in both groups; the mean adenoid
grade was 3.75 * 0.43 in the endoscopic group and 3.86 + 0.35 in
the conventional group (p = 0.120). Postoperative pain, assessed
using the VAS, was significantly higher in the endoscopic group than
in the conventional group (endoscopic: 4.84 + 1.31; conventional:
4.34 + 1.34; p = 0.033). Operative time also differed markedly
between groups: it was longer in the endoscopic group (30.75 +
8.11 min) than the conventional group (15.64 + 5.03 min; p < 0.001).
No perioperative complications were observed in the endoscopic
group, whereas one patient (1.4%) in the conventional group
experienced bleeding. This difference was not statistically significant
(p =0.490). Similarly, no recurrence was detected in the endoscopic
group, whereas recurrence occurred in two patients (2.9%) in the
conventional group at the 1-year follow-up; this difference was not
statistically significant (p = 0.238).

DISCUSSION

In this retrospective study, we compared the two most commonly
used techniques—conventional adenoidectomy and endoscopic
adenoidectomy—in terms of operative time, complications,
postoperative pain, and symptom recurrence. Our findings indicate
that endoscopic adenoidectomy significantly prolongs operative
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time and is associated with slightly higher postoperative pain,
whereas complication and recurrence rates are comparable to those
observed with the conventional technique.

Operative Time

According to our findings, operative time was significantly longer
in the endoscopic group (mean, 30.75 + 8.11 minutes) than in
the conventional group (mean, 15.64 + 5.03 minutes) (p < 0.001).
Previous studies have reported variable results regarding operative
time in endoscopic adenoidectomy. In the 2023 systematic review
and meta-analysis by Malas et al. (6), no significant difference in
operative time was reported between conventional curettage and
other surgical techniques; however, our results are consistent with
those reported by Beemrote et al. (5), Manhas et al. (7), and the
systematic review by Saibene et al. (8), indicating longer operative
times with the endoscopic approach. This increase in operative time
may be explained by the time required for endoscopic equipment
setup, detailed visualisation of the nasopharynx, and meticulous,
piecemeal resection in relatively difficult-to-access areas such as the
torus tubarius and the nasopharyngeal roof. In addition, achieving
haemostasis under direct visualisation may prolong the procedure.
Given the aim of achieving more complete excision and minimising
residual tissue, the longer operative time associated with the
endoscopic technique may be considered acceptable.

Residual Adenoid Tissue and Recurrence

The primary goal of adenoidectomy is complete removal of adenoid
tissue to minimise the risk of symptom recurrence. Conventional

Table 1. Comparison of demographic and clinical variables between
endoscopic and conventional adenoidectomy groups

Parameter Endoscopic Conventional p-value
adenoidectomy adenoidectomy
(n=73) (n=70)
Gender?, n (%) 0.598
Male 46 (63) 46 (65.7)
Female 27 (37) 24 (34.3)
Age (months)® 0.115
Mean = SD 85.07 £21.88 90.30 £ 22.88
Median (min—-max) 78 (60-142) 84 (60-156)
Pain VAS score® 0.033*
Mean = SD 484+1.31 434+1.34
Median (min—max) 5 (2-8) 4(1-7)
Operative time (min)® <0.001*
Mean = SD 30.75+8.11 15.64 +5.03
Median (min—-max) 30 (15-55) 15 (10-30)
Adenoid grade® 3.75+0.43 3.86 £ 0.35 0.120
Mean = SD 4 (3-4) 4(3-4)
Median (min—max)
Complication®, n (%) - 1(1.4) 0.490
Recurrence, n (%) - 2(2.9) 0.238

3Pearson chi-square test, PMann—Whitney U test, Fisher’s exact test,
*p<0.05

SD: Standard deviation, min: Minimum, max: Maximum, VAS: Visual
analogue scale
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curettage is often regarded as an “blind” procedure because
surgical exposure is limited. In addition, after curettage, residual
tissue is typically assessed by digital palpation, and the procedure
is terminated once the surgeon is satisfied. These factors may
contribute to residual adenoid tissue and subsequent symptom
recurrence (9,10). Postoperative adenoid regrowth has been
reported in up to 31.3% of cases, particularly in children younger
than 5 years (11). Residual tissue has also been reported more
frequently in the choanal and tubal regions, which are relatively
difficult to address with the conventional technique (9,12,13)

In our study, no recurrence attributable to residual tissue was
observed in the endoscopic group, whereas recurrence occurred
in two patients (2.9%) in the conventional group. While this finding
supports the potential advantage of the endoscopic approach in
reducing residual tissue, the lack of statistical significance may be
related to the relatively small sample size and a limited one-year
follow-up period. Consistent with this interpretation, the literature
generally emphasises the superiority of endoscopic techniques over
conventional curettage with respect to residual adenoid tissue. In a
systematic review and meta-analysis, Malas et al. (6) reported that the
likelihood of residual adenoid tissue was 97% lower in patients treated
with alternative techniques (including endoscopic methods) than in
those treated with conventional curettage. Similarly, Songu et al. (14),
using adenoid/nasopharyngeal measurements derived from temporal
bone CT, reported that the endoscopic technique was more effective
than curettage in reducing postoperative adenoid size. Another
study found 23.3% of patients in the curettage group, whereas no
residual adenoid tissue was observed in the endoscopic group (7).
Overall, removal under direct endoscopic visualisation facilitates more
complete excision and may reduce the likelihood of residual tissue.

Complications

With regard to perioperative complications, none were observed
in the endoscopic adenoidectomy group, whereas one patient
(1.4%) in the conventional adenoidectomy group developed early
postoperative bleeding within the first 24 hours. Overall, there was
no statistically significant difference between groups in terms of
postoperative complications. Although uncommon, adenoidectomy
may be associated with complications such as infection, bleeding,
pain, dehydration, and velopharyngeal insufficiency, with bleeding
generally considered the most concerning event. In a large
multicentre study reviewing 10 years of data, the most frequently
reported complications within the first month were pain (3.1%),
postoperative bleeding (2.3%), dehydration (2.1%), infection
(0.26%), and acute respiratory complications (0.21%) (15).

The available literature suggests broadly similar complication profiles
across adenoidectomy techniques. In a comparative study by Wadia
and Dabholkar (16), no significant differences were found between
endoscopic adenoidectomy and conventional adenoidectomy with
respect to postoperative pain or bleeding. Likewise, Malas et al.(6),
in a systematic review and meta-analysis comparing conventional
curettage with other techniques, reported no significant differences
in postoperative bleeding or in overall complication rates.

Findings regarding blood loss vary across studies. Manhas et al. (7)
reported a higher mean blood loss in the endoscopic group (29.15
mL) than in the conventional adenoidectomy group (15.2 mL); this

difference was statistically significant. Juneja et al. (17) reported
a similar trend, although it did not reach statistical significance.
In contrast, Kumar et al. (18) found higher rates of intraoperative
and early postoperative primary bleeding using the conventional
technique. In a meta-analysis, Yang et al. (19) reported greater
blood loss with conventional curettage compared with endoscopic-
assisted adenoidectomy, attributing this to the advantages of direct
visualisation and more effective control of bleeding sources with
endoscopic techniques. In the present study, no significant between-
group difference in postoperative infection was observed. Consistent
with findings from large-scale studies, overall complication rates
after adenoidectomy appear to be low and serious complications are
rare; this supports the view that isolated adenoidectomy is generally
associated with low morbidity (20,21).

Postoperative Pain

In our cohort, postoperative pain assessed by VAS was significantly
higher in the endoscopic group (4.84 + 1.31) than in the conventional
group (4.34 + 1.34) (p = 0.033). The higher pain scores observed
after endoscopic adenoidectomy may be related to the need for
targeted cauterisation of residual adenoid tissue and bleeding
foci performed under direct endoscopic visualisation. Previous
reports on postoperative pain following endoscopic techniques
are heterogeneous. Juneja et al. (17) reported significantly lower
pain scores in the endoscopic group. In another study comparing
standard and microdebrider adenoidectomy, postoperative pain was
lower in the microdebrider group, although the difference between
techniques was not statistically significant (22). Conversely, in a
randomised controlled trial comparing cold dissection and coblation
techniques for adenotonsillectomy, Shapiro and Bhattacharyya (23)
found no significant difference in daily postoperative pain scores
between the groups. These discrepancies may reflect differences
in pain assessment methods and the influence of concomitant
procedures, such as tonsillectomy.

A primary strength of this study is that both techniques were
evaluated by a single surgeon, enabling a consistent comparison
between the two approaches. The main limitations include the
retrospective design, the relatively small sample size, and the follow-
up period limited to one year. Larger prospective studies with longer
follow-up, ideally including randomised comparisons, are needed to
better define long-term outcomes associated with each technique.

CONCLUSION

Endoscopic adenoidectomy allows direct visualisation of the surgical
field, enabling more controlled resection and prompt management
of bleeding. However, longer operative time, the need for additional
equipment, and higher cost are important disadvantages. In our
study, no significant differences were observed between endoscopic
and conventional adenoidectomy in terms of clinical outcomes
and postoperative complications. Therefore, the selection of the
adenoidectomy technique should consider the surgeon’s experience,
available technical resources, and operative conditions.

Ethics
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ABSTRACT

This case illustrates the rare incidence of arteriovenous malformations
(AVMs) of the head and neck in an adult male, possibly caused by
the preceding trauma. A 30-year-old male with a chief complaint of
headache worsened over the past day a sudden expansion of swelling
over the back of the neck. The swelling was preceded by trauma to
the neck two years ago. The contrast-enhanced computed tomography
scan and computed tomography angiography of the head and neck
concluded right neck AVM with aneurysms and contained hematoma.
He was suggested for digital subtraction angiography and embolisation.
Preceding trauma over the region was believed to have caused the
neck swelling, and the ruptured aneurysm presented with a sudden
onset of severe pain. It may progress to devastating complications if it
is not treated in a timely manner.

Keywords: Arteriovenous malformations, trauma, head and neck

INTRODUCTION

Arteriovenous malformation (AVM) is a vascular malformation with
direct communications of feeding arteries and draining veins without
intervening normal capillaries. AVM is usually congenital, but
trauma is also a frequent cause. AVM of the head and neck is a rare
vascular anomaly, and extracranial AVM is particularly aggressive in
a localised manner, which progresses to an expansive mass. AVM
would further progress to complications such as pain, ulceration,
severe disfigurement, rupture, and cardiac volume overload.

Oz

Bu olgu, vyetiskin bir erkekte bas ve boyun arteriovenoz
malformasyonlarinin ~ (AVM) nadir  gorilen  bir insidansini
gostermektedir; bu durum muhtemelen 6nceki travmadan
kaynaklanmaktadir. Bas agrisi sikdyeti olan 30 yasinda bir erkek
hastanin, son bir glinde boynunun arkasinda aniden buylyen sislik
kotllesti. Sislik, iki yil 6nce boyun travmasindan 6nce olusmustur.
Kontrastl bilgisayarli tomografi taramasi ve bas ve boyun bilgisayarli
tomografi anjiyografisi, sag boyun AVM’sinin anevrizmal oldugu ve
hematom igerdigi sonucuna varmistir. Hastaya dijital subtraksiyon
anjiyografisi ve embolizasyon onerilmistir. Boyun sismesine, bolgedeki
onceki travmanin neden oldugu diislinilmis ve yirtilmis anevrizma,
ani baslayan siddetli bir agri ile ortaya ¢ikmistir. Zamaninda tedavi
edilmezse yikici komplikasyonlara ilerleyebilir.

Anahtar Sozciikler: Arteriovenéz malformasyonlar, travma, bas ve
boyun

CASE REPORT

A 30-year-old male presented with a chief complaint of a headache
which worsened over the past day. He also complained of swelling
over the back of the neck (Figure 1) for the past two years, which has
remained the size of an apple but suddenly enlarged significantly
over the course of a day. The swelling was preceded by trauma to
the neck two years ago. He described the mechanism of the fall as
a direct hit to his neck while he was in a supine position. However,
over the past day, he noted a sudden enlargement of the mass,
which was not provoked by any repeating or new trauma. Clinically,
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the patient was in pain and distress. His blood pressure (BP) upon
arrival was 178/109 mmHg, with a pulse rate of 98 beats/min. He
was not hypoxic. There was swelling over the right posterior region
of the neck that expanded to the occipital region and crossed the
midline, measuring 13 x 15 cm with a smooth surface. The mass was
non-mobile, firm on palpation, and pulsating. There were bruits. No
neurological deficit was noted on his physical examination. Bedside
ultrasound revealed a heterogeneous mass with turbulent blood
flow. The contrast-enhanced computed tomography scan (Figure 2)
and computed tomography angiography (CTA) (Figure 3) of the head
and neck showed a large right posterior cervical lesion measuring

Figure 1. The mass arises from the posterior neck and extends to the
occipital region.

Figure 2. CECT shows right neck AVM with aneurysm containing hematoma.

CECT: Contrast-enhanced computed tomography, AVM: Arteriovenous malformation.

106

10x 9 x 11 cm (AP x W x CC)—revealing the presence of mass effect
on the adjacent right parotid gland, right carotid, and perivertebral
space. Multiple nidi with a dilated feeding artery are seen arising
from the right external carotid artery and, to a lesser extent, from the
right vertebral artery and the occipital branches of the left external
carotid artery. Three aneurysms were seen within, with the largest
measuring 4.6 x 8.2 cm, and contained hematoma was noted, along
with bony erosion of the right occipital, petrous, and mastoid part
of the right temporal bone. The scan concluded he had a right neck
AVM with aneurysms and containing hematoma. He was suggested
for digital subtraction angiography and embolisation. However, the
patient was not agreeable to treatment.

DISCUSSION

Abnormal connections between arteries and veins form an AVM.
The prevalence of AVYM is 1 in 100,000 people (1). Most AVMs are
congenital. However, up to 20% present with a history of trauma (2).
AVMs are commonly located in the central nervous system.
Extracranial AVMsarerareand mainlylocatedinthe headand neck(3).
The most common cause of arteriovenous communications between
cervical region blood vessels is trauma, as seen in this patient (4).

Most of the AVMs are asymptomatic, and only 12% of them are
symptomatic (5). AVMs might become more symptomatic over the
years (6).

The International Society for the Study of Vascular Anomalies has
divided vascular malformations into high-flow and low-flow lesions.
High-flow lesions are defined as an abnormal connection between
artery and vein without an intervening capillary bed, whereas
low-flow lesions consist of a dilated vein and lymphatic vessels
(7-9). Sudden enlargement of AVMs may happen in response to
trauma, extremely high BP or hormonal changes during puberty, or
pregnancy (7,8). The patient had developed an AVM after a fall, and
the AVM rapidly increased in size for a day without sustaining any
new trauma. His BP was noted to be high upon arrival. Therefore,
we suspected, the aneurysm rupture was mainly precipitated by the
high BP.

The natural course of AVM can be divided into four stages (I-1V)
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Figure 3. Shows CT angiography with the 3D reconstruction of the right
neck AVM.

CT: Computed tomography, AVM: Arteriovenous malformation, 3D: Three-
dimensional.

based on the Schobinger system, which includes quiescence,
expansion, destruction, and decompensation (10). The four stages
of AVM progression are well demonstrated in this patient based on
his history and clinical findings.

Clinical examination can suggest the diagnosis of AVMs, but vascular
imaging is necessary to confirm the clinical diagnosis. Magnetic
resonance imaging is the imaging modality for diagnosing AVMs. It
helps visualise the central nidus and feeder arteries, thereby aiding
in planning the management of malformations (11). The patient
underwent CTA, which showed multiple dilated feeding arteries
from the right external carotid artery to a lesser extent, from the
right vertebral and occipital branches of the left external carotid
artery. Three aneurysms were seen with hematoma—bony erosion
of the right occipital, and the petrous and mastoid parts of the
right temporal bone. Most of the time, the high-flow lesion showed
destructive skeletal changes, and changes in bone density were
found in his CTA (7).

The treatment options for AVM are affected by specific flow
characteristics. High-flow lesions are often treated with complete
embolisation, excision, or a mixture of both (9).

On the other hand, untreated AVM lesions, as illustrated in this case,
may cause devastating complications and significant morbidity due
to rapid expansile growth. The mortality rate can be up to 15% (5).

Preceding trauma over the region was believed to have caused the
neck swelling, and the ruptured aneurysm was presented as a sudden
onset of severe pain. It may progress to devastating complications if
it is not treated in time.

CONCLUSION

The case illustrates the rare occurrence of AVM of the head and neck
in an adult male, possibly caused by the preceding trauma.
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ABSTRACT

Cutaneous mucormycosis is a rare, invasive fungal infection with
high morbidity and mortality, particularly in immunocompromised
individuals. This report presents the case of a 30-year-old male with
acute myeloid leukemia who developed cutaneous mucormycosis,
manifesting as necrotic nodules on the arms and a hemorrhagic
papule on the tongue. Despite negative fungal culture results,
histopathological examination revealed broad, non-septated hyphae,
confirming the diagnosis. The patient was treated with intravenous
ampbhotericin B. This case underscores the critical need for early clinical
suspicion, prompt histopathological evaluation, and timely initiation of
empirical antifungal therapy to improve patient outcomes in high-risk
populations.

Keywords: Mucormycosis, skin diseases, fungal, immunosuppression,
leukemia, myeloid, acute, antifungal agents, amphotericin B,
histopathological diagnosis

INTRODUCTION

Cutaneous mucormycosis is an opportunistic deep fungal
infection with diverse clinical presentations, particularly affecting
immunosuppressed and diabetic patients (1). It is an invasive fungal
infection caused by fungi within the phylum Glomeromycota, the
subphylum mucormycotina (2). Organisms of the order Mucorales
are ubiquitous in nature and are commonly found in soil, decaying
vegetation, and animal excreta (3). Cutaneous mucormycosis is

6z

Kutan6z mukormikoz, ozellikle immiinsiiprese bireylerde yuksek
morbidite ve mortaliteyle seyreden nadir gorilen invaziv bir mantar
enfeksiyonudur. Bu olgu sunumunda, akut miyeloid [6semi tanili
30 yasinda bir erkek hastada kollarda nekrotik nodiller ve dilde
hemorajik bir papll seklinde kendini gésteren kutan6z mukormikoz
vakasi sunulmaktadir. Mantar kiltiri negatif sonuglanmasina ragmen
histopatolojik inceleme genis, septasiz hiflerin varligini ortaya koymus
ve tani dogrulanmistir. Hasta intravendz amfoterisin B ile tedavi
edilmistir. Bu olgu, yuksek riskli populasyonlarda erken klinik stiphe,
hizli histopatolojik degerlendirme ve ampirik antifungal tedavinin
zamaninda baslatiimasinin  hasta sonuglarini iyilestirmede kritik
onemini vurgulamaktadir.

Anahtar  Sozciikler: Mukormikoz, deri hastaliklari,  fungal,
immunsupresyon, akut miyeloid I6semi, antifungal ajanlar, amfoterisin
B, histopatolojik tani

rare and typically results from direct inoculation into traumatized
skin (4). Beyond cutaneous involvement, mucormycosis frequently
manifests in rhinocerebral and pulmonary forms and less commonly
in gastrointestinal, disseminated, and miscellaneous forms (1). Given
its invasive and potentially life-threatening nature, timely diagnosis
and multidisciplinary management are crticial for improving patient
survival. This report describes a rare case of cutaneous mucormycosis
in a patient with hematological malignancy, highlighting diagnostic
challenges and histopathological findings.
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CASE REPORT

A 30-year-old male patient, admitted to the hematology clinic
for neutropenic fever, was referred to our department because
of mucosal and cutaneous lesions. Dermatological examination
revealed a black hemorrhagic papule on the tongue and two
erythematous-purple, indurated nodules on both arms, one of
which was necrotic (Figure 1).

His medical history included acute myeloid leukemia diagnosed
2 years earlier, followed by allogeneic stem cell transplantation
and, 1 year later, the development of cutaneous graft-versus-host
disease. The patient, who was neutropenic and immunosuppressed,
had received multiple chemotherapy regimens over the past two
years. Given his medical background, a fungal culture of the necrotic
lesion on his arm was performed, and a biopsy was obtained for
histopathological examination. The fungal culture was reported
negative.

During the same period, high-resolution computed tomography

revealed new pulmonary nodular infiltrates. Because of the
suspicion of fungal infection, empiric treatment with amphotericin

B was initiated. Histopathological examination of the punch biopsy
from the patient’s arm demonstrated a predominantly neutrophilic
infiltrate in the reticular dermis, without epidermal involvement.
Hematoxylin and eosin (H&E) staining revealed hyphae-like

structures within the dermis (Figure 2). Subsequently, gomori
methenamine silver staining confirmed the presence of widespread,
non-septate hyphae predominantly in the dermis (Figure 3). Based
on these findings, cutaneous mucormycosis was diagnosed.

DISCUSSION

The clinical manifestations of cutaneous mucormycosis are non-
specific, making rapid identification of the fungus crucial for the
timely initiation of antifungal therapy (1). The most commonly
affected skin areas, as observed in our patient, are the arms and
legs (3). Cutaneous mucormycosis is frequently associated with skin
trauma, and in this case, it was linked to an intravenous catheter.

Diagnosis is generally established through potassium hydroxide
examination, fungal culture, and histopathological evaluation. Since
fungal cultures may yield no growth, the characteristic morphology
of Mucorales in histopathology specimens serves as a key diagnostic
indicator. Although fungal cultures are positive in approximately 50%
of cases, recent studies report an increased positivity rate in skin
lesions, ranging from 72% to 89% (1,5).

Histopathological findings typically include edema, thrombosis,
infarction, necrosis, and a predominantly polymorphonuclear
inflammatory infiltrate. The characteristic thick, hyaline, non-septate
hyphae are visible on H&E-stained sections but are more distinctly
identified with special fungal stains.

Figure 2. Skin biopsy, haematoxylin-eosin stain, (a) preserved epidermal integrity with predominantly neutrophilic infiltrates in reticular dermis. (x 10
original magnification), (b) hyphae-like structures in the dermis (x 20 original magnification).
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Figure 3. Skin biopsy, Gomori Methenamine-Silver stain, (a) widespread hyphae in reticular dermis (x 10 original magnification), (b, c) thick, hyaline, non-

septated hyphae predominantly in dermis (x 40 original magnification).

Differential diagnoses should exclude other infectious etiologies,
such as aspergillosis and gangrenous bacterial infections. Non-
infectious differentials include drug reactions, neoplastic conditions,
and infiltrative disorders (6). In our patient, the differential diagnosis
included aspergillosis, leukemia cutis, ecthyma, leishmaniasis,
Sweet syndrome, and keratoacanthoma, all of which were out
through histopathological examination. Management of cutaneous
mucormycosis involves systemic antifungal therapy and surgical
debridement. Intravenous amphotericin B remains the first-line
treatment, administered at a standard dose of 5 mg/kg/day, a dose
that can be increased to 10 mg/kg/day as needed. Additionally,
newer azoles such as posaconazole and isavuconazole serve as step-
down or salvage therapies (7).

CONCLUSION

This case highlights the need for heightened clinical vigilance
in the evaluation of immunosuppressed patients presenting
with erythematous, necrotic nodules, as early recognition of
opportunistic fungal infections is crucial for improving outcomes.
Given the high morbidity and mortality associated with cutaneous
mucormycosis, timely biopsy and histopathological evaluation are
essential for definitive diagnosis. Empirical antifungal therapy should
be promptly initiated in suspected cases, as delayed treatment
significantly worsens prognosis. Increased awareness, coupled with
a multidisciplinary approach, can lead to earlier diagnosis, more
effective management, and improved survival rates in high-risk
patients.
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Jeneralize Lenfadenopati ve Hematolojik Anormalliklerle Seyreden Nazofarengeal Karsinomun
Lenfomay Taklit Etmesi: Atipik Sunumlar ve Prognostik Onemi Olan Bir Olgu Serisi

® V Sha Kri Eh Dam
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ABSTRACT

Nasopharyngeal carcinoma (NPC) is a unique type of head and
neck squamous cell carcinoma, characterized by distinct etiology,
epidemiology, and biological characteristics. Neck swelling is the most
common presenting symptom, but generalized lymphadenopathy
involving other parts of the body is rarely reported. Severe anemia,
leukocytosis, and thrombocytopenia are rare but may occur at an
advanced stage. The combination of these atypical presentations
leads to the more common diagnosis of lymphoma instead of NPC.
In addition, the hematological derangements are indicators of a poor
prognosis. The clinician should be aware of these atypical presentations
to avoid delays in management and worsening of overall survival.

Keywords: Nasopharyngeal carcinoma, generalized lymphadenopathy,
severe anemia, leukocytosis, thrombocytopenia

0z

Nazofarengeal karsinom (NFK), kendine 6zgi etiyoloji, epidemiyoloji
ve biyolojik o6zelliklerle karakterize, benzersiz bir bas ve boyun
skuamoz hicreli karsinom tiridir. Boyunda sislik en sik gorilen
basvuru belirtisidir; ancak viicudun diger bolgelerini iceren jeneralize
lenfadenopati nadiren bildirilmistir.  Siddetli anemi, lokositoz
ve trombositopeni de nadir olmakla birlikte ileri evrede ortaya
¢ikabilir. Bu atipik klinik bulgularin bir arada gorilmesi, NFK yerine
daha sik gorilen bir hastalik olan lenfoma tanisinin konulmasina
yol agabilmektedir. Ayrica, hematolojik bozukluklar kot prognoz
gostergeleridir.  Klinisyenlerin, tedavide gecikmelerin ve genel
sagkalimin kotllesmesinin 6nlenmesi icin bu atipik bulgularin farkinda
olmasi gerekmektedir.

Anahtar Sozciikler: Nazofarengeal karsinom, jeneralize lenfadenopati,
siddetli anemi, I6kositoz, trombositopeni
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a distinct subtype of head
and neck squamous cell carcinoma arising in the nasopharynx. It
has distinct etiology, epidemiology, and biological characteristics
(1). The World Health Organization has classified it into three
histopathological types, namely keratinizing, non-keratinizing, and
basaloid squamous cell carcinoma (2). It is a rare tumor globally,
accounting for only 0.7% of all cancers diagnosed in 2018, but is
relatively common in Asia, as 85% of all cases are from this region,
especially in East and Southeast Asia (1,3,4).

Neck swelling is the most common presenting symptom, affecting
up to 80% of patients (5,6). In contrast, generalized involvement of
the lymph node (LN) in other parts of the body, such as the axilla,
inguinal region, mediastinum, and abdomen, is rarely reported. The
majority of patients with NPC have normal hematological profiles;
however, abnormalities may be observed in patients with advanced-
stage disease (7). In addition to the extent of the disease, as defined
by the tumor node metastasis staging system, anemia, leukocytosis,
thrombocytosis, and thrombocytopenia are found to be additional
prognostic indicators of an unfavorable prognosis (7).

The combination of generalized Ilymphadenopathy, severe
anemia, leukocytosis, and thrombocytopenia has led to the more
common diagnosis of lymphoma rather than NPC. These atypical
presentations of NPC may delay diagnosis and treatment and lead
to poor overall survival. We present a case series of advanced NPC
(stage 4B) presenting with generalized LN enlargement, severe
anemia, leukocytosis, and thrombocytopenia, without an obvious
mass in the nasopharynx, masquerading as lymphoma at initial
presentation, with 100% mortality within 4 months of diagnosis.

CASE REPORTS

Case 1

A 44-year-old male without underlying medical illness presented
with painless bilateral neck swellings for 6 months and bilateral
axillary and inguinal swellings for 2 months. It was associated with

loss of appetite, weight loss, intermittent fever, and lethargy. He
has had lower back pain for the past month, which has limited his
ability to work and perform daily activities. There were no nasal or
otological symptoms. A full blood picture obtained at another center
showed normochromic, normocytic anemia (hemoglobin: 6.7 g/dL),
leukocytosis with neutrophilia (white blood cell count: 30.4 x 10°/L,
absolute neutrophil count: 22.1 x 10°/L), and thrombocytopenia
(platelet count: 92 x 10°/L). In view of the presentations that were
more suggestive of lymphoma, with generalized lymphadenopathy
and the presence of B symptoms, computed tomography (CT)
scans of the neck, thorax, abdomen, and pelvis were performed for
staging. The CT scan showed no enhancing lesion in the nasopharynx,
oropharynx, or laryngopharynx (Figure 1A). There were multiple
enlarged LNs in the cervical, mediastinal, and abdominal regions
(Figures 1B, 1C and 1D). Hepatomegaly with multiple ill-defined
hypodense lesions was present, and lytic lesions were present in the
lumbar spine. He was admitted to the hematology ward and referred
to the otorhinolaryngology (ORL) team for an excisional biopsy to
obtain a definitive tissue diagnosis. Upon examination, multiple
enlarged LNs were present bilaterally in the neck (Figure 2A) and
in the axillary and inguinal regions, and hepatomegaly was noted.
No obvious mass at nasopharynx or Fossa of Rosenmdller (FOR)
on naso-endoscopy examination (Figure 2B). Other head and neck
examinations were unremarkable. An excisional biopsy of the left level
V cervical LN was performed. Histopathology examination (HPE) and
immunohistochemistry (IHC) studies showed metastatic squamous
cell carcinoma but unable to determine the primary site of origin.
Bone marrow trephine biopsy also demonstrated metastasis from
the primary tumor to the marrow. Pan-endoscopy, esophagoscopy,
and biopsy were performed due to the unavailability of magnetic
resonance imaging (MRI) or positron emission tomography scans
at our center. A biopsy of the left FOR confirmed non-keratinizing
NPC. The patient was planned to receive palliative chemotherapy
for advanced disease (stage IVB) but had a poor Eastern Cooperative
Oncology Group (ECOG) performance status and died 3 months after
diagnosis from hospital-acquired pneumonia.

Figure 1. Contrast-enhanced CT scan of neck, thorax, and abdomen. Axial image at the level of the nasopharynx shows no enhancing lesion in the
nasopharynx or the FOR (red arrow) (A). Coronal image of the neck shows bilateral cervical nodes at levels Il Ill, and IV (green arrow; B). An axial thoracic
image depicts the right paratracheal LN (yellow arrowhead) and para-aortic LN (yellow arrow) (C). An Axial image of the abdomen shows para-aortic LN

enlargement (blue arrow) (D).

CT: Computed tomography, LN: Lymph node, FOR: Fossa of Rosenmdiller
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Case 2

A 40-year-old man with no underlying medical iliness presented
with a 3-month history of painless bilateral neck swellings and a
1-month history of bilateral axillary and inguinal swellings. It was
associated with symptoms of anemia, loss of appetite and weight
loss, intermittent fever, and night sweats for one month. There was
no nasal or otological symptoms. The full blood picture showed
hypochromic, microcytic anemia (hemoglobin 6.2 g/dL), leukocytosis
with neutrophilia (white blood cell count of 55.9 x 10°/L, absolute
neutrophil count of 52.1 x 10°/L), and thrombocytopenia (platelet
count of 90 x 10°/L). The patient was admitted to the hematology
ward with an impression of lymphoma and was referred to the ORL
team for an excisional biopsy. Upon examination, there were multiple
enlarged LN bilaterally in the neck (Figure 3A), axillae, and inguinal
regions. The right torus tubarius was bulky compared with the left
side; however, no obvious mass was identified in the nasopharynx or
FOR on naso-endoscopy (Figure 3B). Other head neck examinations
were unremarkable. Excision biopsy of the left level V cervical LN

was performed. HPE and IHC studies showed metastatic squamous
cell carcinoma. CT scans of the brain, neck, thorax, abdomen, and
pelvis were performed to identify the primary tumor. The CT scan
showed mild thickening of the right torus tubarius compared with
the left side, effacement of the right FOR, and no enhancing lesion
(Figure 4A). Multiple enlarged LN were present in the cervical,
axillary, mediastinal, abdominal, and inguinal regions (Figures 4B,
4C, 4D, 4E). In addition, there were multiple hypodense lesions in
the liver and widespread lytic lesions in the pelvis, bilateral femora,
spine, sternum, ribs, and bilateral humeri. A biopsy taken from the
right FOR confirmed non-keratinizing NPC. Palliative chemotherapy
was planned, but he developed sepsis secondary to pneumonia and
died before initiation of chemotherapy.

Case 3

A 55-year-old woman, with no underlying medical illness, presented
with painless left-sided neck swellings of 4 months’ duration and
bilateral axillary and inguinal swellings of 1 month’s duration. It was

Figure 2. Multiple enlarged lymph node at left level 11, Ill, and IV (A). No obvious mass in the nasopharynx (yellow star) or the Fossa of Rosenmdiller (yellow

arrow, left; yellow arrowhead, right) on naso-endoscopic examination (B).
LN: Lymph node

Figure 3. Huge right neck swelling with inflamed overlying skin (A). The right torus tubarius (red star) is bulky compared with the left side; however, no
obvious mass is identified in the nasopharynx (yellow star) or the Fossa of Rosenmiller (yellow arrow, right; yellow arrowhead, left) on naso-endoscopic

examination (B).
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associated for 1 month with abdominal distension, shortness of
breath, loss of appetite and weight loss, intermittent fever, and night
sweats. There was no nasal or otological symptoms. The full blood
picture revealed hypochromic microcytic anemia (hemoglobin 6.4
g/dL), leukocytosis with neutrophilia (white blood cell count 34.2 x
10°/L, absolute neutrophil count 26 x 10°/L), and thrombocytopenia
(platelet count 87 x 10°/L). The patient was admitted to the
hematology ward with an impression of lymphoma, and CT scans
of the neck, thorax, abdomen, and pelvis were performed. The
CT scan demonstrated mild thickening of the left torus tubarius,
compared with the right side, and effacement of the left FOR, with
no enhancing lesion seen (Figure 5A). There were multiple enlarged
LN in the cervical, axillary, mediastinal, abdominal, and pelvic
regions (Figures 5B, 5C and 5D), as well as hepatosplenomegaly
and a right lung nodule. The subsequent patient was referred
to the ORL team for an excision biopsy. Upon examination, the
patient was febrile, tachypneic, with multiple enlarged LNs in the
neck bilaterally (Figure 6A), axillae, and inguinal regions. There was
prominence of the left torus tubarius compared with the right side;
however, no obvious mass was identified in the nasopharynx or
the FOR regions on naso-endoscopy (Figure 6B). Other head neck
examinations were unremarkable. The abdomen was distended,
and hepatosplenomegaly was present. A tru-cut biopsy of the left
cervical LN was performed. HPE and IHC studies showed metastatic
squamous cell carcinoma. A biopsy from the left FOR confirmed non-
keratinizing NPC. The patient was not fit for palliative chemotherapy;
subsequently, her condition deteriorated, and the patient died
during the same admission.

- 4
. nu..\,

DISCUSSION

NPC is a rare malignant lesion in Western countries but is highly
prevalent in Asia (1,3,4). East and Southeast Asia are classified as
endemic areas for NPC, with 70% of new cases reported in 2018
originating from these areas, and NPC was listed as the eighth leading
cause of cancer deaths in Southeast Asia (3,4). Middle-aged men with
a positive family history and a history of Epstein—Barr virus (EBV)
infection, smoking, and consumption of preserved food or salted fish
are the group most frequently affected in endemic areas (1,4,5).

The most common presenting symptom is neck swelling, followed
by nasal and ear symptoms (1,5,6). Level Il cervical LN is the most
common site followed by level Ill, V and IV, while level I, VI and
supraclavicular regions are rarely involved (8). Based on the literature
and to the best of our knowledge, generalized LN involvement
is more suggestive of lymphoproliferative or hematological
malignancies, such as lymphoma, and is extremely rarely associated
with NPC. The association between generalized lymphadenopathy
and the prognosis of NPC has not been described in the literature.
In this case series, all patients had distant metastases and were thus
stage IVB; we believed that generalized lymphadenopathy could be
a poor prognostic indicator.

Pre-treatment hemoglobin, white blood cell, and platelet levels have
been investigated in solid tumors, including NPC, and have shown
prognostic significance (7,9). A study conducted in China with a total
of 658 patients showed that 3.3%, 9.1%, and 2.7% of patients had
anemia, leukocytosis, and thrombocytosis, respectively (9). Another
study in Indonesia with a smaller sample size (48 patients) showed

Figure 4. Contrast-enhanced CT scan of neck, thorax, abdomen, and pelvis. An axial image at the level of the nasopharynx shows mild thickening of the
right torus tubarius compared with the left side and effacement of the right FOR (red arrow), with no enhancing lesion seen (A). A coronal image of the
neck shows bilateral cervical nodes at levels Il, lIl, IV, and V (green arrow; B). A coronal image of the abdominal region shows multiple enlarged para-aortic
LNs (blue arrow; C). A coronal image of the thorax shows multiple enlarged axillary LNs (yellow arrow) (D). The axial image of the pelvis (E) depicts bilateral

inguinal LN enlargement (orange arrowhead).
CT: Computed tomography, LN: Lymph node, FOR: Fossa of Rosenmdiller
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Figure 5. Contrast-enhanced CT scan of neck, thorax, abdomen and pelvis.
Axial image at the level of the nasopharynx shows mild thickening of the
left torus tubarius compared with the right side, with effacement of the
left FOR (red arrow), without any enhancing lesion seen (A). Coronal image
of the neck shows bilateral cervical nodes at levels I, lll, IV and V (green
arrow) (B). Coronal image of the abdomen and pelvis shows multiple
enlarged LNs surrounding the right common and external iliac vessels
(blue arrow; C). An axial image of the thorax shows multiple enlarged
left axillary and paratracheal LNs (yellow arrow and yellow arrowhead,
respectively) (D).

CT: Computed tomography, LN: Lymph node, FOR: Fossa of Rosenmiiller

a higher percentage of patients with anemia, leukocytosis, and
thrombocytosis: 52.1%, 29.2%, and 43.8%, respectively (7). These
discrepancies could be due to many factors, such as the sample sizes
of the studies, the stages of the disease at presentation, and the
cutoff values used. Thrombocytopenia is rarely investigated and is
less frequently associated with NPC compared with thrombocytosis.
Chen et al. (10) reported that 10.1% and 15.8% of NPC patients
had thrombocytopenia and thrombocytosis, respectively. Another
study by Susilawati et al. (7) showed that 6.2% of NPC patients had
thrombocytopenia, while 43.8% of patients had thrombocytosis.
Anemia, leukocytosis, and thrombocytosis are well-established poor
prognostic factors for NPC (7,9,11,12). Although a small number of
studies investigated thrombocytopenia, they consistently showed an
unfavorable prognosis in this patient category (7,10).

According to the United States National Cancer Institute (7), severe
and extremely severe anemia are defined as hemoglobin levels
of 6.5-7.9 g/dL and <6.5 g/dL, respectively. In this case series,
one patient presented with severe anemia and two patients with
extremely severe anemia. The causes of anemia in NPC patients
are complex and multifactorial. It could be due to poor oral intake
and nutrition in cancer patients, reduced hemoglobin production
or hemolysis, and bleeding from the tumor. Tumor cells secrete the
hormones serotonin and bombesin, which result in poor appetite,
leading to poor nutrition (7). The tumor cells may also induce
cytokine production, which can suppress erythropoiesis and the
response of erythroid progenitor cells to erythropoietin and can
cause hemolysis (9). An enlarging tumor is prone to bleeding due to
the formation of neovessels that lack smooth muscle and contractile
properties. Tumor hypoxia secondary to severe anemia may activate
hypoxia-inducible factor-1, thereby promoting tumor metastasis (9).

Leukocytosis is often associated with neutrophilia, as observed
in the present cases, and both indicate a poor prognosis in NPC
patients (11,13). Leukocytosis and neutrophilia are defined as
leukocyte count more than 10 x 10°/L and 8 x 10°/L respectively
in most of the studies (11). The underlying inflammation, immune
response, and cytokine release within the tumor microenvironment
stimulate leukocyte and neutrophil proliferation (9,13). This chronic
inflammatory process in malignancy is of paramount importance

Figure 6. Huge left neck swelling with matted cervical LN (A). The left torus tubarius (red star) was prominent compared with the right side; however, no

obvious mass was identified in the nasopharynx (yellow star) or Fossa of Rosenmdiller (yellow arrow, left; yellow arrowhead, right) on nasoendoscopic
examination (B).

LN: Lymph node
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and has been found to promote tumor invasion, progression, and
metastasis (13). Apart from this process, leukocytosis in solid tumors
could be due to infection, use of corticosteroids, intoxication, severe
hemorrhage, bone marrow metastases, paraneoplastic leukemoid
syndrome, and use of granulocyte colony-stimulating factor (11,14).

Thrombocytosis in patients with NPC has been defined differently
in the literature. Chen et al. (10) and Gao et al. (12) defined
thrombocytosis as a platelet count greater than 300 x 10°L;
Susilawati et al. (7) defined thrombocytosis as a platelet count greater
than 380 x 10°/L (7), while Qiu et al. (9) defined thrombocytosis as a
platelet count greater than 400 x 10°/L. In contrast, the definition of
thrombocytopenia is more consistently defined as a platelet count
less than 150 x 10°/L (10,12). The cause of platelet proliferation in
malignancy is still unclear, but it is believed to be secondary to the
production of cytokines, such as interleukin 6 and thrombopoietin
(10,12). Platelets secrete proangiogenic cytokines, vascular
endothelial growth factor and thymidine phosphorylase, which are
importantintumorinvasion and progression (10). Thrombocytopenia
may develop in patients with NPC secondary to diffuse infiltration
of tumor cells into the bone marrow or spleen, immune-mediated
mechanisms, EBV infection, or paraneoplastic syndrome (7,10,15).
Thrombocytopenia secondary to bone marrow infiltration and bony
metastases, as observed in the cases at presentation, categorized
patients as having advanced disease (stage IVB) and significantly
reduced the survival rate. A study conducted by Chen et al (10).
showed that thrombocytopenia, compared with a moderate platelet
count, was an unfavorable prognostic factor for overall survival in
patients receiving concurrent chemoradiotherapy and had a greater
negative effect than the thrombocytosis group.

In addition to prognostic significance, combinations of
generalized lymphadenopathy, severe anemia, leukocytosis, and
thrombocytopenia in the cases had misdirected us toward the
diagnosis of lymphoma at the initial presentation. This atypical
presentation of NPC significantly delays diagnosis and treatment
and is generally associated with an unfavorable prognosis.
Another challenge in the diagnosis of the presenting cases was the
submucosal location of the tumor and the absence of an obvious
mass in the nasopharynx or the FOR on naso-endoscopy and CT
scan. A prominent unilateral torus tubarius, as seen in our cases 2
and 3, may suggest the presence of a submucosal tumor, and a deep
biopsy should be performed in suspected cases. The nasal biopsy
was not performed at the initial presentation in our cases because
the patients’ general clinical presentations were more suggestive
of lymphoma. MRI is an excellent investigation for submucosal NPC
because it can delineate soft tissue better than a CT scan (3), but it
is not available at our center. Another imaging modality that helps
localize the primary tumor is the combination of positron emission
tomography and CT scan, which shows high uptake of the radioactive
tracer (fluorodeoxyglucose) by the highly metabolic malignant cells.
This imaging is currently considered the gold standard for cancer of
unknown origin and should be performed prior to biopsy; however,
it is not available in many centers, including ours.

Fine Needle Aspiration Cytology (FNAC) should be the first
investigation of choice in patients with suspected head and neck
malignancy to avoid the risk of tumor seeding to the skin and
upstaging the cancer. However, in cases with suspected lymphoma,
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excisional or tru-cut biopsies are preferred because FNAC cannot
provide sufficient tissue for diagnosis and subtype determination.
In this case series, we performed excisional biopsies in two patients
and a through-cut biopsy in one patient. All HPE results showed
metastatic squamous cell carcinoma, whereas the IHC study had a
limited role in determining the primary site. Special stains for NPC,
such as EBV-encoded non-polyadenylated RNAs, EBV nuclear antigen
1, and latent membrane protein 1 and 2, are considered helpful (16),
but they were not available at our center.

All patients in these cases were at stage IVB and were indicated for
palliative chemotherapy. All of them had poor ECOG performance
status at diagnosis and died within 4 months of diagnosis. Clinicians
should be aware of these atypical presentations, and a prompt
diagnosis should be made to avoid delays in treatment.

CONCLUSION

NPC is a rare cancer globally but is highly prevalent and endemic
in East and Southeast Asia. The patients may present with
atypical features that can mimic other malignant lesions.
Generalized lymphadenopathy, severe anemia, leukocytosis, and
thrombocytopenia are typical presentations of lymphoma but are
atypical of NPC. These presentations not only cause diagnostic
confusion but also are associated with significant poor prognostic
indicators. Awareness of these atypical presentations is of paramount
importance to avoid delays in management and worsening of overall
survival.
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ABSTRACT

Masson’s tumour is a rare non-neoplastic vascular lesion characterized
by a reactive proliferation of endothelial cells with papillary growth
secondary to intravascular thrombosis or vascular stasis. It most
commonly affects medium-sized veins and mainly involves the skin
and subcutaneous tissues of the head and neck region, trunk, and
extremities. Parotid gland involvement is extremely rare, with only
four cases reported worldwide to date. The preoperative diagnosis
is challenging, and the condition is usually misdiagnosed as another
more common benign lesion. Histopathological examination and
immunohistochemical studies are considered the gold standard for
the diagnosis and exclusion of malignant lesions that may resemble
Masson’s tumour. The extent of surgical resection, either superficial
or total parotidectomy, depends on preoperative imaging and
intraoperative findings. The prognosis is favourable with a low
recurrence rate if the surgical margin is negative.

Keywords: Masson’s tumour, intravascular papillary endothelial
hyperplasia, parotid gland, parotidectomy

0z

Masson timori, intravaskller tromboz veya vaskiler staza
sekonder olarak papiller bliyime gosteren reaktif endotelyal hiicre
proliferasyonu ile karakterize, nadir gorilen ve neoplastik olmayan
bir vaskiiler lezyondur. En sik orta buyukllikteki venleri etkiler ve bas-
boyun bolgesi, govde ve ekstremitelerin deri ile subkutan dokularini
tutar. Parotis bezi tutulumu son derece nadirdir ve glinimilze kadar
diinya capinda yalnizca dort vaka bildirilmistir. Preoperatif tani gig
olup, genellikle daha yaygin goérilen baska bir benign lezyon olarak
yanhs degerlendirilir. Histopatolojik inceleme ve immiinohistokimyasal
galismalar, Masson timériine benzer malign lezyonlarin ayirici tanisi
ve dogrulanmasinda altin standarttir. Cerrahi rezeksiyonun kapsami,
ylzeyel veya total parotidektomi olmasina dayali olarak preoperatif
gorintiileme ve intraoperatif bulgulara baglidir. Cerrahi sinir negatif
oldugunda prognoz olumludur ve niiks orani dustktr.

Anahtar Sozciikler: Masson timord, intravaskiler papiller endotelyal
hiperplazi, parotis bezi, parotidektomi
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INTRODUCTION

Masson’s tumour, also known as intravascular papillary endothelial
hyperplasia (IPEH), is a rare, non-neoplastic lesion of vascular
origin, characterized by reactive proliferation of endothelial cells
with papillary growth (1,2). Pierre Masson, a French pathologist,
first described this disease in 1923 as “vegetant intravascular
hemangioendothelioma” (3).

The most common sites of involvement are the skin and subcutis
and comprises around 2% of vascular tumours of the skin and
subcutaneous tissue (4-6). It can occur in any blood vessel but has a
predilection for the skin and subcutaneous tissues of the head and
neck region, trunk, and extremities (5-7). The skin and subcutaneous
tissue of the face and scalp are the most commonly affected sites in
the head and neck region (7). Parotid gland involvement is extremely
rare, with only four cases reported worldwide to date (5,6,8,9).

CASE REPORT

A 50-year-old male with underlying diabetes mellitus and
hypertension presented with a one-year history of painless right
parotid swelling that had gradually increased in size. There were
no other locoregional symptoms, such as facial weakness, trismus,
dysphagia, voice changes, or neck swelling. He has no risk factors for
malignancy, such as smoking, alcohol consumption, a family history
of malignancy, or a history of head and neck radiation. In addition,
he denied any constitutional symptoms.

On examination, there was a diffuse swelling in the right parotid
region, which had a smooth surface, was firm in consistency, non-
tender, and immobile but not fixed to the overlying skin (Figure
1). The facial nerve was intact, with no medialisation of the lateral
pharyngeal wall and no palpable cervical lymph nodes. Other head
and neck examinations were unremarkable.

A computed tomography scan of the neck was performed and
showed a well-circumscribed, heterogeneously enhancing solid
lesion within the deep lobe of the right parotid gland, measuring
2.7 x 3.2 x 3.9 cm (Figure 2). There was no calcification, bony
erosion, or cervical lymph node enlargement, and the superficial
lobe appeared normal. A through-cut biopsy was performed, which

Figure 1. Diffused swelling at the right parotid region.

revealed normal salivary gland tissue. This finding likely represented
the normal superficial lobe of the parotid gland rather than the deep
lobe lesion.

The patient subsequently underwent a total parotidectomy.
Intraoperatively, the mass was confirmed to arise from the deep lobe
of the parotid gland, whereas the superficial lobe appeared normal
(Figure 3). Postoperatively, the patient recovered well without any
complications. Histopathological examination (HPE) of the deep lobe
revealed anintrasalivary gland lesion, surrounded by a pseudofibrous
capsule and composed of variably sized vascular spaces, with some
areas exhibiting papillary structures within (Figure 4A). The papillae
are lined by a single layer of plump endothelial cells (Figure 4B). No
nuclear atypia or mitotic figures seen. Most areas exhibit organised

Figure 2. Contrasted axial view computerized tomography scan shows a
well circumscribed heterogeneously enhancing solid lesion seen within
the deep lobe of the right parotid gland (yellow arrow), without extension
into the parapharyngeal space (green star). The lateral lobe appeared
normal (red arrow). Blue arrowhead — retromandibular vein.

Figure 3. Mass arises from the deep lobe of parotid gland (arrow), deeper
to facial nerve (arrowhead — main trunk of facial nerve) (A). A 4cm x 4cm
mass with deep lobe of parotid gland was completely excised (B).
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Figure 4. An intra-salivary gland lesion, surrounded by pseudo-fibrous
capsule, composed of variable sizes of vascular spaces, with areas of
papillary structures within that are lined by single layer endothelial cells
(A, H&E x 40). Focal areas with papillary structures lined by endothelial
cells (B, H&E x 400). CD31 immunostaining (C, x 200) and CD34
immunostaining (D, x 200) highlighting the endothelial cells lining the
vessel wall.

thrombi associated with stromal haemorrhage, hyalinisation, myxoid
change, and aggregates of haemosiderin-laden pigments. The
endothelial cells lining the vascular channels are immunoreactive for
CD31 and CD34 (Figure 4C and 4D) and negative for CK7, CK20, p63,
and HHVS. These findings are suggestive of Masson’s tumour. The
HPE of the superficial lobe was normal.

Table 1. Review of reported cases of salivary gland Masson’s tumour

DISCUSSION

Masson’s tumour is a rare vascular lesion that mostly affects
medium-sized veins but may occur in veins of any size and, rarely,
in arteries (5,9). It was first described by Pierre Masson in 1923,
who used the term vegetant intravascular hemangioendothelioma
when he discovered intravascular papillary proliferation in a male
patient with an inflamed hemorrhoidal plexus (3). It is also known
as IPEH, a term highlighted by Clearkin and Enzinger (10) in 1976
to emphasize the non-neoplastic nature of the disease. Other terms
used in the past to describe this disease entity include intravascular
angiomatosis, intravenous atypical vascular proliferation,
intravascular endothelial proliferation, reactive papillary endothelial
hyperplasia, Masson’s pseudoangiosarcoma, and Masson’s
intravascular hemangioendothelioma (1,6,7).

Generally, the skin and subcutis are the most commonly affected
sites (4-6), while the face and scalp are the most frequently
reported sites in the head and neck region (7). Oral cavity, lateral
neck, mandible, thyroid, orbit, internal auditory canal, pharynx,
larynx, maxillary sinus, and intracranium are among the reported
sites of involvement in the head and neck region (1,6,7). Based on
a literature review, salivary gland involvement is extremely rare,
with only four cases reported in the parotid gland and one case in
the submandibular gland (Table 1) (1,5,6,8,9). A case reported by
Corio et al. (11) in 1982 was excluded due to the absence of clinical
details, and another case reported by Kim et al. (12) in 2007 was also
excluded because the mass was separate and located outside the
submandibular gland.

Masson’s tumour commonly occurred in adults without a distinct
age, sex, or racial predilection (2,4). Incidence in children is very low,
but it can occur as early as 9 months of age (7). Some studies suggest
a slight female predominance, with a female-to-male ratio of 1.3:1.0
(1,6). It is a generally slow-growing tumour and usually presents

Author Year Age Sex Location Presentation Imaging Biopsy/FNAC  Clinical impression Treatment
Mokhtari 2011 39-year- M Left parotid Painless swelling NA NA Pleomorphic Partial resection
etal. (8) old gland for 1 year adenoma of the
parotid gland
Mignogna 2016 70-year- F Right parotid Painless swelling  MRI NA Pleomorphic Extracapsular
etal. (6) old gland for 5 years adenoma dissection
Carta et 2018  43-year- F Right parotid Mild painful MRI NA A hyper vascularized  Subtotal
al. (9) old gland swelling for 4 benign lesion parotidectomy
(superficial years
lobe)
Choetal. 2021 37-year- F Right Painless swelling USand  Presence of Sialadenitis Ablation of the
(1) old submandibular  for 2 months CTscan some fibrinous secondary to submandibular
gland material sialolithiasis with gland
and mixed intraglandular
inflammatory  abscess or
cells submandibular gland
tumour
Mohebbi 2023 29-year- F Right parotid Painless swelling  MRI NA A vascular mass Total
etal. (5) old gland (duration not parotidectomy
(superficial mentioned)
lobe)

M: Male, F: Female, US: Ultrasound, CT: Computerised tomography, FNAC: Fine needle aspiration cytology, MRI: Magnetic resonance imaging, NA: Not available
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with painless swelling (7). The aetiology and pathogenesis are
poorly understood, with various theories having been hypothesised.
The aetiology is believed to be multifactorial, with approximately
30% of cases triggered by local trauma and vascular anomalies
(2,4,5). Intravascular thrombus formation is the key factor in several
theories of pathogenesis. Masson first described the disease as a
neoplasm characterised by endothelial proliferation which results
in thrombosis (3). Fifty-three years later, Clearkin and Enzinger (10)
proposed a more widely accepted theory that explained that the
formation of thrombosis leads to reactive proliferation of endothelial
cells and papillary formation. This finding emphasized that the lesion
is a reactive process rather than a neoplasm. Another theory by
Levere et al. (13) is that the release of basic fibroblast growth factor
by macrophages in response to traumatic vascular stasis stimulates
endothelial cell proliferation. Additionally, Irey and Noris (14)
suggested that hormones may play a role in the pathogenesis due to
the female predilection in some studies.

Hashimoto et al. (15) classified Masson’s tumour into 3 types based
on aetiology. The pure type is the most common and arises de novo
in a dilated vessel; the mixed type is associated with a pre-existing
vascular anomaly; the extravascular type is associated with trauma-
induced hematoma formation. Preoperative diagnosis is challenging.
Fine-needle aspiration cytology is usually non-diagnostic or results in
misdiagnosis in the majority of cases (7). Our present case underwent
a Tru-Cut biopsy; however, the sample was not representative of the
lesion. Imaging studies, whether computed tomography or magnetic
resonance imaging, are non-specific but may be helpful in surgical
planning (16). In the parotid gland, imaging features may resemble
benign lesions such as pleomorphic adenoma, Warthin’s tumour, or
vascular tumours.

The diagnosis of Masson’s tumour is usually made after HPE and
immunohistochemistry (IHC) studies of the excised specimen. They
are considered the gold standard for the diagnosis of Masson’s tumour
and the exclusion of malignant lesions that may resemble Masson’s
tumour, such as angiosarcoma and Kaposi sarcoma. The typical
histopathological findings of Masson’s tumour are proliferation of
papillary structures within the blood vessel, thrombus formation,
coverage by fewer than three layers of endothelial cells, and positive
CD31 and CD34 immunohistochemical markers (1). On the other
hand, proliferation of cells outside the vessel, papillae covered
by more than two endothelial cell layers, and a positive CD105
immunohistochemical marker are more suggestive of angiosarcoma
(1).

The treatment of Masson’s tumour is complete excision with
negative margins. The extent of surgical resection depends on the
evaluation of preoperative imaging and intraoperative findings. A
superficial parotidectomy is sufficient if the lesion is confined to
the superficial lobe of the parotid without features suggestive of
malignancy. However, if the lesion is located in the deep lobe of the
parotid gland, total parotidectomy is usually required, as observed in
the present case. The prognosis is good, with a low recurrence rate,
if the margin is negative (1).

CONCLUSION

Masson’s tumour is extremely rare occurred in parotid gland and
usually misdiagnosed as another more common benign lesion.

Preoperative diagnosis is challenging, and most cases are diagnosed
after HPE and IHC studies of the excised specimen. It is important to
exclude other more serious conditions that may resemble Masson’s
tumour, such as angiosarcoma and Kaposi sarcoma. The treatment
consists of complete excision with negative margins, and the
prognosis is generally good, with a low recurrence rate.
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Cauliflower Ear Caused by Pseudomonas aeruginosa After “High” Ear Piercing

Yuksek Yerlesimli Kulak Piercingi Sonrasi Pseudomonas aeruginosa’ya Bagli Karnabahar Kulak Gelisimi
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ABSTRACT

Although piercing has become increasingly common, the lobule
and auricular cartilage are among the most frequent sites. If this
procedure is performed by untrained personnel, it increases the risk of
perichondritis in the auricular cartilage. When perichondritis develops,
increased local temperature, erythema, and pain in the auricle are
warning signs for early diagnosis; if an abscess is present, drainage and
antibiotic therapy are essential.

Keywords: Ear, piercing, perichondritis, Pseudomonas Aeruginosa

Oz

Piercing islemi giderek yayginlassa da, en sik uygulanan bdlgeler
arasinda kulak lobili ve aurikula kikirdagi yer almaktadir. Bu islem
tecribesiz kisiler tarafindan yapilirsa, aurikula kikirdaginda perikondrit
riskini artirir. Perikondrit gelistig§inde, aurikulada lokal olarak artmis
sicaklik, kizariklik ve agri erken teshis igin uyari isaretleridir; apse varsa
drenaj ve antibiyotik tedavisi sarttir.

Anahtar Sozciikler: Kulak, piercing, perikondrit, Pseudomonas
Aeruginos

INTRODUCTION

Piercing may result in health consequences, ranging from minor
problems to potentially life-threatening situations (1). One of these
problems is the development of cauliflower ear. Cauliflower ear
results in an irregular ear shape, loss of natural contours, decreased
cartilaginous support, and permanent aesthetic deformity (2).
Cauliflower ear can be caused by infections that develop after
piercings of the auricular cartilage performed under inappropriate
conditions (3).

In this case report, the management of a patient who developed an
auricular abscess after piercing is reviewed in light of the literature.

CASE REPORT

The female patient presented to our clinic with recurrent swelling of
the right auricle for approximately 20 days following auricle piercing.
In her past medical history, she presented to an otolaryngology clinic
at an external center and was hospitalized there before being admitted
to us. During this period, the patient’s auricular abscess was drained
with a syringe, and a silicone material, shaped to apply pressure to
the anterior and posterior portions of the auricle, was sutured; 2 x
1 g ceftriaxone disodium (Eqiceft iv, Tum*Ekip ilag) and 3 x 500 mg
metronidazole (Fladazol iv, Kogak Farma ilag) were prescribed. After
a 3-day hospital stay, the patient was discharged with a prescription
for 1 x 600 mg of cefdinir (Cempes, po, Sanovel ilag) and 3 x 500 mg of
metronidazole (Flagyl, po, Sanofi). Three days later, she was recalled
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for an outpatient clinic follow-up. During outpatient clinic follow-
up, swelling exceeding the boundaries of the silicone material was
observed, and the abscess was drained again using a syringe, without
dislodging the silicone material. The patient, who showed insufficient
clinical improvement (fever of 38.5 degrees and worsening otalgia),
was referred to us the same day without removal of the silicone
material from her ear (Figure 1a).

Removal of the silicone material sutured to the superior region of the
right auricle in the external center resulted in hyperemia, increased
temperature, and swelling of the auricle. When the swollen area
was punctured using a syringe, pus emerged; incision and drainage
were performed. During the drainage procedure, deformation of the
cartilaginous structure was observed at the abscess drainage site.
Notably, the anterior and posterior surfaces of the skin in that area
were in contact. A Penrose drain was inserted along the incision line
and a pressure dressing was applied (Figure 1b). The patient was
informed that a deformity may develop of the auricle. A specimen of
the drained abscess pus was sent for culture. Intravenous antibiotic
therapy was planned for the patient, and she was admitted to our
service for close observation. In the patient’s complete blood count,
white blood cells were 9.8 mg/dL, neutrophils were 7.9 mg/dL, and
C-reactive protein was 6 mg/dL. The patient was referred to the
infectious diseases clinic and was empirically started on 3 x 45 g
piperacillin sodium/tazobactam sodium (Tazoject IV, Tiim*Ekip ilag).
The next day, a button was sewn in place to apply pressure to the
superior aspect of the right auricle (Figure 1c). When Pseudomonas
aeruginosa was isolated from the abscess culture on day 4, the
patient was referred again to the infectious diseases clinic. The
patient’s antibiotic therapy was changed to meropenem trihydrate,
3 x 500 mg (Merosid iv, Kogak Farma ilag). The patient’s Penrose
drain was removed on the same day. On the 5% day, the button in
the auricle was removed. After the patient had received meropenem
trihydrate for a total of 5 days, because the complete blood count was
unremarkable and auricular findings on examination had regressed
(Figure 1d). At discharge, the patient was prescribed 2 x 750 mg
ciprofloxacin hydrochloride (Cipro po, Biofarma); 2 x 1 g amoxicillin +
clavulanic acid (Augmentin po, GlaxoSmithKline); and 2 x 1 bacitracin
+ neomycin sulfate skin pomade (Thiochilline, Abdi ibrahim ilag). At
the 1-week and 3-month follow-up visits, cauliflower deformity of
the auricle was observed, but there were no signs of inflammation
(Figure 1e and 1f). Informed consent was obtained from the patient
for presentation of this case report.

DISCUSSION

Piercing the cartilage in the upper third of the auricle, known as
“high ear piercing”, has become increasingly common. Infection
involving the cartilage in this area, called perichondritis, can often
lead to cartilage loss, resulting in an unsightly deformity known as
“cauliflower ear” (1). An Auricular abscess may develop secondary
to untreated or inadequately treated perichondritis. In our case,
there was a piercing located high on the right auricle. The presence
of swelling on physical examinationat the time of application made
us suspect that there might be an abscess developing on the basis
of perichondritis. The quickest way to confirm the diagnosis of an
abscess is to aspirate the pus with a syringe. In this case, aspiration of
pus with a syringe confirmed the diagnosis of an abscess. To prevent
auricular perichondritis or abscess, it is imperative to maintain strict
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Figure 1. Image of the patient at the time of admission (a), confirmation
of diagnosis after drainage (b), button sewed to the auricle on the 2" day
of admission (c), image of the auricle at discharge from hospital (d), image
of the auricle in the 1% week (e), image of the auricle in the 3" month (f).

hygiene during piercing. A common feature of patients who develop
perichondritis and abscess is that they have had piercings performed
in unregulated settings, as in our patient.

Pseudomonas aeruginosa is common in nature, and moist surfaces are
suitable environments for its proliferation. It can cause otitis externa,
keratitis, folliculitis, postoperative abscesses, and burn infections
in immunocompetent individuals. Pseudomonas aeruginosa is a
common causative agent in cases of perichondritis with abscess. In
infections without abscess formation, Staphylococcus aureus is the
predominant pathogen (4). Our patient was empirically started on
piperacillin—tazobactam because she had previously received multiple
antibiotic regimens without clinical response. However, because
the patient’s clinical condition did not improve sufficiently and the
culture results showed only moderate susceptibility to piperacillin-
tazobactam, the antibiotic treatment was changed to meropenem, to
which the isolate was susceptible.

In our case, Pseudomonas aeruginosa was isolated from the abscess
culture, and the antibiogram showed | (susceptible, increased
exposure) for piperacillin-tazobactam and ciprofloxacin and S
(susceptible, standard dosing regimen) for meropenem, according
to European Committee on Antimicrobial Susceptibility Testing
(EUCAST) criteria. The patient demonstrated clinical and laboratory
improvement following intravenous piperacillin-tazobactam and
meropenem therapy. According to the current EUCAST definition,
category “I” antibacterial activity is assigned only when the drug
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attains increased tissue or serum exposure (5). Therefore, high-dose
ciprofloxacin (750 mg twice daily) was preferred during the sequential
oral treatment phase to achieve adequate tissue concentrations
against Pseudomonas aeruginosa. Although Pseudomonas was the
only pathogen isolated, the patient’s prior outpatient empirical
antibiotic exposure may have suppressed the growth of certain
bacteria in culture, such as Gram-positive or anaerobic bacteria.
Anaerobic bacteria are difficult to isolate under routine clinical
laboratory conditions because of their specific transport and culture
requirements, which can lead to under-detection of these organisms,
particularly in infections such as abscesses, where low oxygen
tension favors polymicrobial growth. Therefore, amoxicillin-clavulanic
acid was added to the treatment following parenteral therapy to
maintain efficacy against Pseudomonas and to ensure coverage of
possible concomitant anaerobic or gram-positive cocci that were not
demonstrated in culture.

The auricular cartilage does not have a specific blood supply, and its
nutrition is provided by the perichondrium immediately superficial
to it. Any subperichondrial bleeding that occurs during cartilage
piercing further reduces blood flow to the cartilage and increases
the likelihood of infection. The resulting abscess hydrostatically lifts
the perichondrium and the skin, thereby further limiting blood flow
to the cartilage. Once an infection begins, antibiotics have a limited
effect on cartilage that is no longer nourished; therefore, incision
and drainage procedures are required for treatment (6). The culture
of material obtained during drainage guides treatment. Specifically,
from culture, the pathogenic microorganism that grows is identified
and the antibiotics to which it is susceptible are determined. In this
way, the patient receives the most effective antibiotic treatment. Even
with antibiotic treatment, drainage, and debridement, a deformity
(“cauliflower ear”) may occur (1). This rate is much higher, especially
among patients whose treatment was delayed, as in the case we
presented.

Aggressive treatment initiated early in cases of suspected
perichondritis is imperative to prevent irreversible ear deformity.
Although antibiotics are started in almost every case, caution should
be exercised if an abscess develops in patients who do not respond
to antibiotics. If an abscess has developed, local wound care, incision
and drainage, irrigation, tamponade, and dressing application should
be added to the treatment steps (7). Before the patient in the
present case presented to us, abscess drainage had been attempted
using an injector, but the patient’s treatment was unsuccessful. We
recommend using syringes in such cases only to confirm the diagnosis
when clinical findings are present. Incision with drain placement for
therapeutic purposes seems to be a more suitable option for the
treatment of an auricular abscess. In addition, attention to primary
health care is an important factor in reducing these infections. For
this reason, we recommend that businesses that perform under-
the-counter piercings be closed down, and that establishments that

operate professionally in this area be regularly inspected to ensure
hygienic practices.

CONCLUSION

Early diagnosis of ear perichondritis is important, and aggressive
treatment should be initiated promptly to prevent abscess formation.
Incision and drainage are essential if an abscess develops. Antibiotic
therapy should initially be targeted against Pseudomonas aeruginosa,
and an abscess culture should be obtained. Antibiotic therapy may be
revised based on culture results.
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ABSTRACT

Management of chronic health conditions in pediatric practice
requires a holistic and systematic approach for optimal development.
Although a substantial body of literature exists on chronic disease and
health management across various chronic health conditions, there is
a need for holistic approaches to achieving the optimal developmental
potential of these vulnerable groups of children. This article reviews
the developmental and behavioral effects, the hospitalization process,
and the clinical management of chronic health conditions in children
and provides specific recommendations. Chronic health conditions
both affect and are affected by the development and behavior of
children. Clinicians should be aware that chronic conditions affect all
family members. To minimize the adverse effects of the disease, the
unmet needs of children and their families should be identified, and
supportive approaches should be implemented throughout illness and
hospitalization. Specific pediatric roles, including coordination of care,
identification of developmental-behavioral functioning, assessment
of family strengths, education about the disease, and planning for
schooling, should be integrated into standard pediatric care for
effective management of chronic conditions.

Keywords: Chronic diseases, child development, pediatric practices,
hospitalization, clinical management

0z

Pediatri uygulamalarinda kronik saglik sorunlarinin yonetimi, optimum
gelisim icin butlincul ve sistematik bir yaklasim gerektirir. Cesitli kronik
saghksorunlarinailiskin kronik hastalik ve saglik yonetimi tizerine 6nemli
bir literatlr bulunmasina ragmen, bu savunmasiz ¢ocuk gruplarinin
en iyi gelisim potansiyeline ulagsmasi icin bltuncll yaklasima ihtiyag
vardir. Bu makale, gocuklarda kronik saglik sorunlarinin gelisimsel ve
davranissal etkilerini, hastaneye yatis sirecini ve klinik yonetimini
incelemekte ve 0Ozgul Oneriler sunmaktadir. Kronik saglik sorunlari,
gocuklarin gelisimini ve davraniglarini hem etkiler hem de bunlardan
etkilenir. Klinisyenler, kronik sorunlarin tiim aile Gyelerini etkilediginin
bilincinde olmaldir. Hastaligin olumsuz etkilerini en aza indirmek
icin, ¢ocuklarin ve ailelerinin karsilanmamis ihtiyaglari belirlenmeli
ve hastalik ve hastanede yatis siresince destekleyici yaklasimlar
uygulanmalidir. Bakim  koordinasyonu,  gelisimsel-davranissal
islevselligin belirlenmesi, ailenin giligli yonlerinin degerlendirilmesi,
hastalik hakkinda egitim ve okul planlamasi gibi belirli pediatrik roller,
kronik sorunlarin etkili yonetimi icin standart pediatrik bakima entegre
edilmelidir.

Anahtar Sozciikler: Kronik hastaliklar, ¢ocuk gelisimi, pediatri
uygulamalari, hastaneye yatis, klinik yonetim
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INTRODUCTION

The prevalence of chronic diseases in children has increased over
recent decades owing to advances in treatments and care for life-
threatening pediatric conditions and increased survival among
children with serious congenital or acquired diseases (1). Chronic
diseases comprise a wide variety of conditions in childhood and are
typically defined by two main criteria. The first is the duration of
the disease, which is usually 3-12 months or permanent. The second
is severity, indicated by limitations in age-appropriate activities,
prolonged or recurrent hospitalizations, or the need for special care
(2). The term “chronic health condition” refers to both diseases
and disabilities within the context of children’s developmental
and behavioral functions (DBF), as affected by multiple factors,
including age, duration, limitations in age-appropriate activities,
visibility, progression, and physiological, psychological, and social
characteristics. The World Health Organization has also introduced
the International Classification of Functioning, Disability, and
Health to identify chronic health conditions at the levels of body
structures and functions, activities and limitations, and participation
and restrictions, considering a variety of facilitating or limiting
environmental factors (2,3).

Chronic conditions themselves have a significant impact on
children and their families due to pain, caregiving responsibilities,
and financial burdens. Concurrent effects of DBF pose additional
challenges for affected children and their families. Children with
chronic health conditions must cope with the disease itself and its
impact on emotional, behavioral, and developmental functioning.
Distress experienced by family members disturbs family functioning
and influences an affected child’s emotional state (4).

Chronic health conditions commonly originate from multiple
integrated constitutional and psychosocial factors. Although most
diseases have biological etiologies, such as metabolic or genetic
abnormalities, some conditions reflect primarily environmental
and social factors, such as lead poisoning or preventable home
accidents. Psychosocial factors also affect the course and severity of
chronic disease. Children living in poverty have difficulty accessing
coordinated health care (1,2). Previous research has shown that
children with special health care needs in low-income families have
substantially higher unmet health needs than those in high-income
families (5).

Community factors, as facilitators and barriers, also influence
families’ ability to normalize life while caring for a child with a
chronic disease or disability and working toward independent
living (6). Chronic stressors experienced by the affected child and
family members may lead to conflicts; therefore, they develop
many individual coping strategies to regulate their emotions and
solve problems (7). Clinicians should consider the preferred coping
strategy rather than ignore it. If coping repertoires are restricted or
their adaptive mechanisms are poor, clinicians should know how to
support them in coping with the disease (6-8).

Management of chronic health conditions in pediatric practice
requires a holistic and systematic approach to achieve optimal
developmental and health outcomes (4). Although there is a large
body of literature on chronic diseases and the management of
many chronic conditions, there is a need for more research on the
holistic clinical management of these vulnerable groups to achieve

optimal developmental potential (1,2,4). This paper aims to review
developmental and behavioral effects, the hospitalization process,
and the clinical management of chronic health conditions in children
and provide specific recommendations.

Developmental and Behavioral Effects

The effect of chronic disease on the child’s DBF depends on
multiple, interrelated variables, including disease characteristics,
such as whether it is congenital, as well as child, family, and social
factors (2,4). For optimal health outcomes, clinicians should
thoroughly understand the integrated factors that influence
the DBF of children with chronic health conditions (Figure 1).
The appropriate attitudes of parents and clinicians are of great
importance to the development of positive outcomes in children
during adaptation to the disease and treatment (9). Chronic health
conditions are associated with a wide range of DBF problems
(4,10). A national survey in the United States (US) conducted by the
Centers for Disease Control and Prevention reported that parents
of children with chronic health conditions were 2-30 times more
likely to report attention-deficit/hyperactivity disorder, learning
problems, and emotional and behavioral problems, with the
highest rates among conditions involving the nervous or sensory
systems (10).

Developmental Effects of Chronic Condition

Although development is a continuous, dynamic process, there
are characteristic, age-specific developmental tasks, and chronic
conditions may interfere with these tasks (2). The age at disease
onset and the child’s developmental stage particularly affect
coping and adjustment (11). The more pervasive a chronic health
condition, the more functioning is affected and the greater the
challenge for the child and family. Progressive conditions pose
significant challenges for family adaptation and expectations.
Conditions with unpredictable courses are sources of chronic stress
and maladjustment in the child and the caregivers. Conditions
requiring frequent or prolonged hospitalization or isolation lead to
parent-child attachment problems, unschooling, and difficulties with
socialization and community participation. Children with a stable
congenital condition, such as limb deficiency or hearing or vision
deficits, commonly experience their condition as a difference rather
than as a disease (2).

The factors that determine a child’s reaction to a disease may be
specific to the condition, treatment, family, and the child himself/
herself; they interact with each other in a complex way (12).
Developmental periods should be considered in order to understand
the child’s reactions to and understanding of the disease (9):

Infancy: The disease may adversely affect growth and pose caregiving
challenges. The accompanying physical discomfort and changes in
daily routines jeopardize the consistency and reliability of the baby’s
environment and undermine the development of basic trust (2,9).

Toddlerhood: They are prone to be more independent and
curious, exploring their environment. Chronic diseases may delay
the acquisition of developmental skills. The disease can create
significant problems with parental competence and confidence,
which may cause parents to exhibit overprotective or unfair attitudes
that conflict with the toddler’s or older child’s increasing need for
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Figure 1. Integrated factors affecting the development and behavior of children with chronic health conditions.

independence, and these can undermine children’s sense of self-
control and autonomy (2,9).

Preschool period: Anxiety about separation from their parents and
about physical harm is common. Egocentricity predominates, and
they may perceive the disease as a consequence of bad behavior.
Therefore, concerns about whether they will lose their parents’ love
or be separated from them take precedence over concerns about the
name and nature of the disease. Distress may cause developmental
regression in the child. The restrictions that parents impose on their
children may make them fearful, passive, and dependent. Young
children can reveal their feelings through behavior, play, or drawings
(2,9).

School-aged children: Frequent absences due to the disease
interfere with opportunities for learning and socialization. Children
with physical differences must navigate peer acceptance while
accepting their self-image. Restrictions due to disease or medical
treatments cause fear of loss of control during this period. They can
accept necessary procedures due to their increased comprehension
and can describe specific complaints of their diseases. They may
need to inquire about or discuss the condition. Therefore, brief
and accurate information should be provided in an age-appropriate
manner (2,9).

Adolescents: They must work to develop their identities and to
maintain their educational and vocational goals while continuously
managing their chronic condition. The limitations imposed by the
chronic condition conflict with the increasing need for independence,
which can negatively impact peer relationships and the development
of secure sexual and physical identities. Gradual attainment of adult
levels of disease understanding occurs during this period. Since
many chronic diseases require dependence on caregivers, such
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diseases are perceived as a loss of independence and a disruption of
future plans. In addition, physical changes and disruption of school
life constitute sources of psychological problems during this period.
Informing adolescents about the disease and treatment, as well
as sharing their feelings and thoughts, will help them adapt more
readily (2,9).

Difficulties experienced by children with chronic diseases across
different developmental periods are presented in Figure 2.

Importantly, chronic diseases may prevent the development of
an appropriate individual identity in any child or adolescent. The
presence of a disease may be more apparent than the presence of
other individual characteristics. Adolescents themselves or clinicians
often label those individuals as “diabetic” or “leukemic”. Clinicians
should use “people-first” language rather than “disease-first”
language to encourage all involved (2).

Behavioral Effects of Chronic Condition

Community-based studies and meta-analyses commonly indicate
an increased risk of behavioral and emotional problems in children
with chronic conditions compared with healthy children, with an
approximately twofold increase in risk (4,10). Overall adjustment
problems, with increased rates of internalizing (anxiety, depression,
withdrawal), externalizing (attention, hyperactivity, oppositional
defiant disorder, conduct disorder), and low self-esteem, have been
reported, regardless of the specific diagnosis (2). Parental adjustment
is a determinant of the effect of chronic stress on the child. Many
studies have shown a strong correlation between maternal mental
health, particularly maternal depression and anxiety, and a child’s
emotional status (12-14). In a recent national study conducted
among preschool children with chronic rheumatological diseases,
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Figure 2. Difficulties of children with chronic diseases in different developmental periods.

maternal anxiety scores were positively associated with children’s
behavioral problems among those with familial mediterranean fever,
a disease characterized by an unpredictable course. Internalizing
problem scores were higher in children with chronic rheumatic
diseases than in healthy children, suggesting the need for early
childhood screening for developmental and behavioral problems to
manage any chronic conditions (14).

The factors that positively affect the child’s behavioral and emotional
response to chronic disease are the following (12):

1) Dependence on family age-appropriately
2) Minimum need for secondary gains from the disease
3) Ability to withstand restrictions and responsibilities

4) Ability to develop satisfactory relaxing resources

Family Effects of Chronic Condition

The perception of the child as vulnerable is common among families
who care for a child with a chronic health condition, and they usually
act with varying degrees of protection, sometimes restricting the
child’s individual development (2). Each family develops their own
coping strategies to adapt to the disease. Social and cultural factors
influence their adaptation and are shaped by the context of family
beliefs, myths, expectations, and roles (2,8,11).

Families whose child diagnosed with a chronic disease pass through
a commonly predictable sequence of emotional reactions such as
shock, denial, anger, stabilizing, and acceptance. However, these
stages are not exclusive, crises may cause setbacks, and family
members may go through different phases (12). Substantial hours
of nursing care at home may affect family functioning, parenting
attitudes, and individual independence. Although parents are
generally willing to monitor their children’s health, administer

medications, provide physical therapy, etc., they often report stress,
fatigue, depression, and social isolation (7). Community-based
studies have shown increased rates of mental health problems
among parents, particularly high rates of depression or anxiety in
mothers of children with chronic health conditions (13,15). Because
caregiving tasks are usually attributed to mothers in families caring
for a child with a chronic disease, mothers are less likely to work
outside the home (12).

Parents also face economic burdens such as additional medical
care costs, home environment requirements, transportation
costs, and additional childcare needs. Lost income due to a
parent’s absence from work or missed career opportunities
increase financial burden (16). Parents’ economic problems may
lead to marital tension. However, despite the stressful situations
experienced by families caring for a child with a chronic disease,
the frequency of divorce is no higher than that in the general
population (17).

The parents’ multiple tasks often limit the time available to siblings
in families. Previous literature has yielded controversial results
regarding sibling adjustment. Some have reported that living with
a sibling who has chronic health conditions enhances maturity
and skills and improves their resilience (18,19). Others have noted
that siblings experience parental neglect, depressive symptoms,
aggressive behavior, and academic failure (2,9,20). A recent meta-
analysis has reported that siblings of children with chronic conditions
have higher scores on depression rating scales compared with siblings
of healthy children (20). Parental mental health and the family
environment are the particular determinants of sibling adjustment.
Clinical guidance emphasizes the importance of considering siblings
and of encouraging a supportive family environment when caring for
children with chronic diseases (18).
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Families need multidimensional social support to cope better with
their chronic conditions. Effective community resources, such as
advocacy groups and condition-specific societies, may help parents
obtain information and tangible support, as well as foster a sense
of worth. Clinicians should shift their focus from providing solely
targeted treatment to fostering family partnership, given this
population’s complex needs within the individual’s social context

(2).
Recommendations for Management

Difficulties in DBF differ by the developmental age periods
which should be considered to understand the reactions and
comprehension of the disease of the child. Clinicians should
know that all family members are affected by chronic conditions.
Frequently encountered problems such as overprotective parental
attitudes and non-compliance with the treatment process can be
prevented by health personnel approaching the family and the child
with open communication and understanding their needs, informing
them about the disease or treatment, and also maintaining effective
communication within the family. To minimize the adverse effects of
the disease, the unmet needs of children and their families should
be identified, supportive programs should be developed, and the
quality and quantity of services provided to children and families, as
well as research on these issues, should be increased.

Hospitalization Process

Hospitalization is a universally significant source of stress due to
separation anxiety, disruption of daily routines, unfamiliarity with
the environment and people, and pain and fear associated with the
disease and its treatment (21,22).

Both the child and the family require planning for hospitalization
to enhance their ability to adapt by reducing their anxiety during
hospitalization (22). Some innovative programs, techniques, and
approaches have been developed to help children and families cope
more effectively with the stress associated with hospitalization (23).
Educational interventions for siblings of hospitalized children are
also beneficial (24).

Children’s Reactions to Hospitalization

Emotional difficulties are greatest among children aged 6 months to
6 years and increase particularly if hospitalization is long or recurs
frequently. Separation from parents and other important family
members is difficult for children because of their physical, social,
and cognitive immaturity and their close, dependent relationships
with their parents. In older children, it is perceived as a loss of
independence; in adolescents, as a disruption of plans for the future.
Some react verbally, whereas others react behaviorally (22).

The suggestions for all age groups include performing treatments
at home whenever possible, using day-care units, limiting invasive,
painful procedures, providing information according to the
child’s developmental level before procedures, and minimizing
hospitalizations. Parents may also experience anxiety and a loss of
control when their children are hospitalized, potentially affecting
their children’s responses (9). The following techniques can be used
to reduce the stress of both the child and the parents (9,22):
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The Techniques to Minimize the Stress Associated with the
Hospitalization

Before hospitalization:

* Provide general education about child health and diseases through
media and schools.

¢ Provide pre-hospitalization tours, videos, and educational materials
(e.g., brochures and coloring books).

e Include the child and parents in decisions and discussions about
procedures and hospitalization.

During the hospitalization:
e Minimize the length and number of hospital stays.
e Encourage and facilitate the visits by family members and friends.

e Provide child-life programs (fun and therapeutic play) and hospital
school programs.

e Ensure continuity of care and minimize changes in doctors, nurses,
and other healthcare staff.

e Provide family-centered care, parents accompany and support the
child.

e Provide pain control, a limited number of procedures, and maximal
mobility.

e Support personal care and the child’s sense of self-control.
e Encourage ongoing interest from the peer group.

Hospital structure:

e Cheerful and child-oriented decor

e Developmentally appropriate toys and objects, play spaces to
support cognitive and emotional well-being

e Comfortable accommodation for parents to facilitate family-
centered care

e Waiting areas for parents near the operating or recovery rooms to
reduce anxiety

Developmental Supportive Approaches for Pediatric Patients
During Hospitalization

In addition to the psychological stress caused by hospitalization,
biological stress resulting from the effects of disease and treatment
on the central nervous system may lead to negative developmental
trajectories in hospitalized children (25). Both biological and
psychological risk factors increase cortisol secretion. Long-term high
cortisol levels affect the function of the nervous system and cause
structural changes in brain regions related to learning and memory,
thus negatively affecting development (26).

The patient- and family-centered care approach, therapeutic play,
child life services, hospital schools and educational activities, and
pain control are recommended to prevent or reduce the negative
effects of hospitalization on child development (23).

Patient and Family Centered Care Approach: Within this approach,
healthcare professionals collaborate with the family to make joint
decisions regarding disease treatment and related health processes.
Involving families in their children’s medical interventions or
postoperative care reduces anxiety among children and families,
reduces the need for analgesics, and accelerates postoperative
recovery (27). Although the family-centered approach is well known,
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its implementation is limited even in developed countries. In five
years of national survey data from the US comprising responses
from 36,675 parents of children with developmental or chronic
health conditions, these parents were less likely to report that
their healthcare provider always demonstrated the family-centered
approach than parents whose children did not have any health
conditions (28).

Therapeutic play: Play is vital for all children to cope more effectively
with chronic stressful conditions. Through play, children re-enact
daily life experiences and have the opportunity to participate in
these experiences; thus, they reduce stress by developing a sense of
internal control. Therapeutic play methods can transform the child’s
helpless and passive feelings into active feelings of control by creating
scenarios in which anticipated sources of stress are managed (for
example, by allowing the child to administer an injection to a doll).
In these plays, the expression of feelings is encouraged, education
about the hospital experience is provided, and physiological benefits
are conferred (such as through the blow-out game to improve lung
function) (29).

Child life services: Specially trained child life specialists provide an
organized service known as “child life” in health centers in developed
countries. These services aim to support child development through
therapeutic play, educational activities, and other supportive
activities during hospitalization (30).

Educational activities - Hospital schools: It is difficult for children
with chronic diseases to attend school regularly due to long
treatment periods and frequent hospitalizations. This restricts their
opportunities for social development, disrupts school adaptation
and success, and thus adversely affects children’s developmental
outcomes. Educational programs, called “hospital school programs”,
that follow the curriculum with professional teachers in hospitals
have been initiated to support children’s development during
hospitalization in many countries (31).

Pain control: Management and treatment of pain should be the
primary goal of pediatric care. Pain is a biological and psychosocial
stressor that affects the development of hospitalized children. The
perception of pain and its stress increase over time if adequate pain
control is not provided. Children with chronic pain report higher
levels of physical disability, anxiety, depression, and sleep problems
as well as poorer academic performance and lower quality of life,
compared with their peers (32).

Recommendations for Hospitalization

Clinicians should aim to promote optimal functioning in everyone
involved in the process and to restore the family to normalcy as
much as possible. Preparation for hospitalization is important
for managing the condition. It is recommended that all family
members involved in the process be informed about the disease,
the evaluation, and the treatment. Information should be tailored
to the developmental level of the child. Defenses such as denial and
reflection should be expected. Open and sufficient communication
establishes a sense of trust and competence in the child and the
family, thereby increasing self-esteem, coping skills, and treatment
adherence during hospitalization. The child should be allowed
to express his/her feelings about the disease. What will be done
should be explained before the procedures; however, it is necessary

to avoid unnecessary medical details and to be aware that anxiety
and stress can impair the ability to understand what is heard.
Many healthcare professionals underestimate young children’s
capabilities and do not attempt to communicate with them. It
is also necessary to be available to listen to the child and family.
Children whose parents have depression or anxiety and who receive
less family support are considered at risk and should be referred to
mental health services. The development of hospitalized children
can be supported by reducing both biological and psychosocial
stressors. The clinician’s role during hospitalization is to minimize
the distress and trauma while maximizing the benefits of care
coordination (21).

Clinical Management of Chronic Health Conditions

The effective management of chronic conditions in children requires
specific pediatric roles, including coordination of care, identification
of DBF, assessment of family strengths, education about the disease,
and school planning (2). Figure 3 presents the recommended
pediatric management for children with chronic health conditions
in clinical practice.

Coordination of Care

The medical home concept has been widely embraced as a primary
care model for all children, initially to ensure coordinated care for
those with chronic conditions. This model transforms the healthcare
delivery system by avoiding fragmented care, overuse, or underuse;
promoting interagency cooperation; alleviating stress for families;
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Figure 3. Recommended clinical pediatric management of children with
chronic health conditions.
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and ultimately improving outcomes such as health status, quality
of life, and participation in school and the community. Following
the registration of children with chronic health conditions, medical
home providers, in addition to implementing standard medical care,
provide children and families with access to educational materials
and partner with families in decision-making, often in collaboration
with other services and subspecialists (33).

Coordination of care entails developing an up-to-date family-
centered care plan; helping the family learn about their child’s care;
facilitating access to needed services; establishing a network that
connects all care providers, including social and educational services;
and helping resolve conflicts among all parties. Social and emotional
support for the family is also an integral part of care (34). Families
usually need care coordination during the first year after diagnosis,
during the adaptation process at discharge, and during particular
transitional periods, such as schooling or transition to adulthood.
They usually feel more competent in managing their child’s needs
and services as they acquire experience over time (11).

Identification of Developmental and Behavioral Functions

Children with chronic health conditions and their families require a
wide range of services to meet their special needs. Through periodic
assessments, clinicians can inform families about or help families
access preventive mental health care, appropriate home nursing,
educational and social services, and other specialized therapies (34).
Healthy siblings of children with chronic health conditions are also
at risk; therefore, the needs of other family members should be
considered. Clinicians should ensure that all family members receive
developmental monitoring and health supervision to prevent,
identify, and manage the risks (27). Because of the high cost of
health care for many chronic conditions, clinicians should also be
familiar with both private and public referral sources in their region
(33,34).

The clinician should be aware of the problems associated with DBF in
children with chronic conditions and assess functioning and the need
for referral (4,10). Developmentally supportive strategies should be
discussed with families at every opportunity (14). Although most
clinicians are willing to identify DBF in their patients with chronic
conditions, they face multiple barriers, including a lack of time,
training, and resources for referral. Therefore, a high proportion of
children and families have unidentified developmental, behavioral,
and mental health needs (35).

Assessment of Family Strengths and Difficulties

Clinicians should identify families’ knowledge, social support, and
coping strategies; help them increase support, if necessary; recognize
difficulties and unmet needs; and strengthen skills for coping with and
nurturing their child. If coping strategies are inadequate, clinicians
should direct them toward strategies such as empowerment, self-
management skills, and task sharing to help them cope with their
diseases. Additionally, clinicians should be sensitive to maternal
depression and marital dysfunction and know how to identify
these problems and provide referrals when necessary. Telehealth,
respite care, socio-emotional support, insurance and employment
benefits, and parenting support are promising approaches to reduce
stress and improve parental health and well-being in the clinical
management of chronic health conditions. Parents are likely to
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benefit from interventions tailored to their needs at different time
points along their child’s chronic disease trajectory (36).

Education about disease

Patient education is a key component of patient engagement,
supporting them in managing their lives with chronic conditions.
Structured educational programs enhance knowledge, self-
management skills, and autonomy. In a scoping review on children,
patient education was found to be beneficial in terms of decreased
use of emergency care, hospitalizations, and visits to general
practitioners, as well as fewer missed school days (37). Education
about the disease and treatment should be given according to the
developmental level of the child and the comprehension abilities
of the parent. Education for the child is a continuing process as the
child develops cognitively. On the other hand, families may receive
much confusing information from different providers; clinicians can
clarify knowledge for the families. Clinicians should communicate
effectively with families and other providers and remain current on
the related health condition (27).

Partnership in decision-making has expanded tremendously
during the last decades. Parents accept more responsibilities in
care now. Through the transition to adulthood, children take more
responsibility to learn self-management of their chronic condition.
When children and adolescents are actively involved in decision-
making in their health care, they are usually better informed, thereby
facilitating and benefiting the work of the health professionals (38).

Planning for School Education

Many children with chronic health conditions need satisfactory
planning for school education. Due to school being the main
workplace of children, clinicians should consider the school
requirements. Some families need the support of their doctors to
adjust school needs for their children. Some children need special
education services because of the impact of their diseases on social
and cognitive development. Some children with chronic health
conditions cannot participate in standard education curriculums,
requiring modifications of school days or class environment. Some
require planning for medication or emergency care at school. School
staff often need education about the disease and the necessity and
results of schooling in the context of chronic conditions. Clinicians
should work in collaboration with schools and families to ensure the
best school placement (2).

CONCLUSION

Chronic health conditions both affect and are affected by DBF in
children. Clinicians should know that all family members are affected
by chronic conditions. Therefore, the unmet needs of children and
their families should be determined, and supportive approaches
should be implemented during illness and hospitalization. Specific
pediatric roles, such as coordination of care, identification of DBF,
assessment of family strengths, education about the disease, and
school education planning, should be integrated into standard
pediatric care for effective management of chronic conditions in
children. Given the complexity of managing chronic health conditions
for children and their families, holistic pediatric involvement with
interdisciplinary collaboration and care coordination is necessary.
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ABSTRACT

This review aims to evaluate the role of the peptide hormone leptin
in the initiation and progression of cancer, with a particular focus
on colorectal cancer (CRC). A comprehensive literature search was
conducted in Google Scholar and PubMed databases to identify
relevant studies published from 2020 and 2025. Articles investigating
the influence of leptin and its receptors on cancer development and
progression, particularly in CRC, were included without language
restrictions. This review highlights that leptin promotes cancer
progression by abrogating the efficacy of chemotherapeutic agents.
Additionally, across the reviewed articles, some studies reported no
causal relationship no statistically significant association between
leptin and CRC. Although some articles report that leptin and its
receptor have no association with the development and progression
of cancer, the majority of articles implicate leptin in the development
and progression of cancer, mainly in CRC. Due to these discrepancies,
there is an urgent need for additional studies employing meticulously
designed, standardized methodologies and rigorous control measures
to annihilate potential confounding factors. These conflicting findings
may be explained by differences in study designs and confounding
factors, such as obesity. Obesity is a major risk factor for various forms
of cancer and can trigger CRC by causing cellular changes such as
mitochondrial dysfunction. In such cases, increased leptin levels may
not directly mean that leptin causes CRC. Although evidence suggests
a potential role for leptin in the development and progression of
CRC, inconsistencies in the literature underscore the need for further
research. Future studies should employ standardized methodologies
and rigorous control for confounders to clarify leptin’s mechanistic and
clinical relevance in colorectal carcinogenesis.

Keywords: Leptin, leptin and colorectal cancer, leptin and cancer,
leptin and anticancer agents, colorectal cancer

6z

Bu derleme, peptit hormonu leptinin kanserin baslamasi ve
ilerlemesindeki roliint, ozellikle kolorektal kanser (CRC) Uzerinde
yogunlasarak degerlendirmeyi amaglamaktadir. 2020 ve 2025 yillari
arasinda yayinlanmis ilgili calismalari belirlemek igin Google Akademik
ve PubMed veri tabanlari kullanilarak kapsamli bir literattir aragtirmasi
yurutlmustir. Leptinin ve reseptorlerinin kanser gelisimi ve ilerlemesi,
ozellikle de CRC Uzerindeki etkisini arastiran makaleler dil kisitlamasi
olmaksizin dahil edilmistir. Bu derleme makalesi, leptinin kemoterapotik
ajanlarin  etkinligini ortadan  kaldirarak kanser ilerlemesini
destekledigini vurgulamaktadir. Ayrica, incelenen makalelerden bazi
calismalar leptin ve CRC arasinda nedensel bir korelasyon olmadigini
ve leptin ve CRC arasinda istatistiksel olarak anlaml bir iliski olmadigini
bildirmistir. Bazi makaleler leptinin ve reseptoriiniin kanser gelisimi ve
ilerlemesi ile bir iligkisi olmadigini bildirmesine ragmen, makalelerin
¢ogu leptinin kanser gelisimi ve ilerlemesinde, Ozellikle CRC’de rol
oynadigini belirtmektedir. Bu tutarsizliklar nedeniyle, potansiyel
karistirici faktorleri ortadan kaldirmak igin daha titizlikle tasarlanmig
standartlastiriimis metodolojiler ve titiz kontrol onlemleri igeren
daha fazla ¢alismaya acil ihtiyag vardir. Bu geliskili bulgular, calisma
tasarimlarindaki farkliliklar ve obezite gibi karistirici faktorlerin varligi
ile agiklanabilir. Obezite, cgesitli kanser tirleri icin 6nemli bir risk
faktoradir ve mitokondriyal disfonksiyon gibi hicresel degisikliklere
neden olarak CRC'yi tetikleyebilir. Bu gibi durumlarda, artan leptin
seviyeleri dogrudan leptinin CRC’ye neden oldugu anlamina
gelmeyebilir. Kanitlar, CRC’nin gelisimi ve ilerlemesinde leptinin
potansiyel bir roli oldugunu gosterse de, literatlirdeki tutarsizliklar
daha fazla arastirmaya ihtiyag oldugunu vurgulamaktadir. Gelecekteki
calismalar, leptinin kolorektal karsinogenezdeki mekanistik ve klinik
onemini agikliga kavusturmak igin standartlastirilmis metodolojiler ve
karistirici faktorlerin titiz kontroltind kullanmalidir.

Anahtar Sozciikler: Leptin, leptin ve kolorektal kanser, leptin ve kanser,
leptin ve kanser onleyici ilaglar, kolorektal kanser
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INTRODUCTION

Leptin, a 16 kDa peptide hormone composed of 167 amino acids and
expressed mainly by adipocytes, was discovered in 1994 in leptin-
deficient (ob/ob) and leptin receptor-deficient (db/db) mice. This
hormone, which was later referred to as a product of the obese (ob)
gene in vertebrates, shows structural differences in its primary amino
acid sequence, but secondary and tertiary structures are the same
and similar to the long-chain helical cytokines, including interleukin
(IL) 6, IL-11, and IL-12 (1). The leptin hormone plays a crucial role in
regulating body weight and energy expenditure. Circulating leptin
levels reflect the amount of energy stored in adipose tissue and
correlate with the occurrence and degree of obesity. In other words,
a higher circulating leptin level indicates greater energy storage
(Figure 1) (2). Although it is expressed primarily in adipose tissue,
it has also been found in other tissues, such as muscle, the brain,
and the gastrointestinal system. Its expression is regulated by IL-1
during inflammation, insulin, and cortisol (1).

Aside from the pivotal role of leptin in obesity by regulating food
intake and basal metabolism, its influence extends to various
tissues and systems, including its interactions with the immune
system and implications for cancer initiation and progression. The
hormone leptin has been implicated in the initiation and progression
of many types of cancer. However, evidence has suggested that
leptin has a beneficial and possibly antitumoral role. The first
anticancer effect of leptin treatment in human cancer cell lines was
reported in the Michigan Adenocarcinoma Pancreatic Cancer-2 and
Pancreatic Carcinoma-1 pancreatic cancer cell lines. Low serum
leptin levels have been correlated with pancreatic cancer, and
high expression of leptin has been associated with better survival
in patients with colorectal cancer (CRC) (1). Nonetheless, due to
the paradoxical effect of leptin, pre-exposure of colon cancer cells
to leptin inhibited tumour necrosis factor alpha (TNF-a)-induced
apoptosis. However, its knockdown enhanced TNF-a-induced
apoptosis by upregulating the p53-upregulated modulator of
apoptosis (PUMA). That is, the expression of functional leptin and/
or leptin receptors inhibits TNF-a-induced apoptosis in colon cancer
cells (3). Excessive systemic and pulmonary leptin levels have also
been linked to an increased risk of lung cancer (4).

Since leptin is produced in adipose tissue, understanding its
relationship with adipose tissue mass is essential for exploring its
potential correlation with the risk of colon cancer (3). With more

than 1 million new cases diagnosed annually, CRC is the third most
prevalent cancer in men, the second most prevalent cancer in
women, and the primary cause of cancer-related mortality (5). While
its risk factors include germline mutations, alcohol, and tobacco,
obesity is also a significant risk factor for CRC (3). Considering the
role of leptin in the initiation and progression of cancer, as well
as its significant impact in mitigating obesity, a primary risk factor
for colon cancer, this review aims to determine whether leptin is a
friend or foe of colon cancer by examining publications from 2020 to
date using Google Scholar and PubMed databases.

Literature Search

This review was conducted by searching the Google Scholar and
PubMed electronic databases for relevant literature using keywords
such as leptin, colon cancer, leptin and colon cancer, and leptin and
cancer. Of the articles obtained, only those published in 2020 or later
were considered in this work. Considering the topics discussed in
this review, Research articles, meta-analyses, and reviews that did
not pertain to the topics of this review were considered irrelevant
and excluded from the study. No language limitation was applied in
the literature search. Moreover, the reference lists of review papers
were further searched to identify potentially more relevant research
articles.

Leptin and Cancer

Leptin exhibits proliferative activity in tumour cells of various cancer
types (Figure 2), such as breast, gastric, endometrial, and prostate
cancers. In vitro experiments have shown that leptin, through the
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT), janus
kinase/signal transducer and activator of transcription 3 (JAK/
STAT3), and extracellular signal-regulated kinase 1 and 2 (ERK1/2)
signalling pathways, can exert its proliferative effect in cancer
cells (7). Leptin does not influence carcinogenesis via proliferation
alone; it may also influence carcinogenesis by suppressing
apoptosis in cancer cells. This may be achieved by upregulating
the expression of anti-apoptotic genes such as B-cell lymphoma-
x-long, B-cell lymphoma 2, and survivin. According to Ayed et al.
(7), leptin has been reported to reduce apoptosis in cancer cells by
inhibiting the expression of many pro-apoptotic genes, including
TNFR1, FADD, Caspase 3, 6, 7, 9, and 10, CAD, ICAD, BAX, BAD, BAK1,
BID, BOK, APAF1, TRAF-interacting protein, TRAIL, IGF1R, and TRADD.
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Figure 1. Adipose tissue responds to higher energy levels by producing leptin. This was adapted from Reference 6.
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Figure 2. Leptin is associated with various types of tumours. This was adapted from Reference 1.

Chronically elevated leptin levels (hyperleptinemia), characteristic of
obesity, may increase cancer susceptibility and progression, as the
antitumor immune response is impaired in such cases. For instance,
it may result in complete paralysis of the cellular metabolism
and cytotoxic machinery in natural killer cells, driven by lipid
accumulation (7).

Leptin and Breast Cancer

Studies on leptin and cancer have shown that leptin is involved
in the occurrence and progression of breast cancer. Leptin and
its receptor can be used in the diagnosis and prognosis of breast
cancer (8). According to Ayed et al. (7), leptin promotes cell cycle
progression in cancer cells by upregulating the cell cycle progression
genes CCND1, CCNA2, PCNA, and E2F3, and downregulating the cell
cycle inhibitor genes p21WAF1/CIP1, p27KIP1, and GADDA45A. Leptin
enhances fatty acid synthesis and oxidation in oestrogen receptor-
positive breast cancer cells. These metabolic changes, which are
necessary for leptin-stimulated tumour growth, are caused by
activation of autophagy and of the sterol regulatory element-binding
protein 1 (9).

Leptin and Gastric Cancer

Leptin facilitates the metastasis and invasion of cancer cells. In a
previous study, leptin induced migration and invasion of gastric
cancer cells by activating AKT and andextracellular ERK pathways
and upregulating vascular endothelial growth factor (10).

Leptin and Endometrial Cancer

Endometrial cancer is not excluded from the influence of leptin.
Leptin plays a role in invasion and distant metastasis of endometrial
cancer and, in fact, is responsible for its proliferation (11). In a study
conducted among 30 endometrial cancer patients, it was reported
that leptin and its receptors were overexpressed and that the
elevated levels of leptin and its receptors were the potential reason

for the progression of endometrial cancer (12).

Leptin and Prostate Cancer

The expressions of leptin and its receptors could also serve as
potential biomarkers for assessing the risk and severity of prostate
cancer. In a study, it was reported that leptin and its receptors
were overexpressed in patients with prostate cancer, with higher
expression in the severe and metastatic group than in patients with
confined tumours (13).

Leptin and Gall bladder Cancer

Exosomes derived from gallbladder cancer cells have been shown
to polarize macrophages toward the M2 phenotype via activation of
the STAT pathway. The study also reported that leptin was present in
exosomes produced by gallbladder cancer cells and that increased
leptin levels facilitated the invasion and migration of gallbladder
cancer cells. The researchers indicated that blocking leptin reduces
the polarization effect (14).

Leptin and Anticancer Drugs

In a study, a drug was designed, and its anticancer and cytotoxic
effects were evaluated. According to the researchers, the drug
suppressed the expression of leptin and its receptor genes and
could significantly increase the efficiency of targeted drug delivery
in cancer treatment (4). Increasing evidence suggests that obesity,
aside from being a major predisposing factor for cancer, is associated
with resistance to anticancer chemotherapy, and this is probably
driven by leptin. Inferring from obesity’s role in chemoresistance,
recent studies have further reported on leptin’s specific roles
in various cancers. Ayed et al. (7) reported that a study found
patients with pancreatic adenocarcinoma who did not respond to
gemcitabine-based chemotherapy had significantly higher serum
leptin levels compared to those who were responsive. This lack of
responsiveness to chemotherapy may be linked to elevated leptin
levels, which are associated with obesity.
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A study investigating survival and chemoresistance in patients
with estrogen-receptor-negative breast cancer reported that the
expression of the leptin receptor and leptin-targeted genes is
associated with poorer survival. In addition, increased expression of
these genes (ABCB1, WNT4, ADHFE1, TBC1D3, LL22NC03, RDH5, and
ITGB3), which are chemoresistance-related genes, was associated
with tumorigenesis and chemotherapeutic failure. Thus, targeting
leptin receptor signalling during chemotherapy could improve
chemotherapeutic efficacy (15), and this has been demonstrated in a
study in which metformin and silibinin synergistically suppressed lung
cancer growth, possibly through regulation of the gene expression
of leptin and its receptor. In the study, the synergistic effect of
metformin and silibinin considerably reduced the expression of
leptin and of its receptor gene, thereby providing a more promising
and safer treatment strategy for cancer, especially lung cancer (16).

In addition, leptin’s influence on chemoresistance in mesenchymal
cells has been demonstrated in a study in which a leptin-conditioned
medium from human mesenchymal cells promoted resistance
to cisplatin in cultured human osteosarcoma cells. According
to the study, leptin upregulated transforming growth factor-f
(TGF-B) expression in mesenchymal cells, an effect that was
suppressed by knockdown of the leptin receptor. The suppression
of TGF-B expression in the mesenchymal cells due to leptin receptor
knockdown also ameliorated the chemoresistance of osteosarcoma
cells to cisplatin (17). Additionally, leptin has been suggested to
influence the growth and drug resistance of cancer cells; however,
its mechanism by which it induces drug resistance in gallbladder
cancer cells has not been fully elucidated. Given this, leptin-induced
drug resistance in gallbladder cancer cells was investigated in vivo.
The study found that leptin reduced the efficacy of gemcitabine by
activating myeloid cell leukaemia 1 (MCL-1), thereby promoting
resistance to gemcitabine. Upon treatment with leptin, a chain
reaction was observed in which activated pSTAT3, in turn, activated
the transcription factor CEBPD, which subsequently increased
MCL1 levels, thereby contributing to drug resistance in gallbladder
cancer cells. In other words, targeting the pSTAT3/CEBPD/MCL1 axis
could help improve the efficacy of gemcitabine in cancer patients,
specifically gallbladder cancer patients (18). Leptin increases AXL
expression by inhibiting the AMPK pathway, thereby increasing
activation and nuclear translocation of yes-associated protein. This
process ultimately increased resistance to the chemotherapy drug
5-fluorouracil (5-FU) in the CRC tumours from mice fed a high-fat
diet. However, when leptin levels were neutralised, the sensitivity of
CRC tumours to 5-FU was restored (19). This further demonstrates
leptin’s interference with chemotherapy in favour of cancer cells.

Overall, the gene expression of leptin and its receptor could affect the
success of cancer therapy by promoting drug resistance or reducing
the efficacy of therapeutic agents. The reviewed studies consistently
demonstrate that leptin contributes to chemoresistance in various
cancers by affecting gene expression and signalling pathways.
Therefore, targeting either these leptin-mediated mechanisms or
leptin and its receptor gene expression could enhance chemotherapy
outcomes.
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Leptin and Colon Cancer

Leptin’s Influence and Biochemical Mechanisms in Colorectal
Cancer

CRC is associated with obesity, and available data suggest that
CRC is positively correlated with many factors, including metabolic
syndrome and serum leptin levels (1,20). Leptin is thought to be
involved in the development and progression of CRC (21). Some
studies have reported no association between circulating or high
serum leptin levels and CRC (1,18). The majority of studies have
reported that the overexpression of leptin and its receptor is
correlated with tumour progression (1,22,23). Colectomy has been
reported to decrease serum leptin levels, supporting the correlation
between leptin and CRC. Thus, targeting leptin and its receptor is
essential for the prevention and treatment of CRC (1).

Singh et al. (3) also demonstrated that TNF-a induces p53-
independent apoptosis of colon cancer cells through the
upregulation of PUMA. However, pre-exposure of the colon cancer
cells to leptin inhibited TNF-a—induced PUMA. In other words, it can
be inferred that leptin promotes the growth of colon cancer cells
by inhibiting apoptosis. Because of leptin’s mitogenic, antiapoptotic,
and tumorigenic effects, significantly higher leptin levels observed
in 32 CRC patients were associated with an increased risk of CRC
(23). In addition, leptin was considered a candidate gene for further
analysis after assessing The Cancer Genome Atlas (TCGA) to identify
expressed genes with prognostic value in CRC. The researchers
then investigated its expression in 206 CRC patients without liver
metastasis and 201 CRC patients with liver metastasis. Based on
TCGA data, they concluded that leptin overexpression indicates
a poorer overall survival prognosis in CRC patients. It was also
reported that leptin expression is significantly correlated with the
stage of metastasis and is a valuable marker for predicting outcomes
in CRC patients (22). Erkasap et al. (24) noted that leptin could play
a significant role in the initiation and/or development of CRC. Their
research revealed significantly increased mRNA expression of leptin,
its receptor, Notch, and IL-1 in human CRC specimens.

Leptin may also contribute to the survival and progression of CRC
by reducing the efficacy of colorectal anticancer drugs. Leptin,
by inhibiting the AMPK pathway, increased AXL expression,
subsequently increasing YAP activation and nuclear translocation,
culminating in increased resistance to 5-FU in CRC cells in high-fat-
fed mice; when leptin levels were neutralised, the sensitivity of
CRC cells to the chemotherapy drug 5-FU was restored (19). This
illustrates the chemoresistant and antiapoptotic nature of leptin in
promoting CRC cell survival.

CRC Therapeutic Approaches

Due to leptin’s role in CRC progression, there is a critical need
for interventions, and this could be addressed by leveraging its
relevance. To further demonstrate that leptin and its receptors are
essential in the development and progression of CRC and play a role
in CRC chemoresistance, leptin’s unique ability to target its receptor
was leveraged to enhance drug delivery in CRC. PEGylated liposomal
doxorubicin was functionalized with a leptin-derived peptide (Lp31),
resulting in improved uptake and cytotoxicity in C26 colon cancer
cells. The study found that doxorubicin inhibited tumour growth in a
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concentration-dependent manner (25). Similarly, the leptin-derived
peptide was used to suppress tumour growth in a tumour-bearing
mouse model of colon carcinoma (26). The suppression of tumour
growth and angiogenesis, promotion of apoptosis, in a human colon
cancer cell subcutaneous xenograft mouse model by Weichang’an
Formula, a traditional Chinese medicine (herbal preparation),
through decreased leptin mRNA expression, was attributed to
leptin/STAT3 signal transduction (27).

Epidemiological Evidence

Epidemiologically, studies exploring a related factor, such as adipose
tissue, have reported that adipose tissue mass, especially visceral
adipose tissue mass, is directly correlated with the risk of colon
adenoma and cancer. In the case of excess adipose tissue mass
(obesity), the functional roles of adipose tissue are disrupted, which
could cause inflammation and altered secretion of pro- and anti-
inflammatory cytokines. Additionally, excess adipose tissue mass
leads to increased levels of leptin, which have been associated with
an increased risk of colon cancer (3).

Contrasting Views and Future Directions

Although leptin is implicated and reported to be essential in CRC
progression, a case-control study involving 955 CRC patients,
497 colon adenoma patients, and 911 healthy individuals that
investigated the causal association between circulating leptin levels
and the risk of colon adenoma, CRC, and the progression of colon
adenoma to CRC reported otherwise. According to the case-control
study, circulating leptin levels probably correlate with the risk of
colon adenoma, CRC, and progression from colon adenoma to CRC.
However, the Mendelian randomisation analysis found no evidence
of a causal association between circulating leptin levels and the risk
of colon adenoma, CRC, and progression from colon adenoma to CRC
(28). The expression levels of leptin and its receptor were evaluated
in 46 healthy individuals and 44 CRC patients. No statistically
significant differences were observed between the normal group
and the CRC group in the expression of leptin and its receptor.
Thus, leptin and its receptor would not be useful biomarkers for
CRC. However, according to the study, the CRC cases showed an
insignificantly higher expression of the leptin receptor (29).

Overall, leptin and its receptors are involved in the initiation and
progression of CRC. However, investigating the mRNA expression
of leptin and its receptor within in vivo CRC-induced model-based
studies, independent of obesity, would provide further essential
data on its role. Moreover, the prognosis of CRC treatment could be
improved by leveraging the leptin signalling pathway or its derived
peptides in a case of CRC.

CONCLUSION

Based on the reviewed papers from 2020 to date, leptin may be
involved in the development and progression of CRC. Additionally,
targeting leptin and its receptor during chemotherapy could
contribute to a favorable prognosis, as it has the potential to induce
chemoresistance. However, other studies have reported neither
a causal correlation between leptin and CRC nor a statistically
significant association. Given these discrepancies, thereisan urgent
need for additional studies with more meticulously designed,
standardised methods and rigorous control measures to eliminate

potential confounding factors. For instance, obesity, the major
risk factor for various forms of cancer, causes several changes,
including mitochondrial dysfunction, which can also induce CRC.
Thus, the increased level of leptin in such circumstances may not
necessarily indicate that leptin is the cause of CRC. This review also
highlights the necessity for additional clarification of and research
into the mechanisms and clinical implications of leptin’s effects on
CRC.
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ABSTRACT

Spinal tumors are distributed across various anatomical compartments
and include diverse histopathological subtypes. However, most studies
in the current literature focus on a limited range of tumor types or
specific subgroups. This study aims to provide a comprehensive
analysis of spinal tumors, offering a broader perspective on their
clinical and pathological characteristics. We retrospectively reviewed
clinical data from patients who underwent surgery for spinal
tumors arising from the spinal cord or spinal column between 2010
and 2023. Clinical characteristics such as age, gender, presenting
symptoms, histopathological features, tumor location, and anatomical
compartment were evaluated. Approximately half of the spinal tumors
inourseries were located in the extradural compartment. Among these,
metastatic tumors accounted for 68% of cases, representing 31% of all
spinal tumors. Intradural pathological subtypes, in decreasing order
of frequency, were: schwannoma, meningioma, ependymoma, and
astrocytic tumors; primary spinal column tumors included chordoma,
hemangioma, and chondrosarcoma. Local pain was the most common
initial symptom, particularly in ependymomas (47.8%). Motor deficits
were most frequently associated with glial tumors (17%). This study
demonstrates the broad pathological spectrum of surgically treated
spinal tumors. Despite an accelerating diagnostic trend, the findings
indicate only a modest increase in the need for surgical intervention
in spinal metastases.

Keywords: Chordoma, extradural tumors, initial symptoms of spinal
tumors, intradural tumors, primary spinal tumors, spinal metastases

0z

Spinal tumorleri farkli anatomik kompartmanlarda gozlenir ve
birgok histopatolojik alt tip icermektedir. Ancak mevcut literatiirdeki
¢ogu calisma, sinirl sayida timor tipine veya belirli alt gruplara
odaklanmaktadir. Bu c¢alisma, spinal tUimorlerinin  kapsamli bir
analizini sunmayi ve klinik ve patolojik ozelliklerine daha genis bir
bakis agisi sunmayr amaglamaktadir. 2010 ile 2023 yillari arasinda
omurilik veya vertebral kolondan koken alan spinal timorler
nedeniyle opere edilen hastalarin klinik verileri retrospektif olarak
incelenmistir. Yas, cinsiyet, ilk semptomlari, histopatolojik ozellikler,
tiimorin lokalizasyonu ve anatomik kompartmanlari gibi karakteristik
ozellikler degerlendirilmistir. Serimizdeki spinal timoérlerinin yaklagik
yarisi ekstradural kompartmanda yer almaktadir. Bunlarin arasinda
metastatik tiimorler vakalarin %68'ini olusturmaktadir ve tim spinal
timérlerinin %31'ini temsil etmektedir. intradural kompartmandaki
patolojik alt tipler, siklik sirasi azalan sekilde: schwannoma,
menenjioma, ependiyoma ve astrositik timorler; primer vertebral
kolon tiimorleri arasinda kordoma, hemanjiyom ve kondrosarkom yer
almaktadir. Lokal agri, 6zellikle metastazlarda (%75,2) en sik gorilen
baslangic semptomuydu. Motor defisit ise en sik glial timorlerle
(%63,0) gozlemlenmistir. Bu galisma, cerrahi olarak tedavi edilen spinal
timorlerin genis bir patolojik spektrumda oldugunu gostermektedir.
Artan tani oranlarina ragmen, bu bulgular spinal metastazlarda cerrahi
midahalede gerekliliginde ihml bir artis oldugunu gostermektedir.

Anahtar Sozciikler: Kordoma, ekstradural tiimorler, intradural
tiimorler, primer spinal timorler, spinal metastazlar
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INTRODUCTION

The term “spinal tumors” refers to neoplasms arising from the spinal
cord, the vertebral column, or the surrounding structures. They are
commonly classified according to their anatomical compartment
as intramedullary—intradural, extramedullary—intradural, and
extradural. The most frequently affected compartment is the
extradural space. Within this region, metastatic spinal tumors
(MSTs) (e.g., multiple myeloma, prostate, breast, thyroid, and lung)
are the most frequently observed, whereas primary spinal osseous
tumors (e.g., chordoma, haemangioma, and osteoblastoma) are rare
(1-3). Within the intradural space, the most common subtypes are
meningiomas, schwannomas, and ependymomas (4,5).

Given that localized spinal pain is an almost universal human
experience, the increasing use of imaging techniques, along with
their expanding indications, has led to an increase in incidental
detection of spinal column-related neoplasms, although less
frequently than other incidental pathologies (6,7). Despite the
increasing prevalence of spinal neoplasms and advances in diagnostic
and therapeutic capabilities, accurate incidence data for spinal
tumor subtypes remain scarce. The main reasons for this include the
heterogeneity of data sources across existing studies, the inclusion
of cases treated with specific therapeutic approaches, and the focus
on particular histopathological subtypes. Because spinal tumors are
diverse, the incidence and characteristics of specific subgroups are
often reported. Consequently, the accurate incidence of pathologies
involving all compartments relevant to spinal surgery has yet to be
established.

The clinical presentation of spinal tumors ranges from local and
radicular pain to neurological deficits of varying severity due to
compression of the spinal neural elements (8,9). In terms of
treatment, the primary surgical principle for benign tumors is to
employ techniques that allow maximum exposure and resection
while minimizing damage to spinal stability. With the increasing
adoption of minimally invasive approaches in spinal surgery,
hemilaminectomy—once avoided due to the risk of inadequate
decompression and unintended spinal cord injury—has now
become more widely accepted (10,11). A multidisciplinary
approach is generally the most appropriate choice for MSTs.
Surgical intervention for metastatic tumors aims to relieve spinal
cord compression, reduce tumor burden as much as possible,
separate the tumor from critical tissues, and allow time for
adjunctive treatments. It is also crucial to protect patients with
active oncological conditions from the risks and complications of
major surgeries.

In this study, conducted at one of the largest neurosurgery centers
in Turkiye, we retrospectively reviewed the records of 407 patients
with spinal tumors who underwent surgery from 2010 onward.
Based on this review, we present our clinical experience in light of
current literature.

MATERIALS AND METHODS

The routinely collected prospective electronic medical records
of all operations for the treatment of spinal column tumors were
retrospectively evaluated. Gazi University Ethics Committee
reviewed and approved the research protocol for this study (approval
number: 2023-1351, date: 18.04.20239). Patients who underwent
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surgery between 2010 and 2023 were included in the cohort. Various
surgeons from the spine team at our clinic performed all operations.
Baseline medical data, such as age, gender, presenting symptoms,
and pathology, were included.

The tumors were classified as cervical, cervicothoracic, thoracic,
thoracolumbar, lumbar, and sacral based on their level. Tumors
involving the C7-T1 and T12-L1 segments were classified as
cervicothoracic and thoracolumbar junctions, respectively. The
cohort was segmented into axial anatomical compartments using
magnetic resonance imaging and classified as intramedullary,
intradural-extramedullary (ID-EM), or extradural tumors according
to axial location within the spinal column. We excluded cases in
which biopsy or vertebral augmentation had been performed, cases
with relapses, and patients under 18 years of age. Data from cases
with at least two years of radiological follow-up were evaluated to
assess spinal alignment.

Since this study did not involve a defined cohort, statistical
tests were unnecessary. Instead, the findings were evaluated
descriptively, focusing on clinical observations and histopathological
characteristics.

RESULTS

A total of 491 patients who underwent surgery were considered for
inclusion in the study, of whom 84 were excluded due to relapsed
tumors or biopsy. Finally, 407 patients were enrolled: 198 females
and 209 males, with a mean age of 50.2 + 16.2 years.

The most common histological types were metastases (n = 129,
31.7%), schwannoma (n = 59, 14.5%), meningioma (n = 52, 12.8%),
and ependymoma (n = 46, 11.3%). The gender distribution and
median age varied by histological type (Table 1). Histological
examination revealed the presence of various tumors in the
other group, including five arachnoid cysts, four cavernomas, two
angiosarcomas, five Ewing sarcomas, three hemangioblastomas,
one lipoma, one medulloblastoma, one osteoblastoma, two
osteofibromas, and one subependymoma. According to the axial
location of the tumors within the spinal cord, 21.4% (n = 87) of the
tumors were intramedullary, 27.3% (n = 111) were ID-EM 46.2%
(n = 188) were extradural, involving the vertebral bone, while the
remaining 5.1% (n = 21) exhibited a multicomponent pattern. Five
metastases and three Ewing sarcomas were ID-EM, whereas two
metastases were intramedullary.

The distribution of clinical symptoms was as follows: local pain (n =
241; 59.2%), motor deficit (n = 183; 45%), and sensory deficit (n = 143;
35.1%). Local pain was the most common clinical symptom across all
histological subtypes. It was most frequently observed in metastases
(n = 97; 75.2%), meningiomas (n = 32; 61.5%), schwannomas (n =
33; 55.9%), and ependymomas (n = 22; 47.8%). Glial tumors were
most commonly associated with motor deficits at presentation (n =
17, 63.0%), while sensory deficits were most frequently observed in
metastases. All clinical symptoms are summarized in Table 2. Regarding
tumor location, 16.5% (n = 67) were in the cervical region, 3.7% (n =
15) in the cervicothoracic region, 39% (n = 159) in the thoracic region,
4.7% (n =19) in the thoracolumbar region, 31% (n = 126) in the lumbar
region, and 5.1% (n = 21) in the sacral region (Table 3).

Eight cases were operated on via an anterior approach, while
the others were operated on via a posterolateral approach.
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Table 1. Demographic information and gender distribution of histopathological subtypes.

Female Male Total The median age
n % n % n %
Meningioma 40 20.2 12 5.7 52 12.8 58.9+17
Schwannoma 31 15.7 28 13.4 59 14.5 42.2+13
Ependymoma 21 10.6 25 12.0 46 11.3 42.2+14
Astrocytic tumors 20 10.1 7 3.3 27 6.6 40.4 £ 15
Epidermoid tumors 2 1.0 5 2.4 7 1.7 41.1+8
Dermoid tumors 2 1.0 5 24 7 1.7 33.7+10
Other intradural tumors 7 35 8 3.8 15 3.7 -
Metastases 46 23.2 83 39.7 129 31.7 59.1+13
Chordoma 6 3.0 11 53 17 4.2 58.2+10
Hemangioma 8 4.0 2 1.0 10 2.5 51.5+13
Chondrosarcoma 5 2.5 1 0.5 6 1.5 353+14
Osteosarcoma 5 2.4 5 1.2 46.2 +£24
Aneurysmal bone cyst 1 0.5 3 14 4 1.0 40.0+11
Giant cell tumor 2 1.0 1 0.5 3 0.7 47.3+£23
Ewing sarcoma 3 1.5 2 1.0 5 1.2 34.2+10
Other mesenchymal tumors 3 1.5 6 2.9 9 2.2 -
Unclassified 1 0.5 5 24 6 1.5 -
Total 198 209 407
Table 2. Distribution of common symptoms by axial location.
Local pain Motor deficits Sensory deficits
n % n % n %
Intramedullary 50 57.5% 36 41.4% 28 32.2%
Ependymoma 22 47.8% 14 30.4% 15 32.6%
Astrocytic tumors 15 55.6% 17 63.0% 7 25.9%
Intradural-extramedullary 66 59.5% 57 51.4% 46 41.4%
Meningioma 32 61.5% 24 46.2% 24 46.2%
Schwannoma 33 55.9% 26 44.1% 19 32.2%
Extradural 125 63.5% 90 45.7% 69 35%
Metastases 97 75.2% 74 57.4% 50 38.8%
Chordoma 7 41.2% 5 29.4% 7 41.2%
Other primary bone tumors* 18 42.9% 9 21.4% 11 26.2%

*Hemangioma, chondrosarcoma, osteosarcoma, aneurysmal bone cyst, giant cell tumor, Ewing sarcoma, other mesenchymal tumors.

Hemilaminectomy was performed in 103 cases. Among the 143
bilateral laminectomy cases with at least two years of follow-up after
surgery, 23% showed a radiological increase in the local kyphosis
angle; however, none required reconstruction with instrumentation.
A total of 16 patients (4%) underwent posterior instrumentation
during the initial surgery. Among them, 9 had metastases, 6 had
tumors of bone origin, and 1 had a schwannoma with extradural
extension.

DISCUSSION

This study focused on the histological distribution, demographic
characteristics, and epidemiological features of all spinal neoplasms
treated surgically. The cases had a mean age of 50 + 16 years, with
an equal gender distribution. The mean age was higher in cases of
metastasis, meningioma, and chordoma than in other pathologies,
consistent with previous reports. Data analysis revealed that spinal
tumors were most frequently located in the extradural compartment
(46.2%), a proportion that although slightly lower than figures
reported in the literature, is within a comparable range (12).
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Table 3. Distribution of histopathological subtypes by spinal level.

Cervical Cervicothoracic Thoracic Thoracolumbar Lumbar Sacrum

n % n % n % n % n % n %
Meningioma 6 11.5 2 3.8 39 75.0 2 3.8 3 5.8 - -
Ependymoma 14 304 4 8.7 7 15.2 3 6.5 18 39.1 - -
Schwannoma 13 22.0 2 3.4 15 25.4 2 3.4 26 44.1 1 1.7
Astrocytic tumors 7 25.9 2 7.4 10 37.0 3 111 3 111 2 7.4
Metastases 9 7.0 4 3.1 59 45.7 4 31 45 34.9 8 6.2
Hemangioma 0 - - 8 80.0 0.0 2 20.0 - -
Chordoma 5 29.4 - - 2 11.8 1 5.9 1 5.9 8 47.1
Chondrosarcoma 0 - - - 1 16.7 - 0.0 5 83.3 - -
Total 67 16.5 15 3.7 159 39 19 4.7 126 31 21 5.1

Metastases accounted for 68% of lesions in the extradural
compartment and 31% of all spinal tumors, representing the most
common subtype of spinal neoplasms, as reported in previous
studies. Among primary bone tumors located in the extradural
compartment, chordoma (9%) and haemangioma (5%) were the
most frequently observed. Contrary to the commonly held view,
primary spinal tumors constituted 10% of spinal tumors, a relatively
high proportion (3,6).

Intradural tumors are among the rarest tumor types, comprising
4-8% of central nervous system tumors (13,14). Extramedullary
lesions are the most common intradural lesions. The most frequently
observed tumors within the ID-EM category are meningiomas, which
account for 16-25% of cases (5,14,15). These tumors typically occur
in women and are most often found in the thoracic vertebrae. In our
series, meningiomas comprised 22% of ID-EM tumors, with a female-
to-male ratio of 3.5:1. In only one case, the tumor extended from the
dural defect into the epidural space rather than the intradural space.
Extradural meningiomas can also mimic schwannomas (16,17).
Despite the relatively advanced mean age at diagnosis (58.9 + 17
years), they generally show a good prognosis, provided there is no
invasion of the arachnoid or pia mater (18,19).

Although schwannomas are reported as the second most common
tumor in ID-EM, epidemiological studies report that schwannomas
are more common than meningiomas (15). They are mainly located
intradurally, originating from the dorsal root, but 10-15% extend
extradurally. They are observed at roughly equal frequency in both
sexes, and the average age at diagnosis is 47 years. Our findings are
consistent with those reported in the literature and with findings
from our series. Schwannomas can occur as solitary or multiple
lesions at any spinal level, but despite numerous series in the
literature, there is no consensus regarding the most commonly
affected spinal level. In their recent meta-analysis, Alvarez-Crespo
et al. (20) reported that the cervical region is the most common
segment. Contrary to what has been reported in the literature, we
found that the lumbar region was the most common site in our
series, accounting for 44.1% of cases. Schwannomas are known to
be slow-growing tumors and generally present with radicular pain
and myelopathic findings; however, in our series, local pain was the
most frequently observed symptom (21,22).
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Ependymomas are usually benign lesions, most commonly occurring
in the cervical region. The incidence is slightly male-predominant,
and in our series males accounted for 54%. The bimodal age
distribution of ependymomas is a recognised feature; the mean
age in our series is 42.0 £ 1.9 years. The relatively high mean age in
our cohort may result from including only adult patients. The most
common symptoms at diagnosis are local pain and sensory deficits.
However, owing to the greater accessibility of radiological imaging,
diagnoses are made earlier; therefore, sensory deficit complaints
are more frequently observed (23). In our series, local pain was
observed in 47.8% of patients, while a sensory deficit was present
in 32.2%.

In our series, astrocytomas accounted for 42% of primary
intramedullarytumors, withamean patientage of 40.2 years. Contrary
to the literature, a female predominance (64.3%) was observed in
our study. Motor and sensory deficits are more frequently observed
in spinal cord astrocytomas than in other intradural tumors (24,25).
In our series, the most commonly observed symptom was motor
deficit. This finding may be attributed to increased edema caused
by early changes in the tumor microenvironment of astrocytomas
(24,26). Compared with childhood, spinal astrocytomas in adults are
associated with a worse prognosis (27). Tumor grade and histological
type play a crucial role in determining prognosis. In particular, a
well-defined surgical dissection plane in pilocytic lesions increases
the likelihood of total resection (28,29). Although intraoperative
neuromonitoring has been observed to encourage more extensive
surgical resection in anaplastic astrocytomas, studies have shown
that even gross total resection does not contribute to survival in
glioblastomas (30,31).

Spinal column lesions, the majority of which are bone metastases,
are increasingly encountered owing to improved survival among
patients with primary malignancies (32,33). Extradural lesions
account for approximately 60% of spinal oncological cases (12).
In our series, 46.2% of spinal tumors were extradural, with the
thoracic region the most commonly involved site. MSTs are the
most frequently observed extradural lesions. Approximately 10—
30% of cancer patients develop spinal metastases; however, it is
estimated that only 10-20% of these cases become symptomatic
(2,34,35). Consistent with the literature, three-quarters of the
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cases in our series were located in this anatomical region; only four
were intradural. MSTs typically spread hematogenously through
the extensive venous plexus of the vertebrae. Anatomically, they
tend to extend posteriorly to involve the pedicle. Despite their high
prevalence, MSTs often present with minimal clinical symptoms.
This highlights the importance of routine metastasis screening and
early detection programs (36). During our screening, localized pain
was detected in three-quarters of MST cases, whereas sensory or
motor deficits were observed in half of cases. The inclusion of only
surgically treated patients in our series may have influenced these
findings.

Primary bone tumors of the spine (PSTs) are rare and mostly benign
lesions (6). This group includes hemangiomas, osteoid osteomas,
aneurysmal bone cysts, osteochondromas, neurofibromas, giant cell
tumors of bone, and eosinophilic granulomas. Benign primary bone
tumors account for approximately 41% of all bone tumors. However,
conflicting reports exist regarding which primary bone tumor is most
frequently observed. Dang et al. (6) reported giant cell tumors as the
most common PST in their series, whereas Kelley et al. (37) identified
multiple myeloma as the most frequently observed PST. This
discrepancy arises from differences in the theoretical classification
of myeloma, as many studies consider it a metastatic, rather than a
primary, spinal tumor. In our series, the proportion of benign lesions
was low, and the most frequently observed tumor was chordoma.
This result appears lower than those reported in the literature, likely
due to the high number of chordoma cases in our series. The role of
the center where the study was conducted as a referral center for
complex spinal tumors may have contributed to this finding. Benign
lesions are often diagnosed incidentally, as their clinical presentation
tends to be non-specific and subtle. In most cases, observation is the
preferred treatment approach. However, in patients with persistent
pain or neurological compression, surgical intervention may become
necessary (38).

Primary malignant spinal tumors generally exhibit locally aggressive
behavior (6). The most common subtypes include chordoma,
chondrosarcoma, Ewing sarcoma, and osteosarcoma. Although these
tumors can develop at any vertebral segment, they most frequently
occur at the cranial and caudal ends of the spine. The sacrum and
cervical spine were the most common locations in our series, with
prevalence rates of 47% and 29%, respectively. The age at diagnosis
of chordomas varies widely; consistent with the literature, the mean
age in our series was 58.1 + 9.37 years, with a male predominance.
Surgery is the primary treatment modality; however, defining the
tumor margins intraoperatively remains challenging. Currently,
maximal surgical resection followed by adjuvant therapy is the most
effective approach for local disease control.

Posterior approaches are used in nearly all surgical procedures
for intradural tumors. The techniques most commonly used are
hemilaminectomy and laminectomy. In spinal surgery, there is a
growing trend toward minimally invasive techniques to preserve
stability and minimize muscle damage. In line with this trend, the
literature suggests an increasing preference for hemilaminectomy
in tumor resection (10,39). Although unilateral hemilaminectomy
offers theoretical advantages such as reduced blood loss, earlier
discharge, and faster recovery, cohort studies have shown no
significant superiority over laminectomy in these aspects (39). In our
series, protective laminectomy preserving the facet joints was the

predominant approach for intradural tumors (168/226). Despite an
increased kyphotic angle observed radiologically during follow-up, no
patients exhibited clinical symptoms requiring reconstruction. Among
the cases that underwent bilateral laminectomy, 25 of involved the
junctional region. Midline bilateral laminectomies, performed while
preserving the facet joints, can be considered reliable methods for
tumor resection because of their extensive exposure.

Study Limitions

Our study has limitations owing to its retrospective design. First,
because our cohort included only surgically treated patients, those
managed conservatively were not evaluated. Secondly, some spinal
tumor subtypes had small sample sizes, which may have led to
discrepancies in incidence rates compared with those reported in
the literature. Additionally, this study may be criticized for relying
on data from a single institution, which could introduce selection
bias. Another limitation is the incomplete follow-up data for some
cases. Nevertheless, data obtained from a national referral center
will contribute to the epidemiological and descriptive literature.

Conclusion

This study has established a comprehensive database on spinal
tumors by analyzing data from 407 patients with various tumor
types. The primary aim is to reveal the true prevalence of spinal
neoplasms requiring surgical intervention. Although metastases
constitute the majority of diagnostically identified spinal tumors,
their proportion in surgical series does not markedly differ from that
of other spinal pathologies.
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