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ABSTRACT
Aims: Cricothyrotomy is a life-saving technique utilized in emergency airway management. This study aimed to assess the 
variability in the height of the cricothyroid membrane (CTM) based on gender, age, and body-mass index (BMI) across different 
neck positions, neutral and maximally extended.

Methods: The study enrolled healthy volunteers aged 18 years and older. Participant baseline characteristics (age, gender, and 
BMI) were systematically documented. The height of the CTM was measured using, with the participants’ necks positioned in 
neutral and extended postures. Associations between CTM height and demographic variables, including sex, age, height, and 
BMI, were evaluated.

Results: The study cohort comprised 296 individuals with a mean age of 41.84±15.76 years, ranging from 18 to 75 years. 30.3% 
of the participants were between 18 and 29 years old. 175 participants (59.1%) were female. The CTM height was significantly 
greater in the maximum extension position compared to the neutral position (p<0.001). CTM height in the neutral position was 
significantly lower in females compared to males (p<0.001). This difference persisted in the maximum extended position, where 
females also exhibited a lower CTM height than males (p<0.001).

Conclusion: The height of the CTM varies significantly based on gender and neck position. These variations have critical 
implications for performing cricothyrotomy, especially in the Turkish population, highlighting the need for tailored approaches 
in emergency procedures.

Keywords: Cricothyroid membrane, cricothyrotomy, ultrasound
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INTRODUCTION
The cricothyroid membrane (CTM) is an essential anatomical 
feature located between the cricoid and thyroid cartilages at 
the anterior midline of the neck. Unlike its adjacent structures 
the more rigid thyroid and cricoid cartilages the CTM is 
composed of fibrous, relatively avascular tissue, lending it 
flexibility and surface accessibility.

Airway management is a pivotal aspect of emergency medicine 
practice.1 Cricothyrotomy, also known as cricothyroidotomy, 
is a critical procedure in scenarios where traditional intubation 
is not possible, such as “cannot intubate, cannot ventilate” 
situations. This technique is vital in instances of upper airway 
obstructions, severe facial trauma, or maxillofacial injuries 
that preclude endotracheal intubation due to anatomical 
abnormalities.2-4 The conventional cricothyrotomy approach 
often employs the landmark palpation technique, where pre-
procedural anatomical knowledge can enhance the likelihood 
of success and thus mitigate associated morbidity and 
mortality.4-6

Research indicates that anatomical variations in the CTM’s 
size and structure are prevalent across different races, genders, 
and age groups.7,8 The optimal technique for cricothyrotomy 
typically involves maximal head and neck extension.9 

However, this position may not always be feasible in patients 
with conditions such as neck surgery, radiation therapy to the 
neck, or other neck pathologies. Understanding the CTM’s 
height is crucial, as it informs the appropriate size of the 
tracheal tube to be used, thereby impacting the potential for 
complications during the procedure.

Ultrasonography (USG) has become a vital tool in airway 
management due to its non-invasiveness, lack of ionizing 
radiation, portability, and capability for rapid execution. 
Despite its many advantages, it is important to note that the 
accuracy of USG is operator-dependent. USG allows for the 
precise visualization of the upper airway’s sonoanatomy and is 
considered the “gold standard” for point-of-care identification 
and measurement of the CTM.5,10

https://orcid.org/0000-0002-2732-502X
https://orcid.org/0000-0003-2751-0046
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This study aimed to assess the variability in the height of 
the cricothyroid membrane (CTM) based on gender, age, 
and body-mass index (BMI) across different neck positions, 
neutral and maximally extended.

METHODS 
This single center prospective observational study was carried 
out from March 10 to May 10, 2024, subsequent to receiving 
approval from the Ankara Etlik City Hospital Clinical 
Researches Local Ethics Committee (Date: 06.03.2024, 
Decision No: 2024-204). This study was performed in line 
with the principles of the Declaration of Helsinki. All 
participants provided written informed consent, which was 
obtained after they were fully informed about the study’s aims 
and methodologies.

The study included healthy volunteers aged 18 years and older. 
Individuals were excluded if had any known airway pathology, 
arthritis, restrictions in neck movement, neurological issues 
affecting the upper limbs, were pregnant, or had a history of 
neck surgery or radiation exposure.

Baseline characteristics such as age, gender, and BMI 
were meticulously gathered for each participant. Age was 
categorized as 18-29, 30-39, 40-49, 50-59, and ≥60 years. The 
BMI was calculated using the standard formula of weight in 
kilograms divided by the square of height in meters (kg/m2), 
and categorized into four groups (<18.5, 18.5-24.9, 25-29.9, ≥30 
kg/m2) according to World Health Organization criteria.11

For the USG assessment, each participant was positioned 
supine on a flat patient stretcher. Their heads were supported 
by a pillow to maintain the neck in a neutral position, 
characterized by the ala tragus line being perpendicular to 
both the floor and the stretcher, and the external auditory 
canal aligned with the sternal angle to form a straight line 
parallel to the floor.

The USG scans commenced with the identification of the 
hypoechoic thyroid and cricoid cartilages. Subsequently, the 
height of the CTM was meticulously measured using distance 
calipers in the sagittal orientation. This measurement was 
defined as the vertical distance from the cephalad border 
of the cricoid cartilage to the caudal border of the thyroid 
cartilage in milimeters (mm).12,13

Following the initial measurement, volunteers were instructed 
to adjust their necks to a position of maximum extension. The 
CTM height was then remeasured under these conditions. 
All ultrasound scans were consistently performed using the 
longitudinal technique in the longitudinal plane ensuring 
consistency and accuracy in the measurements obtained 
(Figure).14

The USG measurements were conducted by a radiologist with 
ten years of experience, utilizing a LOGIQ E10 ultrasound 
device (GE Healthcare) equipped with a 7 MHz linear 
probe, which operates within a frequency range of 4.0-20 
MHz. Measurements of the CTM were accurately done in 
centimeters using distance calipers.

Before embarking on the study, an emergency medicine 
physician was trained by the radiology doctor in the 

identification and measurement of the CTM diameters in over 
10 patients for two hours. This training was essential to ensure 
that the emergency physician could accurately perform these 
measurements, although these particular patients were not 
included in the study.

In the study, both the radiology and emergency medicine 
doctor independently measured the CTM height of volunteers. 
These measurements were conducted in the specified positions 
without knowledge of each other’s results, ensuring unbiased 
and reliable data collection for the interobserver agreement.

Statistical Analysis
Descriptive statistics for continuous data (such as age, etc.) 
included the mean, standard deviation, median, minimum, 
and maximum values. For categorical data, frequencies and 
percentages were provided. The normality of the continuous 
data distribution was assessed using the Kolmogorov-
Smirnov test. Comparisons between age and BMI groups 
were conducted using the Kruskal-Wallis variance test. In 
cases where the Kruskal-Wallis Analysis indicated significant 
differences, the source of these differences between groups 
was further examined using the Kruskal-Wallis multiple 
comparison test. Gender comparisons for measurements were 
performed using the Mann-Whitney u test. The comparison of 
CTM height in the neutral and maximum extended positions 
was analyzed using the Wilcoxon test.  The CTM  height in 
the neutral and maximum extended positions interobserver 
agreement was evaluated using the intraclass correlation 

Figure. The measurement of the cricothyroid membrane height in neutral 
position (a), in the maximum extended position (b), the height of the 
cricothyroid membrane distance (green line) between the cephalad border 
of the thyroid cartilage (yellow arrows) and the caudal border of the cricoid 
cartilage (red arrows) (a,b)
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coefficients. All statistical evaluations were carried out using 
IBM SPSS statistics 20.0. A p-value of less than 0.05 was 
considered statistically significant.

RESULTS
The study involved 296 participants, with an average age of 
41.84±15.76 years, ranging from 18 to 75 years. Approximately 
30.3% of the participants were between the ages of 18 and 29. 
Of the total participants, 175 (59.1%) were female, with an 
average BMI of 23.66±4.10 kg/m², spanning from 12 to 33 kg/
m². BMI values of 47.6% of the participants were in the normal 
range (Table 1). 

The average CTM height in the neutral position was found 
to be 6.98±0.66 mm (range 6.1-8.1 mm). When measured 
in the maximum extended position, the average CTM 
height increased to 9.03±0.61 mm (range 7.9-10.0 mm). The 
measurements indicate that the CTM height in the maximum 
extended position was significantly higher than in the neutral 
position (p<0.001).

In the neutral position, the CTM height was significantly 
lower in females compared to males (p<0.001). This pattern 
was also observed in the maximum extended position, where 
the CTM height remained significantly lower for females 
compared to males (p<0.001) (Table 2).

The CTM  height in the neutral and maximum extended 
positions interobserver correlations were 0.97 and 0.95, 
respectively.

DISCUSSION
The CTM is a pivotal anatomical landmark in emergency front-
of-neck access procedures.14 Effective airway management, 
particularly in emergency situations where conventional 
methods fail, hinges on accurate airway assessment. 
Cricothyrotomy serves as the definitive intervention in critical 
“cannot intubate, cannot oxygenate” scenarios.2 To effectively 
perform cricothyrotomy, especially under urgent conditions, a 
thorough understanding of the relevant anatomical structures 
is crucial. USG has become indispensable for identifying 
key radiological features of the upper airway, establishing 
itself as the gold standard for on-the-spot identification and 
measurement of the CTM.5,10 Our study specifically evaluated 
the variability in CTM height based on gender, age, and BMI 
in both neutral and maximally extended neck positions.

Our findings are contextualized by comparing them with 
prior research. Kelly et al.14 measured the CTM height using 
computed tomography (CT) in patients aged 16-19 years, 
finding a strong correlation with age, with CTM heights 
ranging between 5.4 and 6.2 mm in male adolescents and 4.6 
and 5.8 mm in female adolescents. Another research involving 

Table 1. Cricothyroid membrane height of the study population 
according to age, gender, BMI and position

(n=296) Mean±SD
Median (Min-Max)

Age group (year) 41.84±15.76
42 (18-75)

18-29 90 30.3

30-39 48 16.2

40-49 57 19.3

50-59 49 16.6
≥60 52 17.6

Gender n %
Female 175 59.1
Male 121 40.9

BMI (kg/m2) 23.66±4.10
24 (12-33)

n %

18.5 24 8.1

18.5-24.9 141 47.6

25-29.9 100 33.8

30 31 10.5

CTM height in neutral 
position (mm)

6.98±0.66
6.6 (6.1-8.1)

CTM height in maximum 
extended position (mm)

9.03±0.61
8.9 (7.9-10.0)

BMI: Body-mass index, SD: Standart deviation, Min: Minimum, Max: Maximum, n: Number, 
CTM: Cricothyroid membrane, mm: Milimetre, 

Table 2. Cricothyroid membrane height in neutral and maximum extended position according to age, gender, and BMI

CTM height in neutral position (mm) CTM height in maximum extended position (mm)
Mean±SD Median (min-max) p Mean±SD Median (min-max) p

Age group (year)
18-29 6.99±0.66 6.6 (6.2-8.1)

0.899b

9.01±0.62 8.9 (7.9-10.0)

0.990b

30-39 6.96±0.67 6.6 (6.2-7.9) 9.05±0.59 8.8 (7.9-9.9)

40-49 6.98±0.66 6.6 (6.2-7.9) 9.04±0.61 8.9 (7.9-9.9)

50-59 6.96±0.66 6.6 (6.2-7.9) 9.01±0.62 8.8 (7.9-9.9)

≥60 7.01±0.70 6.6 (6.1-7.9) 9.06±0.63 8.8 (7.9-9.9)
Gender
Female 6.45±0.17 6.4 (6.1-6.9)

<0.001c 8.57±0.30 8.7 (7.9-9.1)
<0.001c

Male 7.74±0.25 7.8 (6.3-8.1) 9.70±0.19 9.7 (8.6-10.0)

BMI (kg/m2)

18.5 6.88±0.68 6.5 (6.2-7.9)

0.260b

8.96±0.63   8.7 (8.2-9.9)

0.160b18.5-24.9 6.92±0.64 6.6 (6.2-7.9) 8.98±0.60 8.8 (7.9-9.9)

25-29.9 7.01±0.68 6.6 (6.1-8.1) 9.05±0.62 8.9 (7.9-10.0)

30 7.21±0.69 7.7 (6.2-7.9) 9.25±0.61 9.6 (8.1-9.8)
BMI: Body-mass index, mm: Milimetre, SD: Standart deviation, Min: Minimum, Max: Maximum, b: Kruskal Wallis variance analysis, c: Mann-Whitney u test, CTM: Cricothyroid membrane
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15 adult cadavers reported mean CTM heights of 10.9 mm 
in males and 9.5 mm in females.15 Additionally, Nutbeam et 
al.’s7 study on 482 trauma patients reformatted from CT scans 
found the average CTM height to be 7.89 mm and 7.88 mm in 
male patients, and 6.00 mm and 5.92 mm in female patients. 
Their findings also indicated a gradual increase in CTM 
height from adolescence through the fourth decade, leveling 
off between the fourth and sixth decades, and subsequently 
decreasing with advancing age.

In our study, we observed notable differences in the height of 
the CTM across different neck positions neutral and maximum 
extension and these differences varied significantly by gender. 
However, no significant differences were detected across age 
groups. This lack of variation by age could be attributed to 
the demographic composition of our volunteer group, which 
predominantly consisted of younger individuals. Similarly, 
the absence of significant differences between BMI and CTM 
height measurements may be due to the limited number of 
participants with a higher BMI in our study sample.

In a study involving 50 pregnant women beyond 28 weeks 
of gestation, with an average age of 32.9 years and a BMI of 
29.9, the median CTM height was found to be 10.3 mm in a 
neutral position and 11.7 mm when extended.16 Another study 
examining 50 fresh adult autopsy cases (35 men and 15 women) 
with ages ranging from 17 to 83 years reported mean CTM 
heights of 6.57 mm for men and 5.80 mm for women.17 Wong 
et al.18 conducted USG on 39 adults, both with a rigid neck 
collar and in an extended neck position, and determined the 
average CTM length to be 10.5 mm. Research utilizing neck 
CT scans highlighted a decrease in CTM height in neutral 
positions among male patients older than 65.7 In contrast, 
Dixit et al.’s19 study with 22 volunteers found that extending 
the head and neck from the neutral position increased the 
CTM height by 2-3 mm, though no clear correlation with 
height, weight, or BMI was observed.

Our study echoes the literature, showing that the CTM height 
is greater in a maximally extended position compared to 
the neutral stance. This increase is likely due to the upward 
movement of the thyroid cartilage relative to the stationary 
carina, stretching the larynx and trachea and thus enlarging 
the space at the cricothyroid joint.18,20

In a prospective study conducted by Oliveira et al.,21 six 
anesthesia trainees comprising four residents and two fellows 
participated in a focused 2-hour training session on neck 
ultrasound. This session was specifically designed to help 
identify neck landmarks and the CTM. Impressively, after just 
this brief training period, the majority of the trainees (n=4 out 
of 6) demonstrated proficiency in using ultrasound to identify 
the CTM, achieving this competence within an average of 
fewer than 20 scans and in less than 60 seconds. Furthermore, 
these skills were largely retained, with the trainees remaining 
competent three months later.

The ability to accurately locate the CTM is crucial for 
emergency doctors, especially given that the effectiveness of 
USG can significantly vary depending on the operator. Thus, 
a structured training and assessment program is essential to 

boost diagnostic precision. Our study supports the notion 
that USG, particularly in CTM assessment, is relatively 
straightforward to learn, as evidenced by a strong correlation 
between different observers. This ease of learning, combined 
with the widespread availability of ultrasound machines 
in emergency departments, underscores the necessity for 
all emergency physicians to be trained and encouraged to 
perform these scans effectively.18

Limitations
This study presents several limitations that warrant mention. 
First, individuals under 18 years of age were excluded, 
potentially affecting the generalizability of the findings across 
all age groups. Additionally, the majority of the volunteers 
were younger, and there was a notably low number of 
participants with a BMI. 

CONCLUSION
The findings of this study underscore the variability in 
the height of the CTM across different genders and neck 
positions, emphasizing its clinical significance in performing 
cricothyrotomy. Particularly within the Turkish population, 
these variations highlight the necessity for tailored approaches 
in emergency airway management. The study demonstrates 
that gender-specific differences and the positioning of the 
neck critically influence CTM height, which can impact the 
success and safety of cricothyrotomy procedures. Moreover, 
this research contributes to a broader understanding of 
anatomical variability, which can aid clinicians in preparing 
for and executing emergency procedures more effectively. The 
implications of these findings are profound, suggesting that 
ongoing education and training in understanding anatomical 
diversity are crucial for emergency medical personnel.
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ABSTRACT
Aims: In pregnancy, early diagnosis and proper treatment of urinary tract infections are crucial in preventing maternal and fetal 
comorbidities. Therefore, pregnant women should be screened for asymptomatic bacteriuria. This study aimed to evaluate the 
relationship between pyuria and bacteriuria and the susceptibility of uropathogens, as well as to review the empiric drug options 
for pregnant women.
Methods: The presence of pyuria and bacteriuria in urine samples obtained from the pregnant outpatient clinic between January 
2023 and December 2023 at Kırıkkale University Faculty of Medicine Hospital’s Infectious Diseases and Clinical Microbiology 
Laboratory was investigated. Uropathogens were identified and typed using the BD Phoenix™ M50 automated system for bacterial 
identification and antibiotic susceptibility testing, and antibiotic susceptibility was interpreted according to the European 
Committee on Antimicrobial Susceptibility Testing criteria.
Results: A total of 1457 urine samples were evaluated in this retrospective study. Uropathogens were detected in 235 patients, 
while 301 samples were considered contaminated. Uropathogens were found to be susceptible to amoxicillin-clavulanate, 
trimethoprim-sulfamethoxazole, nitrofurantoin, and fosfomycin, in that order, for use in pregnant women. High resistance rates 
to third-generation cephalosporins were observed.
Conclusion: According to the results of this study, local resistance rates against urinary pathogens in pregnant women should be 
determined at specific intervals, and empirical antibiotic therapy should be planned based on these data.
Keywords: Asymptomatic bacteriuria, urinary tract infection, empirical antibiotherapy
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INTRODUCTION
Urinary tract infections (UTIs) are common infections during 
pregnancy. In addition to conventional UTIs (acute cystitis 
and acute pyelonephritis), asymptomatic bacteriuria (ASB) is 
also among the diseases that should be treated in pregnancy.1 
ASB is more common in people under the age of 20, 
nulliparous, at risk of bacteriuria, with previous urinary tract 
infections, sickle cell anemia, diabetes diagnosis, smoking 
history and low socioeconomic status, especially in the first 
trimester of pregnancy.2-4 There are publications showing 
that ASB in pregnant women leads to upper UTI such as 
pyelonephritis in the absence of treatment.5

Some studies have shown a positive correlation between the 
presence of untreated bacteriuria in pregnant women and 
the risk of preterm delivery, low birth weight and perinatal 
mortality.6 In pregnant women with pyelonephritis, obstetric 
outcomes such as increased preterm delivery rate and 
complications such as anemia, acute respiratory failure and 
sepsis that increase maternal morbidity can be seen regardless 
of the trimester.4,7,8

There is no difference in virulence between uropathogens 
seen in pregnancy and uropathogens seen in non-pregnant 
individuals. However, the ability of bacteria to move 
ascending may increase due to relaxation of smooth muscles 
and dilatation of the ureter due to pregnancy. This is thought 
to be the main reason why a non-symptomatic bacteriuria 
is a risk factor for pyelonephritis in pregnant women.9 In 
addition, immunosuppression such as a decrease in mucosal 
interleukin 6 levels due to pregnancy may occur.10

Pregnant women should be screened for bacteriuria at least 
once regardless of the presence of symptoms to prevent fetal 
and maternal complications. Screening should be repeated in 
pregnant women with risk factors for UTI.2 The Infectious 
Diseases Society of America (IDSA) defines ASB as the 
detection of 10 colonies/ml or more of the same bacterial 
strain in two consecutive measurement.11 However, this 
definition is based on studies in non-pregnant women. ACOG 
(American College of Obstetricians and Gynaecologists) 
recommends screening for ASB by urine culture once in 
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pregnant women.12 In some studies, it has been reported 
that growth in a single culture is sufficient for treatment 
decision for group B streptococci in pregnant women.13 
In most patients with infection, the urine in the bladder 
usually contains at least 10 CFU/ml. However, one third of 
young women with cystitis may have less than 10 CFU/ml of 
bacteria. In such women, low numbers of Enterobacteriaceae 
(i.e. 10 -10 CFU/ml) are highly associated with infection.14 
The IDSA consensus culture definition for cystitis is ≥10 
CFU/ml and for pyelonephritis ≥10 CFU/ml.15 

Potential agents that can be given to pregnant women are 
beta-lactams, nitrofurantoin and fosfomycin. However, the 
resistance mechanisms encountered in bacteria and the fact 
that the optimal duration of treatment is not specified with 
precise criteria bring failure in the treatment of bacteriuria.16 
In this study, the presence of pyuria and bacteriuria in urine 
samples obtained from pregnant women was investigated, 
samples with pyuria were compared with culture results 
and the susceptibility of antimicrobial options (available for 
pregnant women) were examined.  It was aimed to review 
the empirical treatment regimen to be chosen for pregnant 
women and to avoid the use of antibiotics with high 
resistance rates.

METHODS
The study was carried out with the permission of the Kırıkkale 
University Non-interventional Clinical Researches Ethics 
Committee (Date: 20.12.2023, Decision No: 2023.12.15). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

In this study, 1457 urine samples obtained from patients 
who applied to the pregnant outpatient clinic between 
January 2023 and December 2023 were included in our 
laboratory. Samples with at least 10 leukocytes/ml in the 

leukocyte counting chamber were considered pyuric. All 
incoming samples were inoculated with 0.01 milliliter 
aliquots on 5% sheep blood agar and eosine methylene blue 
agar (EMB) media and incubated for 24-48 hours at 35-
37˚C in aerobic environment. At the end of incubation, the 
plates were evaluated and more than 10 colonies/ml were 
considered to be significant and studied with BD Phoenix™ 
M50 bacterial identification and antibiotic susceptibility 
system. Antibiotic susceptibility was interpreted according 
to the European Committee on Antimicrobial Susceptibility 
Testing criteria.17 Amoxicillin-clavulonate, 3rd generation 
cephalosporin, trimethoprim-sulfamethoxazole (TMP-
SMX), nitrofurantoin and fosfomycin, which are 
recommended for use in pregnant women, were evaluated 
in susceptibility results. Urine samples in which three or 
more types of bacteria are detected without a predominant 
microorganism are considered contaminated.18

RESULTS
Between the specified dates, 1457 midstream urine samples 
were sent to our laboratory for culture, excluding duplicate 
samples from the pregnant outpatient clinic. Pyuria was 
detected in 298 (20.45%) of the samples and significant growth 
was observed in 235 (16.1%). 227 (15.57%) were considered as 
contamination because they were polymicrobial. The values 
of pyuria detected in urine were between 10-2000 leukocytes/
ml. The relationship between the amount of pyuria and 
growth is shown in Table 1.

Escherichia coli (E. coli) was detected in 64 (27%) of 235 
samples. The second most frequently isolated agent was 
group B. streptococcus with 54 (22%). Among the agents, 
193 (82%) were susceptible to amoxacillin+clavulonate, 167 
(71%) to TMP-SMX, 113 (48%) to nitrofurantoin and 169 
(72%) to cephalosporin resistance. The susceptibilities for the 
causative agents are shown in Table 2.

Table 1Pyuria-bacteriuria relationship

No cell n (%) 10-49 leukocytes/ml n (%) 50-99 leukocytes/ml n (%) 100-2000 leukocytes/ml n (%) Total n (%)

No reproduction 779 (0.53) 119 (0.08) 0 (0) 33 (0.02) 921 (63)

Contamination 227 (0.16) 62 (0.04) 12 (0.01) 0 (0) 301 (0.20)

Bacteriuria 153 (0.11) 40 (0.03) 42 (0.03) 16 (0.01) 235 (0.16)

Total 1159 (0.8) 221 (0.15) 54 (0.04) 49 (0.03) 1457 (100)

Table 2 Agent-sensitivity ratios

Amoxicillin+clavulonate n (%) Cephalosporin n (%) Fosfomycin n (%) Nitrofurantoin n (%) SXT n (%) Total n (%)

Enterococcus spp. 14 (100) 0 (0) 10 (71) 6 (43) 0 (0) 14 (100)

Klebsiella spp. 57 (100) 23 (40) 36 (63) 55 (96) 47 (82) 57 (100)

Escherichia coli 22 (34) 43 (67) 43 (67) 22 (34) 25 (39) 64 (100)

Coagulase negative 
Staphylococcus 46 (100) 0 (0) 20 (43) 30 (65) 41 (89) 46 (100)

Streptecoccus agalactia 54 (100) 0 (0) 0 (0) 0 (0) 54 (100) 54 (100)

Total 193 (82) 66 (28) 109 (46) 113 (48) 167 (71) 235 (100)
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DISCUSSION
UTI is one of the most common infectious diseases in the 
community. Urinary tract infections in the female gender 
show a bimodal course and peak in sexually active women aged 
15-24 years and postmenopausal women.19,20 It is estimated 
that 10-12% of women experience UTI at least once a year.21 
In studies conducted in pregnant women, no difference was 
found between different antibiotic regimens in terms of cure 
rate, incidence of recurrent infection, preterm delivery and 
antibiotic change.22 However, especially in untreated UTIs, 
empirical treatment should be initiated rapidly due to the 
possibility of complications.5

E. coli is the most common uropathogenic agent.23 In this 
study, E. coli was the most common agent detected in pregnant 
women. However, in the last two decades, an increasing 
resistance pattern against E. coli has been observed worldwide. 
Increasing resistance rates are observed especially against 
agents frequently used in treatment such as fluoroquinolones 
and TMP-SMX.23,24 Since these two agents are considered 
among group C. antimicrobials in pregnant women, the 
importance of beta lactam susceptibility increases. In recent 
years, extended spectrum beta lactamase (ESBL) production 
even in community-acquired E. coli strains has become 
an important problem in treatment.25 In ESBL-producing 
strains, oral treatment options decrease, treatment failure, 
hospitalization rates and treatment costs increase.26,27 The high 
level of cephalosporin resistance in this study suggests that 
the number of oral agents that can be selected for pregnant 
women will decrease in the future.

Penicillins (including beta-lactamase inhibitors), 
cephalosporins, carbapenems (ertapenem and meropenem), 
aztreonam and fosfomycin are safe agents for use in pregnant 
women.28 Therefore, considering the broad spectrum 
of activity, 3rd generation cephalosporins, amoxicillin-
clavulanate or fosfomycin are recommended for outpatient 
and oral treatment in non-invasive UTIs such as acute cystitis 
and ASB. Nitrofurantoin and TMP-SMX are considered 
first-line agents in cases of allergy/resistance where other 
agents cannot be used in the first trimester and in the 
2-3rd trimesters.29 However, since nitrofurantoin has been 
associated with fetal hemolytic anemia when used at 38-42 
weeks of gestation, it is recommended that priority be given to 
other agents if possible.30,31

As a result of this study, it is recommended that amoxicillin-
clavulanate with 82% sensitivity in all lower and upper UTIs 
should be selected as the most effective agent in empirical 
treatment for pregnant women in our region. The other agent 
of choice for upper UTI is TMP-SMX with 75% sensitivity. 
For lower UTI, nitrofurantoin with a sensitivity of 48% 
and fosfomycin with a sensitivity of 46% are considered to 
be the agents that should be selected for targeted treatment 
according to the sensitivity results instead of empirical 
treatment. Due to the resistance seen in our region, empirical 
use of 3rd generation cephalosporins should be avoided, and 
they should be kept in reserve as the agent of choice in the 
presence of resistance to other agents.

In a study evaluating the presence of pyuria and culture 
results, the causative agent could be produced in 34% of 
women with pyuria.32 In this study, this rate was 27.5%. The 
causes of sterile pyuria may include antibiotic use, infection 
with bacteria that are difficult to grow, growth of less than 
10 colonies excluded in culture, urethritis agents, presence 
of contamination or diuresis.33 Therefore, it is recommended 
that pyuria should not be used alone in the diagnosis of UTI 
in pregnant women. 

After ASB screening became routine, the incidence of 
pyelonephritis in pregnancy decreased from 20-35% to 1-4%.2 
Repeated screening is not recommended in pregnant women 
after a first negative screening as the risk of pyelonephritis is 
low.34 ASB is significant in bacterial growths of 10 CFU/ml and 
above. Lower growths should be considered as vulvovaginal 
contamination and treatment should be avoided.35 In all 
treatments except fosfomycin, 5-7 daily doses have been 
shown to be superior to a single dose.36,37 Antimicrobial 
agents should be started immediately after bacteriuria 
is demonstrated, and if necessary, a change of treatment 
should be considered according to the susceptibility result.31 
In this study, we recommend fosfomycin, which has high 
efficacy in all uropathogens, as the first agent to be given in 
asymptomatic treatment, especially because it is effective in 
single dose use. In case of fosfomycin resistance, other agents 
should be considered for at least 5 days.

Contamination rates may be higher during pregnancy than 
in the normal population due to difficulty in capturing 
midstream urine.38 In this study, this rate was 21%. However, 
there is no specific evidence for repeating the sample in 
the presence of contamination. Since contamination of 
skin flora elements was detected in one third of pregnant 
patients, sample repetition may not be successful in ruling out 
contamination.38

Limitations
The most important limitation of the study is that it included 
patients from a single center. Since it was a retrospective 
laboratory study, information about the patients’ background 
and family history such as recent antibiotic use, hospitalization 
history, comorbid diseases could not be evaluated. In vitro 
susceptibilities of uropathogens were evaluated and in vivo 
activities were excluded. 

CONCLUSION
Determination of local epidemiology and antibiotic 
susceptibilities is the most fundamental step in the fight 
against infection. Therefore, resistance rates against urinary 
pathogens should be determined at certain times and 
empirical antibiotic therapy should be planned according 
to these data. According to this study, it is recommended to 
prefer amoxicillin-clavulonate in the presence of symptomatic 
UTI and fosfomycin in ASB for empirical antibiotherapy in 
pregnant women, and to revise the treatment if necessary 
according to the results of the factor. 
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ABSTRACT
Aims: To reveal the effect of probiotics added to standard Helicobacter pylori eradication treatment on the eradication success and 
side effect profile.
Methods: This is a prospective cross-sectional study that included male and female patients between the ages of 18-65 who 
presented to internal medicine and general surgery outpatient clinics with dyspeptic complaints and had a positive stool 
Helicobacter pylori antigen test. The patients were divided into two groups with the first receiving standard treatment consisting of 
amoxicillin 1000 mg 2x1, clarithromycin 500 mg 2x1, and lansoprazole 30 mg 2x1. In addition to standard treatment, the second 
group also received a probiotic supplement containing 1.5 billion colony-forming units (CFU) per tablet twice a day. Both groups 
were treated for 14 days and were called 1 month later for a stool Helicobacter pylori antigen check. In addition, a questionnaire 
was administered to the patients aiming to determine the presence and severity of common side effects due to antibiotic use. 
These side effects were determined as epigastric burning, flatulence, diarrhea, nausea and vomiting, bitter taste and retrosternal 
burning. 0 means none, 1 means mild, 2 means moderate, and 3 means severe. Patients were asked to score the symptoms they felt 
while using antibiotics according to this scale. The aim was to investigate whether there was a difference between the two groups 
in terms of eradication success and side effect profile.
Results: The study included 150 patients (87 males and 63 females) with a mean age of 43.37±12.13 (range 23-65). Group 1 consisted 
of seventy-five patients who received only antibiotic treatment and group 2 consisted of 75 patients who received antibiotic and 
probiotic treatment. Eradication percentage was 77.33% in the antibiotic group and 85.33% in the antibiotic+probiotic group. On 
the other hand, the difference between groups was found to be non-significant (p=0.295). The odds ratio for association between 
treatment and eradication was 1.705 (95% CI: 0.738-3.940, p=0.212). The percentages of epigastric burning, flatulence, diarrhea, 
and nausea/vomiting were significantly higher in the antibiotic group than in the antibiotic+probiotic group (p<0.001, p<0.001, 
p<0.001, p=0.002, respectively). No significant differences between treatment groups in terms of bitter taste and retrosternal 
burning were found (p=0.323, p=0.579, respectively).
Conclusion: Probiotics cannot be an alternative option to antibiotics in the treatment of Helicobacter pylori; however, when used 
in combination with antibiotics, they can have a synergistic effect by increasing the eradication success and reducing side effects.
Keywords: Helicobacter pylori, gastritis, probiotics, antibiotics
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INTRODUCTION
Helicobacter pylori (HP), a gram-negative, micro-aerophilic, 
spiral-shaped, flagellated bacterium, was first detected in the 
human stomach by Warren and Marshall in 1982. In 1989, 
Goodwin named the bacterium HP due to its helical structure 
and the fact that it lives in the pyloric region of the stomach. 
Approximately half of the world’s population is infected with 
HP. According to a TURHEP study, the average prevalence 
of HP is 82.5% across Turkiye, which prevalence levels 
varying from region to region. The highest positivity rate is 
in the Southeastern Anatolia Region with a rate of 88.7%, 
while prevalence drops to 71.8% in the Marmara Region.1 
HP causes atrophy and metaplasia in the gastric mucosa. 
The relationship between HP and gastritis, gastroduodenal 

ulcer, gastric mucosa-associated lymphoma (MALTOMA), 
and gastric adenocarcinoma has been definitively proven 
and it is considered a class 1 carcinogen by the World Health 
Organization.2 For this reason, all national and international 
guidelines recommend investigating the presence of HP in 
patients presenting with dyspeptic complaints and eradicating 
it if positive.3 Since HP shows high antibiotic resistance, various 
eradication regimens have been defined and updated over the 
years.4 In recent years, the use of probiotics, which increase 
the success of treatment through different mechanisms, has 
come to the fore in addition to antibiotics. Probiotics are 
defined by the World Health Organization as bacteria that 
are beneficial to human health when consumed in sufficient 
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amounts.5 In order to ensure eradication of HP, some current 
guidelines recommend the use of probiotics as they increase 
treatment compliance and eradication success.6 There are 
publications showing that probiotics prevent HP colonization 
through various mechanisms and increase the success of 
eradication, and also increase compliance with treatment by 
reducing the side effects of antibiotic therapy.7,8 However, there 
are conflicting results in the literature which conclude that 
probiotics do not provide additional benefit to HP treatment.9 
Taking these opposing views into consideration, the present 
study was planned to evaluate the effectiveness of probiotics 
on both eradication success and treatment-related side effects.

METHODS
Ethical approval was received from the Ethics Committee 
of İstanbul Medipol University Faculty of Medicine (Date: 
07.12.2023, Decision No: 1017). All stages of the study were 
carried out in accordance with the Declaration of Helsinki. 
Patients were informed of the purpose and method of the 
study and their written consent was obtained. The sample 
size was calculated using the descriptive statistics (effect 
size=0.229) in the article titled “The effect of probiotics on 
gut microbiota during the Helicobacter pylori eradication: 
randomized controlled trial”. The minimum number of 
patients required to complete the present study with a 95% 
confidence level (α=0.05) and 80% power was determined 
as 150 (Hintze, J. (2011), PASS 11. NCSS, LLC. Kaysville, 
Utah, USA. www.ncss.com).10 The study was conducted at 
İstanbul Medipol University’s Faculty of Medicine Hospital 
between December 2023 and March 2024. Male and female 
patients between the ages of 18 and 65, who applied to 
internal medicine and general surgery outpatient clinics with 
dyspeptic complaints and had a positive stool HP antigen test, 
were included in the study. Patients were numbered according 
to the order of arrival. Those with odd numbers were placed 
in group 1 and received standard treatment, while those with 
even numbers were placed in group 2 and received standard 
treatment+probiotics. The treatment applied to the first group 
consisted of amoxicillin 1000 mg 2x1, clarithromycin 500 mg 
2x1, and Lansoprazole 30 mg 2x1. In addition to standard 
treatment, group 2 received probiotic supplementation 
containing 1.5 billion colony-forming units (CFU) per 
tablet in a 2x1 dosage. Probiotics included Enterococcus 
faecium (CBT EF4), Lactobacillus plantarum (CBT LP3), 
Streptococcus thermophilus (CBT ST3), Bifidobacterium 
lactis (CBT BL3), Lactobacillus acidophilus (CBT LA1), and 
Bifidobacterium longum (CBT BG7) strains. Both groups 
were treated for 14 days and were called 1 month later for a 
stool HP antigen check. The antigen checks were compared to 
determine whether there was a significant difference in terms 
of eradication success between the two groups. In addition, 
a questionnaire was administered to each patient aiming to 
determine the presence and severity of common side effects 
due to antibiotic use. These side effects were determined to be 
epigastric burning, flatulence, diarrhea, nausea and vomiting, 
bitter taste, and retrosternal burning. Patients were asked 
to score their symptoms according to the following scale: 
0 for no side effects, 1 for mild, 2 for moderate, and 3 for 
severe side effects. Exclusion criteria included: pregnant and 

breastfeeding women; patients <18 years of age and >65 years 
of age; patients previously treated for HP eradication; patients 
using antibiotics and/or probiotics, proton pump inhibitors, 
H2 receptor antagonists, or antiacids within the last 3 months; 
the presence of any acute or chronic infection other than HP; 
the presence of malignancy, liver, or kidney dysfunction; and 
patients using immunosuppressive agents. 

Statistical Analysis
All analyses were performed on IBM SPSS statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). For 
the normality check, histogram and Q-Q plots were used. 
Descriptive statistics were presented by using mean±standard 
deviation for continuous variables due to normality of 
distribution and frequency (percentage) for categorical 
variables. Continuous variables were analyzed with the 
student t test. Categorical variables were analyzed with the 
chi-square test or Fisher-Freeman-Halton test. Odds ratios for 
eradication were calculated via univariable logistic regression 
analysis. Two-tailed p-values of less than 0.05 were considered 
statistically significant. 

RESULTS
The study included 150 patients (87 males and 63 females) with 
a mean age of 43.37±12.13 (range 23-65). Group 1 consisted of 
seventy-five patients who received only antibiotic treatment 
and group 2 consisted of 75 patients who received antibiotic 
and probiotic treatment. No significant differences between 
treatment groups were found in terms of age (p=0.511), sex 
(p=0.620), alcohol use (p=0.650), and smoking (p=0.741). 
Eradication percentage was 77.33% in the antibiotic group 
and 85.33% in the antibiotic+probiotic group (Figure).  The 
differences between groups was found to be non-significant 
(p=0.295) (Table 1). The odds ratio for association between 
treatment and eradication was 1.705 (95% CI: 0.738 - 3.940, 
p=0.212). In addition, no association was found between 
eradication and age (p=0.816), sex (p=0.244), alcohol use 
(p=0.682), or smoking (p=0.656) (Table 2). The percentage 
of no epigastric burning was significantly higher in the 
antibiotic+probiotic group than in the antibiotic group. 
The percentages of moderate and severe epigastric burning 
were significantly higher in the antibiotic group than in the 
antibiotic+probiotic group (p<0.001). The percentage of mild 
flatulence was significantly higher in the antibiotic+probiotic 
group than in the antibiotic group. The percentages of moderate 
and severe flatulence were significantly higher in the antibiotic 
group than in the antibiotic+probiotic group (p<0.001). The 
percentage of no diarrhea was significantly higher in the 
antibiotic+probiotic group than in the antibiotic group. The 
percentages of moderate and severe diarrhea were significantly 
higher in the antibiotic group than in the antibiotic+probiotic 
group (p<0.001). The percentage of no nausea/vomiting was 
significantly higher in the antibiotic+probiotic group than in 
the antibiotic group. And the percentage of moderate nausea/
vomiting was significantly higher in the antibiotic group than 
in the antibiotic+probiotic group (p=0.002). No significant 
differences between treatment groups was found in terms 
of bitter taste (p=0.323) and retrosternal burning (p=0.579) 
(Table 3).
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DISCUSSION
In this study, the HP eradication success rate of standard 
treatment was found to be 77.33%, while this rate was found to 
be 85.33% in the group using standard treatment+probiotics. 
It was observed that the use of probiotics increased the success 
of eradication. In addition, epigastric burning, flatulence, 
diarrhea, nausea and vomiting were detected significantly less 
in the group using probiotics, while no significant difference 
was detected between the two groups in terms of bitter taste 
and retrosternal burning.

There are studies in the literature showing the various effects 
of probiotics on human health. In order for a strain to be 
defined as a probiotic, it must meet certain criteria such as not 
having pathogenic properties, being resistant to gastric acid 
and bile salt, being able to adhere to the intestinal epithelium, 
being able to produce antimicrobial compounds, and being 

able to stimulate the immune response.11 These criteria were 
determined by The Lactic Acid Bacteria Industrial Platform 
(LABIP). The most commonly used and most effective 
probiotic species are Lactobacillus and Bifidobacterium 
species, which were used in the present study. 

Treating HP is much more than treating an infection. 
Eradicating HP not only treats gastritis and gastroduodenal 
ulcers, but it may also prevent gastric adenocarcinoma and 
MALTOMA caused by HP. Unfortunately, it is not easy to 
destroy HP due to its resistance to antibiotics and difficulty in 
patient compliance with treatment.12

The prevalence of HP is increasing year by year all over 
the world as well as in Turkiye.13 To create consensus on 
HP treatment, the American College of Gastroenterology 
(ACG) guidelines and the Maastricht V consensus report 
were last announced in 2017. Both recommended that all HP 
positive patients should be treated and that the treatment 
protocol should be decided according to clarithromycin and 
metronidazole resistance.14 Today, the most commonly used 
global first-line treatment regimen is triple therapy which 
includes amoxicillin, clarithromycin, and a proton pump 
inhibitor.15 The present study used this treatment regimen. 

Table 1. Summary of demographics and antigen results with regard to 
treatment groups

Treatment

Antibiotic 
(n=75)

Antibiotic+Probiotic 
(n=75) p

Age 42.72±12.43 44.03±11.87 0.511§

Sex
Male 45 (60.00%) 42 (56.00%)

0.620†
Female 30 (40.00%) 33 (44.00%)

Alcohol use 10 (13.33%) 13 (17.33%) 0.650†

Smoking 33 (44.00%) 31 (41.33%) 0.741†

Helicobacter pylori 
antigen after treatment

Negative 58 (77.33%) 64 (85.33%)
0.295†

Positive 17 (22.67%) 11 (14.67%)
Descriptive statistics were presented by using mean±standard deviation for continuous 
variable due to normality of distribution and frequency (percentage) for categorical variables.                              
§: Student t test, †: Chi-square test

Table 2. Odds ratios for Helicobacter pylori eradication, univariable 
logistic regression analysis results

OR (95% CI) p
Age 1.004 (0.970-1.039) 0.816

Sex, female 1.676 (0.702-4.001) 0.244
Alcohol use 0.796 (0.268-2.365) 0.682

Smoking 0.829 (0.363-1.892) 0.656
Treatment, antibiotic+probiotic 1.705 (0.738-3.940) 0.212

OR: Odds ratio, CI: Confidence interval

Table 3. Summary of symptoms with regard to treatment groups

Treatment
Antibiotic 

(n=75)
Antibiotic+Probiotic 

(n=75) p

Epigastric burning
No 4 (5.33%) 24 (32.00%)*

<0.001†
Mild 22 (29.33%) 31 (41.33%)

Moderate 32 (42.67%) 13 (17.33%)*
Severe 17 (22.67%) 7 (9.33%)*

Flatulence
No 13 (17.33%) 23 (30.67%)

<0.001†Mild 19 (25.33%) 33 (44.00%)*
Moderate 29 (38.67%) 17 (22.67%)*

Severe 14 (18.67%) 2 (2.67%)*
Diarrhea

No 14 (18.67%) 35 (46.67%)*

<0.001†
Mild 20 (26.67%) 23 (30.67%)

Moderate 27 (36.00%) 12 (16.00%)*
Severe 14 (18.67%) 5 (6.67%)*

Nausea/vomiting
No 18 (24.00%) 32 (42.67%)*

0.002‡Mild 33 (44.00%) 36 (48.00%)
Moderate 21 (28.00%) 6 (8.00%)*

Severe 3 (4.00%) 1 (1.33%)
Bitter taste

No 25 (33.33%) 19 (25.33%)

0.323†
Mild 23 (30.67%) 34 (45.33%)

Moderate 19 (25.33%) 16 (21.33%)
Severe 8 (10.67%) 6 (8.00%)

Retrosternal burning
No 1 (1.33%) 1 (1.33%)

0.579‡
Mild 48 (64.00%) 53 (70.67%)

Moderate 21 (28.00%) 14 (18.67%)
Severe 5 (6.67%) 7 (9.33%)

Descriptive statistics were presented by using frequency (percentage) for categorical variables. 
†: Chi-square test, ‡: Fisher-Freeman-Halton test, *: Significantly different category

Figure. Helicobacter pylori antigen results after treatment



369

Yiğit et al. The role of probiotics in Helicobacter pylori eradicationJ Health Sci Med. 2024;7(4):366-370

Studies on clarithromycin resistance in Turkiye have found 
results varying between 15% and 55%. The reason for this 
variation of results may be due to the difference in the method 
and region where resistance was studied.16 Again, in various 
studies conducted in Turkiye the success rates of the classic 
triple therapy were found to be between 43.5% and 86.2%.17 In 
the present study, the eradication rate was found to be 77.33%, 
consistent with these data. Due to the bacteria’s ability to 
develop high antibiotic resistance, many different treatment 
protocols have been created over the years. After antibiotic 
resistance, the most important factor affecting eradication 
success is patient non-compliance. Studies have shown that 
the incidence of side effects varies between 5-30% and that 
these side effects cause patients to fail to comply with the 
treatment.18 There are studies in the literature showing that 
probiotics increase compliance with treatment by reducing 
side effects, as in this study.19 Probiotics prevent HP adhesion 
by colonizing the gastric mucosa, inhibiting the urease 
activity of HP by producing short-chain fatty acids, and 
thus blocking the adhesion of HP to the gastric mucosa.20 
Probiotics compete with HP for nutrients and cause immune 
modulation via IL-8.21

There are many studies in the literature aiming to reveal the 
effect of probiotics on HP. In a multicenter study conducted 
on 664 patients in Greece, the success rate with standard 
treatment was found to be 86.8%, while the success rate 
increased to 92.0% in the group which probiotics were added 
to the same treatment. In addition, the frequency of side 
effects was much less in the group using probiotics.19 A meta-
analysis examining 40 studies covering data from 894 patients 
published in 2019 concluded that a higher eradication rate 
(p<0.001) and a lower incidence of total side effects (p<0.001) 
were observed in the group using probiotics compared 
to the control group.22 The 2017 ACG clinical guidelines 
recommended the use of probiotics, stating that they increase 
HP elimination rates and reduce the occurrence of side effects. 
However, no conclusion has been reached about the best 
probiotic choice, as well as its dosage and treatment process.14

Despite these positive results in the literature, there are also 
studies that conclude that the use of probiotics is useless. In 
a small-scale Turkish study conducted on 61 children, it was 
concluded that probiotics did not contribute to eradication 
success or to reducing the rate of side effects.23 The reason for 
the negative results in this study may be the small number of 
patients and the content of the probiotic used. While a powerful 
probiotic containing Enterococcus faecium, Lactobacillus 
plantarum, Streptococcus thermophilus, Bifidobacterium 
lactis, Lactobacillus acidophilus, and Bifidobacterium longum 
was used in the present study, the probiotic used in the small-
scale study contained only Lactobacillus casei, Lactobacillus 
acidophilus, and Bifidobacterium lactis. Another study 
conducted on 209 patients in Spain concluded that probiotic 
treatment added to standard treatment did not contribute 
to eradication success or reducing side effects. The reason 
for this result may be that the probiotic used contained only 
Lactobacillus plantarum and Pediococcus acidilactici and was 
used once a day. The present study applied the probiotics in a 
2x1 posology.24 

When the results of 4 studies conducted between 2016 and 
2017 are examined, the general opinion is that probiotics 
cannot be an alternative option to antibiotics in the treatment 
of HP; however, their combined use can have a synergistic 
effect by increasing the eradication success and reducing side 
effects.25

Limitations
This study was a relatively small-scale study conducted 
with 150 patients. Definitive results can be reached with 
studies on more patients. Since it was a single-center study, 
it covered a certain segment of the society. The results cannot 
be generalized to the entire population. The presence of HP 
was detected by examining the stool antigen test. Culture, 
antibiotic susceptibility, and drug resistance tests were not 
performed. As the symptoms questioned within the study to 
evaluate post-treatment antibiotic side effects may also occur 
due to HP infection, it would have been more accurate to 
apply the same questionnaire both before and after treatment.

CONCLUSION
Considering the increase in the prevalence of HP infection as 
well as the increase in antibiotic resistance both globally and 
in Turkiye, supporting antibiotic therapy with probiotics can 
contribute to the success of treatment.
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ABSTRACT
Aims: The aim of this study was to evaluate the success of bone grafts obtained from the anterior iliac crest, the recipient and 
donor site complications in the reconstruction of jaw defects caused by different etiologies in maxillofacial surgery.
Methods: A retrospective cohort study was conducted at the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, 
Erciyes University between 2012-2022. It included patients with iliac crest harvested bone grafts due to jaw defect with full 
records. The primary predictive variable was the type of jaw defect. The primary outcomes were the presence of complications at 
donor and recipient sites. Secondary outcomes were length of hospital stay and type of complications at donor and recipient sites. 
The obtained data were analyzed with Kruskal Wallis Test, Pearson’s chi-square test and Fisher’s exact test. 
Results: This study included 104 (44 female, 60 male) patients. Complication rate was 21.15%. There was no statistically significant 
relationship between the type of jaw defect and the success of iliac bone grafts (p=0.257).  The most common recipient site 
complication was resorption in alveolar atrophy groups, the dehiscence in alveolar cleft groups, infection in other reason groups. 
There was no statistically significant relationship between type of jaw defect and complication types (p=0.524).
Conclusion: The results of the study demonstrate that general success rate was 78.85% in jaw reconstruction with anterior iliac 
crest harvested bone grafts. The major complication rate causing total graft loss was 13.46%. There was no statistically significant 
relationship between the type of jaw defect and the success of iliac bone grafts.
Keywords: Jaw defects, iliac crest, reconstruction
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INTRODUCTION
Autogenous bone grafts are frequently used for the 
reconstruction of jaw defects. Autogenous bone grafts are 
considered the “gold standard” for their osteo-induction, 
osteo-conduction and osteogenesis features.1 Donor site 
selection is usually determined by the size of the defect 
area. Extraoral donor sites such as the anterior iliac crest are 
more preferred in the reconstruction of large defects.2 The 
anterior iliac crest harvested bone graft is usually preferred 
to reconstruction of severely atrophic jaws due to tooth loss 
or old age, post-surgical defects after large cyst or tumor 
surgery, and the treatment of alveolar clefts.3,4 Access to the 
anterior iliac crest is relatively easy and operation time can 
be shortened with a double surgical team. In addition, large 
amounts of cortical and cancellous bone can be harvested 
from the anterior iliac crest.5 Although the morbidity rate is 
low, numerous complications related to both the donor and 
recipient sites have been documented in association with 

iliac bone grafting. The most frequent complications arising 
from the donor site encompass persistent pain, sensory 
alterations, infections, hernias, ileus, disruptions in gait, 
fractures of the ilium, bleeding, seromas, and hematomas.6 
Complications documented at the recipient site comprise 
infections, dehiscence, graft resorption, and graft loss.7 
There are different studies in the literature about donor and 
recipients site complications in reconstruction of the jaw with 
iliac crest harvested bone grafts.2 However, there is no study 
that deals with the reasons for the application of bone grafts 
harvested from the anterior iliac crest in oral and maxillofacial 
surgery. The authors hypothesised that autogenous bone 
grafts from the anterior iliac crest can be successfully used 
in the reconstruction of different jaw defects with minimal 
complications at the donor and recipient site. The aim of this 
study was to evaluate the success of bone grafts obtained 
from the anterior iliac crest, and the recipient and donor site 
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complications in the reconstruction of jaw defects caused by 
different etiologies in oral and maxillofacial surgery.

METHODS

Study Design and Participants
The study was designed as a retrospective cohort study 
involving patients who underwent reconstruction with 
bone grafts harvested from the anterior iliac crest at Erciyes 
University Faculty of Dentistry, Department of Oral and 
Maxillofacial Surgery, during the period from 2014 to 2022. 
Erciyes University Clinical Researches Ethics Committee 
(Date: 29.03.2023, Decision No: 2023/207) approved the study. 
All procedures followed were conducted in accordance with 
the 1975 Helsinki Declaration Guidelines for Human Research, 
revised in 2008. Inclusion criteria were jaw reconstruction 
with bone grafts from the iliac crest for different reasons 
(alveolar atrophy, cleft repair, tumour, cyst, trauma and 
orthognathic surgery, etc.) and complete medical records. 
Patients with systemic diseases affecting bone metabolism 
such as chronic renal failure, hyperparathyroidism, Paget’s 
disease, corticosteroid and/or antiresorptive drugs and 
patients with incomplete medical records were excluded. 

Study Variables
The primary predictable variable was the type of jaw defect. 
The type of jaw defect was classified as alveolar atrophy 
(Figure 1A, B), alveolar cleft (Figure 1C, D), tumor-cyst 
surgery (Figure 2A, B), orthognathic surgery (Figure 2C), 
temporomandibular joint surgery (Figure 2D), trauma. 
Covariates were age, sex and systemic disease.

The primary outcomes were the presence of complications at 
the donor and recipient sites. The data of patients who had 
iliac graft surgery in our faculty were obtained from patient 
records. All complications related to the donor and recipient 
sites were recorded up to the 3rd postoperative month. The 
secondary outcomes were length of hospital stay and the type 
of complications in the donor and recipient sites. Total loss 
of the block or particulate graft was considered as a major 
complication. Simple debridement, or patients who had 
an implant with particle grafts at the implant session were 

considered minor complications. Demographic information 
such as age, sex, systemic diseases, and length of hospitalization 
stay, type of jaw defect was obtained from hospital registry 
software (MedData Tic. ve San. Ltd. Şti., Ankara, Turkiye). All 
collected data were recorded in a data set created in Excel file. 

Surgical Procedure
Patients in which graft was harvested from the anterior iliac 
crest according to the technique described by Kalk et al.8 were 
included in the study (Figure 3A). In patients where only the 
cancellous bone is needed, the medial cortical portion of the 
iliac crest is left as a cover and the cancellous bone is accessed 
(Figure 3B). In this technique, after exposing the anterior 
iliac crest, the required amount of bi-cortical bone block is 
removed (Figure 3C). The cancellous bone is then harvested 
from the donor site (Figure 3D). Haemostasis is achieved in 
the surgical field and a drain is placed. Subcutaneous tissues 
and skin are then sutured layer by layer using appropriate 
methods and the area is closed. All surgical procedures of the 
included patients were performed by the same surgical team. 
All patients received 2 g IV amoxicillin and clavulanic acid as 
preoperative prophylaxis. Antibiotic treatment was continued 
for 7 days postoperatively.

Figure 1. A) Intraoperative view of atrophic alveolar ridge, B) 
Reconstruction of atrophic alveolar ridge with anterior iliac crest harvested 
bone block, C) Intraoperative view of alveolar cleft, D) Reconstruction of 
alveolar cleft with anterior iliac crest harvested cancellous bone

Figure 2. A) Intraoperative view of mandibular ameloblastoma, B) 
Reconstruction of mandibular defect after resection with iliac crest 
harvested bone blocks, C) Intraoperative images maxillary down grafting 
and advancement with anterior iliac crest harvested bone block, D) 
Reconstruction mandibular ramus after TMJ ankylosis with anterior iliac 
crest harvested bone block

Figure 3. A) Anterior iliac crest bone harvesting procedure, B) Harvesting 
cancellous bone from anterior iliac crest with cover method, C) Clinical 
images of anterior iliac crest harvested bone blocks, D) Clinical images of 
cancellous particle graft from anterior iliac crest
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Statistical Analysis
The data obtained in this study were analyzed using the 
Turcosa Statistics (Kayseri, Turkiye) program. To investigate 
the normal distribution of variables, Shapiro-Wilk’s test was 
employed due to the small sample sizes. To ensure the accuracy 
of the statistical analysis, groups with less than 10 samples 
were combined to complete the statistical analysis. Since the 
variables did not follow a normal distribution, the Kruskal 
Wallis Test was used to examine differences between groups. 
For the analysis of categorical data, Pearson’s chi-square 
test and Fisher’s exact test were used. When interpreting the 
results, a significance level of 0.05 was determined. A p-value 
of less than 0.05 was considered to indicate a significant 
difference.

RESULTS
The records of 110 patients previously reconstructed with 
anterior ilac crest harvested bone graft were scanned 
through the hospital registry software. Six patients with 
incomplete records were excluded from the study. The study 
completed one hundred and four patients who underwent jaw 
reconstruction with grafts harvested from the anterior iliac 
crest. Descriptive data was shown in Table 1. The patients 
consisted of 44 (42.31%) were female, and 60 (57.69%) were 
male. The mean age of 30.20±16.58 years. Twelve patients had 
hypertension, four had diabetes, three had asthma, and three 
had osteoporosis diagnoses. The mean length of hospital stay 
was 2.75±1.03 days. Sixty-one patients were reconstructed due 
to alveolar atrophy, thirty patients due to repairing alveolar 
cleft, eight patients following tumor resection, two patients 
due to maxillary downward grafting, two patients due to post-
trauma defects, and one patient due to temporomandibular 
joint surgery. Donor site complications were not observed 
in one hundred one patients, while three patients developed 
postoperative iliac bone fractures. One of the fracture cases 
occurred due to osteotomy during surgery, the other two 
cases after falling in the postoperative period. Three patients 
were followed conservatively without the need for surgical 
treatment for fractures. Recipient site complications were not 
observed in eighty-two patients while was observed in twenty-
two patients. These complications were dehiscence in eight (7.69%) 
patients, graft resorption in eight (7.69%) patients, infections in five 
(4,81%) patients and fixation loss in one (0.1%) patient (Table 1). 
Minor complications were observed in eight (7.69%) patients and 
a major complication requiring reoperation in 14 (13.46%) 
patients. Minor complications were partial graft loss due to 
resorption and dehiscence. It was resolved simple debridement 
and using particle grafts during implant surgery. In patients 
who developed major complications, all block or particulate 
grafts in the relevant region were removed.

Data on the relationships between demographic data 
and the type of jaw defect are given in Table 2. Due to the 
small number of patients with tumors, cysts, trauma, and 
orthognathic surgery, they were combined as other jaw 
defects for statistical analysis. The alveolar atrophy group had 
a mean age of 43.30±10.50 years, 14.8±8.06 years in alveolar 
cleft group and 28.31±16.35 years in others group. There 
was statistically significant difference between the groups in 

terms of mean age (p<0.001). Thirty-two female and twenty-
nine male patients in alveolar atrophy group, eight female and 
twenty-two male patients in alveolar cleft group, four female 
and nine males in other reason group. There was statistically 
significant relationship between the groups in terms of sex 
(p=0.044). Female patients were more common in the alveolar 
atrophy group while male was more common in other groups. 
There was no statistically significant relationship between the 
groups in terms of presence DM (p=0.694).

Of the twenty-two cases that developed recipient site 
complications, eleven were in the alveolar atrophy group, 
six were in the alveolar cleft group, and five were in the 
other reasons group. There was no statistically significant 
relationship between the groups in terms of development 
recipients site complication (p=0.257). The distributions of 
the recipient site complication were shown according to type 
of jaw defect in Table 3.

The relationship between demographic data and development 
of recipient complications is shown in Table 4. The mean age 

Table 1. Descriptive data

Variable Total n=104

Age (years) 33.20±16.58

Gender

Female 44 (42.31%)

Male 60 (57.69%)

Systemic disease

No 75 (72.12%)

Yes 29 (27.88%)

HT 12 (11.54%)

DM 4 (3.85%)

Peptic ulcer 5 (4.81%)

Asthma 3 (2.88%)

LOS (day) 2.75±1.03

Type of jaw defect

Alveolar atrophy 61 (58.65%)

Alveolar cleft 30 (28.85%)

Tumor 8 (7.69%)

Orthognathic surgery 2 (1.92%)

Trauma 2 (1.93%)

TMJ 1 (0.96%)

Donor site complication

No 101 (97.12%)

Yes 3 (2.88%)

Recipient site complication

No 82 (78.85%)

Yes 22 (21.15%)

Dehiscence 8 (7.69%)

Graft resorption 8 (7.69%)

Infection 5 (4,81%)

Fixation loss 1 (0.1%)
Data was expressed as n (%), mean±standard deviation, Abreviation, HT: Hypertension,                                
DM: Diabetes mellitus, TMJ: Temporomandibular joint, LOS: Length of hospital stay



374

Kaba et al. Success of iliac crest grafts in jaw reconstruction J Health Sci Med. 2024;7(4):371-377

of patients with recipient site complications was 37.36±15.60 
years, and the mean age of patients without complications 
was 32.09±16.75 years. In addition, there was no significant 
relationship between the cases with and without recipient site 
complications regarding the age distribution (p=0.170), sex 
(p=0.262) and DM (p=0.196).

The relationship between the type of jaw defect and the type 
of complication were given in Table 5. In the alveolar atrophy 
groups, the most prevalent recipient site complication was 
resorption. The dehiscence was most common complication 
in alveolar cleft groups. The most common complication was 
infection in other reason groups. There was no statistically 
significant relationship between type of jaw defect and 
complication types (p=0.524).

DISCUSSION
Autogenous bone is still considered one of the most popular 
materials for jaw reconstruction procedures. Especially, 
bone grafts harvested from the anterior iliac crest have been 
regarded as the gold standard for bone grafting in cases of 
atrophic alveolar ridges and the treatment of alveolar clefts.3 
The aim of this study was to evaluate the success of bone 
grafts obtained from the anterior iliac crest, and the recipient 
and donor site complications in the reconstruction of jaw 
defects caused by different etiologies in oral and maxillofacial 
surgery. In the literature, there are studies evaluating the 
complications and morbidities of anterior iliac grafts in 
the reconstruction of jaw defects. Tosun et al.9 evaluated 
postoperative recipient and donor site complications in 86 
patients who underwent grafting for alveolar atrophy. Hynes 
et al.10 evaluated the efficacy of grafts harvested from the iliac 
crest in alveolar cleft repair in 58 patients. In our study, we 
evaluated 104 patients who underwent jaw reconstruction 
with bone grafts harvested from the anterior iliac crest for 
different reasons such as alveolar atrophy, alveolar cleft and 
trauma in terms of postoperative recipient and donor site 
complications. Sixty-one patients (58.65%) were reconstructed 
due to alveolar atrophy, 30 (28.85%) patients due to repairing 
alveolar cleft, eight (7.69%) patients following tumor resection, 
two (1.92%) patients due to maxillary downward grafting, two 
(1.93%) patients due to post-trauma defects, and one (0.96%) 
patient due to temporomandibular joint surgery. Recipient 
site complications were not observed in eighty-two (78.85%) 
patients while was observed in twenty-two (21.15%) patients. 
These complications were: dehiscence in eight (7.69%) patients, 

Table 2. Relationship between demographic data and type of jaw defects

Variable Alveolar atrophy n=61 Alveolar cleft n=30 Other jaw defects n=13 Total n=104 p

Age (years) 43.30±10.50a

43 (37-50)
14.8±8.06b

12.5 (11-16.5)
28.31±16.15c

24 (17.5-44.5) 33.20±16.58 <0.001ŋ 

Sex

Female 32 (52.45) 8(26.66) 4 (30.76) 44 (42.30)
0.044‡

Male 29 (47.54) 22 (73.33) 9 (69.23) 60 (57.69)

DM

No 58 (95.08) 29 (96.67) 13 (100) 100 (96.15)
0.694‡

Yes 3 (4.92) 1 (3.33) 0 (0) 4 (3.85)

Data are expressed as mean±standard deviation, n (%), and median (first-third quartile). Key; DM: Diabetes mellitus, ŋ: Kruskal-Wallis test, ‡: Pearson’s chi-square test

Table 3. Relationship between type of jaw defects and recipient site 
complication

Variable
Recipient site complication

pYes (n=22) No (n=82)

Alveolar atrophy 11 (18.03) 50 (81.97)

0.257†Alveolar cleft 6 (20) 24 (80)

Other jaw defects 5 (38.46) 8 (61.54)
Data are expressed as n (%), †: Fisher exact test

Table 4. The relationship between demographical data and presence of 
recipient site complications

Variable
Recipient site complication

pYes (n=22) No (n=82)

Age 37.36±15.60
37.5 (24-50.5)

32.09±16.75
32.5 (14-47) 0.170& 

Sex

Female 7 (31.82) 37 (45.12)
0.262† 

Male 15 (68.18) 45 (54.88)

DM

Yes 2 (9.09) 2 (2.44)
0.196†

No 20 (91.91) 80 (97.56)
Data are expressed as mean±standard deviation, n (%), and median (first-third quartile),                           
DM: Diabetes mellitus, &: Mann-Whitney u test, † :Fischer exact test

Table 5. Relationship between type of jaw defects and complication type 
of recipient site

Variable

Complication type n=22

pDehisens
(n=8)

Fixation 
Loss 
(n=1)

Infection
(n=5)

Resorption
(n=8)

Alveolar athropy 4 (50) 1 (100) 1 (20) 5 (62.5)

0.524†Alveolar cleft 3 (37.5) 0 (0) 1 (20) 2 (25)

Other jaw defects 1 (12.5) 0 (0) 3 (60) 1 (12.5)
Data are expressed n (%). Key; †:Fischer exact test
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graft resorption in eight (7.69%) patients, infections in five 
(4,81%) patients and fixation loss in one (0.1%) patient. Of the 
twenty-two cases that developed recipient site complications, 
eleven were in the alveolar atrophy group, six were in the 
alveolar cleft group, and five were in the others jaw defect 
group. 

The iliac crest is a commonly used donor site for bone 
harvesting, commonly employed for grafting atrophic jaws 
or filling intraoral defects resulting from cyst enucleation or 
traumatic bone loss.11 While its advantage over other donor sites 
remains a subject of debate, the anterior iliac wing is favored 
by numerous surgeons for augmentation and reconstruction 
procedures.6 The anterior iliac crest boasts several advantages: 
it can yield substantial quantities of cancellous bone, it is 
easily accessible, and it possesses a high ratio of cancellous to 
cortical bone, along with a rich concentration of pluripotent or 
osteogenic precursor cells that promote osteogenesis.8 Pain at 
the donor site has been identified as a significant drawback of 
harvesting iliac bone grafts.6 The literature has documented the 
morbidity linked to this bone graft harvesting. Nevertheless, 
assessing the morbidity of anterior iliac crest bone graft 
removal poses challenges due to the variety of techniques 
employed for harvesting and variations in the measurement 
of complications.12 Iliac crest bone can be extracted using 
either an open approach or a trephine. Certain authors 
have expressed apprehension regarding the postoperative 
morbidity linked to conventional open harvesting, which has 
prompted the exploration of less invasive techniques for bone 
procurement.13 Postsurgical complications may include stress 
fractures of the anterosuperior iliac spine, limping or other gait 
irregularities, noticeable scarring, deficits in bone contour, 
superficial infections or delayed formation of iliac abscesses 
formation, seromas, hematomas, persistent pain lasting more 
than three months  and temporary meralgia paraesthetica 
or hypoesthesia.14 The incidence of these complications 
varies, ranging from 10% to 40%.15 Temporary sensory loss 
of sensation, most commonly related to the lateral femoral 
cutaneous nerve, has been reported in up to 10% of patients in 
the literature.16 In our study, no permanent sensory loss was 
observed in any of the patients after the surgery, and this issue 
could not be evaluated when temporary sensory loss was not 
recorded. As a donor site complication, Iliac bone fracture 
occurred intraoperatively in one patient and postoperatively 
in two patients due to fall. No infection, wound dehiscence, 
and walking problems were noted in any of the patients. 

The highest recipient site complication rate was in the other 
jaw defect (38.6%) group in this study. This was followed 
by the alveolar cleft (20%) and alveolar atrophy (18.03%) 
group. But there was no statistically significant relationship 
between the groups in terms of development recipients site 
complication(p=0.257). For shorter defects (<6 cm), non-
continuous defects, defects that do not necessitate soft tissue 
intervention, and cases where secondary reconstruction is 
feasible, many defects can be effectively reconstructed using 
non-vascularized bone grafts.17 Non-vascularized bone grafts 
are the preferred choice for the majority of defects caused by 
benign pathology, trauma, and non-continuous issues. The 
anterior and/or posterior iliac crest is a frequently selected 

donor site because it provides a substantial quantity of 
bone and a high concentration of osteo-competent cells for 
transplantation.18 Osborn et al.19 evaluated non-vascularised 
iliac crest bone grafts for mandibular continuity reconstruction 
in 60 patients without cancer and concluded that they showed 
a high success rate and should be considered as the primary 
option for defects smaller than 9 cm. Furthermore, they 
proposed that symphysis involvement may not lead to a lower 
success rate if patients for bone grafting are selected based on 
the criteria mentioned, provided that there is adequate quality 
and quantity of soft tissue. Their study evaluated both major 
and minor complications resulting from non-vascularized 
bone grafts for mandibular reconstruction. Out of the total, 
four patients experienced major complications. Three of them 
required additional surgeries for debridement, while one 
developed a seroma that necessitated a return to the operating 
room for drainage. Minor complications included dehiscence 
in seven recipient sites and one donor site, persistent hip 
pain in three cases, and temporary facial nerve paresis in 
seven patients. In this study, five patients in the “other jaw 
defects” group developed complications, all of which involved 
jaw defects less than 6 cm in size and were localized in the 
mandible. Graft loss was observed due to dehiscence in one 
patient and infection in three patient and resorption in one 
patient. Block Grafts were fixed with miniplates and mini in 
this case. These losses may be related to inadequate fixation. In 
addition, the soft tissue defects in tumor patients may increase 
the risk of dehiscence.

The alveolar cleft is treated at 8-12 years old generally. 
Secondary alveolar bone grafting is considered the most 
appealing and widely accepted approach for addressing 
alveolar clefts. Typically, it is recommended when the root of 
the canine tooth is approximately halfway developed. During 
this stage of root development, the tooth displays accelerated 
and active eruption. Moreover, a significant portion of midface 
growth and development is typically finished by this time. 
This aligns with a chronological age range of 9 to 12 years.10 
In this study there was statistically significant difference 
between the groups in terms of age distribution (p<0.001). The 
mean age was lowest in alveolar cleft and followed by other 
jaw defect group. Tumor, trauma and orthognathic surgery 
patients generally consist of patients between the ages of 
2-40, and patients with alveolar atrophy generally consist of 
patients over 40 years of age. Therefore, the difference in the 
mean age may be associated with this situation.

 It is a known fact that cleft lip and palate are more common 
in men than women.20 In this study, the male number was 
highest in the alveolar cleft group while the female gender 
was more common in the alveolar atrophy group. There was 
a statistically significant relationship between the groups in 
terms of gender distribution (p=0.044). Ural et al.21 observed 
significant variations in the heights of the mandible and 
maxilla in edentulous subjects of both genders. Specifically, 
they found that the height of the edentulous mandible was 
more pronounced in women compared to men. Ortman et 
al.22 reported similar findings. In postmenopausal women, 
a deficiency of the estrogen hormone can accelerate skeletal 
bone loss, potentially leading to rapid alveolar bone resorption. 
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Similar to the literature, the high number of women in the 
alveolar atrophy group can be explained in this way.

The reported length of stay in hospital after bone is harvested 
from the iliac crest varies widely. In the literature, there are 
publications showing that the length of hospital stay varies 
from same day discharge to almost one week.23 In our study, 
the mean hospital stay was 2.75 days. Only one patient who 
has with iliac bone fracture due to a postoperative fall and 
recipient site infection was hospitalized for 10 days for follow-
up. 

Although donor site complications are frequently reported 
with bone grafts harvested from the anterior iliac crest, 
information on recipient site complications is limited. The 
anterior iliac region is usually used for large bone defects 
that require more bone grafts. The most frequently reported 
recipient-site complication in the literature is wound 
dehiscence.24 Reported rates of graft exposure and resorption 
after autogenous bone grafting have been as high as 40%.25 
Tosun et al.9 evaluated 86 patients who underwent alveolar 
grafting with anterior iliac graft and observed partial graft 
exposure in 29 patients (33.7%) and total graft exposure in 
6 patients (7%). They reported that 13 (44.8%) of 29 patients 
with partial graft patency had partial graft loss, and five of six 
patients with total graft patency, one patient experienced total 
graft loss, and another had partial graft loss.9  In our study, 
wound dehiscence was observed in eight (7.69%) patients. 
Patients with dehiscence, four (50%) were in patients with 
treated for alveolar atrophy, three (37.5%) were in patients 
with treated for alveolar cleft and one (12.5%) was in patient 
treated with other reasons. 

Resorption of bone grafts is an important problem, like 
dehiscence following augmentation procedures. Sbordone 
et al.26 reported that the block graft resorption rate as 21.5% 
in a six-year follow-up. In a retrospective study by Mc Graht 
et al.27 including 18 patients, vertical graft resorption was 
found to be approximately 12%. Also, as evidenced by several 
authors, resorption decreases mainly after the first six months 
postoperatively.25 In our study, graft resorption was seen in 
eight (7.69%) patients. Resorption was most common in 
patients with alveolar atrophy, followed by patients with 
alveolar cleft. The primary complication observed with 
mandibular block autografts is graft dehiscence, primarily 
attributed to factors such as soft tissue closure without tension, 
thin mucosal tissue, or excessive prosthesis contact with the 
graft site.28 In our study, wound dehiscence and resorption 
were seen the most as recipient site complications.

Recipient-site infection is another potential complication 
that can result in graft loss and treatment failure.29 Although 
antibiotics are given to all patients for preoperative and 
postoperative for prophylaxis, infection may develop.

In a study assessing iliac bone grafting for alveolar atrophy, 
it was noted that among 30 patients, 2 individuals developed 
infections that led to partial graft loss.29 Meredith et al.30 
analyzed 70 cases of mandibular continuity defects, with 68 of 
them reconstructed using non-vascular iliac bone grafts, and 
they found a 29% incidence of infection. In our study, infection 
was seen in 5 (4.81%) patients. Infection was most common in 

patients who underwent iliac graft for other reasons. Infection 
was observed more frequently in the mandible and maxilla 
anterior, especially in the patient whose anterior mandible 
was grafted after trauma and tumor surgery.

Limitations
This study has some limitations due to its retrospective nature. 
It is the lack of records of patients regarding oral hygiene, 
smoking and walking difficulties. The graft resorptions 
observed in the recipient site were evaluated with subjective 
rather than quantitative methods and were evaluated 
according to the information obtained from the surgical 
records.

CONCLUSION
The results of the study demonstrate that success rate was 
78.85% in jaw reconstruction with anterior iliac crest harvested 
bone grafts. The major complication rate causing total 
graft loss was 13.46%. There was no statistically significant 
relationship between the defect type and the success of iliac 
bone grafts. The highest failure rate was seen in patients who 
had iliac bone graft reconstruction after tumor resection. 

ETHICAL DECLARATION
Ethics Committee Approval
The study was carried out with the permission of Ethics 
Committee of Erciyes University (Date: 29.03.2023, Decision 
No: 2023/207).

Informed Consent
Because the study was designed retrospectively, no written 
informed consent from was obtained from patients.

Referee Evaluation Process
Externally peer-reviewed.

Conflict of Interest Statement
The authors have no conflicts of interest to declare.

Financial Disclosure
The authors declared that this study has received no financial 
support.

Author Contributions
All of the authors declare that they have all participated in 
the design, execution, and analysis of the paper, and that they 
have approved the final version.

REFERENCES
1. Ferraz MP. Bone grafts in dental medicine: an overview of 

autografts, allografts and synthetic materials. Materials (Basel). 
2023;16(11). doi:10.3390/MA16114117

2. Sethi A, Kaus T, Cawood JI, Plaha H, Boscoe M, Sochor P. 
Onlay bone grafts from iliac crest: a retrospective analysis. 
Int J Oral Maxillofac Surg. 2020;49(2):264-271. doi:10.1016/J.
IJOM.2019.07.001



377

Kaba et al. Success of iliac crest grafts in jaw reconstructionJ Health Sci Med. 2024;7(4):371-377

3. Kessler P, Thorwarth M, Bloch-Birkholz A, Nkenke E, Neukam 
FW. Harvesting of bone from the iliac crest-comparison of the 
anterior and posterior sites. Br J Oral Maxillofac Surg. 2005;43(1): 
51-56. doi:10.1016/J.BJOMS.2004.08.026

4. Wortmann DE, van Minnen B, Delli K, Schortinghuis J, 
Raghoebar GM, Vissink A. Harvesting anterior iliac crest or 
calvarial bone grafts to augment severely resorbed edentulous 
jaws: a systematic review and meta-analysis of patient-reported 
outcomes. Int J Oral Maxillofac Surg. 2023;52(4):481-494. 
doi:10.1016/J.IJOM.2022.09.002

5. Mertens C, Decker C, Seeberger R, Hoffmann J, Sander A, Freier 
K. Early bone resorption after vertical bone augmentation-a 
comparison of calvarial and iliac grafts. Clin Oral Implants Res. 
2013;24(7):820-825. doi:10.1111/J.1600-0501.2012.02463.X

6. Fasolis M, Boffano P, Ramieri G. Morbidity associated with 
anterior iliac crest bone graft. Oral Surg Oral Med Oral Pathol Oral 
Radiol. 2012;114(5):586-591. doi:10.1016/J.OOOO.2012.01.038

7. Chiapasco M, Casentini P, Zaniboni M, Corsi E. Evaluation of 
peri-implant bone resorption around Straumann Bone Level© 
implants placed in areas reconstructed with autogenous vertical 
onlay bone grafts. Clin Oral Implants Res. 2012;23(9):1012-1021. 
doi:10.1111/J.1600-0501.2011.02262.X

8. Kalk WWI, Raghoebar GM, Jansma J, Boering G. Morbidity 
from lilac crest bone harvesting. J Oral Maxillofac Surg. 1996; 
54(12):1424-1429. doi:10.1016/S0278-2391(96)90257-8

9. Tosun E, Akkocaoglu M, Tüz HH, Avag C, Göktürk T. 
Complications associated with anterior iliac bone grafting for 
the reconstruction of dentoalveolar defects. J Craniofac Surg. 
2019;30(4):980-984. doi:10.1097/SCS.0000000000005331

10. Hynes PJ, Earley MJ. Assessment of secondary alveolar bone 
grafting using a modification of the Bergland grading system. Br 
J Plast Surg. 2003;56(7):630-636.

11. Katz MS, Ooms M, Heitzer M, et al. Postoperative morbidity 
and complications in elderly patients after harvesting of iliac 
crest bone grafts. Medicina (B Aires). 2021;57(8). doi:10.3390/
MEDICINA57080759

12. Rawashdeh MA, Telfah H. Secondary alveolar bone grafting: 
the dilemma of donor site selection and morbidity. Br J Oral 
Maxillofac Surg. 2008;46(8):665-670. doi:10.1016/J.BJOMS.2008. 
07.184

13. McLain RF, Techy F. Trephine technique for iliac crest bone graft 
harvest: long-term results. Spine (Phila Pa 1976). 2021;46(1):41-
47. doi:10.1097/BRS.0000000000003702

14. Mckenna GJ, Gjengedal H, Harkin J, Holland N, Moore C, 
Srinivasan M. effect of autogenous bone graft site on dental 
implant survival and donor site complicatıons: a systematıc 
review and meta-analysis. J Evid Based Dent Pract. 2022;22(3). 
doi:10.1016/J.JEBDP.2022.101731

15. Grossman MG, Ducey SA, Nadler SS, Levy AS. Meralgia 
paresthetica: diagnosis and treatment. J Am Acad Orthop Surg. 
2001;9(5):336-344. doi:10.5435/00124635-200109000-00007

16. Nkenke E, Weisbach V, Winckler E, et al. Morbidity of harvesting 
of bone grafts from the iliac crest for preprosthetic augmentation 
procedures: a prospective study. Int J Oral Maxillofac Surg. 2004; 
33(2):157-163. doi:10.1054/IJOM.2003.0465

17. Moura LB, Carvalho PH de A, Xavier CB, et al. Autogenous non-
vascularized bone graft in segmental mandibular reconstruction: 
a systematic review. Int J Oral Maxillofac Surg. 2016;45(11):1388-
1394. doi:10.1016/J.IJOM.2016.05.004

18. van Gemert JTM, van Es RJJ, Van Cann EM, Koole R. 
Nonvascularized bone grafts for segmental reconstruction of the 
mandible-a reappraisal. J Oral Maxillofac Surg. 2009;67(7):1446-
1452. doi:10.1016/J.JOMS.2008.12.052

19. Osborn TM, Helal D, Mehra P. Iliac crest bone grafting for 
mandibular reconstruction: 10-year experience outcomes. J Oral 
Biol Craniofac Res. 2018;8(1):25-29.

20. Paganini A, Hörfelt C, Mark H. Gender differences in surgical 
treatment of patients with cleft lip and palate. J Plast Surg Hand 
Surg. 2018;52(2):106-110. doi:10.1080/2000656X.2017.1348951

21. Ural Ç, Bereket C, Sener Ý, Aktan AM, Akpinar YZ. Bone height 
measurement of maxillary and mandibular bones in panoramic 
radiographs of edentulous patients. J Clin Exp Dent. 2011;3(1):5-9.

22. Yu B, Wang CY. Osteoporosis and periodontal diseases-an 
update on their association and mechanistic links. Periodontol 
2000. 2022;89(1):99-113. doi:10.1111/PRD.12422

23. Tache A, Mommaerts MY. Pain management at iliac donor sites 
after grafting of alveolar clefts. Int J Oral Maxillofac Surg. 2022; 
51(1):62-69. doi:10.1016/J.IJOM.2021.05.004

24. Milinkovic I, Cordaro L. Are there specific indications for the 
different alveolar bone augmentation procedures for implant 
placement? A systematic review. Int J Oral Maxillofac Surg. 2014; 
43(5):606-625. doi:10.1016/J.IJOM.2013.12.004

25. van der Meij EH, Blankestijn J, Berns RM, et al. The combined 
use of two endosteal implants and iliac crest onlay grafts in the 
severely atrophic mandible by a modified surgical approach. 
Int J Oral Maxillofac Surg. 2005;34(2):152-157. doi:10.1016/j.
ijom.2004.05.007

26. Sbordone C, Toti P, Guidetti F, Califano L, Santoro A, Sbordone 
L. Volume changes of iliac crest autogenous bone grafts after 
vertical and horizontal alveolar ridge augmentation of atrophic 
maxillas and mandibles: a 6-year computerized tomographic 
follow-up. J Oral Maxillofac Surg. 2012;70(11):2559-2565. doi: 
10.1016/J.JOMS.2012.07.040

27. McGrath CJR, Schepers SHW, Blijdorp PA, Hoppenreijs 
TJM, Erbe M. Simultaneous placement of endosteal implants 
and mandibular onlay grafting for treatment of the atrophic 
mandible: A preliminary report. Int J Oral Maxillofac Surg. 1996; 
25(3):184-188. doi:10.1016/S0901-5027(96)80026-9

28. Pikos MA. Mandibular block autografts for alveolar ridge 
augmentation. Atlas Oral Maxillofac Surg Clin. 2005;13(2):91-
107. doi:10.1016/J.CXOM.2005.05.003

29. Reinert S, König S, Bremerich A, Eufinger H, Krimmel M. 
Stability of bone grafting and placement of implants in the 
severely atrophic maxilla. Br J Oral Maxillofac Surg. 2003;41(4): 
249-255. doi:10.1016/S0266-4356(03)00078-0

30. August M, Tompach P, Chang YC, Kaban L. Factors influencing 
the long-term outcome of mandibular reconstruction. J Oral 
Maxillofac Surg. 2000;58(7):731-737. doi:10.1053/JOMS.2000. 
7255



HEALTH SCIENCES
MEDICINE

Original Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

J Health Sci Med. 2024;7(4):378-386

DOI: 10.32322/jhsm.1456286

Corresponding Author: Emre Uysal, emreuysal53@dr.com

ABSTRACT
Aims: Cesarean delivery can be crucial for both the mother and the baby, with indications often stemming from fetal or maternal 
health concerns. In addition to obstetric factors, non-obstetric conditions such as eye diseases frequently necessitate cesarean 
delivery. Among the eye diseases commonly encountered during pregnancy are refractive errors, diabetic retinopathy, ocular 
malignancies, and glaucoma. Some of these conditions may exacerbate during pregnancy due to related health issues like diabetes 
or hypertension, or they may be aggravated by the stress of vaginal labor. Consequently, the decision regarding the continuation of 
pregnancy, the mode of delivery, and even the choice of anesthesia can vary depending on the specific eye disease and its severity 
or characteristics. The aim of this study was to assess the knowledge and attitudes of obstetricians regarding the management of 
pregnant women with different eye conditions, with the ultimate goal of increasing awareness among obstetricians.
Methods: In this study, a total of 46 obstetricians and 30 ophthalmologists practicing in Turkiye were included. Participants 
were surveyed to gather information, as no existing survey or scale pertaining to our study subject was available. Therefore, a 
novel survey form was developed based on previous studies addressing similar topics, and this survey was administered to all 
participants.
Results: During the study, both obstetricians and ophthalmologists were queried about the management of 17 distinct eye diseases 
occurring during pregnancy. Ophthalmologists advocated for normal vaginal delivery (NVD) in 13 out of the 17 eye diseases. On 
the other hand, obstetricians opted for NVD in 5 out of the 17 cases, while recommending ophthalmology consultation in 12 out 
of the 17 scenarios.
Conclusion: It has been noted that ophthalmologists suggest vaginal birth in 9 out of 17 eye diseases, whereas obstetricians 
tend to recommend consulting ophthalmologists rather than making independent decisions. This trend may stem from the fact 
that obstetricians may lack sufficient knowledge about eye diseases, as these conditions are not primarily within the scope of 
pregnancy-related care. Additionally, obstetricians might be inclined to share responsibility, possibly due to the rise in malpractice 
cases against obstetricians in recent years in Turkiye.
Keywords: Normal spontaneous vaginal delivery, cesarean section, ophthalmology, pregnancy-related diseases, obstetrician, 
non-obstetric reason
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INTRODUCTION
The escalating rates of cesarean sections worldwide present 
a significant challenge to healthcare systems. Similar to 
trends observed in other nations, Turkiye has seen a steady 
rise in cesarean delivery rates. In 2021, Turkiye ranked 
highest among the Organization for Economic Co-operation 
and Development (OECD) countries, with a cesarean rate 
of 58.4%.1 Indeed, unnecessary cesarean surgeries pose 
risks for both the mother and the baby. These risks include 
infection, complications related to anesthesia, psychological 
implications, excessive bleeding, and the potential need for 
blood transfusions, especially in cases of premature birth.2,3 

Given the associated risks, it’s imperative to exercise caution 
and discretion when considering a cesarean section.

Throughout pregnancy, numerous hormonal, metabolic, 
and physiological shifts take place, which can impact the 
retina. These changes may precipitate the onset of certain eye 
conditions such as hypertensive retinopathy-choroidopathy, 
exudative retinal detachment, retinal vascular occlusive 
diseases, idiopathic central serous chorioretinopathy, and 
exacerbate pre-existing conditions.4,5 Hence, meticulous 
monitoring is essential in the management of a pregnancy 
complicated by eye diseases.
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Cesarean delivery can be crucial for both the mother and 
the baby. In the appropriate patient, accurate diagnosis and 
timely intervention can be essential in preventing maternal-
fetal mortality and morbidity.6 Cesarean section may be 
indicated due to fetal or maternal factors. Common maternal 
reasons include a history of previous cesarean deliveries, 
severe preeclampsia, and pelvic stenosis. Additionally, 
various eye diseases may necessitate cesarean delivery as part 
of the management strategy.7 Indeed, according to research, 
cardiovascular and eye diseases are among the most common 
non-obstetric indications for cesarean sections.7 The most 
frequently reported eye diseases during pregnancy include 
refractive errors, diabetic retinopathy, ocular malignancies, 
and glaucoma.8 Some of these eye diseases may worsen during 
pregnancy, especially in the presence of pregnancy-related 
conditions such as diabetes and hypertension. Additionally, 
the stress of vaginal labor may exacerbate existing eye 
diseases that were present before or during pregnancy.9 As a 
result, the management decisions regarding the continuation 
of pregnancy, the method of delivery, and even the choice of 
anesthesia may vary depending on the specific characteristics 
and severity of the eye diseases involved.10,11 The decision-
making process is influenced by the severity and nature of 
the disease. Obstetricians, being the primary caregivers for 
pregnant women, play a crucial role in assessing these factors 
and making informed decisions regarding the management 
of eye diseases during pregnancy.

This study aimed to assess the knowledge and attitudes of 
obstetricians regarding the management of pregnant women 
with different eye diseases. Additionally, it sought to raise 
awareness among obstetricians about the importance of 
effectively managing eye conditions during pregnancy.

METHODS
Approval for this study was obtained from the University 
of Health Sciences Hamidiye Scientific Researches Ethics 
Committee (Date: 18.11.2022, Decision No: 22/422), and 
all procedures adhered to the principles outlined in the 
1995 Declaration of Helsinki (Brazil, revised in 2013). 
The sample size comprised 76 participants, including 
46 obstetricians and 30 ophthalmologists. The sample 
size calculation considered a population size (n) of 1250, 
a hypothesized frequency of the outcome factor in the 
population (p) of 95%±5, confidence limits (d) of 5%, and a 
design effect (DEFF) of 1.1.12 Questions were administered 
to study participants through a survey format. Since no 
pre-existing survey or scale pertaining to the subject of 
this study was available, a new survey form (Table 1) was 
developed based on previous research addressing similar 
topics. This survey form was then distributed to all study 
participants for data collection.12-14 Each participant 
provided their consent before undergoing evaluation 
with the same survey. Doctors from disciplines other 
than ophthalmology and obstetrics, as well as those who 
did not consent to participate or who did not practice in 
Turkiye, were excluded from the study.

Statistical Analysis
Descriptive statistics, including mean, standard deviation, 
median, lowest and highest values, as well as frequency 
and ratio values, were employed to analyze the data. The 
statistical software SPSS 28.0 was utilized for the analyses. 
Percentage values between groups were compared using 
the Two-way Chi-squared test. Statistical significance was 
determined at p<0.05.

RESULTS
In our study, 30 ophthalmologists and 46 obstetricians 
participated. The mean age of ophthalmologists was 33.8±4.8 
years, while the average age of obstetricians was 34.9±7.9 
years. The majority of ophthalmologists were women (60%), 
whereas among obstetricians, the distribution between men 
and women was equal (Table 2).

In the survey, recommendations regarding elective abortion 
in pregnancies complicated by various eye diseases were 
compared between ophthalmologists and obstetricians. All 
participants in both groups did not recommend elective 
abortion for pregnancies complicated by conjunctivitis in 
the first trimester. Ophthalmologists recommended elective 
abortion/termination more than obstetricians for pregnancies 
complicated by malignant orbital tumors and malignant 
intraocular tumors (p<0.05). Conversely, ophthalmologists 
were more likely to recommend continuation of pregnancy 
compared to obstetricians for pregnancies complicated by 
recurrent ophthalmic herpes, history of refractive surgery, 
history of retinal detachment, history of glaucoma, retinal 
vascular diseases, and intraocular hemorrhage (p<0.05). 
However, there was no significant difference between the two 
groups in recommendations for continuation of pregnancy 
in cases with a history of cataract surgery (p>0.05) (Table 3).

The decisions regarding mode of delivery and anesthesia in 
pregnant women with various eye diseases were compared 
between obstetricians and ophthalmologists. There was no 
significant difference between the two groups in terms of 
responses to mode of delivery in pregnant women with active 
conjunctivitis, recurrent ophthalmic herpes, refractive 
surgery history, uncontrolled glaucoma, advanced glaucoma, 
retinal break, and penetrating keratoplasty (p>0.05). In 
cases of keratoconus, cataract-pseudophakic eye surgery, 
history of eye surgery due to trauma, and advanced myopia, 
ophthalmologists statistically significantly recommended 
normal vaginal birth (p<0.05). Cesarean section with spinal 
anesthesia was recommended by ophthalmologists in cases 
of retinal detachment history, macular edema/proliferative 
diabetic retinopathy, vitreous cavity hemorrhage, retinal 
vascular disorders/anomalies, and malignant orbital tumor 
(p<0.05). Additionally, ophthalmologists preferred cesarean 
section under general anesthesia more frequently than 
obstetricians in cases of a history of retinal detachment 
(p<0.05). It was observed that obstetricians frequently 
decided to consult ophthalmologists in the management of 
pregnant women with various eye diseases (Table 4).
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DISCUSSION 
In a study conducted by Kerry et al.,15 it was noted that 
healthcare professionals may opt to consult colleagues from 
different specialties as a strategy to mitigate the risk of 
malpractice lawsuits. Similar to the findings of the study by 
Kerry et al., our research revealed that obstetricians frequently 
sought consultations from ophthalmologists. This trend could 
be attributed to the current medicolegal landscape, where 
obstetricians may seek to share responsibility. Additionally, 
obstetricians may feel less confident in managing eye 
diseases, as obstetrics and ophthalmology are distinct 
specialties. When considering the percentage rates, it was 

Table 1. Survay form

A survey study between obstetricians and ophthalmologists regarding different eye diseases during pregnancy

Age: Gender:

Hospital: Clinic:

Would you decide on elective abortion in various eye diseases?

Yes No No comment

Conjunctivitis

Recurrent ophthalmic herpes

Refractive surgery history

Malign orbital tumor

Malign intraocular tumor

Cataract operation history

Retinal detachment history

Glaucoma history

Retinal vascular diseases

Intraocular hemorrhage

If you encounter a term pregnancy with one of the following eye diseases, which method of delivery would you recommend?

Diseases or special circumstances NVD C/S + GA C/S + SA I want an Ophthalmology Consultation*

Conjunctivitis

Recurrent ophthalmic herpes

Refractive surgery history (PPK, LASIK, Phakic IOL, RK)

Keratoconus

Cataract and pseudophakic eye surgery

Uncontrolled glaucoma

Advanced glaucoma

History of eye surgery due to trauma

Advanced myopia

Retinal break

Retinal detachment history

Macular edema or PDR: proliferative diabetic retinopathy

Vitreous cavity hemorrhage

Malign intraocular tumor (melanoma etc.)

Retinal vascular disorders and anomalies

Malign orbital tumor

PKP: Penetrating Keratoplasty
*Only obstetricians, NVD: Normal vaginal delivery, CS: Caesarean section, GA: General anesthesia, SA: Spinal anesthesia, PRK: Photoreactive keratectomy, LASIK: Laser-assisted in situ keratomileusis, Phakic 
IOL: Phakic intraocular lens, RK: Radial keratotomy, PDR: Proliferative diabetic retinopathy, PKP: Penetrating keratoplasty

Table 2. Age and gender distribution of survey participants

Ophthalmologists (n=30) Min-Max Median Mean±SD/n%

Age (years) 25.0-43.0 33.0 33.8±4.8

Gender
Male   10 (40.0)

Female     15 (60.0)

Obstetricians (n=46)

Age (years) 25.0-63.0 33.5 34.9±7.9

Gender
Male 23 (50.0)

Female 23 (50.0)
Min: Minimum, Max: Maximum, SD: Standart deviation
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observed that ophthalmologists more often recommended 
normal vaginal delivery (NVD). This preference likely stems 
from the fact that eye diseases are not typically considered 
indications for cesarean section.16 Indeed, it was noted that 
those who frequently recommended cesarean section also 
tended to recommend spinal anesthesia. It’s well-established 
that cesarean sections performed under general anesthesia 
can result in increased fetal exposure, potentially leading to 
adverse neonatal outcomes.17

In a cohort study conducted in Poland, eye diseases accounted 
for 2.04% of all cesarean indications. Remarkably, excluding 
obstetric reasons, eye diseases ranked second only to 
hypertension in terms of cesarean indications.7 In another 
study by Liu et al.,16 the rates of cesarean delivery due to various 
eye diseases were reported as follows: myopia accounted for 
57%, retinopathy for 20%, retinal detachment for 7%, and 
glaucoma for 5%.12 In the study conducted by Shemer et al.,18 
it was highlighted that opting for a normal vaginal birth in 
subsequent pregnancies of patients with a history of retinal 

detachment does not elevate the risk of recurrent retinal 
detachment.

In this current study, it was found that ophthalmologists most 
frequently recommend cesarean section for the following eye 
diseases: retinal break (73.3%), retinal detachment (100%), 
malignant orbital tumors (83.3%), retinal vascular diseases 
(73.3%), advanced glaucoma (83.3%), history of eye surgery due 
to trauma (86.7%), macular edema/proliferative retinopathy 
(70%), vitreous cavity hemorrhage (90%), and penetrating 
keratoplasty (90%). It was noted that gynecologists frequently 
sought advice from ophthalmologists before opting for a 
cesarean section.

One in ten persons have lattice degeneration, which is a 
thinning of the retina that typically shows no symptoms. 
However, there is a higher chance of retinal detachment 
in myopia with lattice degeneration. Upon reviewing the 
literature, it became evident that there was no agreement on 
whether or not to prescribe cesarean sections for these patients. 

Table 3. Doctors’ answers to the question “Would you decide on elective abortion in various eye diseases?” 

Ophthalmologists (n: 30) (%) Obstetricians (n: 46) (%) p Value

Conjunctivitis

Yes 0 (0.0) 0 (0.0)

No 30 (100.0) 46 (100.0)

No comment 0 (0) 0 (0.0)

Recurrent ophthalmic herpes

Yes 1 (3.3) 2 (4.3)

p<0.001 xNo 29 (96.7) 37 (80.4)

No comment 0 (0) 7 (15.2)

Refractive surgery history

Yes 0 (0.0) 2 (4.3)

p<0.001 xNo 30 (100.0) 35 (76.1)

No comment 0 (0) 9 (19.6)

Malign orbital tumor

Yes 14 (46.6) 6 (13.0)

p<0.001 xNo 8 (26.7) 21 (45.7)

No comment 8 (26.7) 19 (41.3)

Malign intraocular tumor

Yes 16 (53.3) 7 (15.2)

p<0.001 xNo 5 (16.7) 16 (34.8)

No comment 9 (30.0) 23 (50.0)

Cataract operation history

Yes 0 (0.0) 1 (2.2)

p>0.05 xNo 30 (100.0) 45 (97.8)

No comment 0 (0.0) 0 (0.0)

Retinal detachment history

Yes 10 (33.3) 5 (10.9)

p<0.001 xNo 14 (46.7) 33 (71.7)

No comment 6 (20.0) 8 (17.4)

Glaucoma history

Yes 11 (36.7) 1 (2.2)

p<0.001 xNo 16 (53.3) 38 (82.6)

No comment 3 (10.0) 7 (15.2)

Retinal vascular diseases

Yes 6 (20.0) 5 (10.9)

p=0.026 xNo 21 (70.0) 31 (67.4)

No comment 3 (10.0) 10 (21.7)

Intraocular hemorrhage

Yes 0 (0.0) 3 (6.5)

p<0.001 xNo 30 (100.0) 28 (60.9)

No comment 0 (0.0) 15 (32.6)
xTwo-way Chi-squared test
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Table 4. Doctors’ decision on mode of delivery in various eye diseases 

Ophthalmologists (n:30) (%) Obstetricians (n:46) (%) p value

Active conjunctivitis

NVD 30 (100.0) 37 (80.4)
p=0.117x

Caesarean+Spinal Anesthesia 0 (0.0) 1 (2.2)

I want an ophthalmology consultation* 0 (0.0) 8 (17.4)

Recurrent ophthalmic herpes

NVD 28 (93.3) 23 (50.0)

p=0.158xCaesarean+general anesthesia 0 (0.0) 1 (2.2)

Caesarean+spinal anesthesia  2 (6.7) 2 (4.3)

I want an ophthalmology consultation* 0 (0.0) 20 (43.5)

Refractive surgery history

NVD 21 (70.0) 16 (34.8)

p=0.316xCaesarean+general anesthesia 1 (3.3) 2 (4.3)

Caesarean+spinal anesthesia 8 (26.7) 5 (10.9)

I want an ophthalmology consultation* 0 (0.0) 23 (50.0)

Keratoconus

NVD  19 (63.4) 23 (50.0)

p=0.008xCaesarean+general anesthesia 1 (3.3) 0 (0.0)

Caesarean+spinal anesthesia 10 (33.3) 4 (8.7)

I want an ophthalmology consultation* 0 (0.0) 19 (41.3)

Cataract and pseudophakic eye surgery

NVD 26 (86.7) 28 (60.9)
p=0.030x

Caesarean+spinal anesthesia 4 (13.3) 0 (0.0)

I want an ophthalmology consultation* 0 (0.0) 18 (39.1)

Uncontrolled glaucoma

NVD  5 (16.7) 3 (6.5)

p=0.864xCaesarean+general anesthesia 9 (30.0) 5 (10.9)

Caesarean+spinal anesthesia 16 (53.3) 7 (15.2)

I want an ophthalmology consultation* 0 (0.0) 31 (67.4)

Advanced glaucoma

NVD  5 (16.7) 2 (4.3)

p=0.067xCaesarean+general anesthesia 7 (23.3) 7 (15.2)

Caesarean+spinal anesthesia 18 (60.0) 7 (15.2)

I want an ophthalmology consultation* 0 (0.0) 30 (65.2)

History of eye surgery due to trauma

NVD 20 (66.7) 21 (45.7)

p=0.002xCaesarean+general anesthesia 6 (20.0) 0 (0.0)

Caesarean+spinal anesthesia 4 (13.3) 3 (6.5)

I want an ophthalmology consultation* 0 (0.0) 22 (47.8)

Advanced myopia

NVD 17 (56.7) 29 (63.0)

p<0.001xCaesarean+general anesthesia 4 (13.3) 1 (2.2)

Caesarean+spinal anesthesia 9 (30.0) 3 (6.5)

I want an ophthalmology consultation* 0 (0.0) 13 (28.3)

Retinal break

NVD 17 (56.6) 7 (15.2)

p=0.702xCaesarean+general anesthesia 5 (16.7) 2 (4.3)

Caesarean+spinal anesthesia 8 (26.7) 5 (10.9)

I want an ophthalmology consultation* 0 (0.0) 32 (69.5)

Retinal detachment history

NVD 0 (0.0) 3 (6.5)

p<0.001xCaesarean+general anesthesia 8 (26.7) 3 (6.5)

Caesarean+spinal anesthesia 22 (73.3) 9 (19.6)

I want an ophthalmology consultation* 0 (0.0) 31 (67.3)

Macular edema or PDR: proliferative 
diabetic retinopathy

NVD 9 (30.0) 10 (21.7)

p<0.001xCaesarean+general anesthesia 1 (3.3) 1 (2.2)

Caesarean+spinal anesthesia 20 (66.7) 4 (8.7)

I want an ophthalmology consultation* 0 (0.0) 31 (67.3)
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A review research by Taub et al.19 suggested that pregnant 
patients with a history of significant retinal disorders, such 
as retinal detachment, should have a cesarean section. Lattice 
degeneration in pregnant women should be checked by an 
ophthalmologist. Therefore, any new risk variables that 
could influence the delivery strategy or any indications of 
the degeneration’s advancement are assessed. Laser retinal 
strengthening can be done if it is thought suitable.20

According to a study by Bhat et al.,21 diabetic retinopathy is 
not considered an indication for cesarean section. However, 
diabetic retinopathy and retinal detachment diseases may 
worsen during pregnancy. Therefore, it is recommended to 
conduct eye examinations every three months throughout 
pregnancy. If the diseases progress, standard treatments 
outside of pregnancy can be administered as necessary.22 
Vaginal birth, especially in the presence of proliferative 
diabetic retinopathy, may increase the risk of vitreous 
hemorrhage with the Valsalva maneuver, which increases 
intraocular pressure.23 However, there is no strong evidence 
to show that vaginal birth significantly worsens retinopathy 
compared to cesarean delivery in women with non-
proliferative diabetic retinopathy. It’s noteworthy that in 
our study, ophthalmologists tended to recommend cesarean 
section more frequently for pregnant women with macular 
edema, diabetic retinopathy, and other retinal diseases, while 
obstetricians opted to consult rather than deciding on the 
mode of delivery. However, it’s important to consider existing 
literature suggesting that there may not be a significant 
difference in outcomes between cesarean section and 
normal vaginal delivery for these conditions. Additionally, 
macular edema has been known to resolve spontaneously 
after pregnancy without requiring further treatment. These 

findings underscore the complexity of decision-making 
in managing pregnant women with retinal diseases and 
highlight the need for further research to establish the most 
appropriate approach to delivery in such cases.24

In cases of uncontrolled and advanced glaucoma during 
pregnancy, the management approach may involve 
considering elective abortion or cesarean delivery. These 
decisions are typically made on a case-by-case basis, taking 
into account factors such as the severity of the glaucoma, 
the overall health of the mother and baby, and the potential 
risks and benefits of each option. It’s important for healthcare 
providers to carefully evaluate the individual circumstances 
and preferences of the patient when making such 
recommendations.25,26 In the current study, it was observed 
that the majority of both ophthalmologists and obstetricians 
recommended the continuation of pregnancy in the first 
trimester. However, for term pregnant women, there was a 
discrepancy in recommendations. Ophthalmologists tended 
to recommend cesarean delivery, aligning with findings in 
the literature. Conversely, obstetricians exhibited hesitancy 
and often sought consultation from ophthalmologists before 
making a decision regarding the mode of delivery.

During pregnancy, various physiological changes can occur 
in the eye. For example, the curvature and thickness of the 
cornea may increase, while corneal sensitivity typically 
decreases. These changes are temporary and often resolve 
after pregnancy.27,28 Indeed, due to the temporary nature 
of these physiological changes during pregnancy, patients 
should not be rushed to alter their glasses or contact lens 
prescriptions. It’s important to note that these ocular changes 
are unrelated to the type of birth (i.e., cesarean section or 

Table 4. Doctors’ decision on mode of delivery in various eye diseases (continues)

Vitreous cavity hemorrhage

NVD 3 (10.0) 3 (6.5)

p=0.012xCaesarean+general anesthesia 4 (13.3) 3 (6.5)

Caesarean+spinal anesthesia 23 (76.7) 5 (10.9)

I want an ophthalmology consultation* 0 (0.0) 35 (76.1)

Malign intraocular tumor (Melanoma etc.)

NVD 6 (20.0) 5 (10.9)

p=0.003xCaesarean+general anesthesia 14 (46.7) 1 (2.2)

Caesarean+spinal anesthesia 10 (33.3) 4 (8.7)

I want an ophthalmology consultation* 0 (0.0) 36 (78.2)

Retinal vascular disorders and anomalies

NVD 8 (26.7) 3 (6.5)

p=0.007xCaesarean+general anesthesia 0 (0.0) 1 (2.2)

Caesarean+spinal anesthesia 22 (73.3) 6 (13.0)

I want an ophthalmology consultation* 0 (0.0) 36 (78.3)

Malign orbital tumor

NVD 5 (16.7) 9 (19.6)

p<0.001xCaesarean+general anesthesia 10 (33.3) 1 (2.2)

Caesarean+spinal anesthesia 15 (50.0) 1 (2.2)

I want an ophthalmology consultation* 0 (0.0) 35 (76.0)

Penetrating keratoplasty

NVD 20 (66.6) 9 (19.6)

p=0.205xCaesarean+general anesthesia 7 (23.4) 1 (2.2)

Caesarean+spinal anesthesia 3 (10.0) 2 (4.3)

I want an ophthalmology consultation* 0 (0.0) 34 (73.9)
xTwo-way Chi-squared test, *Only obstetricians, NVD: Normal vaginal delivery



384

Uysal et al. Management of ophthalmic diseases during pregnancy J Health Sci Med. 2024;7(4):378-386

vaginal delivery).29 The most common risk factors associated 
with retinal detachment include advanced myopia, a history 
of retinal detachment, and previous retinal surgery. However, 
undergoing NVD does not inherently increase the risk of 
retinal detachment in women with this condition.4,27 In the 
current study, it was found that 56.7% of ophthalmologists 
and 63% of obstetricians recommended NVD for pregnant 
women with advanced myopia. These findings are consistent 
with existing literature, which suggests that NVD is often 
considered a safe option for women with this condition 
during childbirth.

In the current study, it was observed that during the first 
trimester, 46.6% of ophthalmologists recommended elective 
abortion for pregnant women with malignant orbital tumors, 
while 45.7% of obstetricians recommended continuation of the 
pregnancy, with a significant portion (41.3%) unable to express 
an opinion. Similarly, for pregnant women with malignant 
intraocular tumors, 53.3% of ophthalmologists recommended 
elective abortion, while 50% of obstetricians stated that they 
had no opinion. Regarding the delivery method, the majority 
of ophthalmologists (83.3% for malignant orbital tumors 
and 80% for malignant intraocular tumors) recommended 
cesarean delivery. In contrast, most obstetricians opted to 
consult ophthalmologists (76% for malignant orbital tumors 
and 78.2% for malignant intraocular tumors). 

Studies on eye-related tumors during pregnancy are limited 
in the literature. However, some researchers suggest that 
increased estrogen levels during pregnancy may have a negative 
impact on malignant eye tumors such as melanoma. These 
findings underscore the complexity of managing pregnant 
women with eye tumors and highlight the importance of 
interdisciplinary collaboration between obstetricians and 
ophthalmologists in making informed decisions regarding 
pregnancy continuation and delivery methods.30 In contrast, 
Wiedemann et al.,31 in a study they conducted, found that there 
was no change in the prognosis of malignancy in pregnant 
women compared to non-pregnant patients. This suggests 
that pregnancy may not necessarily worsen the prognosis of 
malignancies such as eye tumors, contrary to previous beliefs.
In another study, it was concluded that the type of birth had 
no effect on the prognosis of malignant tumors. This suggests 
that the mode of delivery, whether cesarean or vaginal, does 
not impact the prognosis of malignancies such as eye tumors.12

Indeed, while cesarean delivery is often recommended in cases 
of genital herpes to reduce the risk of neonatal transmission, 
pregnancy itself typically has no direct relationship with 
ophthalmic herpes. Ophthalmic herpes is primarily related 
to viral infections affecting the eye, and its occurrence is not 
typically influenced by pregnancy.32 In the current study, 
both ophthalmologists and obstetricians recommended the 
continuation of pregnancy, which aligns with findings in the 
existing literature. However, regarding the recommendation 
for the type of birth, there was a difference between the two 
groups. Specifically, 93.3% of ophthalmologists recommended 
NVD, while only 50% of obstetricians did so. Additionally, 
43.5% of obstetricians recommended consultation with 
ophthalmologists. These findings underscore the importance 
of interdisciplinary collaboration between obstetricians 

and ophthalmologists in managing pregnant women with 
ophthalmic herpes.

It’s notable that in cases of eye diseases unrelated to pregnancy, 
such as active conjunctivitis, keratoconus, eye surgery history, 
retinal break, and keratoplasty, ophthalmologists are more 
inclined to recommend NVD, while obstetricians tend to opt 
for consultation with ophthalmologists rather than making 
decisions independently. This trend could be attributed 
to several factors. Firstly, obstetricians may lack sufficient 
knowledge about eye diseases, as they are not primarily related 
to pregnancy. Secondly, obstetricians may be motivated to 
share responsibility due to the rising number of malpractice 
lawsuits against obstetricians in recent years in Turkiye. This 
highlights the importance of interdisciplinary collaboration 
and continuing education for healthcare professionals to 
ensure optimal care for pregnant women with eye diseases.

This study had several limitations that should be considered 
when interpreting the results. Firstly, the number of 
participants was relatively small, which may limit the 
generalizability of the findings. Additionally, as the study was 
conducted using a survey method, there is a possibility that 
participants may not have been able to provide the answers 
they intended to give, leading to potential response bias.

However, despite these limitations, the study contributes to the 
existing literature by providing insights into the knowledge 
and attitudes of ophthalmologists and obstetricians regarding 
various eye diseases encountered during pregnancy. Moreover, 
it is noteworthy that this is one of the few studies conducted 
on this topic, particularly in the context of Turkey, and it sheds 
light on the perspectives of healthcare professionals in this 
region. Further research with larger sample sizes and diverse 
populations would be beneficial to validate and expand upon 
these findings.

CONCLUSION
Eye diseases play a significant role among the non-obstetric 
indications for cesarean section. However, obstetricians may 
lack the necessary knowledge and attitudes regarding the 
management of pregnant women with eye diseases, as they 
are not their primary focus. To address this gap, it is essential 
to provide obstetricians with ongoing education and training 
through assistantship programs and in-service training 
sessions. By keeping their knowledge up-to-date, obstetricians 
can better understand and manage pregnant women with eye 
diseases, ultimately improving maternal and fetal outcomes. 
Interdisciplinary collaboration between obstetricians and 
ophthalmologists is also crucial in ensuring comprehensive 
care for pregnant women with eye conditions.
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ABSTRACT
Aims: This study aims to evaluate the fragility level, fall risks and factors affecting both conditions of individuals with OA aged 60 
and over living in an underdeveloped province.
Methods: The research sample consists of 260 individuals over the age of 60 who were diagnosed with osteoarthritis. The frailty 
of the participants was measured. Their functional mobility and risk of falling were measured. 
Results: The prevalence of frailty and pre-frailty was found to be 82%. It was revealed that frailty is not always affected by the 
severity of osteoarthritis and the progression of age. In addition, it was found that factors such as stage IV osteoarthritis and being 
frail or pre-frail increase the risk of falling.  The stage of osteoartritis, education level, lifestyle, and risk of falling explained 24% of 
the variance in the frailty variable. Having an unhealthy lifestyle increases frailty 20 times; lowincome level increases frailty eight 
times; and each increase in education level affects frailty at most four times negatively.
Conclusion: Psychological rehabilitation and social support may negatively affect the development of frailty in individuals aged 
60 years and older. Frail older women with severe OA are more vulnerable to falls. 
Keywords: Frailty, osteoarthritis, geriatrics, frailty scale, risk of falling
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INTRODUCTION
Aging is a physiological process and is characterized by a 
decrease or slowdown in all vital functions.1 As of 2020, 9.5% 
of Turkiye’s population consists of people aged 65 and over.2 
Old age is a period in which social, economic, psychological 
and health problems are experienced. People who have 
difficulties in coping with these problems may be morefrail. 
Frailty is a state of increased susceptibility to cognitive and 
physical negative consequences.3 In addition, conditions 
such as stress intolerance, slowness, weakness, low physical 
activity, burnout, and decrease in body mass index, which 
develop due to the decrease in physiological reserves with 
advancing age, are considered as the indicators of frailty.4,5 
These indicators mean that frailty is one of the factors that 
increase susceptibility to degenerative joint diseases in older 
adults.4

Osteoarthritis (OA), which was once thought of only as the 
wear and tear of an aging joint, is now associated with the 
presence of many risk factors such as gender, obesity, and a 
history of joint trauma.6 A number of systemic factors are 
likely to cause joint damage in a frail person, and many studies 
have proved that frailty may trigger the development of OA in 

older adults.3,7-12 Frailty, like OA, is commonly observed with 
increasing age and pro-inflammatory markers such as IL-6, 
TNF-α and CRP, which play a role in inflammatory aging, are 
also elevated in frail individuals. These inflammatory factors 
found in frail individuals may trigger the development of 
OA.11 With the early identification of frailty in older adults, 
the quality of life of patients can be preserved, early social 
support can be ensured, and many problems that may develop 
due to frailty can be identified early.13 

Determining the effect of frailty on health problems associated 
with old age will contribute to early identification of these 
problems and taking precautions. Reducing the health burden 
with measures to be taken against age-related diseases may 
provide economic benefits in the long term. In this study, OA 
patients aged 60 years and older living in Yozgat province, an 
underdeveloped city with a large population of older adults, 
were analyzed. Thus, while examining the frailty levels of 
patients with OA, their fall risks and the factors affecting both 
conditions, it was also possible to examine the assumption 
that low income level, which is frequently emphasized in the 
literature, negatively affects frailty. In addition to contributing 
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to the literature, the results obtained will provide information 
about the health status of older adults with low socio-economic 
status living in underdeveloped provinces.

METHODS
The study was initiated upon receiving approval from the 
Yozgat Bozok University Ethics Committee (Date: 16.02.2022, 
Decision no: 30/10). All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

The research sample consisted of 260 individuals over the age 
of 60 who were diagnosed with OA and who applied to the 
Orthopedics and Traumatology outpatient clinic of Yozgat 
Bozok University Training and Research Hospital between 
20.03.2022 and 20.06.2022.  After the research, Gpower 3.1.9.2 
program was used for post-hoc power analysis. With the two-
way hypothesis assumption, effect size d=0.50 was taken as 
type 1 error (α err prob)=0.05. Since the number of female 
participants in the study was 159 and the number of male 
participants was 101, the power was calculated as (1- β err 
prob)=0.97 and it was determined that the representativeness 
of the sample was high.

Inclusion Criteria
• Being 60 years or older

• Having a diagnosis of Stage I, II, III or IV OA according 
to the Kellgren-Lawrence classification

• Having the mental competence to understand and answer 
the questions posed

Exclusion Criteria
• Receiving cancer treatment

• Extremity amputations

• Having physical disabilities such as sequelae due to stroke 
and inability to speak

• Having an operation due to an orthopedic problem in the 
last 6 months

• Having advanced dementia

• Having an organic psychoaffective disorder and/or a 
neurological degenerative disease

Data Collection Tools and Procedure
The OA stage of the participants was evaluated by an 
orthopedic and traumatology specialist based on the Kellgren-
Lawrence Gonarthrosis stage classification and symptomatic 
findings. Tilburg Frailty Indicator (TFI) was assessed using 
the Frailty Scale (FS) and functional mobility was assessed 
using the Get Up and Go Test (GGT). A questionnaire form 
was created from these scales to conduct interviews with 
individuals aged 60 and over. The questionnaire form consists 
of four parts, in which the socio-demographic characteristics 
of the participants and the results of the TFI, FS and GGT 
are recorded.14-19 In the socio-demographic characteristics 
section, the economic status of older adults was examined 

in detail. For this purpose, income and expenditure 
amounts were asked, and those whose income was more 
than expenditure and those whose income was less than 
expenditure were determined according to their statements. 
Before the administration of the questionnaire form, the 
participants were informed about the purpose of the research 
and their verbal and written consent was obtained. 

The researcher, who was responsible for the administration 
of the questionnaire form, met with the older adults who 
were directed by an orthopedics and traumatology specialist 
face-to-face, from the beginning to the end of the polyclinic 
examination hours (between 9:00 and 17:00) on weekdays 
and measured their walking times. Before the administration 
of the questionnaire form, the participants were informed 
about the purpose of the research and their verbal and 
written consent was obtained. The same person administered 
the questionnaire form to all participants in the same 
environment and made the measurements.

Kellgren-Lawrence Classification
Kellgren-Lawrence classification was used to reveal the 
radiographic severity of gonarthrosis. Staging was performed 
according to the classification criteria given in Figure by a 
single orthopedics and traumatology specialist.

Tilburg Frailty Indicator
TFI is a scale that forms a link between frailty and the rate 
of susceptibility resulting from physical, psychological and/
or social losses defined in the integral conceptualization 
model of frailty. The Turkish adaptation study of the scale 
was conducted by Arslan et al.14 The Cronbach’s alpha in the 
Turkish adaptation study was 0.76. The Cronbach’s alpha 
value obtained from this study is 0.69. The scale consists of 
two parts. The first part contains 10 items on the determinants 
of frailty. The second part is divided into three domains 
(physical, psychological, and social components), which are 
evaluated with 15 items. 11 items in the TFI have a double 
response category as ‘yes’ and ‘no’. Four items have triple 
response categories as ‘yes’, ‘sometimes’ and ‘no’. The score 
that can be obtained from the scale varies between 0-15, and a 
score of ≥5 indicate frailty.14 An individual with high scores is 
considered to have a high level of frailty.

Frailty Scale
FS consists of five items on patient’s fatigue status, vigor, 
mobility, weight loss and other diseases. Based on their 
responses, patients receive 0 or 1 point from each item in the 
FS. Those with a total score of 0 are considered to be vigorous 
(non-frail), while a score of 1-2 indicates pre-frailty and a score 
of >2 indicates frailty.15 The Turkish validity and reliability 
study of the scale was performed by Hymabaccus Muradi and 

Figure. Kellgren-Lawrence classification
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Yavuz16 in 2017. The internal consistency of the Turkish scale 
was found to be = 0.79. The Cronbach’s alpha value obtained 
from this study is 0.63.

Get Up and Go Test 
The get up and go test (GGT) was developed by Podsiadlo et al.18 
in 1991.17 During the administration of the GGT, individuals 
may wear comfortable shoes and use the walking aid that they 
always use, as in their daily lives. The person sits on a chair, 
he/she has to get up from the chair he/she is sitting on with the 
command given and walk to the line drawn 3 meters ahead, 
turn from there and sit down again. When the command is 
given, the time is started and when the person returns from 
the walk and sits down, the time is stopped and noted down. 
According to the GGT, the test speed of individuals with a 
high risk of falling is ≥12 seconds.19

Statistical Analysis
Data analysis was performed using the statistical package for 
the social sciences (SPSS) version 20.0. For statistical analysis, 
firstly, it was checked whether the data showed normal 
distribution. Parametric tests were performed for all the 
research variables showing normal distribution. Descriptive 
statistics (mean, frequency percentage and standard deviation) 
were used in the analysis of the data. The t-test was performed 
to compare paired groups that conformed to parametric test 
variation, and the ANOVA test was used to compare more 
than two groups. Logistic regression analysis was performed 
to determine the factors affecting the high fall risks of 
individuals with OA and the factors affecting their frailty at 
the TFI level. The effect of the factors that increase the frailty 
of the participants according to the FS was evaluated with 
multiple linear regression analysis. The significance level was 
set at p<0.05.

RESULTS
Participants’ mean TFI and FS scores indicate that they are 
frail and their recorded walking times indicate that they 
are at high risk of falling. An important finding was that 
individuals aged 72 years and older had a lower mean TFI 
score than those aged 60-65 years. 61.2% of the participants 
were female and their TFI and FS frailty scores and walking 
times were statistically significantly higher than those of male 
participants. Another statistically significant finding was that 
widows and singles had longer walking times than married 
participants 59.2% of the participants were primary school 
graduates and it was found that the level of frailty decreased 
as the level of education increased. It was also found that 
illiterate participants had longer walking times. 90.4% of the 
participants had an income less than their expenditure and 
their mean TFI and FS scores were statistically significantly 
higher than those with an income greater than their 
expenditure. Participants with healthy lifestyles comprised 
51.9% of the population (all p<0.05) (Table 1). 

The mean TFI (7.18±2.98) and FS (2.26±1.33) scores of 
participants whose income is less than their expenses indicate 
that they are more vulnerable than those whose income is 
more than their expenses. In addition, their walking time 

also shows that their risk of falling is high. It is statistically 
significant that female participants with less income have 
higher TFI and FS scores and longer walking time than male 
participants. It is significant that 74% of the participants with 
less income are married and that the walking time of married 
participants is shorter than that of widows and singles. It was 
found statistically significant that the TFI scores of illiterates 
were higher than the other groups, the FS scores of those who 
graduated from at least secondary school were lower than the 
other groups, and the walking time of those who graduated 
from at least secondary school was shorter than the other 
groups. The TFI and FS scores of participants with unhealthy 
lifestyles whose income was less than their expenses were 
found to be higher than the other groups. According to FS, 
53.2% of participants with income less than expenditure were 
frail, 30.6% were pre-frail and 16.2% were vigorous. According 
to TFI, 82.1% of participants were frail and had high FS scores. 
According to the GGT, 39.6% of the participants had a high 
fall risk and their TFI and FS scores were higher than the other 
group. Participants with Stage I OA whose income was less 
than their expenses had lower TFI and FS scores and shorter 
walking times than the other groups (all p<0.05) (Table 2).

It was found that factors such as disease stage II, disease stage 
III, or disease stage IV, being female, being 72 years old and 
over, being widowed or single, having an unhealthy lifestyle, 
being frail according to the TFI, and being frail or pre-frail 
according to the FS increase the risk of falling in individuals 
aged 60 and over with OA (Table 3).

It was also found that factors such as disease stage II, disease 
stage III, or disease stage IV, being female, being 72 years old 
and over, being illiterate, being a primary school graduate, 
having a lowincome level, having neither a healthy nor an 
unhealthy lifestyle, having an unhealthy lifestyle, and having 
a high risk of falling increase frailty in OA patients aged 60 
and over according to the TFI (Table 4). 

Multivariate linear regression analysis revealed a significant 
regression model. It was found that the variables of OA 
stage, education level, lifestyle and fall risk explained F 
(8.251)=11.214, p<0.001, and 24% of the variance in the frailty 
variable (R2adjusted=0.24) (Table 5).

DISCUSSION
Our study investigated frailty level and fall risks of individuals 
with OA and the factors affecting both conditions.

The Relationship between OA and Frailty
Studies proving the relationship between OA and frailty 
support the results of our study.3,7-10,20 However, contrary to 
many studies, in our study, the prevalence of frailty among 
older adults was found to be 77.7% according to the TFI, and 
the prevalence of frailty and pre-frailty was found to be 82% 
according to the FS. Misra et al.3 investigated frailty in older 
adults with gonarthrosis and in their study, the prevalence of 
frailty was found to be 4.39%. Miguel et al.21 examined frailty 
in older adults with OA, and they found the frequency of frailty 
as 22.4%. In a study evaluating frailty among older adults with 
OA in six European countries, the overall prevalence of frailty 
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and pre-frailty was found to be 10.2% and 51.0%, respectively.7 
A study conducted in four rural regions of Thailand that are 
assumed to represent the country reported the prevalence 
of frailty as 12.9%.22 In a study on the locomotive syndrome 
and frailty in middle-aged and older people living in the 
community, the prevalence of frailty was found to be 
10.8%.23 There is not yet a gold standard scale to assess frailty. 
Therefore, the inconsistency between the findings of studies 
may be attributed to the use of different scales to investigate 

frailty. Contrary to other studies, we used both the TFI and 
the FS and revealed that frailty is quite common among older 
adults with OA aged 60 and over. The study was conducted in 
a province with a low socio-economic level, which may have 
also contributed to the high rates of frailty reported in the 
study. In our study focusing on the low-income group, both 
scales showed that frailty was even more common. Bandeen et 
al.24 also found in their research that the prevalence of frailty 
is affected by income distribution differences.

Table 1. Distribution of the effect of some characteristics of individuals aged 60 and over with OA on frailty and walking time (n=260)

Variables n (%)

TFI 6.93±3.09 FS 2.18±1.35 GGT 13.37±9.37

X±SD X±SD X±SD

Age 66.37±6.68

60-65 150 (57.7) 7.34±3.20a 2.35±1.34a 13.18±10.89

66-71 55 (21.2) 6.45±2.87 1.84±1.33b 12.18±5.15

72+ 55 (21.2) 6.29±2.84b 2.18±1.32 15.09±7.92

Test F=3.20, p=0.04 F=3.21, p=0.04 F=1.40, p=0.24

Gender
Male 101 (38.8) 5.76±2.89 1.79±1.40 10.95±5.60

Female 159 (61.2) 7.67±2.98 2.42±1.25 14.91±10.85

Test t=-5.08, p=0.000 t=-3.66, p=0.000 t=-3.86, p=0.000

Marital Status
Married 197 (75.8) 6.77±3.06 2.10±1.36 12.34±7.50

Widowed/single 63 (24.2) 7.44±3.13 2.41±1.27 16.58±13.22

Test t=-1.52, p=0.13 t=-1.59, p=0.11 t=-2.42, p=0.01

Education level

Illiterate 67 (25.8) 8.24±3.26a 2.66±1.18a 16.04±12.71a

Primary school 154 (59.2) 6.76±2.74b 2.19±1.28b 13.22±8.34

Minimum secondary school 39 (15) 5.36±3.24c 1.28±1.43c 9.38±2.83b

Test F=12.26, p=0.000 F=14.11, p=0.000 F=6.54, p=0.002

Income level
Income less than expenses 235 (90.4) 7.18±2.98 2.26±1.33 13.70±9.70

Income more than expenses 25 (9.6) 4.60±3.18 1.40±1.25 10.24±4.16

Test t=4.08, p=0.000 t=3.07, p=0.002 t=1.76, p=0.07

Lifestyle

Healthy 135 (51.9) 5.64±2.76a 1.76±1.34a 12.16±6.69

Healthy/unhealthy 86 (33.1) 7.94±2.84b 2.43±1.24b 14.00±10.94

Unhealthy 39 (15) 9.18±2.55b 3.05±1.02c 16.17±12.56

Test F=33.47, p=0.000 F=18.17, p=0.000 F=3.11, p=0.05

FS

Vigorous 47 (18.1) 4.15±2.33a 0.00±0.00a 10.04±3.16a

Pre-frail 81 (31.2) 6.35±2.83b 1.60±0.49b 12.81±9.82

Frail 132 (50.8) 828±2.69c 3.30±0.52c 14.90±10.22b

Test F=44.10, p=0.000 F=969.21, p=0.000 F=5.01, p=0.007

TFI
Vigorous 58 (22.3) 2.83±1.15 1.05±1.16 11.01±4.05

Frail 202 (77.7) 8.11±2.38 2.50±1.22 14.04±10.31

Test t=-23.35, p=0.000 t=-8.03, p=0.000 t=-3.36, p=0.001

Risk of falling
High risk 99 (38.1) 7.87±2.87 2.71±1.14 19.65±12.73

No risk 161 (61.9) 6.35±3.08 1.85±1.36 9.50±1.82

Test t=-3.94, p=0.000 t=-5.43, p=0.000 t=-7.87, p=0.000

OA stage

Stage I 63 (24.2) 5.58±3.40a 1.24±1.35a 10.22±3.65a

Stage II 150 (57.7) 7.34±3.20a 2.35±1.34a 13.18±10.89

Stage III 55 (21.2) 6.45±2.87 1.84±1.33b 12.18±5.15

Stage IV 55 (21.2) 6.29±2.84b 2.18±1.32 15.09±7.92

Test F=5.12, p=0.002 F=15.69, p=0.000 F=8.37, p=0.000

TFI: Tilburg frailty indicator, FS: Frail scale, GGT: Get up and go test, SD: Standart deviation, OA: Osteoarthritis, *This group is different from the others
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The Relationship between Education Level and Socio-
economic Status and Vulnerability
In addition, our study revealed that each increase in education 
level affects frailty at least three times and at most four times 
negatively, and lowincome level affects frailty eight times 
positively. This may be related to the lifestyles and health 
perceptions of individuals with low socioeconomic status and 
their access to health services. Our findings are consistent 
with the findings of Myers et al.,25 who found that low-income 
patients have a more than twice the risk of being frail than high-
income patients. Wanaratna et al. 22 reported in their study that 
low level of education and income, which they interpret as low 
socioeconomic indicators, affect frailty. Castell et al.7 also found 

that frailty is more common in people with low socioeconomic 
status. The fact that individuals with a low education level work 
in jobs that require heavy physical effort reduces both their 
susceptibility to movement system diseases and the amount 
of income to be earned. This causes malnutrition and prevents 
nutrition with foods that support health. In addition, low 
household income is another factor that may complicate access 
to health services. Therefore, while such conditions limit healthy 
living conditions, they also increase the number of individuals 
with low health awareness. Research findings showing that 
having an unhealthy lifestyle increases frailty 20 times support 
this assumption. Bandeen et al.24 reported that frailty is doubled 
in older adults with adverse health conditions.

Table 2. Distribution of frailty scores and walking time of individuals with OA aged 60 and over with low income (n=235)

Variables n (%)

TFI FS GGT

X±SD X±SD X±SD

Age
60-65 139 (59.1) 7.60±3.07a 2.42±1.31 13.48±11.23

66-71 47 (20) 6.68±2.60 1.98±1.37 12.72±5.29

72+ 49 (20.9) 6.45±2.88b 2.06±1.33 15.28±8.11

Test F=3.62, p=0.02 F=2.67, p=0.07 F=0.92, p=0.39

Gender
Male 85 (36.2) 6.15±2.75 1.95±1.42 11.35±5.84

Female 150 (63.8) 7.76±2.95 2.43±1.25 15.04±11.12

Test t=-4.10, p=0.000 t=-2.68, p=0.008 t=-2.83, p=0.005

Marital status
Married 174 (74) 7.07±2.92 2.21±1.35 12.71±7.81

Widowed/single 61 (26) 7.49±3.15 2.39±1.29 16.52±13.43

Test t=-0.95, p=0.34 t=-0.91, p=0.36 t=-2.09, p=0.04

Education level

Illiterate 63 (26.8) 8.21±3.27a 2.65±1.22a 16.19±13.04a

Primary school 143 (60.9) 6.93±2.67b 2.24±1.29a 13.46±8.57a

Secondary school/high school 29 (12.3) 6.17±3.24b 1.52±1.47b 9.51±2.30b

Test F=6.15, p=0.002 F=7.61, p=0.001 F=4.97, p=0.008

Lifestyle

Healthy 113 (58.7) 5.96±2.66a 1.87±1.34a 12.60±7.05

Healthy/unhealthy 85 (36.2) 7.95±2.85a 2.44±1.05b 14.04±11.00

Unhealthy 37 (15.7) 9.14±2.57b 3.05±1.33c 16.29±12.82

Test F=24.42, p=0.000 F=13.45, p=0.000 F=2.12, p=0.12

FS

Vigorous 38 (16.2) 4.55±2.40a 0.00±0.00a 10.42±3.26a

Pre-frail 72 (30.6) 6.42±2.77b 1.61±0.49b 13.11±10.28

Frail 125 (53.2) 8.42±2.57c 3.32±0.53c 15.04±10.42b

Test F=36.28, p=0.000 F=809.06, p=0.000 F=3.58, p=0.02

TFI
Vigorous 42 (17.9) 2.93±1.19 1.07±1.11 11.80±4.15

Frail 193 (82.1) 8.10±2.38 2.52±1.23 14.11±10.49

Test t=-20.50, p=0.000 t=-6.98, p=0.000 t=-1.40, p=0.16

Risk of falling
High risk 93 (39.6) 7.95±2.88 2.74±1.14 19.86±13.09

No risk 142 (60.4) 6.68±2.94 1.94±1.36 9.67±1.77

Test t=-3.26, p=0.001 t=-4.85, p=0.000 t=-7.45, p=0.000

GA stage

Stage I 52 (22.1) 6.19±3.37a 1.37±1.38a 10.55±3.69a

Stage II 49 (20.9) 6.92±3.12 2.47±1.17b 12.89±5.67

Stage III 78 (33.2) 786±2.66b 2.53±1.30b 12.97±5.87b

Stage IV 56 (23.8) 7.38±2.67 2.54±1.11b 18.35±16.70b

Test F=3.57, p=0.01 F=11.33, p=0.000 F=6.84, p=0000

TFI: Tilburg frailty indicator, FS: Frail scale, GGT: Get up and go test, SD: Standart deviationi, GA: Gonarthrosis* This group is different from the others
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Association of OA Severity with Frailty

Another finding that affects frailty is the severity of the 
disease. Having stage III OA increases susceptibility to frailty 
almost 6 times. This finding is rather ironic when compared 
to the fact that being a stage IV OA patient increases frailty 
2 times. Stage III, characterized by moderate joint space 
reduction, may indicate progression of the disease and may 
increase cognitive frailty and trigger the sense of helplessness 
in older adults. Contrary to some other studies, it can be 

said that susceptibility to frailty does not increase as the 
severity of OA increases.10 This finding may be attributed 
to the perceived helplessness that develops as a result of the 
progression of the disease in older adults. Fight against the 
disease is at the forefront at stage III. However, older adults 
who have experienced severe reduction in joint space and 
sclerosis in the subchondral bones at stage IV and who have 
been struggling with the disease for a long time, may have 
accepted that the disease is inevitable and have developed 
some defense mechanisms for living with the disease.

Table 3. Logistic regression analysis of factors affecting the high fall risk of individuals aged 60 and over with OA

Variables ß SE Wald p OR

95% CI for EXP (B) 

Lower Upper

OA Stage II (Stage I) 1.057 0.428 6.117 0.013 2.879 1.245 6.656

OA Stage III (Stage I) 0.825 0.395 4.367 0.037 2.282 1.053 4.949

OA Stage IV (Stage I) 1.839 0.412 19.897 0.000 6.290 2.804 14.112

Female (Male) 1.052 0.283 13.864 0.000 2.865 1.646 4.985

66-71 age (60-65 age) 0.134 0.330 0.164 0.685 1.143 0.599 2.180

72+ age (60-65 age) 0.802 0.321 6.253 0.012 2.231 1.189 4.184

Widowed or single (Married) 0.695 0.293 5.602 0.018 2.003 1.127 3.560

Primary school graduate (Illiterate) -0.191 0.292 0.422 0.516 0.826 0.464 1.471

Secondary school or high school graduate (Illiterate) -2.020 0.582 12.045 0.001 0.133 0.042 0.415

Medium or high income level (Low income level) -0.729 0.487 2.244 0.134 0.482 0.186 1.252

Neither healthy nor unhealthy lifestyle (Healthy lifestyle) 0.253 0.288 0.772 0.380 1.288 0.732 2.264

Unhealthy (Healthy lifestyle) 0.984 0.371 7.024 0.008 2.676 1.292 5.543

TFI Frail (1) 0.713 0.332 4.613 0.032 2.041 1.064 3.913

FS Pre-frail (Vigorous) 1.173 0.498 5.551 0.018 3.230 1.218 8.568

FS Frail (Vigorous) -1.922 0.470 17.215 0.000 7.044 2.801 17.713

ß: Coefficient; SE: Standard error; p: Significance level; OR: Odds ratio; CI: Confidence interval; OA: Osteoarthritis, FS: Frail scale

Table 4. Logistic regression analysis of the factors affecting the frailty levels of individuals aged 60 and over with OA according to TFI

Variables ß SE Wald p OR

95% CI for EXP (B) 

Lower Upper

OA Stage II (Stage I) 0.963 0.425 5.128 0.024 2.619 1.138 6.027

OA Stage III (Stage I) 1.754 0.436 16.183 0.000 5.778 2.458 13.580

OA Stage IV (Stage I) 1.074 0.411 6.836 0.009 2.928 1.309 6.551

Female (Male) 0.864 0.303 8.136 0.004 2.372 1.310 4.295

66-71 age (60-65 age) -0.354 0.372 0.904 0.342 0.702 0.338 1.456

72+ age (60-65 age) -0.448 0.367 1.491 0.222 0.639 0.312 1.311

Widowed or single (Married) 0.258 0.362 0.508 0.476 1.295 0.636 2.634

Illiterate (Secondary school or high school) 1.483 0.471 9.910 0.002 4.405 1.750 11.087

Primary school graduate (Secondary school or high school graduate) 1.120 0.380 8.677 0.003 3.066 1.455 6.461

Low income level (Medium or high income level) 2.100 0.450 21.775 0.000 8.169 3.381 19.739

Neither healthy nor unhealthy lifestyle (Healthy lifestyle) 1.401 0.382 13.462 0.000 4.059 1.920 8.579

Unhealthy (Healthy lifestyle) 3.010 1.029 8.558 0.003 20.295 2.701 152.522

High risk of falling (1) 0.713 0.332 4.613 0.032 2.041 1.064 3.913

OA: Osteoarthritis, TFI: Tilburg frailty indicator, ß: Coefficient, SE: Standard error, p: Significance level, OR: Odds ratio, CI: Confidence interval, OA: Osteoarthritis
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Frailty in Relation to Age
The mean age of individuals with OA over the age of 60 is 
66.37 years, and the majority are between 60-65. Contrary to 
many studies, a remarkable finding of our study is that the 
level of frailty decreases as age increases. In this sense, our 
findings can be described as encouraging. The frailty levels 
of older age groups who visit the outpatient clinic are lower, 
which means that frailty is not always related to old age. More 
comprehensive studies are needed to investigate the health 
status, socio-demographic characteristics, health perception, 
health attitude and daily life activity level of older individuals 
who are not frail. Our study further revealed that the risk 
of falling is doubled in those aged 72 and over. This may be 
related to the increase in the tendency to walk carefully and 
slowly due to the fear of falling with increasing age.

Factors Influencing the High Risk of Falls in Older Adults 
with OA
Falls and fall-related fractures are one of the leading causes 
of the need for long-term care of the elderly. Abellan van Kan 
et al.26 defined slow walking speed as a strong predictor of 
frailty-related medical complications. The GGT test showed 
that 38.1% of the participants had a high risk of falling 
(walking time >12sec). When the factors affecting the high fall 
risk in older adults with OA were examined, it was found that 
frailty increased the risk of falling seven times and having 
stage IV OA increased the risk of falling six times. Consistent 
with other studies,7-9,12 our study revealed that women were 
more prone to frailty than men, and being a female is a factor 
that doubles the risk of falling. Being widowed or single 
also doubles the risk of falling. According to the FS, frailty 
is the most important factor that increases the risk of falling 
in older adults aged 60 and over, and pre-frailty increases 
the risk of falling three times. According to the TFI, frailty 
doubled the risk of falling. The inconsistency between the 
scales may be attributed to the fact that the TFI evaluates 
physical, psychological and social frailty, while FS focuses 
on fatigue and functional mobility to determine the risk of 
falling, which makes it a more sensitive scale. However, this 
judgment also needs more evidence.

Limitations
First limitations, the data were collected from a single center 
within a certain period of time. Second, older adults living 
in the community were included in the research, while older 
adults living in nursing homes could not be reached. Lastly, 
other components of a comprehensive geriatric assessment 
(functionality, cognitive status, depression, nutritional status) 
were not evaluated separately and a single scale (TFI) was 
used for this.

CONCLUSION
The findings obtained using standard measurement tools 
support the importance of frailty in the etiology of OA, which 
is a common problem in individuals aged 60 and over. Having 
an unhealthy lifestyle increases frailty 20 times; lowincome 
level increases frailty eight times; and each increase in 
education level affects frailty at most four times negatively, 
which all point to the close relationship between frailty and 
socioeconomic level. Supporting socioeconomic status and 
promoting a healthy lifestyle can help prevent OA and frailty 
in older adults. Contrary to other studies, we found that frailty 
is not always related with the severity of OA and advancing 
age, which suggests that psychological rehabilitation and 
social support may affect the development of frailty negatively 
in individuals aged 60 and over. Our findings highlight that 
being a female, the severity of the disease, advanced age, and 
most importantly, being frail make older adults with OA more 
vulnerable in terms of falling. 
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ABSTRACT
Aims: The aim of this study is to determine the effect of calcineurin (CaN) in adrenocortical cancer (ACC) cells, which is a 
rare but aggressive type of cancer resistant to mitotane therapy. The intracellular calcium signaling pathway is one of the most 
important mechanisms for cells. The effect of intracellular calcium concentration [(Ca2+i)] on the function of cancer cells is also 
known. CaN, activated by the binding of calmodulin and Ca2+, is critical in this pathway. 
Methods: H295 adrenocortical cancer cells were treated with mitotane, cyclosporine A (CsA), and a combination of both. Cell 
viability, apoptosis, cell cycle, and gene expression levels of apoptosis-related genes (BCL2, BAX, TP53) were analyzed. Western 
blotting was used to measure CaN protein levels, and wound healing assays assessed cell migration. 
Results: CsA significantly suppressed CaN protein levels in a dose-dependent manner, reducing cell viability and increasing 
apoptosis in H295 cells. Mitotane alone also suppressed CaN protein, but the combination of mitotane and CsA had a synergistic 
effect, further decreasing cell viability and increasing apoptosis. The combination treatment led to significant suppression of the 
BCL2 gene and upregulation of TP53. Cell cycle analysis showed increased arrest in the G0/G1 phase with combination treatment. 
Conclusion: Suppression of CaN by CsA enhances the cytotoxic effects of mitotane on ACC cells, suggesting a potential 
therapeutic strategy to improve ACC treatment outcomes. This study highlights the importance of targeting intracellular calcium 
signaling pathways to overcome resistance and enhance the efficacy of existing cancer therapies.
Keywords: Adrenocortical carcinoma, calcineurin, cyclosporine A, intracellular calcium signaling, mitotane
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INTRODUCTION
Adrenocortical carcinoma (ACC) is a rare epithelial neoplasm 
originating from the adrenal cortex with a high tendency to 
local invasion and distant metastasis. The annual incidence 
of ACC is 0.7 to 2 cases per million population. About 10-15% 
of ACCs are discovered incidentally in radiographic imaging. 
ACC has a poor prognosis, with overall five-year survival 
ranging from 60 to 80% in patients with ACC stage I to 13% 
in patients with stage IV disease.1 Complete remission can be 
achieved in localized ACC, but the appearance of metastases 
or recurrences during the follow-up period significantly 
worsens the prognosis. Complete remission is extremely rare in 
patients diagnosed with ACC at the stage of regional invasion 
or distant metastasis. Current treatment regimens for ACC 
are limited, and radical surgical resection is the only curative 
option. Unfortunately, most ACC patients present with locally 
advanced or metastatic disease that is not amenable to surgical 
resection.2 Mitotane is used as soon as possible after tumor 
removal, which is recommended for most patients, especially 
with stage III and IV cancers or with a high Ki-67 proliferation 
index.3

Mitotane is an adrenolytic drug, a synthetic derivative of 
the insecticide dichlorodiphenyltrichloroethane (DDT). Its 
toxic effect is observed in the bone marrow, liver, skin, and 
gastrointestinal tract.4 Response to mitotane treatment is seen 
only in approximately 30-50% of ACC patients.5 Response 
to treatment is observed in only 25% of ACC patients 
undergoing chemotherapy.6 Although mitotane is an effective 
drug in the treatment of ACC, it must be administered in a 
controlled manner. Otherwise, its toxic effect will be more than 
its therapeutic effect. Not every ACC patient can give the same 
response to the same dose of mitotane. At the same time, it has 
been shown in recent studies that ACC cells develop resistance 
to mitotane.7,8 

Calcineurin (CaN) is a serine/threonine phosphatase 
activated by the binding of calmodulin and Ca2+, plays a 
crucial role in the intracellular calcium signaling pathway.9 
It is known to be expressed in the adrenal cortex.10 CaN is 
the substrate of transcription factors, proteins involved in 
the cell cycle, and apoptosis.9 When Ca2+ concentration 
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increases in the cytoplasm, CaN becomes active. In cases 
where CaN is active, cell proliferation increases.9,11 One of 
the best-known inhibitors of CaN is cyclosporine A (CsA).12 
CsA, a molecule of fungal origin (Tolypocladium inflatum), was 
discovered in 1970 to develop a new antifungal therapy.13,14 
CsA is an immunosuppressive drug. While CsA is primarily 
used in transplant patients to prevent rejection, its potential 
role in cancer therapy, particularly in combination with other 
anticancer agents, is of significant interest.12,15 

While CsA is primarily used in transplant patients to prevent 
rejection, its potential role in cancer therapy, particularly in 
combination with other anticancer agents, is of significant 
interest.

METHODS
Since the study was performed cell line and these results 
obtained from cell line, ethics committee approval is not 
need. In this cell line study, informed consent is not need. All 
procedures were carried out in accordance with the ethical 
rules and the principles.

Cell Lines and Culture Conditions
H295 human adrenocortical cancer cell line was purchased 
from the American Type Culture Collection (CRL-2128-
ATCC). After H295 cells were cultured, it was incubated in a 
humidified incubator containing 5% CO2 at 37°C. The culture 
medium DMEM-F12 was Gibco. It was supplemented with 
10% FBS, penicillin (1x105 U/L), and L-glutamine (2 mmol/L). 
Cells were harvested with trypsin (0.05%), and EDTA (0.02%) 
and resuspended in the medium. 

Chemicals and Drugs
Mitotane and CsA chemicals were treated to H295 cells. It 
was ordered from sigma alderich mitotane stock solution was 
prepared with ethyl alcohol at a concentration of 10-2 M and 
stored at -20oC. It was freshly prepared from a stock solution 
of mitotane at different concentrations applied to H295 cells. 
CsA was ordered from Sigma Alderich. CsA stock solution 
was prepared with methanol at a concentration of 10-3 M and 
stored at -20oC.

Cell Proliferation Assay
The cell viability was measured using methyl thiazole diphenyl 
tetrazolium (MTT) salt, frequently used in cell viability 
tests based on the measurement of metabolic activity. Since 
metabolic activity continues in living cells, the MTT molecule 
can turn into formazan and a color change is observed, while 
this change does not occur in dead cells. 100 µl of the H295 
cell solution (5000 cell/well) was seeded in a 96 well plate. 
Chemicals were treated to the cells for 24 hours. After 24 
and 72 hours of incubation of cells with mitotane, CsA, and 
mitotane+CsA complex, cells were treated with MTT solution. 
At the end of the incubation period, absorbance values were 
measured by multiplate reader.

Apoptosis Assay 
Apoptosis measurement was performed with Annexin V to 
determine whether the cells underwent the apoptotic process 

24 and 72 hours after mitotane, CsA, and mitotane+CsA 
complex treatments to H295 cells. Phosphatidylserines found 
in the outer membranes of apoptotic cells were measured. 
Muse Annexin V & Dead Cell reagent (Luminex MCH100105) 
was added to cell suspensions. Samples were measured on the 
Muse analyzer (Merck).

Cell Cycle Assay
Muse Cell Cycle kit was used for easy and fast quantitative 
measurement of the percentage of cells in the G0 / G1, S, and 
G2 / M phases of the cell cycle of cells. Cells were fixed 24 
and 72 hours after the mitotane, CsA, and mitotane+CsA 
complex treatment. After adding Muse cell cycle solution, it 
was measured with Muse analyzer.

RT-qPCR Assay
The expressions of Bcl2, Bax, and TP53 genes and GAPDH 
as the housekeeping gene in H295 cells were evaluated by 
quantitative RT-PCR. From H295 cells, total RNA was isolated 
using a commercially available kit (high pure RNA tissue 
kit; Roche). cDNA was synthesized using a commercially 
available kit (first strand cDNA synthesis kit; Roche). SYBR 
Green was used as a reporter dye. The expression of these 
genes was evaluated by real-time PCR method using the 
Roche LightCycler® 480 system (Germany). The protocol for 
real-time PCR was as the following: initial incubation at 95°C 
for 5 min., 45 cycles of 95°C for 10sec, 60°C for 10sec, and 72°C 
for 10sec. 

The Ct values of genes were calculated by the Roche Light 
Cycler® 480 system. Expression values were determined by 
the 2-ΔΔCt method. The 2-ΔΔCt method was calculated according 
to the housekeeping gene. Gene expression levels were 
evaluated in the drug-free control group and compared with 
the medicated control group. Expression levels of genes were 
determined according to the fold change.

Wound Healing Assay
H295 cells were seeded in 12-well plates. When cells density 
reached 85-90% in the wells, a scratch was created in the 
monolayer in each well using the tip of a sterile 100-µl 
pipette, the cells were gently washed with medium to remove 
detached cells, and fresh medium was added and mitotane, 
CsA, and mitotane+CsA complex was added to cells in the 
wells. The scratched areas were imaged at 0, 24, and 72 hours 
using phase-contrast microscopy. The distance traveled by 
cells at the leading edge of the wound at each time point was 
measured by ImageJ software.

Western Blotting
The total protein solution that is 30 ug diluted with sample 
buffer was denatured at 95°C for 5 min. After denaturation, 
the protein samples were separated by electrophoresis on 
a 12% SDS-PAGE gel and transferred to a nitrocellulose 
membrane. The membrane with protein was incubated with 
a blocking buffer (0.1% tween 20-PBS/3% nonfat dry milk). 
It was incubated overnight at 4oC with the primary antibody. 

After washing in 0.1% tween 20 for 1 hour, membranes 
were incubated with secondary antibody for 1 hour at room 
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temperature, followed by washing in 0.1% Tween 20 for 1 
hour. Immunodetection was performed using the Chemidoc 
MP imaging system (Biorad). The optical density of the 
appropriately sized bands was measured using the image J 
(Fiji-Win64) software.

Statistical Analysis
GraphPad Prism 8 (GraphPad software, San Diego, CA) 
was used for statistical analysis. Experiments were repeated 
at least three times (n=3). IC50 values (fifty percent growth-
inhibitory concentrations) were calculated using nonlinear 
regression curve-fitting program. The comparative statistical 
evaluation among groups was first performed by the one-way 
ANOVA test. Paired groups were tested with one simple t-test. 
The results were considered statistically significant when 
p-values were <0.05. (*p<0.05, **p<0.01, ***p<0.001). 

RESULTS

CsA Suppresses CaN Protein and Reduces Proliferation of 
ACC Cells
In our study, we focused on CsA being the best-known CaN 
inhibitor as well as being a potent immunosuppressive. 
Initally, it was determined whether CsA inhibited the CaN 
protein in H295 cells (Figure 1A, B). According to CaN 
protein expression analysis in H295 cells treated with CsA 
after 24 hours of incubation, CsA suppressed CaN protein 
significantly compared to the control group (p<0.001) (Figure 
1C). After 72 hours, CsA continues to suppress the CaN 
protein. The level of CaN protein decreased significantly 
compared to the control group (p<0.001) (Figure 1D).

We treated H295 cells with varying concentrations of CsA (10-

4 to 10-8 M) and measured cell viability after 24 and 72 hours. 
CsA at 10-4 M reduced cell viability to 46.06% after 24 hours 
(Figure 1E) and 17.80% after 72 hours (p<0.001) (Figure 1F). 
IC50 values for CsA were10-4 M at 24 hours and 5x10-5 M at 72 
hours (Figure 1G). 

Mitotane and Mitotane+CsA Complex Affect CaN Protein 
and Cell Viability
The effect of mitotane on CaN protein in H295 cells was 
unknown. The effect of mitotane and mitotane+CsA 
complex on CaN protein in H295 cells changes after 24 
and 72 hours (Figure 2A, B). After 24 hours, only mitotane 
significantly suppressed CaN protein compared to the control 
group (p<0.001). However, when combined with CsA, CaN 
protein levels initially increased after 24 hours (p<0.001) but 
significantly decreased after 72 hours (p<0.001) (Figure 2C, D).

Mitotane significantly decreased cell viability in a dose-
dependent manner. At high concentrations (10-4, 10-5, and 
10-6 M), mitotane reduced cell viability to 14.10%, 49.17%, and 
62.81% respectively after 24 hours (p<0.01) (Figure 2E). After 
72 hours, cell viability was further reduced to 11.57% and 
22.20% at concentrations of 10-4 and 10-5 M respectively (p<0.01) 
(Figure 2F). IC50 values for mitotane were 10-5 M at 24 hours 
and 10-6 M at 72 hours. When H295 cells were treated with the 
mitotane+CsA complex, cell viability decreased to 36.78% after 
24 hours (p<0.001) and to 35.20% after 72 hours (Figure 2G, H).

CsA and Mitotane+CsA Complex Induce Apoptosis in 
H295 Cells
When mitotane is treated alone, 17.79% of H295 cells are 
in early apoptosis after a 24 hour incubation period. While 
10.98% of the cells were in the late apoptosis process, 4.82% 
of the cells were measured as dead. After 72 hours, these rates 
changed and the dead cell rate increased to 26.54%. While 
3.25% of cells are in early apoptosis, 4.87% are in late apoptosis 
(Figure 3A).

H295 cells treated with CsA alone were 5.22% dead after 24 
hours. Cells are in the early and late apoptosis process at a 
rate of 15.72% and 12.14%, respectively. After 72 hours, the 
rate of dead cells increases to 34.01%. On the other hand, early 
and late apoptosis rates are 2.06% and 3.28%, respectively. 24 
hours after the mitotane+CsA complex is applied to H295 
cells, cells are in the early and late apoptosis process at a rate 
of 18.00% and 15.48%, respectively. In contrast, the cells were 
dead at a rate of 6.96%. After 72 hours, 52.34% of the cells die, 
0.56% of the cells are early and 10.94% are late in the apoptosis 
process (Figure 3B).

Figure 1. Band and relative density graph showing the effect of CsA on CaN 
protein and effects of CsA on H295 cell viability A) Protein bands of CsA 
treated cells (+) after 24 hours incubation time.  B) and Protein bands of CsA 
treated cells (+) after 72 hours incubation time. C) The relative density graph 
shows the band densities after 24 hours incubation time. D) The relative 
density graph shows the band densities after 72 hours incubation time. E) 
Cell viability after treatment for 24H with CsA, F) for 72H with CsA. G) 
dose response curve of H295 cells with CsA.   *p<0.05, **p<0.01, ***p<0.001
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Mitotane+CsA complex suppressed the BCL2 gene 
significantly compared to the control group 24 hours after 
being treated to H295 cells (p<0.05) (Figure 4A). Likewise, 
after 24 hours, the BAX gene was also significantly suppressed 

compared to the control group (p<0.05) (Figure 4C). 72 hours 
after administration of the mitotane+CsA complex, the BCL2 
gene was significantly suppressed compared to the control 
(p<0.01) (Figure 4B). Although no significant difference was 
calculated between the BAX gene and the control, the BAX 
gene increased 1.1-fold compared to the control (Figure 4D). 
However, the TP53 gene was upregulated 1.23-fold compared 
to the control and there was a significant difference with the 
control after 72 hours (p<0.01) (Figure 4F).

CsA and Mitotane+CsA Complex Arrested H295 Cells in 
G0/G1, S, and G2/M Phases
Cell cycle analysis showed that after 24 hours, 52.95% of 
mitotane-treated cells, 49.2% of CsA-treated cells, and 52.05% 
of mitotane+CsA-treated cells were arrested in the G0/G1 
phase, compared to 38.35% in the control group (Figure 5A). 
After 72 hours, the arrest rates were 58.2%, 49.1%, and 58.05% 
respectively. In the S phase, 31.7% of mitotane-treated cells, 
34.65% of CsA-treated cells, and 30.35% of mitotane+CsA-
treated cells were arrested after 24 hours, compared to 8.85% 
in the control group (Figure 5B). After 72 hours, the arrest 
rates were 31.85%, 38.05%, and 31.75% respectively (Figure 5C).

Figure 2. CaN protein band and relative density graph and effects of 
Mitotane and Mitotane+CsA complex on H295 cell viability. A, B) CaN 
protein bands for24 and 72 hours after Mitotane and Mitotane+CsA 
complex treatment. C, D) Relative density graphs (CaN/Bactine) for 24 
and 72 hours after Mitotane and Mitotane+CsA complex treatment. 
After measuring band intensities, protein amounts were calculated with 
reference to B-actin. It was normalized to 1 relative to the control group 
(-) and statistical analyzes were performed according to the control group. 
E) Cell viability after treatment for 24 hours with Mitotane, F) for 72 hours 
with Mitotane. G) Cell viability with Mitotane+CsA for 24 hours. H) Cell 
viability with Mitotane+CsA for 72 hours  ***p<0.001, ** p<0.01,  * p<0.05

Figure 3. Apoptosis graphs of H295 cells. Measurements of H295 cells 
treated with Mitotane, CsA, and Mitotane+CsA complex after 24 and 
72 hours by Annexin V A) Apoptosis profile of H295 cells treated with 
Mitotane, CsA, and Mitotane+CsA complex. B) Apoptosis graph of H295 
cells treated with Mitotane, CsA, and Mitotane+CsA complex for 24 hours 
C) for 72 hours.*** p<0.001, ** p<0.01* p<0.05

Figure 4. Fold change graph of apoptosis genes BCL2, BAX, and TP53. 
A) Expression levels of apoptosis gene BCL2 for 24 hours. B) for 72 
hours. C) Expression levels of apoptosis gene BAX for 24 hours. D) for 
72 hours and E) Expression levels of apoptosis gene TP53 for 24 hours F) 
72 hours. Expression levels of apoptosis gene BCL2, BAX and TP53 were 
determined according to time in H295 cells treated with Mitotane, CsA, 
and CsA+Mitotane complex. ***p<0.001, **p<0.01 and *p<0.05
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CsA and Mitotane+CsA Complex Inhibited Migration of 
H295 Cells
Wound healing assays showed that there was no significant 
difference in cell migration between CsA-treated cells 
and the control group after 24 and 72 hours. Similarly, the 
mitotane+CsA complex did not significantly affect cell 
migration compared to the control group (Figure 6).

DISCUSSION
This study aimed to enhance the effect of mitotane on ACC 
by targeting the intracellular calcium signaling pathway, 
specifically focusing on the role of CaN and its inhibition 
by CsA. As an immunosuppressive drug, CsA inhibits CaN, 
a crucial enzyme in the intracellular Ca2+ signaling pathway 
known to influence tumorigenic potential. In our study, it was 
shown that CaN protein was expressed in ACC cells. Activation 
of CaN is known to increase tumorigenic potential Specifically, 
CsA decreased CaN protein levels by approximately 60% 
at both 24 and 72 hours post-treatment in H295 cells. This 
effect contrasts with our previous findings in breast cancer 
cells, where CaN suppression by CsA occurred only after 72 
hours .16 The immunosuppressive properties of CsA, alongside 
its ability to inhibit CaN, suggest potential dual benefits in 
treating ACC, a cancer characterized by excess glucocorticoid 
production, which can impair immunotherapy efficacy.17 It 
was noted in a study that adrenocortical steroid production is 
under the control of Ca2+ signaling.18 Molecularly, aldosterone-

producing adenomas are characterized by somatic mutations 
in several genes involved in the regulation of intracellular 
calcium concentration.19

An important finding of this study is the impact of mitotane 
on CaN in ACC cells. While the direct relationship between 
mitotane and CaN is not well-established, mitotane likely 
influences CaN activity indirectly through its effects on 
cortisol levels and steroid hormone signaling.20 Mitotane’s 
known disruption of mitochondrial-associated membranes, 
which play crucial roles in apoptosis, calcium homeostasis, 
and steroid synthesis, supports this hypothesis.21 

It surprised that after 24 hours of application of mitotane+CsA 
complex to H295 cells, CaN protein was expressed 1.61-
fold compared to control, and after 72 hours, this complex 
suppressed CaN protein by approximately 50%. To understand 
the reason for this, the effects of CsA and mitotane+CsA 
complex on the viability of H295 cells were investigated. The 
effect of CsA on the viability of H295 cells was shown to vary 
depending on dose and time. CsA reduces the viability of 
H295 cells at high doses. It was found in a previous study that 
CsA reduced the viability of breast cancer cells.16

The mechanism by which CsA inhibits CaN involves binding 
within the cell, preventing activation by the Ca2+/CaM 
complex.22 Unlike other cytotoxic immunosuppressants, 
CsA selectively inhibits the proliferative activation of 
immune effector cells without killing them, interfering with 
IL-2 synthesis necessary for T lymphocyte activation and 
differentiation.14 In this study, while H295 cells treated with 
CsA were in a high rate of early and late apoptosis at the 
end of 24 hours, it was observed that the cells largely went 
into necrosis after 72 hours. Some studies have reported that 
patients undergoing organ transplantation have a high risk 
of cancer because they use immunosuppressive drugs such 
as CsA.23 But in other studies, 0.1 to 10 µM CsA applied to 
pituitary cells in-vitro decreased the viability of the cells. 
CsA dose-dependently induced apoptosis of GH3 pituitary 
cells.24 CsA treatment to A549 lung cancer cells decreased 
the viability of these cells and increased the percentage of 
apoptosis depending on the dose. CsA is thought to affect cell 
apoptosis via caspase 9 and 3.25 It has also been reported that 
CsA reduces viability in U937 cells.26

Mitotane+CsA complex decreased cell viability in ACC cells. 
At the same time, this complex increased the apoptosis rate of 
the cells. When we look at the effects on apoptosis genes, the 
antiapoptotic gene BCL-2 level did not change in H295 cells 
treated with CsA. CsA did not affect the pro-apoptotic BAX 
gene, either. However, in a study with pituitary cells, CsA 
increased BCL-2, BAX, and p53 protein levels in GH3 cells.24 
In our study, CsA did not change the TP53 gene expression 
in H295 ACC cells. As it is known, although TP53 mutation 
plays an important role in the pathogenesis of ACC,17 this 
gene is not used as a marker because it shows variability in 
most ACC patients. The reason for this is that while the TP53 
mutation is seen in pediatric patients, it has been reported 
that this mutation decreases with age.27 Mitotane inhibited 
the TP53 gene in H295 cells. Mitotane inhibited the BCL-2 
gene in H295 cells and increased the level of the BAX gene. 
Changes in these genes are as expected, as mitotane exerts 

Figure 5. Graph showing the effect of mitotane, CsA, and mitotane+CsA 
complex on the cell cycle of H295 cells. A) DNA content profile of H295 cells 
after chemicals are treated. B) Graph according to cell cycle phases of H295 
cells for 24 hours and C) for 72 hours

Figure 6. Images showing cell movement at 24 and 72 hours after chemicals 
were treated to H295 cells and graphs of gap area (%) according to time. 
Mitotane, CsA, and Mitotane+CsA complex were treated 24 hours after 
the cells were seeded and the gap between the cells was imaged after 0, 24, 
and 72 hours. Then, this gap area was measured with the ImageJ software. 
Graphs were drawn according to time. ***p<0.001, **p<0.01, *p<0.05
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its cellular effect on mitochondria.8 Mitotane+CsA complex 
showed different results on genes depending on time. There is 
another confusing pathway in the effect of CsA and mitotane 
cells on the apoptosis pathway. When CsA and mitotane 
inhibited the CaN protein, they also affected the CaN-induced 
apoptosis pathway. CaN is also known to interact with several 
receptors and ion channels and help regulate their activity.9 In 
our previous studies, it was reported that CaN was indirectly 
associated with the plasma membrane calcium pump (PMCA) 
in breast cancer cells.16 There is no known direct interaction 
between CsA and mitotane. Although these drugs have 
different mechanisms of action, they can both have significant 
side effects and interact with other drugs. For example, CsA 
can interact with drugs metabolized by the cytochrome P450 
enzyme system and affect the levels of these drugs in the body. 
Similarly, mitotane can cause significant hormonal disorders, 
including adrenal insufficiency and hypothyroidism.

Roy et al.26 reported that lower doses of CsA (10µM) resulted 
in the arrest of the cell population in G0/G1 and a decrease in 
cells in S and G2/M in their study with U937 cells. Our study 
showed no significant difference in the rates of cell arrested in 
the G0/G1, S, and G2/M phases after CsA treatment compared 
to the control. When evaluated according to time, the arrest 
rates of cells in the S and G2/M phases decreased a little more. 
When the mitotane+CsA complex was treated to H295 cells, 
most of the cells were arrested in the G0/G1 phase compared 
to the cell groups that were treated with only mitotane and 
CsA. There was no significant difference in the effect of CsA 
on the migration of H295 cells compared to the control. 
Compared to the effect of mitotane on cell motility, CsA slows 
down the migration of cells. The mitotane+CsA complex did 
not significantly change the migration of cells compared to 
the control group.

The effect of CsA varies depending on the dose. If high-dose 
CsA inhibits the activation of T cells, evidence indicates 
that low-dose CsA can induce autoimmunity and immune 
hyperactivity as well as proinflammatory cytokines.15 It can be 
thought that low-dose CsA stimulates the immune response 
in specific conditions.14 In mouse models, low-dose CsA has 
been shown to induce proinflammatory cytokines, such as IL-
12, IFN-γ, and TNF-α.28 A phase I/II study of 44 patients with 
advanced non-small cell lung carcinoma (NSCLC) compared 
low-dose CsA (1-2 mg/kg per day) with high-dose CsA (3-6 
mg/kg). Low-dose CsA is thought to be therapeutic in cancer.14

CONCLUSION
This study demonstrates that CaN plays a significant role in 
the intracellular Ca2+ signaling pathway in ACC cells and 
that its inhibition by CsA can enhance the cytotoxic effects 
of mitotane. These findings suggest that targeting CaN may 
provide a promising therapeutic strategy to improve ACC 
treatment outcomes.
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ABSTRACT
Aims: The aims of the study were to evaluate the relationship between pain experienced and dental anxiety in patients presenting 
to the department of oral and maxillofacial surgery with tootache and TMD pain.
Methods: This retrospective, observational study was conducted on patients who applied to the oral and maxillofacial surgery 
clinic between January and June 2022. Patients were divided into 2 groups according to the reason for visiting the clinic. Patients 
in group 1 had toothache and patients in group 2 had temporomandibular disorder pain. Pain was assessed by VAS and dental 
anxiety by MDAS. The statistical significance level was accepted as p<0.05. 
Results: Of the 108 patients included in the study, 56 were female and 52 were male, and the mean age was 34.71±14.66 years. It 
was found that the VAS scores were negatively and weakly correlated with age (r=-0.203, p=0.035), there was a positive and weak 
correlation between the patients’ VAS and MDAS scores (r=0.265, p=0.006), and the VAS scores of the patients with toothache 
were higher (p<0.05). 
Conclusion: In this study, it was observed that individuals presenting to the clinic with toothache had higher pain levels. It was 
found that as patients pain levels increased, so did their dental anxiety scores. 
Keywords: Temporomandibular disorders, pain, toothache, TMD pain
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INTRODUCTION
Anxiety is a feeling of apprehension caused by the anticipation 
of a threatening event or circumstance. Despite all the 
technical advances in dentistry, dental anxiety, which is 
defined as fear, worry or tension in the dental environment, 
is a fairly common occurrence and prevents many patients 
from receiving the dental care they need.1,2 The impact of 
fear and avoidance on patients’ oral health is clear. If dental 
care is postponed for a long time, the patient’s oral health 
can deteriorate to the point where multiple interventions 
such as tooth extractions, endodontic treatment and surgery 
are required.3–5 Compared to non-anxious patients, they had 
more missing teeth, fewer teeth to fill, and were four times 
more likely to need immediate treatment for pain or a tooth 
infection.6,7 Anxious patients’ avoidance of treatment has 
been associated with a deterioration in their quality of life.8

Pain is a negative, subjective experience associated with 
potentially injured tissue.9 It is a very common reason for 
patients to visit the dental clinic. Toothache has been shown 
to affect and disrupt sleep, and individual responses to pain 
perception can vary and depend on several variables, including 
gender, age and previous pain experiences.10,11 Pain is the 

main reason people seek dental care. 60% of all complaints 
were related to pain, including more than 61% of oral mucosal 
disorders and tooth damage and 79.5% of pulpitis, 70.7% of 3rd 
dentition eruption problems.12

People were more anxious if they had had a bad experience 
at the dentist.13 An important factor associated with dental 
anxiety was pain at the last dental visit or before the current 
visit. Therefore, effective pain management helps to regulate 
anxiety.13,14 Dental anxiety is a common and widespread 
problem, and we believe that pain may increase the current 
level of anxiety in people who present to the clinic.15 The 
aim of this study was to evaluate the relationship between 
perceived pain and dental anxiety in patients presenting to the 
department of oral and maxillofacial surgery with toothache 
and TMD pain.

METHODS 
This retrospective observational study was conducted on patients 
who applied to the Department of Oral and Maxillofacial Surgery 
Clinic, Faculty of Dentistry, Van Yüzüncü Yıl University between 
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January and June 2022. The study was approved by the Clinical 
Researches Ethics Committee of Van Yüzüncü Yıl University 
Faculty of Medicine (Date: 09.09.2022, Decision No: 2022/09-
02). All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of Helsinki.

Patients were included if they were 18 years of age or older, 
had ASA1 systemic status, had a complete medical history, 
and complained of dental or temporomandibular disorders 
(TMD) pain in the orofacial region. Patients were excluded 
if they were receiving psycho-psychiatric support and/or 
medication for any reason, if they had both dental and TMD 
pain, if the source of the current pain could not be accurately 
determined, or if there was no consensus on the diagnosis of 
the source of the pain. The study sample size was calculated to 
be at least 82 people (41 per group) with 95% power at α=0.05, 
ß=0.05 and effect size=0.83 (effect size calculated from Sanikop 
et al.16 study) using G-power 3.1.16 The records of 54 patients 
with temporomandibular disorder pain between the specified 
dates were found to meet the inclusion criteria. Therefore, 
54 patients were randomly selected from the patients with 
toothache to form the other group of the study, and a total 
of 108 patients were included in the study. The assessment 
was carried out using the medical history form, which was 
completed by the researcher doctor using a question-answer 
method after obtaining written consent from the patients at 
the first visit. The medical history forms included patients’ 
demographic data, reasons for attending the clinic, and 
patients’ MDAS and VAS scores at the first visit. Patients were 
divided into 2 groups according to their reasons for attending 
the clinic. Patients in the first group had toothache and patients 
in the second group had TMD pain. Clinical and radiological 
examinations were performed to determine the source of 
the pain. The differential diagnosis included maxillary sinus 
pain, neuropathic pain, neuralgia-like pain, impacted tooth 
pain, and pain due to pathological formations. The diagnosis 
of the source of pain was made by 2 authors. Patients with 
toothache underwent tooth extraction and/or were prescribed 
medication. For patients with temporomandibular disorder 
pain, soft food and bilateral chewing were recommended as 
initial treatment, and additional medication was prescribed. 
There were 5 questions in the MDAS assessment and scores 
ranging from 0 to 5 were given according to the answers to 
each question. A score of 0-11 was considered low anxiety, 12-
18 was considered moderate anxiety, and 19 and above was 
considered high anxiety.17

Statistical Analysis
Statistical analyses were performed using IBM® SPSS© 25 
software. Normal distribution of numerical variables was 
assessed using visual (histogram and probability plots) and 
analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk 
tests). Descriptive analyses were presented using median 
and interquartile range for non-normally distributed 
variables, and frequency/percentile tables for categorical 
(nominal and ordinal) variables. Intergroup significance of 
normally distributed VAS and MDAS scores was assessed 
using the parametric independent groups t-test. Correlation 
coefficients and statistical significance were calculated using 
Spearman’s test when at least one of the variables was non-

normally distributed or ordinal. According to the correlation 
coefficient, the degree of correlation was interpreted as low 
correlation between 0.05-0.4, moderate correlation between 
0.4-0.7 and high correlation between 0.7-1.0. Cases where the 
p value was less than 0.05 were considered to be statistically 
significant results.

RESULTS 
Of the 108 patients included in the study, 56 were female and 
52 were male, and the mean age was 34.71±14.66 years (range, 
18-79 years). The distribution of body-mass index (BMI), sex, 
marital status, blood group, occupation, smoking habit and 
tooth brushing frequency of the patients is shown in Table 1. 
When the frequency of visiting the dentist was examined in 
the patients included in the study, it was found that those who 
visited the dentist occasionally were the most frequent with a 
rate of 86.1% (Table 1).

It was found that the difference between the frequency of 
visiting the dentist and the demographic characteristics of the 
patients was not statistically significant (p>0.05) (Table 2).

Table 1. Distribution of demographic characteristics of patients

Age 34.71±14.66

BMI 24.66±3.91

n %

Gender
Male 52 48.1

Female 56 51.9

Marital status
Married 42 38.9

Single 66 61.1

Blood type

Unknown 56 51.9

A 24 22.2

0 19 17.6

B 6 5.6

AB 3 2.8

Profession

Student 33 30.6

Self-employment 23 21.3

Housewife 27 25.0

Public employee 25 23.1

Smoking
Smoker 78 72.2

Non-smoker 30 27.8

Frequency of tooth 
brushing

Not brushing 34 31.5

Occasionally 41 38.0

Twice a day 29 26.9

Three times a day 4 3.7

More than three times 
a day 0 0

Frequency of 
visiting the dentist

Occasionally 93 86.1

Never 10 9.3

Regular 5 4.6
BMI: Body-mass index, n: Number of patients, %: Percentage of patients
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The relationships between the patients’ VAS and MDAS 
scores and their demographic characteristics are shown in 
Table 3. It was found that the VAS scores were negatively 
and weakly correlated with age (r=-0.203, P=0.035, p<0.05). 
The difference between VAS scores and other demographic 
characteristics was not statistically significant (p>0.05). No 
significant correlation was found between MDAS scores and 
demographic characteristics (p>0.05). It was found that there 
was a positive and small correlation between patients’ VAS 
and MDAS scores (r=0.265, p=0.06) (Table 3).

When analysing intra-group comparisons of VAS scores by 
gender, the difference between genders was not statistically 
significant (p>0.05). In the intra-group comparisons, there 
was a difference in MDAS scores according to gender. In 
both groups, women’s MDAS scores were higher than men’s 
(p<0.05) (Table 4).

According to the intra-group evaluations, the difference 
between the VAS scores of the toothache and TMD pain 
groups was found to be significant. The VAS scores of 
individuals with toothache were found to be higher (p<0.05). 
The difference between the MDAS scores of the toothache and 
TMD pain groups was not significant (p>0.05) (Table 5).

DISCUSSION
Dental anxiety is a common type of anxiety that has a 
negative impact on the patient.18 According to Southard and 
Hoogstraten,19 5-7% of people avoid going to the dentist at 
all or only occasionally because of their anxiety. Kvale et al.21 
found that 50-60% of these individuals have a specific phobia 
of dental procedures and dental stressors, while the remaining 
individuals meet the criteria for a psychiatric disorder that 
could negatively affect the provision of dental care.20 As a 
result, de Jongh and Adair found that it’s crucial to assess the 
severity of patients’ problems, taking into account factors such 
as their level of dental anxiety, their coping techniques, any 
psychiatric symptoms and the specific treatments they need.15 
Using standardised questionnaires, the Dental Anxiety Scale 
is probably the best known and most widely used measure 
of the severity of dental anxiety.22 In this study, the MDAS, 
which is one of the most commonly used methods to assess 
dental anxiety, was preferred because of its advantages such 
as being simple, understandable and easy to use and calculate.

Sardar KP et al.23 investigated the effect of age and gender 
factors on dental anxiety levels and concluded that anxiety 
levels were higher in women and young people. Sinha et 
al,24 conducted a study to investigate the impact of socio-
demographic factors on dental anxiety. Among various socio-
demographic characteristics, Sinha et al. found that gender, 
income and previous unpleasant dental experiences were 
significantly associated with dental anxiety. These findings 
suggest that a person’s sociodemographic background may 
play a role in their likelihood of experiencing dental anxiety. 
This study concluded that gender, height, weight, marital 
status, blood group, smoking habits, occupation, frequency 
of tooth brushing and dental visits had no effect on dental 
anxiety. The level of current pain was found to be negatively 
correlated with age and to be low. In their study, Ürer et al.25 
found a relationship between pain and age. The highest pain 
was observed in the 40-49 age group, and the lowest pain was 
observed in the 30-39 age group. In our study, unlike the Ürer 
et al. study, we examined the relationship with pain regardless 
of age group and found a small negative relationship between 
pain and age. In the present study, women’s MDAS scores were 
higher than men’s. This study looked at people with orofacial 
pain and included toothache and TMD pain as a cause of pain. 
It was found that the pain felt by people with TMD problems 
was less than that felt by people with toothache. We think that 
the reason why dental and TMD problems cause different 
levels of pain is due to differences in the mechanism of pain 
generation, apart from different aetiologies and factors. 

Ogbebor and Azodo26 found that the most common 
presenting problem for patients (71.1%) was toothache, 
with others including tartar build-up (6.0%), broken or lost 
teeth (3.8%), defects in teeth (3.1%), missing teeth requiring 
replacement (2.3%), routine dental examinations (2.3%) and 
bad breath (2.0%). More than half (58.6%) of the patients 
were diagnosed with dental caries and its consequences. In 
another study, Akaji et al.27 found that asymptomatic visits to 
dental clinics were rare; instead, most patients were there for 
pain (49.2%), swelling in the mouth (7.6%) and routine dental 
examinations (5.7%). Previous studies have shown that pain 
is the most common reason for people to visit dental clinics, 
and this finding highlights the importance of investigating 
anxiety levels in patients with pain. The patients in this study 
were therefore people with dental or temporomandibular 

Table 2. Evaluation of the relationship between frequency of dental visits and demographic characteristics
Gender Marital status Age BMI Blood type Profession Smoking Frequency of tooth brushing

Frequency of 
visiting the 

dentist
r=-0.009
p=0.923

r=0.146
p= 0.131

r=0.076
p=0.437

r=-0.048
p=0.621

r=0.06
p=0.537

r=-0.046
p=0.638

r=0.043
p=0.662

r=-0.036
p=0.712

BMI: Body-mass index, *r: Spearman correlation coefficient, (p<0.05)

Table 3. Evaluation of the relationship between VAS and MDAS scores and demographic characteristics

Gender Marital status Age BMI Blood type Profession Smoking Frequency of tooth brushing MDAS

VAS r=0.173
p=0.074

r=-0.047
p=0.627

r=-0.203*
p=0.035

r=-0.169
p=0.081

r=0.04
p=0.680

r=0.013
p=0.896

r=0.096
p=0.324

r=0.125
p=0.198

r=0.265*
p=0.006

MDAS r=0.154
p=0.111

r=0.004
p=0.969

r=-0.030
p=0.754

r=-0.130
p=0.179

r=-0.019
p=0.842

r=-0.009
p=0.928

r=0.092
p=0.346

r=0.089
p=0.360 -

*r: Spearman correlation coefficient, (p<0.05), BMI: Body-mass index, VAS: Visual Analogue Scale, MDAS:  Modified Dental Anxiety Scale
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disorder (TMD) pain. Dou et al,13 in their research on patients 
with irreversible pulpitis, investigated the effect of pain 
experienced by patients in their previous dental experience on 
dental anxiety. They found that the level of anxiety was higher 
in patients who had experienced pain on previous dental 
visits, and that this was a factor influencing attendance at 
follow-up appointments. The study by Ürer et al.25 questioned 
negative dental experiences, examined pain perception and its 
correlation with anxiety, and concluded that negative dental 
experiences alter anxiety and pain perception. Dikmen et al,28 
in their investigation of the relationship between predicted 
and experienced pain levels on electromyography (EMG) and 
anxiety and depression, found that the experience of pain can 
vary between people depending on gender, age, expectations 
and previous experience. According to the study by Dikmen et 
al, no relationship was found between anxiety levels and pain 
severity. However, Frot et al.29 and Thibodeau et al.30 found a 
direct relationship between pain severity and anxiety levels.  
This study found that dental anxiety scores increased as the 
level of pain experienced increased. These results were found 
to be consistent with the studies by Frot et al. and Thibodeau 
et al. This result showed that pain is associated with anxiety. 
It is possible that people with orofacial pain will experience 
difficulties in obtaining patient compliance and cooperation 
during dental treatment due to these increased levels of dental 
anxiety. We believe that in the treatment of patients with 
orofacial pain, prompt and effective treatment of the pain 
prior to other orofacial treatments is important in managing 
both the patient’s existing dental anxiety and dental anxiety 
that may become permanent. We also believe that toothache 
and dental anxiety directly influence each other, and that 
treatment of one will affect recovery from the other. In this 
study, the average VAS was 5.7 for people with toothache 
and 3.4 for people with temporomandibular disorder pain. 
Although the perceived pain was different, it was found that 
the dental anxiety scales of people with toothache and TMD 
pain were similar. When the two groups were compared, the 
levels of anxiety were low (dental anxiety scores were below 
12). These results suggest that the pain experienced does not 
influence/increase the level of anxiety in people with low 
levels of dental anxiety. There are few studies in the literature 
evaluating the relationship between pain and anxiety. The 

present study found a low and positive relationship between 
pain and anxiety in people with TMD pain and dental pain. It 
was observed that dental pain caused more severe pain. These 
findings will contribute to the literature in terms of a better 
understanding of the relationship between pain and anxiety 
in the orofacial region. 

Limitations
It is possible that the individuals included in the study had 
different pain thresholds and also different psychology when 
assessing their dental anxiety and pain due to different 
personality, and the assessment of dental anxiety at a single 
point in time was the limitation of the study due to the 
retrospective study design.

CONCLUSSION
This study showed that patients presenting to the 
oral and maxillofacial surgery clinic complaining of 
temporomandibular disorder pain had lower pain scores than 
patients complaining of toothache. It was found that patients’ 
dental anxiety scores increased with their pain levels. Pain 
levels were also found to decrease with age. In addition, 
this study demonstrated the relationship between pain and 
anxiety and the importance of prompt and effective treatment 
of pain, regardless of the orofacial factor causing the pain, in 
the management of patients’ dental anxiety.
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Table 4. Evaluation of VAS and MDAS scores within groups by gender

Gender VAS MDAS
X±SD p X±SD p

Toothache (n=52) Male (n=23) 5.43±2.74 0.540* 9.65±5.04 0.023*Female (n= 29) 5.90±2.29 12.31±3.98

TMD pain (n=56) Male (n=29) 3.07±2.39 0.119* 8.66±3.35 0.01*Female (n=27) 3.7±1.94 11.44±3.96
*: Mann-Whitney U test, X: Mean, SD: Standart deviation, p<0.05, VAS: Visual Analog Skala, MDAS: Modified Dental Anxiety Scale, TMD: Temporomandibular disorders,

Table 5. Evaluation of the VAS and the MDAS scores in the groups
X±SD Mann-Whitney U p

VAS
Toothache (n=52) 5.69±2.49

710.50 0.000*
TMD pain (n=56) 3.38±2.19

MDAS
Toothache (n=52) 11.13±4.63

1248.50 0.200
TMD pain (n=56) 10.0±3.89

*: Mann-Whitney U test, X: Mean, SD: Standart deviation, p<0.05, VAS: Visual Analog Skala, 
MDAS: Modified Dental Anxiety Scale, TMD: Temporomandibular disorders,
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ABSTRACT
Aims: This study aims to investigate the mediating role of cognitive emotion regulation and mindfulness in the relationship 
between adult separation anxiety and partner-focused obsessive-compulsive symptoms.
Methods: The study includes a total of 502 adult participants aged over 18, consisting of 293 women and 209 men, who participated 
on a voluntary basis. The personal information form, partner-related obsessive-compulsive symptoms scale, cognitive emotion 
regulation questionnaire, adult separation anxiety questionnaire, and mindful attention awareness scale were used in this research. 
Statistical analyses were conducted using SPSS 27 software.
Results: The results indicate that the self-blame and focusing on thought subscales of the cognitive emotion regulation 
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Conclusion: Mindfulness serves as a mediator in the relationship between adult separation anxiety and partner-related obsessive-
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INTRODUCTION
While separation anxiety disorder has long been considered 
a condition confined to childhood and adolescence, this 
age-restricted perspective contradicts the broader trends in 
the classification of anxiety subtypes.1 There is a growing 
acknowledgment that many disorders can emerge across 
a wide age range, encompassing both childhood and 
adulthood.2 In the context of adult separation anxiety, the 
disorder is characterized by developmentally inappropriate 
and excessive fear or anxiety concerning separation from 
attachment figures. On the other hand, obsessive-compulsive 
disorder (OCD), categorized under obsessive-compulsive and 
related disorders, is defined by the presence of obsessions and 
compulsions.3 Obsessions are persistent, recurring thoughts, 
impulses, or images that are intrusive and cause significant 
distress and anxiety, often conflicting with the individual’s 
value system and ego-dystonic in nature.4,5 Compulsions are 
defined as mental acts or behaviors that an individual feels 
driven to perform according to specific rules to reduce the 
distress and anxiety caused by obsessions and to prevent 
feared outcomes.3,6

In the context of romantic relationships, obsessive-compulsive 
symptoms are divided into “relationship-focused obsessive-

compulsive symptoms” (Table 1) and “partner-focused 
obsessive-compulsive symptoms”.7 Partner-focused obsessive-
compulsive symptoms are characterized by perceived 
inadequacies, deficiencies, and flaws in the partner,8,9 often 
relating to the partner’s physical appearance, sociability, 
moral and intellectual level, academic or professional success, 
and social consistency.8 Relationship-focused obsessive-
compulsive symptoms involve distressing, preoccupying, 
and persistent thoughts about the relationship itself,7,9 which 
can be observed in parent-child relationships,10 counseling 
relationships, and romantic relationships.11 The impact of 
partner-focused obsessive-compulsive symptoms on adult 
separation anxiety highlights the significance of this study.

Cognitive emotion regulation, expected to play a mediating 
role between adult separation anxiety and partner-focused 
obsessive-compulsive symptoms, is an important variable due 
to its reliance on cognitive processes for emotion regulation.12 
Cognitive emotion regulation involves the development 
of cognitive strategies related to the situation encountered 
before emotional reactions are exhibited, helping individuals 
manage their emotions effectively.13,14 Appropriate emotion 
regulation positively influences well-being.15 The inclusion 
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of cognitive emotion regulation in this study is based on its 
potential contribution to managing emotions in the context 
of adult separation anxiety and partner-focused obsessive-
compulsive symptoms.

The concept of mindfulness16,17 involves approaching one’s 
current experiences, internal processes, and external world 
with an accepting and non-judgmental attitude.18,19 The 
development of mindfulness is driven by the belief that 
individuals often live within automatic routines, unaware 
of their actions and behaviors, and fail to form memories of 
their experiences.18 The goal of mindfulness is to perceive, 
notice, and experience events as they are in a clear and vivid 
manner.20 Individuals with high levels of mindfulness are 
mentally healthier, have higher relationship satisfaction, and 
possess a greater capacity to cope with adversities.19 Research 
has demonstrated a strong relationship between well-being 
and mindfulness.21-23 The concept of mindfulness, due to its 
role in the conscious perception of experiences, contributes 
to mental health and is therefore considered effective in 
regulating adult separation anxiety and partner-focused 
obsessive-compulsive symptoms.

METHODS
Ethical approval was received for this study from the Doğuş 
University Ethics Committee (Date: 26.01.2024, Decision 
No: 57632). All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration 
of Helsinki.

Research Model
This study was conducted using a correlational survey 
model to examine the mediating role of cognitive emotion 
regulation and mindfulness in the relationship between 
adult separation anxiety and partner-focused obsessive-
compulsive symptoms. The results of the relationships 
between these variables are summarized in Table 1.The 
correlational survey model is employed to determine the 
strength and direction of relationships between two or more 
variables.24 Additionally, the group was evaluated based on 
sociodemographic characteristics. The main objective of this 
study is to investigate the mediating role of cognitive emotion 
regulation and mindfulness in the relationship between adult 
separation anxiety and partner-focused obsessive-compulsive 
symptoms.

Sample 
The study sample consisted of 502 participants, including 
293 women and 209 men, aged between 18 and 57 years. 
The characteristics of the participants are detailed in Table 
1. Participants were selected on a voluntary basis and were 
informed about the research prior to participation. The 
sample was accessed randomly without any specific selection 
criteria, ensuring that participants were self-selected through 
voluntary participation. When the results of the given findings 
are examined, most of the participants (58.4) are women. Most 
of them (65.7) have a Bachelor’s degree. Most (53.6) are single. 
All (100.0) do not have a psychiatric disorder. In addition, the 
average age of the participants is 27.47±6.06. 

Table 1. Relationship between partner-related obsessive compulsive symptoms, Cognitive Emotion Regulation Questionnaire, Adult Separation Anxiety 
Questionnaire, Mindful Attention Awareness Scale
                                                                   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Partner-related obsessive 
compulsive symptom inventory --                                  

Morality .77** --

Sociability .82** .54** --

Emotional stability .83** .63** .68** --

Professional competence .78** .54** .53** .53** --

Appearance .51** .27** .27** .28** .24** --

Intelligence .81** .52** .62** .58** .65** .32** --

Acceptence -.21** -.12** -.22** -.20** -.13** -.14** -.14** --

Positive refocusing .01 -.02 -.01 .00 .05 .01 .03 -.17** --

Refocuse on planning -.10* -.12** -.15** -.13** .03 -.04 -.03 -.03 .52** 1

Positive reappraisal -.11* -.08 -.13** -.15** -.04 .00 -.11* -.13** .53** .77** 1

Putting into perspective .00 .02 .02 -.01 .00 .01 -.04 -.27** .34** .23** .36** 1

Focusing on thought .36** .25** .28** .33** .33** .16** .28** -.47** .00 .12** .12** .12** 1

Self-blame .25** .17** .23** .24** .16** .12** .19** -.30** -.33** -.32** -.29** -.08 .47** 1

Catastrophizing .27** .18** .25** .25** .19** .12** .22** -.25** -.29** -.38** -.26** -.07 .41** .54** 1

Other-blame .15** .08 .16** .12** .10* .06 .13** -.11* -.35** -.34** -.35** -.34** .30** .59** .56** 1

Adult separation anxiety 
questionnaire .42** .37** .33** .34** .30** .20** .35** -.05 .01 .01 .04 .07 .31** .27** .36** .18** 1

Mindful attention awareness 
scale -.21** -.10* -.19** -.19** -.16** -.13** -.20** .16** .22** .13** .17** .27** -.25** -.20** -.23** -.19** -.16** 1

**p<0.01, *p<0.05 Name of the test applied: Pearson correlation test
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Data Collection Tools
The personal information form, Partner-related Obsessive 
Compulsive Symptom Scale (PROCSS), Cognitive Emotion 
Regulation Questionnaire (CERQ), adult Separation Anxiety 
Questionnaire (ASAQ), Mindful Attention Awareness Scale 
(MAAS) were utilized in the study.

Personal information form: Participants were provided with 
a Personal Information Form containing questions about 
age, gender, marital status, education level, and whether they 
had any psychiatric disorders. Upon examining the results 
of the findings, the majority of participants (58.4%) were 
female. Most participants (65.7%) had a bachelor’s degree. The 
majority (53.6%) were single. None of the participants (100.0%) 
reported having any psychiatric disorders. Additionally, the 
mean age of the participants was 27.47±6.06 years, with the 
youngest being 18 and the oldest being 57.

Partner-related Obsessive Compulsive Symptom Scale 
(PROCSS): PROCSS was developed by Doron et al.7 to assess 
the level of partner-related obsessive-compulsive symptoms. 
In Turkey, the validity and reliability of the scale were 
established by Trak and İnözü,25 with a Cronbach’s alpha 
coefficient of 0.95. The scale consists of 28 items rated on a 
5-point Likert scale and includes six subscales: sociability, 
emotional stability, morality, intelligence, appearance, and 
professional competence. Higher scores indicate a higher level 
of partner-related obsessive-compulsive symptoms.

Cognitive Emotion Regulation Questionnaire (CERQ): 
CERQ, originally developed by Garnefski, Kraaij, and 
Spinhoven,26 aims to identify cognitive emotion regulation 
strategies individuals use in response to stressful and negative 
life experiences or situations. Onat and Otrar27 conducted 
validity and reliability studies for the Turkish adaptation of the 
scale. The scale is suitable for individuals aged 12 and above 
and consists of 36 items organized into nine subscales: self-
blame, other-blame, acceptance, refocus on planning, positive 
refocusing, positive reappraisal, putting into perspective, 
focusing on thought, and catastrophizing. Statistical analyses 
revealed a Cronbach’s alpha value of α= 0.784 and a test-retest 
reliability coefficient of “r=1.00”. The original version of the 
scale showed Cronbach’s alpha values ranging from 0.67 to 
0.81.

Adult Separation Anxiety Questionnaire (ASAQ): ASAQ 
was developed by Manicavasagar et al.28 to assess symptoms 
of separation anxiety in adulthood. The scale consists of 27 
items rated on a 4-point Likert scale.28,29 Statistical analyses 
yielded a test-retest reliability coefficient of “r=0.93” and a 
Cronbach’s alpha value of “α=0.93”.

Mindful Attention Awareness Scale (MAAS): MAAS, 
developed by Brown and Ryan,18 aims to assess individuals’ 
levels of mindful awareness. The scale was adapted into 
Turkish by Özyeşil et al.30 It consists of 15 items rated on a 
6-point Likert scale, with scores ranging from 15 to 90. 
Statistical analyses revealed a test-retest correlation value of 
.86 and a Cronbach’s alpha internal consistency value of .80.

Statical Analysis
In this study, statistical analyses were conducted using 
SPSS 27 software. Firstly, the reliability level of the scales 
was evaluated using Cronbach’s Alpha coefficients, and it 
was found that these coefficients were above 0.60. Next, the 
normal distribution properties of the scales were thoroughly 
examined, and the kurtosis and skewness coefficients were 
evaluated. During this examination process, it was observed 
that the kurtosis and skewness coefficients of the scales 
met the reference values recommended by George and 
Mallery,31 ranging from -2 to +2. The level and direction of 
the relationship between the scales were examined using the 
Pearson Correlation method. For the mediation analysis, the 
process 4.2 macro plugin was preferred. All these statistical 
analyses were conducted with a confidence interval of 95%, 
and a significance level of 0.05 was used for the p-value.

RESULTS
As shown in Table 1, when the results of the given findings 
are examined, low-level negative correlations were found 
between acceptance and partner-related obsessive compulsive 
symptoms inventory (r=-.21, p<0.01), refocuse on planning and 
partner-related obsessive compulsive symptom inventory (r=-
.10, p<0.05), positive reappraisal and partner-related obsessive 
compulsive symptom inventory (r=-.11, p<0.05), low-level 
negative correlations between putting into perspective and 
partner-related obsessive compulsive symptoms inventory 
(r=.26, p<0.01), focusing on thought and partner-related 
obsessive compulsive symptoms inventory (r=.36, p<0. 
01), self-blame and partner- related obsessive compulsive 
symptoms inventory (r=.25, p<0.01), catastrophizing and 
partner-related obsessive compulsive symptoms inventory 
(r=.27, p<0.01), other-blame and partner-related obsessive 
compulsive symptoms inventory (r=.15, p<0.01), low and 
moderate positive correlations between adult separation 
anxiety questionnaire and partner-related obsessive 
compulsive symptom inventory (r=.42, p<0.01), and low and 
moderate negative correlations between mindful attention 
awareness scale and partner-related obsessive compulsive 
symptom inventory (r=-.12, p<0.01).

There are low level negative correlations between acceptance 
and morality (r=-.12, p<0.01), refocusing on the planning 
and morality (r=-.12, p<0.01), putting into perspective and 
morality (r=.23, p<0.01), focusing on thought and morality 
(r=.25, p<0.01), self-blame and morality (r=.17, p<0.01), 
catastrophizing and morality (r=.18, p<0.01), and adult 
separation anxiety questionnaire and morality (r=.37, p<0.01).

There were low-level negative correlations between acceptance 
and sociability (r=-.22, p<0.01), refocuse on planning and 
sociability (r=-.15, p<0.01), positive reappraisal and sociability 
(r=-.13, p<0.01), low-level negative correlations between 
putting into perspective and sociability (r=.22, p<0.01), 
focusing on thought and sociability (r=.28, p<0.01), self-
blame and sociability (r=.23, p<0.01), catastrophizing and 
sociability (r=.25, p<0.01), other-blame and sociability (r=.16, 
p<0.01), low and moderate positive correlations between 
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adult separation anxiety questionnaire and sociability (r=.33, 
p<0.01), and low and moderate negative correlations between 
mindful attention awareness scale and sociability (r=-.12, 
p<0.01).

Acceptance and emotional stability (r=-.20, p<0.01), refocuse 
on planning and emotional stability (r=-.13, p<0.01), positive 
reappraisal and emotional stability (r=-.15, p<0.01), low-level 
negative correlations between putting into perspective and 
emotional stability (r=.18, p<0.01), focusing on thought and 
emotional stability (r=.33, p<0.01), self-blame and emotional 
stability (r=. 24, p<0.01), catastrophizing and emotional 
stability (r=.25, p<0.01), other-blame and emotional stability 
(r=.12, p<0.01), adult separation anxiety questionnaire and 
emotional stability (r=.34, p<0.01), and a low and medium 
level negative correlation was found between the mindful 
attention awareness scale and emotional stability (r=-.13, p<0.01).

There is a low level negative correlation between acceptance 
and professional competence (r=-.13, p<0.01), a low level 
negative correlation between putting into perspective and 
professional competence (r=.22, p<0.01), focusing on thought 
and professional competence (r=.33, p<0.01), self-blame and 
professional competence (r=.16, p<0.01), catastrophizing and 
professional competence (r=.19, p<0.01), other-blame and 
professional competence (r=.10, p<0.05), adult separation 
anxiety questionnaire and professional competence (r=.30, 
p<0.01).

There was a low level negative correlation between acceptance 
and appearance (r=-.14, p<0.01), a low level negative correlation 
between putting into perspective and appearance (r=.16, 
p<0.01), focusing on thought and appearance (r=.16, p<0.01), 
self-blame and appearance (r=.12, p<0.01), catastrophizing 
and appearance (r=.12, p<0.01), and adult separation anxiety 
questionnaire and appearance (r=.20, p<0.01).

There are low level negative correlations between acceptance 
and intelligence (r=-.14, p<0.01), positive refocusing and 
intelligence (r=-.11, p<0.05), putting into perspective 
and intelligence (r=.18, p<0.01), focusing on thought and 
intelligence (r=.28, p<0.01), self-blame and intelligence (r=.19, 
p<0.01), catastrophizing and intelligence (r=.22, p<0.01), 
other-blame and intelligence (r=.13, p<0.01), low and medium 
level positive correlations between adult separation anxiety 
questionnaire and intelligence (r=.35, p<0.01), and low level 
negative correlations between mindful attention aweraness 
scale and intelligence (r=-.11, p<0.05).

A low level positive correlation was found between the 
variables of the mindful attention awareness scale and 
acceptance (r=.14, p<0.01). 

A low level positive correlation was detected between the 
variables of the mindful attention awareness scale and positive 
refocusing (r=.24, p<0.01).

A low level positive correlation was detected between the 
variables of the mindful attention awareness scale and 
refocuse on planning (r=.14, p<0.01).

A low level positive correlation was found between the 
variables of the mindful attention awareness scale and positive 
reappraisal (r=.17, p<0.01).

Low level negative correlations were found between acceptance 
and putting into perspective (r=-.27, p<0.01), low and medium 
level positive correlations were found between positive 
refocusing and putting into perspective (r=.34, p<0.01), refocuse 
on planning and putting into perspective (r=.23, p<0.01), and 
positive reappraisal and putting into perspective (r=.36, p<0.01).

There was a moderate positive correlation between adult 
separation anxiety questionnaire and focusing on thought (r=.31, 
p<0.01), and a low negative correlation between mindful attention 
awareness scale and focusing on thought (r=-.22, p<0.01).

There was a low level positive correlation between adult 
separation anxiety quesitonnaire and self-blame (r=.27, 
p<0.01), and a low level negative correlation between mindful 
attention awareness scale and self-blame (r=-.22, p<0.01).

There was a moderate positive correlation between adult 
separation anxiety quesitonnaire and catastrophizing (r=.36, 
p<0.01), and a low negative correlation between mindful 
attention awareness scale and catastrophizing (r=-.22, p<0.01).

There was a low level positive correlation between adult 
separation anxiety questionnaire and other-blame (r=.18, 
p<0.01), and a low level negative correlation between mindful 
awareness attention scale and other-blame (r=-.19, p<0.01).

Partner-related obsessive compulsive symptom inventory and 
mindful attention awareness scale (r=-.21, p<0.01), morality 
and mindful attention awareness scale (r=-.10, p<0.05), socail 
skills and mindful attention awareness scale (r=-.19, p<0.01), 
emotional stability and mindful attention awareness scale (r=-
.19, p<0.01), professional competence and mindful attention 
awareness scale (r=-.16, p<0.01), appearance and mindful 
attention awareness scale (r=-.13, p<0.01), intelligence and 
mindful attention awareness scale (r=-.20, p<0.01), acceptance 
and mindful attention awareness scale (r=.16, p<0.01), 
positive refocusing and mindful attention awareness scale 
(r=.22, p<0.01), refocuse on planning and mindful attention 
awareness scale (r=.13, p<0.01), positive reappraisal and 
mindful attention awareness scale (r=.17, p<0.01), putting into 
perspective and mindful attention awareness scale (r=.27, p<0.01), 
low level positive correlations between the variables, focusing on 
thought and mindful attention awareness scale (r=-.25, p<0.01), 
self-blame and mindful attention awareness scale (r=-.20, 
p<0.01), catastrophizing and mindful attention awareness scale 
(r=-.23, p<0.01), other-blame and mindful attention awareness 
scale (r=-.19, p<0.01), adult separation anxiety questionnaire and 
mindful attention awareness scale (r=-.16, p<0.01).

Considering the findings of the mediating role analysis, it is 
seen that the independent variable of adult separation anxiety 
predicts the dependent variable of obsessive and compulsive 
symptoms are presented in Table 2 and Figure 1 related to the 
partner in a significantly positive way, and the R2 value is.17. 
It is also seen that the predictors explain 17% of the variance 
in the outcome variable. (β=.42, t=10.25, p<.001) After the 
mediator variable, focus on thought, was included in the 
model, the independent variable, adult separation anxiety, 
maintained its predictive effect on partner-related obsessive 
and compulsive symptoms, and the R2 value was .23, and it 
was seen that the predictors explained 23% of the variance in 
the outcome variable. (β=.34, t=8.13, p<.001)
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After the mediator variable was included in the model, the 
difference in variance explained between the models was 
found to be .06. The β coefficient of the independent variable 
of adult separation anxiety decreased from 0.42 to 0.34 and since 
it did not lose statistical significance, it was observed to have a 
partial mediating role. The total partial mediation effect of the 
mediating variable was obtained as [β=.08, p<.05, 95% (.05, .11)].

Table 3 and Figure 2 show the mediating role findings, it was 
seen that the independent variable of adult separation anxiety 
significantly positively predicted the dependent variable of 
obsessive and compulsive symptoms regarding the partner; 
the R2 value was .17, and the predictors explained 17% of the 
variance in the outcome variable (β=0.42, t=10.25, p<0.001). 
After the mediator variable, self-blame, was included in the 
model, it was observed that the independent variable, adult 
separation anxiety, maintained its predictive effect on partner-
related obsessive and compulsive symptoms; the R2 value was 
.19, and the predictors explained 19% of the variance in the 
outcome variable. (β=0.38, t=9.03, p<0.001)

After the mediator variable was included in the model, the 
difference in variance explained between the models was 
found to be .02. The β coefficient of the independent variable 
of Adult separation anxiety decreased from 0.42 to 0.38 and 
since it did not lose statistical significance, it was observed 
to have a partial mediating role. The total partial mediation 
effect of the mediating variable was obtained as [β=.04, p<.05, 
95% (.02, .06)].

Considering the findings of the mediating role analysis, it 
is seen that the independent variable of adult separation 
anxiety predicts the dependent variable of, partner-related 
obsessive compulsive symptoms,  in a significantly positive 
way, and the R2 value is .17, and it is seen that the predictors 
explain 17% of the variance in the outcome variable (β=.42, 
t=10.25, p<.001). The results concerning the mediating role of 
catastrophizing are detailed in Table 4 and Figure 3. After the 
mediator variable, the destruction variable, was included in 
the model, the independent variable, adult separation anxiety, 
maintained its predictive effect on partner-related obsessive 
and compulsive symptoms, and the R2 value was .19, and it 
was seen that the predictors explained 19% of the variance in 
the outcome variable (β=.37, t=8.49, p<.001)

After the mediator variable was included in the model, the 
difference in variance explained between the models was 
found to be .02. The β coefficient of the independent variable of 
adult separation anxiety decreased from 0.42 to 0.37 and since 
it did not lose statistical significance, it was observed to have a 
partial mediating role. In total, the partial mediation effect of the 
mediating variable was obtained as [β=.05, p<.05, 95% .02, .08)].

Considering the findings of the mediating role analysis, it is 
seen that the independent variable of adult separation anxiety 
predicts the dependent variable of obsessive and compulsive 
symptoms related to the partner in a significantly positive 
way, and the R2 value is .17, and it is seen that the predictors 
explain 17% of the variance in the outcome variable (β=.42, 

Table 2. Findings on the mediating role of focusing on thought in the relationship between adult separation anxiety and partner-related 
obsessive compulsive symptoms

95% Confidence interval

Modal B SH β t p Lower limit Higher limit F R2

(Constant) 7.33 1.06   6.94 <.001*** 5.25 9.40 105.11*** .17

1 Adult Separation Anxiety Questionnaire 0.39 0.04 0.42 10.25 <.001*** 0.31 0.46

(Constant) -3.49 2.00 -1.74 0.082 -7.42 0.44 76.28*** .23

Adult Separation Anxiety Questionnaire 0.31 0.04 0.34 8.13 <.001*** 0.24 0.39

2 Focusing on thought 1.05 0.17 0.26 6.28 <.001*** 0.72 1.38

Indirect effect (intermediary role) 0.08 0.02 0.05 0.11

***p<.001, **p<.01, *p<.05 test used: process macro 4.2

Figure 1. Graph on the mediating role of focusing on thought in the relationship between adult separation anxiety and partner-related obsessive and 
compulsive symptoms
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Table 3. Result on the mediating role of self-blame in the relationship between adult separation anxiety and partner-related obsessive and compulsive symptoms

95% Confidence interval

Modal B SH β t p Lower limit Higher limit F R2

(Constant) 7.33 1.06   6.94 <.001*** 5.25 9.40 105.11*** .17

1 Adult Separation Anxiety Questionnaire 0.39 0.04 0.42 10.25 <.001*** 0.31 0.46

(Constant) 2.73 1.70 1.61 0.108 -0.61 6.07 59.56*** .19

Adult Separation Anxiety Questionnaire 0.35 0.04 0.38 9.03 <.001*** 0.28 0.43

2 Self-blame 0.60 0.18 0.14 3.43 0.001** 0.26 0.95

Indirect effect (intermediary role) 0.04 0.01 0.02 0.06
***p<.001, **p<.01, *p<.05 test used: process macro 4

Figure 2. Graph on the mediating role of self-blame in the relationship between adult separation anxiety and partner-related obsessive and compulsive 
symptoms

Table 4. Findings on the mediating role of destruction in the relationship between adult separation anxiety and partner- related obsessive and compulsive 
symptoms

Findings concerning the mediating role of catastrophizing

95% Confidence interval

Modal B SH β t p Lower limit Higher limit F R2

(Constant) 7.33 1.06   6.94 <.001*** 5.25 9.40 105.11*** .17

1 Adult separation anxiety questionnaire 0.39 0.04 0.42 10.25 <.001*** 0.31 0.46

(Constant) 3.83 1.52 2.51 0.012* 0.83 6.82 58.51*** .19

Adult separation anxiety questionnaire 0.34 0.04 0.37 8.49 <.001*** 0.26 0.42

2 Catastrophizing 0.54 0.17 0.14 3.16 0.002** 0.20 0.87

Indirect effect (intermediary role) 0.05 0.02 0.02 0.08
***p<.001, **p<.01, *p<.05 test used: process macro 4.2

Figure 3. Graph on the mediating role of catastrophizing in the relationship between adult separation anxiety and partner-related obsessive and compulsive 
symptoms
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t =10.25, p<.001) Table 5 and Figure 4 present the findings 
on the mediating role of mindfulness, was included in the 
model, the independent variable, adult separation anxiety, 
maintained its predictive effect on partner-related obsessive 
and compulsive symptoms, and the R2 value was .19, and it 
was seen that the predictors explained 19% of the variance in 
the outcome variable (β=.39, t=9.64, p<.001).
After the mediator variable was included in the model, the 
difference in variance explained between the models was 
determined to be .02. The β coefficient of the independent 
variable of adult separation anxiety decreased from 0.42 to 
0.39, and it was observed that it had a partial mediator role 
since it did not lose its statistical significance. The total partial 
mediation effect of the mediator variable was obtained as 
[β=.03, p<.05, 95% (.01, .05)].

DISCUSSION 
This study attempts to reveal the mediating role of cognitive 
emotion regulation and mindfulness in the relationship 
between adult separation anxiety and partner-related 
obsessive-compulsive symptoms. In this context, the 
relationship between the variables will be examined and the 
comparison of the findings will be discussed.

Examining the Relationship Between Adult Separation 
Anxiety and Partner-Related Obsessive Compulsive Symptoms
According to the findings in Table 1, a positive correlation 
was found between adult separation anxiety and sociability, 

morality, emotional stability, competence, and appearance, 
which are sub-dimensions of partner-related obsessive-
compulsive symptoms. However, no relationship was found 
with intelligence, which is also a sub-dimension of partner-
related obsessive-compulsive symptoms.

According to the findings from Karahisar’s32 study, adult 
separation anxiety and partner-related obsessive compulsive 
symptoms did not show a significant relationship according 
to genders, and no significant relationship was found between 
adult separation anxiety and romantic relationship obsessions 
and compulsions. This result does not support the findings 
from the study.

It was concluded that separation anxiety is associated with 
romantic relationship obsessive compulsive symptoms.33 At 
the same time, obsessive-compulsive symptoms in a romantic 
relationship are interpreted as a threat to individuals’ 
relationships with their partners, and experiencing events as 
a trigger for obsessive-compulsive symptoms in a romantic 
relationship34. On the other hand, exaggerated perception 
of danger is also associated with obsessive-compulsive 
symptoms in romantic relationships.8

Examining the Mediating Role of Cognitive Emotion 
Regulation and Mindful Attention Awareness in the 
Relationship Between Adult Separation Anxiety and Partner-
Related Obsessive Compulsive Symptoms
Figures 1, 2, 3, and 4 illustrate the mediating roles of focusing 
on thought, self-blame and catastrophizing, which are sub-

Table 5. Findings on the mediating role of mindfulness in the relationship between adult separation anxiety and partner-related obsessive and compulsive 
symptoms

95% Confidence interval

Modal B SH β t p Lower limit Higher limit F R2

(Constant) 7.33 1.06   6.94 <.001*** 5.25 9.40 105.11*** .17

1 Adult Separation Anxiety Questionnaire 0.39 0.04 0.42 10.25 <.001*** 0.31 0.46

(Constant) 13.62 1.99 6.83 <.001*** 9.70 17.53 60.76*** .19

Adult Separation Anxiety Questionnaire 0.37 0.04 0.39 9.64 <.001*** 0.29 0.44

2 Mindfulness -0.11 0.03 -0.15 -3.70 <.001*** -0.17 -0.05

Indirect effect (intermediary role) 0.02 0.01 0.01 0.05
***p<.001, **p<.01, *p<.05 test used: process macro 4.2

Figure 4. Graph on the mediating role of mindfulness in the relationship between adult separation anxiety and partner-related obsessive and compulsive 
symptoms
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dimensions of mindful attention awareness and cognitive 
emotion regulation scale, have a mediating role between 
adult separation anxiety and the dependent variable of 
obsessive and compulsive symptoms related to the partner. 
Considering the explanations for adult separation anxiety, 
separation anxiety disorder is characterized by the presence of 
developmentally inappropriate and excessive fear or anxiety 
about separation from attachment figures, while obsessive-
compulsive disorder, which is included in the category of 
Obsessive-Compulsive and related disorders, is defined as a 
disorder in which obsessions and compulsions are observed.3

According to the findings obtained from the study, self-
blame and destruction, which are sub-dimensions of 
mindful attention awareness and the cognitive emotion 
regulation questionnaire, have a mediating role between adult 
separation anxiety and the dependent variable of, partner-
related obsessive compulsive symptoms, Considering the 
explanations for adult separation anxiety, separation anxiety 
disorder is characterized by the presence of developmentally 
inappropriate and excessive fear or anxiety about separation 
from attachment figures, while obsessive-compulsive disorder 
(OCD), which is included in the category of Obsessive-
Compulsive and focused disorders, is defined as a disorder in 
which obsessions and compulsions are observed.3 Cognitive 
emotion regulation strategies include sub-dimensions such as 
self-blame, where the individuals blames him/herself for his/
her experiences,35 and catastrophizing, which means that the 
individual focuses on the worst point in his/her experiences,36 
and the individual’s attention approaches everything that is 
happening at the moment, his/her internal processes, and the 
external world in an accepting and uncritical manner.18,19 It 
has been observed that mindfulness has a mediating role on 
adult separation anxiety and partner-related obsessive and 
compulsive symptoms.

Examining the Relationship Between Cognitive Emotion 
Regulation and Partner-Related Obsessive Compulsive 
Symptoms

According to the findings obtained from the study, there is 
a negative relationship between partner-related obsessive-
compulsive symptoms and acceptance, Refocuse on Planning, 
and positive reappraisal, which are sub-dimensions of 
cognitive emotion regulation. There is a positive relationship 
with focusing on thoughts, self-blame, catastrophizing and 
other-blame. No relationship was found between positive 
refocusing and putting into perspective.

According to the findings obtained from Güven and Ünal’s 
study,37 there was a significant relationship between cognitive 
emotion regulation strategies and irrational beliefs about 
romantic relationships.37 In addition, the findings obtained 
from Mısırlı and Kaynak’s study38 show that as the intensity 
of relationship-related obsessive-compulsive symptoms 
increases, there is a related increase in emotion regulation 
difficulties. Ayan also found a positive and significant 
relationship between relationship-related obsessive-
compulsive symptoms and emotion regulation difficulties.39 
These findings support the results obtained in this study.

Limitations
The study is limited to 502 participants, 293 women and 209 
men. The findings obtained in the study are limited to what is 
measured by the scales used.

CONCLUSION
According to the results of the study, there is a positive 
correlation between the partner-focused obsessive-
compulsive symptoms and the adult separation anxiety; a 
negative correlation between the mindfulness scale and the 
Partner-Focused Obsessive-Compulsive Symptoms Scale; and 
a negative correlation between the Mindfulness Scale and the 
Adult Separation Anxiety Scale. The sub-dimensions of the 
Cognitive Emotion Regulation Scale, namely self-blame and 
rumination, have a mediating role in the relationship between 
adult separation anxiety and partner-related obsessive-
compulsive symptoms. This study is limited to 502 non-
clinical samples and the qualities measured by the scales. The 
data of this study were collected online. Another limitation of 
the study is that the number of men and women is not equal. 
It is recommended that this study be conducted by increasing 
the number of samples. It should be investigated with other 
variables. Studies can be conducted where the numbers of 
men and women are closer. Mindfulness also has a mediating 
role in the relationship between adult separation anxiety and 
partner-related obsessive-compulsive symptoms.
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ABSTRACT
Aims: As individuals age, there is a known decline in visual function attributed to a reduction in the optic nerve fibers and myelin 
sheath degeneration. Studies present conflicting findings on whether aging affects axonal integrity in the human optic nerve. This 
study aims to investigate degenerative changes in the aging rat optic nerve.
Methods: The investigation involved 36 Wistar albino rats. The rats were divided into six groups: the newborn, prepubertal, 
pubertal, junior, adult, and elderly groups. This study investigated optic nerve axon counts, axon diameters, levels of glial fibrillary 
acidic protein immunoreactivity (GFAP-IR) and nerve growth factor immunoreactivity (NGF-IR), as well as findings from light 
microscopy (LM) and electron microscopy (EM) in these groups.
Results: This study observed age-related alterations in rat optic nerves, including increased diameter, irregular axon count 
fluctuations (both increases and decreases), elevated astrocyte count, and a simultaneous decline in oligodendrocyte count. 
Additionally, it was observed that NGF-IR was predominantly at the membrane level in newborns and moderately in the 
cytoplasm, whereas in older ages, it was evident at both cellular and axonal levels furthermore, it was observed that GFAP-IR 
increased with age. However, in LM and EM examinations, axonal loss and rarefaction, accumulation of osmiophilic substances, 
splitting of the myelin sheath, vacuolization, axonal retraction were observed. 
Conclusion: In this study, it was found that one of the causes of age-related vision loss is the advanced degenerative changes in 
the optic nerve and it was concluded that the remaining small-diameter myelinated nerve fibers may partially compensate for the 
sense of vision. Our study reveals that age-related degenerative changes in the central nervous system resemble those in multiple 
sclerosis (MS), suggesting a potential contribution to MS pathogenesis.
Keywords: Optic nerve, age-related changes, nerve growth factor, glial fibrillary acidic protein, electron microscopy, multiple sclerosis
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INTRODUCTION
The optic nerve, classified as a cranial nerve, is an essential 
component of the visual system, composed of axons 
originating from retinal ganglion cells and associated glial 
cells. It serves the crucial function of transmitting visual 
information from the retina to the brain.1

The decline of visual acuity in aging is well-documented, 
potentially attributed to lens opacity, age-related myopia, or 
reduced retinal receptors or transmitter elements. This decline 
may involve the optic nerve fiber reduction and myelin sheath 
degeneration.1-4 Age-related morphological changes in the 
human optic nerve include fibrous septa expansion, corpora 
amylacea/lipofuscin production, gliosis, and axon loss.5,6

Numerous studies have investigated age-related 
morphological, morphometric, immunohistochemical, 
or ultrastructural changes in the human and animal optic 
nerve.8-11 The results of these studies are examined, no 
definite consensus has been reached regarding the outcomes. 
Furthermore, while some recent studies suggest a loss of axons 
in the human optic nerve with age, certain studies have failed 
to establish this relationship. Additionally, in recent years, 
various studies have suggested axonal loss with age in the 
human optic nerve, while some studies have failed to establish 
this relationship.4,7,12-14 Consequently, the functional significance 
of age-related changes and their impacts on impairments in 
visual function have not yet been fully elucidated.
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The aim of this experimental study was to identify the 
degenerative changes occurring in the aging optic nerve with 
advancing age in rats. Age-related degenerative changes in 
the central nervous system (CNS) including the optic nerve, 
exhibit significant similarities with multiple sclerosis (MS), 
and these changes are thought to potentially play a role in 
MS pathogenesis.15 Understanding these parallels could 
provide insights into the broader implications of the optic 
nerve aging and its potential relevance to neurodegenerative 
conditions like MS.

METHODS
This study was conducted after obtaining approval from 
the Gazi University of Ethics Committee for Experimental 
Animals (Date: 29.11.2004, Decision No: 04.030). All animal 
experiments were performed in accordance with the Helsinki 
Declaration for the use of laboratory animals. Furthermore, 
the use of animals in ophthalmic research adhered to the 
ARVO Statement for the use of animals in ophthalmic and 
vision research. According to this statement, a sufficient 
number of animals per group must be used to achieve 
statistical significance in animal experiments. In numerous 
studies similar to ours, at least 6 to 10 animals per group 
have been used.8,10,12,13,16 The rats were obtained from the Gazi 
University Laboratory Animal Breeding and Experimental 
Research Center (GUDAM). In this study, a total of 36 
Wistar Albino rats spanning from birth to advanced age 
were divided into groups without gender discrimination as 
follows: newborn group (4-day-old rats, n=6), Prepuberty 
group (5-week-old rats, n=6), Puberty group (7-week-old 
rats, n=6), Junior group (early adult phase, 3-month-old 
rats, n=6), Adult group (1-year-old rats, n=6), Elderly group 
(2-year-old rats, n=6).17

Surgical Procedure
Rats were anesthetized by intraperitoneal injection of 
ketamine (44 mg/kg) and xylazine (5 mg/kg) followed by 
cardiac perfusion for euthanasia. Subsequently, euthanasia 
was performed, starting from the foramen magnum, a cut 
was made over the protuberentia occipitalis externa (inion) 
and extended slightly above the sagittal suture. Then, 
advancement was made a short distance toward the coronal 
sutures on both sides. Ultimately, upon opening the calvaria 
and lifting the frontal lobe backward, the optic chiasm was 
reached, and the optic nerves were extracted bilaterally to 
the maximum possible length. Subsequently, these extracted 
tissues were divided for fixation in 10% formaldehyde for 
light microscopy and in 2% glutaraldehyde for electron 
microscopy.
The methods involved in this study included histopathological 
examination, immunohistochemical analysis, and electron 
microscopy. Tissue samples were fixed in 10% buffered 
formaldehyde, embedded in paraffin, and sectioned at 5 
µm thickness for histopathology. Hematoxylin and eosin 
(H&E) and toluidine blue stains were applied, followed by 
axon counting in five randomly selected fields per slide. 
Immunohistochemistry utilized 4 µm sections deparaffinized 

in xylene, followed by antigen retrieval and incubation 
with primary antibodies for nerve growth factor (NGF, 
Santa Cruz, H-20 sc-548) and glial fibrillary acidic protein 
(GFAP, Ab-1 (clone GA-5), Lab Vision, MS-280-R-7). The 
H-SCORE method was employed for immunohistochemical 
evaluations.18 Electron microscopy involved fixation in 
glutaraldehyde, osmium tetroxide staining, and sectioning 
into 0.5 µm thickness for evaluation using a transmission 
electron microscope (Carl Zeiss EM 900).

Statistical Analysis 
The data were analyzed using the SPSS software (Statistical 
Package For Social Sciences, v.10.0). For comparison 
of non-parametric data, the Kruskal-Wallis test was 
employed (p<0.05). Pairwise group comparisons were 
conducted using the Mann Whitney U test and Bonferroni 
correction (p<0.0033). Statistical relationships between 
study parameters and age groups were examined using the 
Spearman’s rho correlation test (p<0.05).

RESULTS

Histopathological Examination
In sections of the optic nerve from the newborn group, it 
was observed that the surrounding connective tissue sheath 
was considerably thick, and within the inner portions, cells 
and myelinated nerve fibers were dispersed. Additionally, 
it was observed that there was a lack of gradual separation 
into sections of the connective tissue, and the myelin sheath 
was quite thin, with astrocytes and oligodendrocytes of 
various sizes found among fibers of different sizes. Electron 
microscopy sections revealed a small number of myelinated 
nerve fibers with small diameters, indicating highly active 
oligodendrocyte cytoplasm that was still in the process of 
forming the myelin sheath. Numerous free ribosomes and 
expanded granular endoplasmic reticulum (GER) tubules 
were observed. Mitochondria were present in low numbers 
and small in size. The presence of collagen fibers, which 
had not yet formed extensive bundles, was observed in the 
connective tissue. Observations indicated parallel alignment 
of myelin lamellae. Transverse sections of neurofilaments 
and neurotubules were observed in the axon (Table 1, Figure 
1).

In tissue samples from the prepubertal group, the optic nerve 
appeared more organized, with a distinct connective tissue 
capsule, the emergence of myelin sheaths, and the presence of 
mature astrocytes alongside oligodendrocytes located closer 
to myelinated axons. At the end of the immunohistochemical 
staining, it was observed that NGF immunoreactivity (IR) 
was predominantly around the fibers and varied in intensity 
from moderate to strong intermittently. It was noteworthy 
that astrocyte feet were also stained on the vessel wall. In 
this group, it was observed that GFAP-IR was prominent 
in fully differentiated astrocytes. The structure of the axon 
was well-preserved. It was observed that small fibers were in 
normal structure, whereas larger fibers exhibited separations 
between myelin lamellae (Table 1, Figure 2).
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In the optic nerve sections from the puberty group, the 
nerve appeared considerably developed, with the connective 
tissue sheath and myelin sheath showing correspondingly 
mature structures, and the presence of astrocytes and 
oligodendrocytes among them was observed. Furthermore, 
it was observed that there was a varying degree of NGF-IR, 
ranging from moderate to strong, both in glial cells and at the 
membrane level, while a highly intense GFAP-IR was detected 
in the astrocyte cytoplasm. Electron microscope examinations 
revealed the mature structures of oligodendrocytes. The 
nucleus and cytoplasm did not show any signs of degeneration. 
The myelinated nerve fibers appeared considerably developed, 
although some of them exhibited occasional separations. 
Axons displayed a normal structure. Neurofilaments and 
neurotubules were prominently visible (Table 1, Figure 3).

In the junior group, it was observed that the optic nerve 
reached normal diameter, and both cellular and fiber 
distribution along with the connective tissue sheath became 
more pronounced. Additionally, it was observed that the 
optic nerve appeared to be divided into lobes due to extensive 
connective tissue partitions. There was a noticeable increase 
in the number of astrocytes, while oligodendrocytes 
appeared to be in their normal structure. There was observed 

significant degeneration in some large-diameter myelinated 
axons, which were filled with connective tissue in those areas. 
In this group, it was determined that the NGF-IR was very 
weak throughout the tissue. In the same group, GFAP-IR was 
observed to be quite intense in the astrocyte cytoplasm and its 
extensions. Under the electron microscope, it was observed that 
oligodendrocytes exhibited mature structures, characterized 
by heterochromatic nuclei and dense cytoplasms. Occasionally, 
expanded GER tubules were prominent in the cell cytoplasm. 
While small-diameter myelin fibers appeared normal, 
intermittent separations were observed in large-diameter myelin 
fibers, along with axonal retraction and increased interstitial 
connective tissue between fibers (Table 1, Figure 4).

In adult rats, it was observed that structural changes during 
the early adult period continued to increase. It was determined 
that there was NGF-IR at both axonal and cellular levels in 
the immunohistochemical sections. While GFAP-IR was 
observed at the level of astrocyte extensions, it was noted that 
in areas where fiber degeneration was highly noticeable, the 
immunoreactivity was not specific. It appeared intermittently 
weak in the astrocyte cytoplasm and occasionally present in 
the membrane. The electron microscope examination revealed 
that small-diameter fibers were normal. However, in the 

Table 1. Findings of Toluidine blue stains, GFAP, NGF, and the electron microscopy by different age groups in rats

Groups Toluidine blue stains GFAP NGF The electron microscopy

Newborn

The peripheral connective tissue sheath of 
the OP was quite thick. The myelin sheath 
was noted to be quite thin, and OL of 
various sizes were present among the small 
and large fibers

The GFAP-IR revealed 
a reaction that was not 
entirely specific, indicating 
cells differentiating into 
AST and occasional 
involvement observed 
in the membrane and 
cytoplasm 

The NGF-IR was 
predominantly 
observed at the 
membrane level, 
with moderate 
c y t o p l a s m i c 
involvement

Within the cytoplasm of the OL forming 
the myelin sheath, tubules of expanded 
the GER, RI, and M were observed. 
Additionally, along with KO that did not 
form bundles in the connective tissue. 
Sections of NF and NT in A, arranged in 
parallel with each other along with myelin 
lamellae, were observed

Prepubertal

The OP appeared more organized and the 
connective tissue capsule was pronounced. 
The presence of myelin sheath development 
was evident, along with mature AST, and 
the distinguishable proximity of Ol to 
myelinated axons was identified

Distinct GFAP-IR was 
detected in AST

The NGF-IR was 
predominantly 
observed at the 
periphery of the 
fibers 

Large-diameter A exhibiting separation 
between lamellae were observed alongside 
small-diameter myelinated axons 

Puberty

The connective tissue sheath of the OP 
resembled a mature structure. The myelin 
sheath showed a mature-like structure, and 
the presence of AST and OL among them 
was distinguished

Highly intense 
immunoreactivity of 
GFAP was detected in 
the cytoplasm of AST 

Distinct NGF-
IR was observed 
both in glial 
cells and their 
extensions

Occasional separations were observed in 
myelinated nerve fibers, OL, C, A, NF, and 
NT 

Junior

The connective tissue surrounding the OP 
was observed. Extensive connective tissue 
partitions, AST, and OL were identified. 
Axons with normal structure alongside 
axons showing degeneration in the myelin 
sheath were detected

Significantly specific 
and intense GFAP-IR 
was detected in the 
cytoplasm of Ast and 
their extensions 

It was observed 
in tissue samples 
that the NGF-IR 
was very weak 
throughout the 
tissue

Occasional expanded GER tubules were 
observed in the OL and cell cytoplasm. 
Small-diameter myelinated fibers were 
observed in their normal structure, 
disruptions were seen in large-diameter 
myelin fibers, and the A were observed to 
retract

Early adult

The connective tissue surrounding the 
OP was observed. Expanses of connective 
tissue sections, AST and OL were identified. 
Myelinated axons in their normal structure, 
and axons displaying degeneration in the 
myelin sheath were detected

The GFAP-IR was 
detected in AST

The NGF-IR 
was observed 
at axonal and 
cellular levels

Along with small-diameter fibers observed 
in normal structure, splittings and loss in 
the myelin of larger fibers, VA, OS, axonal 
retraction were observed. The splitting 
caused by separation in some myelin 
sheaths was observed 

Elderly

The OP was enclosed by connective tissue. 
Extensive partitions of connective tissue 
were observed, along with AST and OL. 
Myelinated axons in their normal structure, 
as well as axons showing degeneration 
within the myelin sheath, were detected

Distinctive GFAP-IR 
was observed in AST

The NGF-IR 
was observed at 
both axonal and 
cellular levels 

The Ol were observed in their normal 
structure, along with C and small-
diameter myelinated nerve fibers. 
Lamellar losses in the myelin sheath were 
observed in large-diameter fibers, along 
with splitting and axonal retraction. 
Crystallization was observed in axonal M

The optic nerve (OP), oligodendrocytes (OL), astrocytes (Ast), glial fibrillary acidic protein immunoreactivity (GFAP-IR), nerve growth factor immunoreactivity (NGF-IR), granular endoplasmic reticulum 
(GER), ribosomes (Ri), mitochondria (M), collagen fibers (Ko), neurofilaments (Nf), neurotubules (Nt), axon (A), cell nucleus (C), vacuolization (Va), osmiophilic substance accumulation (Os), cell nuclei (C) 
GFAP: Glial fibrillary acidic protein, NGF: Nerve growth factor, IR: Immunoreactivity
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myelin of large-diameter fibers, separations, vacuolization, 
and accumulation of osmiophilic material were observed, and 
axonal retraction and splitting were detected in some myelin 
sheaths (Table 1, Figure 5).

In the optic nerve sections of the elderly group, there was 
remarkable degeneration in the myelin of thick axons and loss 
of myelin in thin axons. The connective tissue divisions between 
the axons were extremely thickened, and loss of astrocytes 

Figure 1. In tissue samples from the newborn group (1A), it was observed 
that the peripheral connective tissue sheath of the optic nerve was quite thick 
( ). The myelin sheath (  I) was noted to be quite thin, and oligodendrocytes 
(Ol) of various sizes were present among the small and large fibers 
(Toluidine blue, x40, x1000). (1B) The immunohistochemical staining of 
GFAP revealed a reaction that was not entirely specific, indicating cells 
differentiating into astrocytes ( ) and occasional involvement observed in 
the membrane and cytoplasm (  ) (Immunoperoxidase & Hematoxylin, 
x100, x400). Observations in (1C) showed that NGF-IR was predominantly 
at the membrane level (  ), with moderate cytoplasmic involvement and 
(immunoperoxidase & hematoxylin, x100, x400). (1D) In the electron 
microscopy, within the cytoplasm of oligodendrocytes (Ol) forming the 
myelin sheath, tubules of expanded granular endoplasmic reticulum (GER), 
free ribosomes (Ri), and mitochondria (M) were observed, along with 
collagen fibers (Ko) that did not form bundles in the connective tissue. 
Sections of neurofilaments (Nf) and neurotubules (Nt) in the axon (A), 
arranged in parallel with each other along with myelin lamellae (→), were 
observed. (uranium acetate-lead citrate, x7000)

Figure 2. Regarding tissue samples from the prepubertal group (2A), it was 
observed that the optic nerve appeared more organized and the connective 
tissue capsule (→) was pronounced. The presence of myelin sheath (  ) 
development was evident, along with mature astrocytes (Ast), and the 
distinguishable proximity of oligodendrocytes (Ol) to myelinated axons 
was identified (Toluidine Blue, x40, x1000). (2B) Distinct GFAP-IR was 
detected in astrocytes (   ) (Immunoperoxidase & Hematoxylin x100, x400). 
(2C) The NGF-IR was predominantly observed at the periphery of the fibers 
(   ) (Immunoperoxidase & Hematoxylin, x100, x400). (2D) In the electron 
microscope image, large-diameter axons (A) exhibiting separation between 
lamellae (  ) were observed alongside small-diameter myelinated axons (   ) 
(uranium acetate-lead citrate, x 4400, x 7000)

Figure 3. Regarding tissue samples from the puberty group (3A), it 
was observed that the connective tissue sheath (→) of the optic nerve 
resembled a mature structure. The myelin sheath (I  ) showed a mature-
like structure, and the presence of astrocytes (Ast) and oligodendrocytes 
(Ol) among them was distinguished (Toluidine blue, x40, x1000). (3B) 
In the immunohistochemical staining performed with GFAP, a highly 
intense immunoreactivity was detected in the cytoplasm of astrocytes                                    
( ) (immunoperoxidase & hematoxylin, x100, x400). (3C) Additionally, 
distinct NGF-IR was discerned both in glial cells and their extensions                
(   ) (immunoperoxidase & hematoxylin, x100, x400). (3D) In the electron 
microscopic image, oligodendrocytes (Ol), cell nucleus (C), occasional 
separations in myelinated nerve fibers (→), axon (A), neurofilaments 
(Nf), and neurotubules (Nt) were observed (uranium acetate-lead 
citrate, x 3000, x 12000)

Figure 4. In tissue samples from the Junior group (4A), connective tissue 
(  ) surrounding the optic nerve was observed. Additionally, extensive 
connective tissue (•) partitions, astrocytes (Ast), and oligodendrocytes (Ol) 
were identified. Axons with normal structure (   ) alongside axons showing 
degeneration in the myelin sheath (→) were detected (Toluidine blue, x40, 
x1000). In (4B), significantly specific and intense GFAP-IR was detected in 
the cytoplasm of astrocytes (   ) and their extensions (immunoperoxidase & 
hematoxylin, x100, x400). In tissue samples (4C), it was observed that the 
NGF-IR was very weak throughout the tissue (  ) (Immunoperoxidase & 
Hematoxylin, x100, x400). In electron microscope images (4D), occasional 
expanded GER tubules were observed in the oligodendrocyte (Ol) and cell 
cytoplasm. Small-diameter myelinated fibers were observed in their normal 
structure (    ), disruptions were seen in large-diameter myelin fibers (  ), and 
the axon (A) was seen to retract (•) (uranium acetate-lead citrate, x3000)
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was also observed in some places. The oligodendrocytes were 
in sight in small numbers. Immunohistochemical sections 
from this group demonstrated the presence of NGF-IR at 
both axonal and cellular levels, similar to the adult group. 
Within this group, GFAP-IR was observed at the level of 
the foot processes of astrocyte. It was noted that in areas 
with marked fiber degeneration, the immunoreactivity was 
not specific, displaying a weakened intensity in astrocytic 
cytoplasm and occasionally involving the membrane. In the 
electron microscopic examination, various forms of myelin 
degeneration were commonly detected. While small diameter 
fibers were perceived normally, in large diameter fibers, 
splitting along with occasional lamellar losses in the myelin 
sheath and axonal retraction captured notice. Additionally, 
crystalysis was observed in mitochondria (Table 1, Figure 6).

Morphometric Analysis
The measurements of the optic nerve’s diameter (X2=27.853, 
p<0.001), axon counts (X2=19.385, p<0.001), GFAP-IR 
(X2=32.558, p<0.001), and NGF-IR (X2=26.661, p<0.001) 
immunoreactivity levels were found to differ among the groups 
(Table 2). However, following pairwise group comparisons, no 
statistical difference was found between the groups (p>0.0033) 
(Table 3, Figure 7). 

The correlation analysis revealed a positive correlation 
between age group and axon diameter (r=0.770, p<0.001) as 
well as between axon diameter and NGF-IR H-score (r=0.482, 
p=0.003). Based on these results, it was considered that in rats, 
axon diameter values may increase with aging, and as axon 
diameter increases, NGF-IR may also increase. As a result, it 
was argued that NGF-IR may increase indirectly with aging. 

Table 2. A descriptive table illustrating the optic nerve axon count results, 
axon diameter measurements, GFAP-IR H-score values, and NGF-IR 
H-score values of the study groups
  Variable Groups Median (min-max) x2 p

  Axon count

Newborn 149.50 (126-172) 19.385 0.002

Pre-puberty 188 (144-218)

Puberty 121 (83-155)

Junior 166 (146-188)

Adult 136.50 (53-156)

Elderly 158 (123-169)

  Axon diameter

Newborn 258.38 (224.18-296.18) 27.853 <0.001

Pre-puberty 494.11 (481.55-516.09)

Puberty 555.16 (489.63-608.16)

Junior 499.29 (494.80-510.62)

Adult 618.02 (572.13-623.21)

Elderly 579.86 (561.83-597.51)

  GFAP

Newborn 62 (57-69) 32.558 <0.001

Pre-puberty 57.50 (56-62)

Puberty 80 (75-84)

Junior 76.50 (70-84)

Adult 40 (36-47)

Elderly 29 (23-32)

  NGF

Newborn 45.50 (44-50) 26.661 <0.001

Pre-puberty 69 (60-75)

Puberty 64.50 (59-68)

Junior 28 (27-31)

Adult 64.50 (60-69)

Elderly 63.50 (57-70)
GFAP: Glial fibrillary acidic protein, NGF: Nerve growth factor, IR: Immunoreactivity, Kruskal-Wallis 
test, p<0.05

Figure 5. In tissue samples from the adult group (5A), the connective tissue 
surrounding the optic nerve was observed (→). Furthermore, expanses 
of connective tissue sections (•), astrocytes (Ast), and oligodendrocytes 
(Ol) were identified. Myelinated axons in their normal structure (  ), and 
axons displaying degeneration in the myelin sheath (→) were detected 
(Toluidine blue, x40, x1000). (5B) GFAP-IR (  ) was detected in astrocytes 
(Immunoperoxidase & Hematoxylin, x100, x400). (5C) Additionally, NGF-
IR (  ) was observed at axonal and cellular levels (immunoperoxidase & 
hematoxylin, x100, x400). (5D) In electron microscope images, along with 
small-diameter fibers observed in normal structure (   ), splittings and loss 
in the myelin of larger fibers (→), vacuolization (Va), osmiophilic substance 
accumulation (Os), axonal retraction (•) were observed. The splitting 
caused by separation in some myelin sheaths (→) was observed (uranium 
acetate-lead citrate, x3000)

Figure 6. The optic nerve was enclosed by connective tissue (  ), as observed 
in tissue samples from the elderly group (6A). Moreover, extensive connective 
tissue (•) partitions were observed, along with astrocytes (Ast) and 
oligodendrocytes (Ol). In addition to normal structured myelinated axons 
(  ), axons showing degeneration within the myelin sheath (→) were detected 
(Toluidine blue, x40, x1000). (6B) Observed GFAP-IR distinctively present in 
astrocytes (  ) (immunoperoxidase & hematoxylin, x100, x400). (6C) Besides, 
NGF-IR was seen at the axonal and cellular levels (  ) (immunoperoxidase 
& hematoxylin, x100, x400). (6D) In the electron microscopic images, 
oligodendrocytes (Ol) observed in normal structure, along with cell nuclei (C) 
and small-diameter myelinated nerve fibers (   ). Lamellar losses in the myelin 
sheath were observed in large-diameter fibers (→) (white arrow), along with 
splitting (→) and axonal retraction ( ). Crystallization was observed in axonal 
mitochondria (M) (uranium acetate-lead citrate, x3000)
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Additionally, a negative correlation was found between age 
group and GFAP-IR (r=-0.504, p=0.002) as well as between 
axon diameter value and GFAP-IR (r=-0.402, p=0.015) (Table 
4). As a result, it was considered that GFAP-IR may decrease 
with aging in rats, and it was further thought that GFAP-IR 
values may decrease if axon diameter increases.

DISCUSSION
Associated with aging, as in many other organs in the living 
organism, the eye also presents numerous irreversible and 
severe lesions. Decreased visual acuity, visual field, contrast 
sensitivity, motion perception, and dark adaptation are 
among the impairments observed in the elderly.19 The human 
optic nerve is estimated to have between 40,000 and 1,435,453 
nerve fibers. Nevertheless, despite a decrease observed in 
the human optic nerve axons concerning age in conducted 

studies, it has been reported that this decline lacks statistical 
significance.7 On the other hand, it has been reported that the 
axon numbers in the human embryonic optic nerves taken 
between weeks 8-18 of pregnancy reach their peak during the 
3rd and 4th months and subsequently decline.20 Although the 
developing adult rodents’ visual system has been extensively 
investigated using morphological, physiological, biochemical, 
and behavioral techniques, age-related alterations in the rat’s 
optic nerve have not been evaluated by combining various 
methods including morphological, immunohistochemical, 
and ultrastructural analyses. Therefore, there has been no 
consensus among the results.8,10,19,21

In the conducted studies, it has been reported that while the 
number of optic nerve fibers remains unchanged in adult 
rats, it gradually decreases in elderly rats.16,22,23 Meanwhile, 
Lam et al.24 compared the number of axons in the optic nerve 

Figure 7. There are no statistically significant differences in the pairwise 
group comparisons of axon count value, axon diameter value, GFAP-IR, 
and NGF-IR for each age group

Table 4. The statistical correlation among the study data can be observed

Groups Axon count Axon diameter GFAP NGF

 Groups
r 1.000 -0.138 0.770 -0.504 0.102

p . 0.423 <0.001 0.002 0.554

 Axon count
r 1.000 -0.320 -0.019 -0.095

p . 0.057 0.911 0.582

 Axon diameter
r 1.000 -0.402 0.482

p . 0.015 0.003

 GFAP
r 1.000 -0.309

p . 0.067

 NGF
r 1.000

p .

GFAP: Glial fibrillary acidic protein, NGF: Nerve growth factor

Table 3. The binary group comparison results of the optic nerve axon count outcomes, axon diameter measurements, GFAP-IR H-score values, and 
NGF-IR H-score values for the study groups

Axon count Axon diameter GFAP NGF

Groups (I/J) z p z p z p z p

Newborn/pre-puberty -2.326 0.020 -2.882 0.004 -1.621 0.105 -2.887 0.004

Newborn/puberty -2.005 0.045 -2.882 0.004 -2.892 0.004 -2.887 0.004

Newborn/junior -1.761 0.078 -2.882 0.004 -2.892 0.004 -2.908 0.004

Newborn/adult -1.121 0.262 -2.882 0.004 -2.898 0.004 -2.892 0.004

Newborn/elderly -0.321 0.748 -2.882 0.004 -2.892 0.004 2.982 0.004

Pre-puberty/puberty -2.722 0.006 -1.441 0.150 -2.892 0.004 -1.690 0.091

Pre-puberty/junior -1.601 0.109 -0.641 0.522 -2.892 0.004 -2.903 0.004

Pre-puberty/adult -2.402 0.016 -2.882 0.004 -2.898 0.004 -1.457 0.145

Pre-puberty/elderly -2.085 0.037 -2.882 0.004 -2.892 0.004 -1.848 0.065

Puberty/junior -2.722 0.006 -1.441 0.150 -0.964 0.335 -2.903 0.004

Puberty/adult -0.320 0.749 -2.242 0.025 -2.887 0.004 -0.405 0.685

Puberty/elderly -2.246 0.025 -0.961 0.337 -2.882 0.004 -0.727 0.467

Junior/adult -2.486 0.013 -2.882 0.004 -2.887 0.004 -2.908 0.004

Junior/elderly -1.451 0.147 -2.882 0.004 -2.882 0.004 -2.908 0.004

Adult/elderly -1.925 0.054 -1.922 0.055 -2.887 0.004 -0.808 0.419

GFAP: Glial fibrillary acidic protein, NGF: Nerve growth factor, IR: Immunoreactivity, Mann-Whitney u test and Bonferroni correction test, p<0.0033
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of newborn and adult rats, concluding that approximately 
60% of the axons present in the optic nerve at birth were lost 
during the adult stage.

Our study revealed a significant statistical difference in 
both the number and diameter of the optic nerve across 
different age groups. However, after conducting pairwise 
group comparisons, no substantial differences were detected 
among the groups. The results indicated that the numbers 
and diameters of axons within the optic nerve remained 
unchanged with age. However, when numerical data is 
considered, it is observed that the number of axons showed 
a significant increase in the prepubertal age group, but this 
count decreased to a similar level as other age groups with 
the puberty. Moreover, it has been observed that while the 
axon numbers are low in newborns, they elevate during the 
prepuberty stage, decrease to the levels of the neonatal period 
during puberty, subsequently rise again during junior period 
before declining once more in the adult stage, and exhibit 
an increase again in the elderly group. Based on this, it was 
hypothesized that there is a circadian pattern of increase and 
decrease in axon numbers.

Godlewski10 examined the morphology of the optic nerve 
myelin fibers in aging rats and reported that with aging, both 
the number of myelin lamellae and the interlamellar distance 
increased. Consequently, an increase in myelin sheath 
thickness was observed; however, in the oldest rats (2.5 years), 
this thickness had decreased again. Furthermore, Wong et 
al.25 identified in their study on the optic nerve of young and 
old mice that the progression of age was concurrent with an 
increasing degeneration in large-diameter myelinated fibers.

According to our study, it was observed that degeneration 
in large-diameter myelinated fibers commences with the 
progression of age and continues to increase gradually. In the 
adult and elderly groups, age-related degenerative changes 
such as the division of the myelin sheath, lamellar loss and 
retraction, were observed. Additionally, although pairwise 
comparisons did not reveal statistically significant differences 
in the diameter values of axons located within the optic nerve 
among the groups, upon examining the numerical values, it 
was observed that axon diameters in rats during the newborn 
period were initially thin, but gradually increased with age. 
The diameter values peaked in the adult group, and a slight 
reduction was noted in the elderly group. Considering this, 
it was hypothesized that axon diameter values also exhibited 
a circadian rhythm in parallel with axon numbers. These 
findings were thought to be associated with age-related 
changes in hormonal processes among the subjects. However, 
as serum hormone levels were not included in this study, this 
hypothesis remained untestable.

Two distinct astrocyte shapes have been distinguished 
in the human optic nerve head. Thin-bodied astrocytes 
are positioned on blood vessels in a perforated structure 
through which axons pass. Thick-bodied astrocytes, on the 
other hand, create glial tubes directing axons towards the 
laminar region.26 The section of the human optic nerve head 
in double-antibody immunofluorescent studies has revealed 
a distinct presence of type IV collagen and laminin within 

the extracellular matrix of the lamina cribrosa sclerae. These 
macromolecules are arranged transversely along nerve 
fascicles, forming lamellated and cribriform plates. While 
relatively low levels of type III and type I collagen were found 
in the extracellular matrix of these tissues, fibronection was 
not detected.27 On the other hand, Hernandez et al.28 utilized 
immunofluorescence staining to investigate age-related 
changes in the human optic nerve head. They found age-
related alterations in the density of type I and III collagen, 
as well as elastin, which contribute to the connective tissue 
support of nerve bundles due to the expansion of pores in 
the cribiform plates with age. Additionally, they observed 
that type IV collagen covered the cribiform planes similar 
to the basal membrane. If the increased collagen and elastin 
are considered to be responsible for the increased connective 
tissue area associated with aging, and if there is a gradual loss 
in axons of the optic nerve with age, the data obtained from 
our study suggests that the extracellular matrix material, 
which contains the fibrillar forms of collagen and elastin, fills 
the space of the lost tissue. 

Butt and Kirvell21 conducted a study by 
immunohistochemically labeling the glial cells in the optic 
nerve of immature and mature rats, and observed a significant 
axonal loss in the optic nerves after 21 days (mature). They 
observed a homogeneous glial scar tissue formed by dense 
astrocytic extensions along the degenerating axon fibers in 
the nerve. In this glial scar tissue, oligodendrocytes persisted 
independently of the axon, and it was stated that inefficient 
myelin phagocytosis possibly resulted from incomplete 
activation of microglial macrophages. In our study, it was 
observed that in the adult and elderly groups, lost optic nerve 
fibers were replaced by glial cells and their foot processes. 
Consequently, it was thought that glial scar tissue was formed 
in this way. Cavallotti et al.8 investigated age-related changes 
in the optic nerve using the GFAP-IR staining method in 
3-month-old (young), 1-year-old (adult), and 2-year-old 
(elderly) male rats. They demonstrated the presence of the 
blood-brain barrier between astrocytes, the capillary network, 
and axons, indicating the probable assumption of the role of 
myelin by glial cells (including astrocytes). However, they 
found no change in the protein quantity with the increase in 
age. Additionally, an increase in the meningeal sheath of the 
optic nerve, an augmentation in the number of astrocytes, 
enhanced regional density of GFAP-IR, enlargement in 
the diameter and area of the optic nerve, coupled with a 
decrease in the number of nerve fibers, a reduction in the 
dimensions of nerve fibers, and a decrease in the nerve fibers/
meningeal sheath ratio from 3/1 to 1/1 were observed. In the 
study conducted by Cepurna et al.,29 it was observed that 
the decrease in the number of axons significantly increased 
with age, however, they have determined that there was no 
significant change in the last months of the lives of elderly rats 
in terms of the decrease in the number of axons and the rate 
of axonal degeneration. This study does not support the linear 
decline in the number of optic nerve axons with age in adult 
rats, as demonstrated by some studies.

Our study utilized the GFAP primary antibody to identify 
astrocytes in experimental groups composed of different 
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age ranges, revealing GFAP-IR starting from the fourth day 
after birth. As age advanced, there was a higher specificity of 
immunoreactivity observed in both the cytoplasm of astrocytes 
and where astrocytic cytoplasmic extensions terminate at 
capillaries, as well as around the pia mater. Additionally, 
it was observed that degeneration in the myelin sheath 
increased progressively with advancing age, starting from the 
adult group. Especially in the adult and elderly groups, while 
small-diameter myelinated fibers were observed to maintain 
their normal structure, substantial disruption, vacuolization, 
osmiophilic material accumulation, and axonal retraction 
were notably observed in large-diameter myelinated fibers. 
The losses in certain myelin lamellae and the accompanying 
splitting have been identified. During this process, mature 
structures of astrocytes and oligodendrocytes were observed, 
characterized by heterochromatic nuclei and dark cytoplasm. 
In the cytoplasm of oligodendrocytes, enlarged GER tubules 
were distinctly localized.

On the other hand, it was observed that the 
immunohistochemical examination scores differed 
significantly among the groups. However, pairwise group 
comparisons did not reveal any statistically significant 
differences between the groups. However, when the numerical 
values of GFAP-IR scores were examined, it was observed that 
the scores were higher during the newborn period, decreased 
during the prepubertal phase, increased again during puberty, 
and exhibited a linear decrease during the junior, adult, and 
elderly periods. Therefore, it was observed that GFAP-IR 
exhibits a fluctuating rhythm in terms of axon count and 
diameter values as age progresses, along with the possibility 
of an increase in astrocyte numbers while axon count and 
diameter decrease. 

According to the immunohistochemical examination 
conducted with NGF, the involvement of the NGF antibody 
in the optic nerve was observed at the meningeal level in 
neonates; however, as age progressed, it was noted to be 
present at both the cellular and axonal levels. Additionally, at 
the conclusion of light microscopy and electron microscopy 
evaluations, it was observed that there were remarkably few 
connective tissue septa among myelinated nerve fibers in 
the newborn (4-day-old) group. With the progression of age, 
degeneration was observed in the myelinated nerve fibers of 
the rat’s optic nerve, and it was noted that these areas were 
filled with connective tissue. Furthermore, despite the finding 
that NGF-IR scores did not differ among the groups, upon 
numerical examination, it was observed that NGF-IR scores 
exhibited a rhythm paralleling the increase and decrease in 
axon count and diameter.

Godlewski10 investigated the myelin fibers in the optic nerve 
of elderly rats using an electron microscope and argued that 
there was thickening in the myelin sheath. He proposed that 
the increase in this thickness occurred not only due to the 
growth in the number of myelin lamellae but also because of 
the increase in interlamellar spaces. Additionally, it has been 
concluded that as age progresses, it may lead to morphometric 
changes in axonal myelin sheaths and cell membranes (edema, 
excessive accumulation of other lipids such as cholesterol, 
sphingomyelin, etc.).

In our study, it was found that the formation of myelin lamellae 
begins in neonates and becomes more pronounced in the 
prepubertal group, where slight openings are observed. In the 
puberty and junior groups, there is an increasing degeneration 
and connective tissue, whereas in the adult and elderly groups, 
distinct degenerative features (vacuolization, splitting, 
retraction, osmiophilic accumulation) manifest prominently.

The findings of our study have detailed the degenerative 
changes occurring in the optic nerve of rats during the aging 
process. These changes include axonal loss, myelin sheath 
fragmentation, an increase in the number of astrocytes, and 
a decrease in the number of oligodendrocytes. These results 
demonstrate the adverse effects of aging on the CNS.

MS is a chronic autoimmune disease characterized by the loss 
of myelin and consequent axonal degeneration in the CNS, 
including the optic nerves. MS and the aging process share 
similar degenerative changes within the CNS.  In the literature, 
it has been reported that neurodegenerative changes increase 
with age in patients with MS, and the clinical course of the 
disease deteriorates.15

One significant concern in MS patients is the degeneration of 
the optic nerve, which can lead to visual impairment. Studies 
have shown that as patients with MS age, the risk of the optic 
nerve degeneration increases, which is often assessed using 
optical coherencetomography to monitor retinal nerve fiber 
layer thinning.30 Trans-synaptic degeneration, where damage 
extends from the optic nerve to the brain, is another critical 
aspect of MS-related optic neuropathy. This degeneration can 
lead to further complications, including cortical thinning 
and broader neural damage, impacting overall neurological 
function.31 Research has highlighted that age-related 
changes exacerbate these degenerative processes, making 
early diagnosis and intervention crucial for managing MS 
patients.30,31

In MS, particularly in its progressive forms, the breakdown 
of the myelin sheath, axonal loss, activation of glial cells, and 
neuroinflammation play significant roles.32

In one study, similar changes were observed in the aging rat 
optic nerve. For example, findings included increased GFAP-
IR levels with aging, myelin sheath fragmentation and axonal 
loss, an increase in the number of astrocytes, and a decrease in 
the number of oligodendrocytes. These findings indicate that 
the aging process aligns with the pathological mechanisms 
observed in MS.33,34

The findings from our study detail the degenerative effects 
of aging on the CNS and reveal significant similarities 
when compared to MS. These similarities suggest that the 
degenerative changes observed during the aging process may 
contribute to MS pathogenesis. Therefore, further research is 
needed to better understand the relationship between aging 
and MS.

Limitations
This study exhibits certain limitations. Primarily, it was 
conducted using experimental animals. As the optic nerve of 
human cadavers was not examined or compared in this study, 
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the direct applicability of its findings to humans is constrained. 
However, when the results of the study are considered, the 
contention arose that conducting this research on human 
cadavers might be deemed suitable and could potentially 
illuminate novel avenues for further inquiry. Furthermore, 
upon reviewing the literature, it was observed that there 
have been very few studies examining the aging processes 
of the optic nerve in neonatal, prepubertal, and pubertal 
rats. Thus, it was contended that this study might exhibit a 
preliminary research character. Secondly, due to certain 
economic and technical constraints, advanced biochemical 
analysis methods (such as ELISA, Western Blot, etc.) were not 
employed in the examination of tissue materials related to this 
study. Consequently, the assessment of apoptosis, autophagy, 
collagen formation, other inflammatory cascades, hormonal 
interactions, and their outcomes concerning tissue-level 
aging could not be established.27,35 Thirdly, the optic nerves 
of subjects within the groups could not be analyzed using 
radiological imaging methods such as MRI. Finally, due to this 
study being conducted on experimental animals, age-related 
variations in visual function losses could not be determined.

CONCLUSION
At the conclusion of this study, an increase in the diameter 
of the optic nerve (n. opticus), irregular increments and 
decrements in axon count, an elevation in astrocyte numbers, 
and a corresponding decrease in oligodendrocyte count were 
observed in correlation with aging in rats. Moreover, it was 
observed that NGF-IR was predominantly at the membrane 
level in neonates and moderately present in the cytoplasm. 
However, with advancing age, it became evident at both the 
cellular and axonal levels. Additionally, an increase in GFAP-
IR was observed with age. On the other hand, light microscopic 
and electron microscopic findings revealed axonal loss 
and attenuation, accumulation of osmiophilic material, 
myelin sheath splitting, vacuolization, axonal retraction, 
and replacement of lost fibers by connective tissue and glial 
scar formation. As a result, it was concluded that one of the 
reasons for the vision loss that occurs with advancing age is 
the progressive degenerative changes in the optic nerve. It was 
also inferred that the remaining small-diameter myelinated 
nerve fibers that are intact may compensate to some extent for 
visual sensation.
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ABSTRACT
Aims: In this study, it was aimed to evaluate the difficult patient perceptions of physicians/dentists, midwives/nurses, medical 
secretaries, security personnel and other healthcare professionals working in public hospitals in Samsun by comparing them 
according to their gender, age, marital status, profession, educational status and place of duty.
Methods: Exploratory and confirmatory factor analysis was conducted within the scope of the validity and reliability analysis 
of the survey created to evaluate the perceptions of difficult patients among 238 healthcare professionals working in public 
hospitals in Samsun, and 28 statements were collected under 4 dimensions. Student-t test, ANOVA test and post-hoc analyzes 
were performed at 5% significance level to test the research hypotheses.
Results: While the struggle levels of health workers were generally low, it was observed that the struggle levels of women, under 40 
years of age, and health workers working in polyclinics and emergency services were lower when compared according to gender, 
age and the units they worked in. While the burnout levels of healthcare professionals are generally found to be above average 
or high, it was found that the burnout levels of female, single, undergraduate and graduate educated healthcare professionals, 
physicians and nurses working in outpatient clinics, emergency services and inpatient services were higher when compared 
according to gender, marital status, education, profession and the units where they work.
Conclusion: Within the framework of health management and organization, it is thought that in-service training should be 
organized for healthcare professionals with lower levels of struggle to increase their level of coping with difficult patients, and to 
reduce the burnout levels of healthcare professionals with higher levels of burnout, and they should be supported with tools that 
will enable staff empowerment.
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INTRODUCTION
Factors affecting the quality level of health services include 
the technical dimension of the service provided, the comfort 
features of the health facility, and the relationships between 
the health worker and the patient and their relatives. It 
can be stated that among the problems encountered in the 
mutual relations between the healthcare staff and the patient 
or their relatives, there may be patients’ refusal to accept 
the healthcare services provided and increasing incidents 
of violence in healthcare. When the reasons for violence in 
healthcare and patients’ refusal to accept healthcare services 
are examined, the term “difficult patient” is encountered in 
the literature.1-5 In this context, it is thought that evaluating 
healthcare professionals’ perceptions of “difficult patients” 
will contribute to the literature.

While the term “difficult” encountered in the literature on this 
subject expresses the lack of cooperation between the patient 
and the physician, it has been observed that these “difficult” 

patients want care and treatment, but do not immediately 
accept the health service offered.1,2 Patients who demand 
immediate results as if they came with a “shopping list”, are 
pessimistic, disrespectful, restless and even malicious are all 
described as “difficult”.3-5

Initially, most of the literature on difficult patients classified 
problems in patient behavior such as care avoidance, 
indecision, and being overly demanding.1 Nowadays, medical 
authorities have begun to stop blaming patients for difficult 
relationships. Knowing the role of physicians and other 
healthcare professionals in managing disturbing relationships 
and repairing broken relationships and listening to their 
voices has become a regulatory priority as well as a main goal 
in modern medicine.6 It is an important problem that 80% of 
the practices of restricting disruptive patients from healthcare 
services within a 2-year period. According to O’Malley et 
al.,7 it is thought that not providing health care to disturbing 
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patients for a period of 2 years is important because it is 
insufficient to solve the problem and such problems gradually 
accumulate and become a bigger problem. This should not 
mean making excuses or justifying intentional disruptive 
behavior by patients or family members. Rather, it is stated 
that patients do not bear sole responsibility for the problems 
that arise in the relationships between themselves and 
healthcare professionals, and that healthcare professionals 
may have special duties to correct these conflicts.8

In the literature, three dimensions of quality are mentioned 
in studies on quality measurement in health services, based 
on the obligations of health professionals to manage difficult 
patients and correct the problems encountered in the service 
delivery process with these patients. The first is the technical 
dimension, the second is the comfort of the facility where the 
service is provided. The third is the interpersonal relations 
dimension exhibited by healthcare personnel in service 
delivery.9 This third dimension forms the basis of the research 
question regarding remediating uncomfortable situations 
between healthcare professionals and patients and employees’ 
perceptions of difficult patients. It is thought that in difficult 
patient management, the characteristics of both patients and 
healthcare professionals should be examined and relevant 
precaution should be taken in accordance with quality 
practices within the framework of healthcare management 
and organization.

When the studies on difficult patients in recent years are 
examined, it is seen that difficult patient evaluations of medical 
assistants, general practitioners, family physicians, and 
specialist physicians in university and public hospitals,2,10-15 
difficult patient evaluation by psychiatrist, psychologist 
and social worker in mental health clinic,16 difficult patient 
evaluation of nurses working in a palliative care center and 
private university hospital,17,18 difficult patient evaluation 
by medical secretaries at a university hospital.19 It has been 
observed that each of these studies are qualitative studies that 
focus on only one professional group. All professional groups 
were evaluated together in the grumpy patient evaluation of 
employees working in public hospitals (physicians, nurses, 
medical secretaries, security personnel) in research.20 
The aim of the study was to measure the frequency of 
employees encountering grumpy patients, to determine 
the characteristics of grumpy patients, to investigate how 
employees manage grumpy patients, and to determine how 
grumpy patients affect these employees.20 When all these 
studies are evaluated together, no study has been found that 
evaluates the perceptions of difficult patients according to the 
gender, age, marital status, profession, education level and 
duty unit of healthcare professionals. 

In this context, the research question that forms the basis of the 
hypotheses is to investigate whether healthcare professionals’ 
perceptions of the difficult patients they encounter differ 
according to their socio-demographic characteristics. In 
the method section, the hypotheses that will be tested as a 
result of exploratory and confirmatory factor analyzes of the 
structural validity of the survey used in the research will be 
included.

METHODS

Data Collection Tool and Method
The “Difficult Patient Survey”, consisting of 35 questions 
and sections questioning the demographic characteristics 
of the participants and the demographic characteristics of 
the difficult patient, was used as a data collection tool in the 
study. The survey, created by Çelik22 on a 5-point Likert scale, 
using Kistler’s23 Difficult Patient Interaction Survey and Hahn 
et al.’s24 Difficult Physician-Patient Survey, was adapted to 
Turkish. It is expressed on a 5-point Likert scale as 1: Very 
low, 2: Low, 3: Medium, 4: High, 5: Very high. Applications 
were made to the responsible researcher for permission to 
use the survey, Samsun University for ethics committee 
permission (Date: 28.11.2022, Decision No: 2022/99), and 
Samsun Provincial Health Directorate for field work, and 
the necessary permissions were obtained. All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki. The surveys were 
administered to healthcare workers by the researcher using 
face-to-face interview technique and online via Google-Drive. 
140 surveys were conducted face to face and 98 surveys were 
conducted online.

Population and Sample
The population of the research is healthcare professionals in 
secondary level public hospitals in Samsun. The healthcare 
professionals in the study include physicians, midwives-
nurses, health officers, laboratory technicians, radiology 
technicians, emergency medical technicians, medical 
secretaries, and security/advisory staff. In the study, a 
research permit application was made to Samsun Provincial 
Health Directorate to evaluate the opinions of healthcare 
professionals about the “difficult patient”, and as seen in Table 
1, research was conducted in 6 (six) secondary level public 
hospitals in Samsun. 

As given in Table 1, that the total number of professional 
groups providing direct service to patients was approximately 
2000, it was obtained from each of the hospital managements. 
In calculating the sample size, “n=N *p *q *Z² / [(N-1) *d²)] 
+ (p*q*Z²)” (n=2000 *0.5 *0.5 *(1.96)² / [(2000-1) *0.05²] + 
(0.5*0.5*1.96²)=322.39) formula21 was used and the number of 
healthcare worker samples that needed to be reached with a 5% 
significance level within a 95% confidence interval was found 

Table 1. Population and sample of the research

Organisation
Number of healthcare workers

Universe Sample Return

Gazi State Hospital 850 140 97

Çarşamba State Hospital 400 65 51

Bafra State Hospital 400 65 50

Terme State Hospital 200 32 24

Alaçam State Hospital 75 10 8

19 Mayıs State Hospital 75 10 8

Total 2000 322 238
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to be approximately 322. However, the number of healthcare 
professionals who agreed to participate in the research was 
238, with a response rate of 74%.

Statistical Analysis
SPSS 21.0 and AMOS 21.0 package programs were used for data 
entry and analysis in the study. Descriptive and parametric 
statistical analysis methods were used to analyze the data. 
In this study, skewness and Kurtosis values were examined 
for normality test to determine whether the groups showed 
normal distribution. Kurtosis and Skewness values   of the 
factors are given in Table 2. It was observed that the Skewness 
value varied between -1.126 and 0.696, and the Kurtosis 
value varied between 1.484 and -0.485. When Kurtosis and 
Skewness values are -1.5 to +1.5, it is considered to be a normal 
distribution.25

Therefore, in the procedural analysis of the data, parametric 
statistics; t test was used for two independent groups 
and ANOVA test was used for multiple groups. Research 
hypotheses were tested at a 5% significance level with a 
95% confidence interval. The validity and reliability of the 
questionnaire used were evaluated.

Construct validity and reliability of the survey: The 
validity of the survey was evaluated by exploratory and 
confirmatory factor analyses, and exploratory factor analysis 
was first applied to reach a small number of factors from the 
large number of items in the scale. In social sciences, when 
performing factor analysis, if there is a correlation between 
the factors in the data set you will separate the factors, it is 
thought that an oblique (oblimin and promax) rotation gives 
a more useful loading.25,26 In the exploratory factor analysis, 
the “direct-oblimin” method was used as the principal 
component analysis and rotation method. In the exploratory 
factor analysis, factor loadings for each item in the survey 
form, explained variance of each factor, total explained 
variance of the factors, Kaiser- Meyer-Olkin coefficient, and 
Bartlett’s sphericity test were calculated. Later, after reaching 
the reference ranges for these calculated values, confirmatory 
factor analysis was performed to determine the accuracy of 
the created dimensions. The models were revised until the 
goodness of fit values of the measurement models of the 
concepts in the study reached the reference ranges. 

As a result of the exploratory factor analysis applied to a 
total of 35 items included in the survey in order to capture 
the evaluations of healthcare professionals regarding their 
perceptions of the “difficult patient”, it was seen that it 
reached a structure with 32 items under 4 factors. As a result 
of the exploratory factor analysis, 3 items were excluded from 
the analysis because each item was linked as a single factor. 

The first of these factors, “difficult characteristics of patients” 
(DCP), includes the difficult personality characteristics of the 
patients, such as how tiring, challenging, and frustrating they 
are. The second factor, “staff’s level of struggle” (SLS), includes 
opinions indicating how positive, comfortable and enthusiastic 
the staff are in the face of difficult behavior of patients. The 
third factor, “difficult behavior of patients” (DBP), includes 
the situation in which patients exhibit behaviors that push 
the staff to burnout or behaviors that provoke the staff and 
include complaints. The fourth factor, “staff burnout level” 
(SBL), includes opinions about the difficult behavior of the 
patients and how mad, angry, hopeless, tense and irritated the 
staff is. 

As a result of the confirmatory factor analysis conducted to test 
whether this structure reached as a result of exploratory factor 
analysis is valid, the final measurement model containing 28 
items under this 4-factor structure was reached, as seen in 
Figure. As a result of confirmatory factor analysis, 4 items 
with factor loadings below 0.70 were deleted.

When the goodness of fit values of the model were examined, 
it was seen that they were among the acceptable values (x2/
df=2.186 NFI=0.776 IFI=0.865 CFI=0.863 GFI=0.820 
AGFI=0.785 RMSEA=0.071). When the reliability level of the 
structure, which includes 4 dimensions and 28 items reached as 
a result of the final measurement model, is examined, it is seen 
that the Cronbach’s alpha coefficients of the four dimensions 
(DCP=0.912 SLS=0.751 DBP=0.802 SBL=0.886) are between 
0.751-0.912. The overall Cronbach alpha coefficient of all 
dimensions was found to be 0.849.

Limitations
One of the main limitations of the research is that the study 
could not be carried out in all of Turkiye, but only in Samsun 
province, and although 21 Ministry of Health hospitals in 
this province were applied for research permission, the study 

Table 2. Kurtosis and skewness values of factors

Factors Skewness Kurtosis

Difficult characteristics of patients -1.126  1.488

Staff’s level of struggle   0.696   0.291

Difficult behavior of patients   0.321   0.279

Staff burnout level -0.062 -0.485

Figure. Final measurement model and compliance values regarding the 
dfficult patient perception dimensions of healthcare professionals
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was limited to 6 secondary public hospitals that accepted the 
research. Another limitation of the research is that 74% of the 
sampled personnel working in 6 secondary public hospitals in 
Samsun responded to the survey and non-response bias could 
not be controlled.

RESULTS
Descriptive Findings
Descriptive findings regarding the characteristics of 238 
healthcare professionals who participated in the survey 
conducted in Samsun province to determine the evaluations 
of healthcare professionals’ perceptions of difficult patients 
are included in Table 3.

While 56.7% of the healthcare professionals participating in 
the research are women, 76.9% are married. It was observed 
that 45.4% of the employees were 40 years old and under, and 
48.4% had a bachelor’s degree. While 31.9% of the personnel 
are midwives/nurses, 23.9% are physicians/dentists, it is seen 
that 24.4% of the employees work in polyclinic/examination units.

Findings Regarding Hypotheses
The comparison of the dimensions resulting from the 
factor analysis regarding the answers given in the research 
conducted to determine the difficult patient perception levels 
of healthcare professionals according to their gender, marital 
status and age is given in Table 4. Research hypotheses 
established separately according to healthcare professionals’ 
perception levels of each difficult patient and statistical 
analysis results for each hypothesis are included. 

Hypothesis 1.1: There is a statistically significant difference 
compared to (a. their gender, b. their marital status, c. 
their age) health professionals’ levels of patients’ difficult 
characteristics.

Hypothesis 1.2: There is a statistically significant difference 
compared to (a. their gender, b. their marital status, c. their 
age) staff’s level of struggle.

Hypothesis 1.3: There is a statistically significant difference 
compared to (a. their gender, b. their marital status, c. their 
age) health professionals’ levels of difficult behavior of patients.

Hypothesis 1.4: There is a statistically significant difference 
compared to (a. their gender, b. their marital status, c. their 
age) staff’s burnout level.

Table 3. Descriptive findings regarding healthcare professionals within 
the scope of the research

Variables n %

Gender

     Male 103 43.3

     Female 135 56.7

Marital status

     Married 183 76.9

     Single/widow/divorced 50 21.0

     No answer 5 2.1

Age group

     40 years and under 108 45.4

     Over 40 years old 106 44.5

     No answer 24 10.1

Education

     Associate degree and below 71 29.8

     Undergraduate 115 48.4

     Postgraduate 51 21.4

     No answer 1 0.4

Occupation

     Physician/dentist 57 23.9

     Midwife/nurse 76 31.9

     Health technician/medical secretary 50 21.0

     Security/advisory officer 55 23.1

     No answer 1 0.4

Hospital units

     Outpatient clinic/examination unit 58 24.4

     İnpatient clinic unit 48 20.2

     Patient registration/patient rights/patient
     complaint unit 48 20.2

     Emergency service/ambulance unit 47 19.7

     Radiology/laboratory unit 36 15.1

     No answer 1 0.4

Table 4. Student’s t test table comparing healthcare professionals’ 
perception levels of difficult patients according to their gender. age and 
marital status (n=238)

Difficult patient 
perception levels Groups n Average SD t p

Difficult 
characteristics 
of patients

Female 135 4.18 0.69
1.756 0.080

Male 103 4.01 0.82

Married 183 4.06 0.73
1.639 0.102

Single* 50 4.26 0.78

≤40 years 108 4.17 0.79
1.863 0.064

>40 years 106 3.98 0.69

Staff’s level of 
struggle

Female 135 2.09 0.54
-3.290 0.001

Male 103 2.34 0.59

Married 183 2.22 0.56
-0.972 0.332

Single* 50 2.13 0.62

≤40 years 108 2.12 0.58
-2.106 0.036

>40 years 106 2.29 0.59

Difficult behavior 
of patients

Female 135 2.93 0.70
-0.448 0.655

Male 103 2.98 0.80

Married 183 2.96 0.73
-0.598 0.551

Single* 50 2.89 0.81

≤40 years 108 2.86 0.75
-1.125 0.262

>40 years 106 2.97 0.70

Staff burnout level

Female 135 3.65 0.85
2.678 0.008

Male 103 3.36 0.81

Married 183 3.46 0.82
2.311 0.022

Single* 50 3.77 0.91

≤40 years 108 3.61 0.87
1.295 0.197

>40 years 106 3.46 0.79
*Marital status of healthcare workers was evaluated together as single, widowed and divorced, SD: Standart devation
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Difficult patient survey is expressed on a 5-point Likert scale 
as 1: Very low, 2: Low, 3: Medium, 4: High, 5: Very high. 
Health professionals found that patients’ levels of difficult 
personality traits such as tiring, challenging and annoying 
were high (mean: 4.11±0.75), and it was found that there was 
no statistically significant difference according to their gender, 
marital status and age, hypothesis 1.1. was rejected (p>0.05). 

The struggle levels of the staff, indicating how positive, 
comfortable and enthusiastic they were in the face of difficult 
behavior of the patients, were found to be low (mean: 
2.20±0.57). Within the scope of this dimension, it has been 
observed that male healthcare workers have a higher level 
of struggle than female healthcare workers and healthcare 
workers over the age of 40 have a higher level of struggle than 
healthcare workers under the age of 40, and the difference is 
statistically significant, and hypothesis 1.2.a and hypothesis 
1.2.c are accepted. (p: 0.001 and p: 0.036, respectively). 
However, within this dimension, it was found that there was 
no statistically significant difference according to the marital 
status of healthcare professionals and hypothesis 1.2.b was 
rejected (p: 0.332). 

The level of difficult behavior of patients who provoke the 
staff, push them to burnout, and contain complaints was 
found to be at a medium level (mean: 2.95±0.74) by healthcare 
professionals, and it was found that there was no statistically 
significant difference according to their gender, marital status 
and age, hypothesis 1.3. was rejected (p>0.05). 

The burnout levels of the staff, which included opinions 
indicating how angry, furious, hopeless, tense and irritated the 
difficult behavior of the patients made the staff, were found to 
be above average or high (mean: 3.53±0.84). Within the scope 
of this dimension, it was seen that female health workers had 
higher burnout levels than male health workers and single 
health workers had higher burnout levels than married health 
workers, and the difference was statistically significant, and 
hypothesis 1.4.a and hypothesis 1.4.b were accepted (p: 0.008 
and p: 0.022 respectively). However, within this dimension, it 
was found that there was no statistically significant difference 
according to the ages of healthcare workers and hypothesis 
1.4.c was rejected (p: 0.197).

A comparison of the dimensions resulting from the factor 
analysis regarding the answers given in the research 
conducted to determine the difficult patient perception levels 
of healthcare professionals according to their education, 
profession and the units they work in the hospital is given in 
Table 5. Research hypotheses established separately according 
to healthcare professionals’ perception levels of each difficult 
patient and statistical analysis results for each hypothesis are 
included. 

Hypothesis 2.1: There is a statistically significant difference 
according to (a. their education, b. to their profession, c. 
working units in the hospital) health professionals’ levels of 
patients’ difficult characteristics.

Hypothesis 2.2: There is a statistically significant difference 
compared to (a. their education, b. to their profession, c. 
working units in the hospital age) staff’s level of struggle.

Hypothesis 2.3: There is a statistically significant difference 
compared to (a. their education, b. to their profession, c. 
working units in the hospital age) health professionals’ levels 
of difficult behavior of patients.

Hypothesis 2.4: There is a statistically significant difference 
compared to (a. their education, b. to their profession, c. 
working units in the hospital age) staff’s burnout level.

It was found that there was a statistically significant difference 
in the level of difficult patient characteristics according to the 
education of healthcare professionals (p: 0.043), profession 
(p: 0.001) and working units in the hospital (p: 0.002), and 
hypothesis 2.1 was accepted.

It was found that there was no statistically significant 
difference in the staff’s level of struggle against the difficult 
behavior of the patients according to their education (p: 0.102) 
and profession (p: 0.119), and hypothesis 2.2.a and hypothesis 
2.2.b were rejected. However, it was found that there was a 
statistically significant difference in the struggle levels of the 
staff against the difficult behavior of the patients compared 
to the working units in the hospital (p: 0.008) and hypothesis 
2.2.c was accepted.

It was found that there was no statistically significant 
difference in the level of difficult behavior of patients among 
healthcare professionals according to their education (p: 
0.370), profession (p: 0.179) and working units in the hospital 
(p: 0.216), and hypothesis 2.3 was rejected.

It was found that there was a statistically significant difference 
in the burnout levels of the staff as a result of the difficult 
behavior of the patients, depending on their education, 
profession and working units in the hospital, and hypothesis 
2.4 was accepted (p<0.001).

Firstly, the homogeneity of variances test was carried out to 
determine between which groups the differences in hypothesis 
2.1, hypothesis 2.2.c and hypothesis 2.4, which are accepted 
to be different between the difficult patient perception levels 
of healthcare professionals, according to their education, 
profession and the units they work in the hospital. Afterwards, 
post-hoc tests were applied and are shown in Table 6. 

As a result of the homogeneity of variances test conducted 
in the research, as seen in Table 6, it was seen that the 
groups were not homogeneous when comparing the level of 
difficult characteristics of the patients among the healthcare 
professionals according to the education groups, and the 
Games-Howell test was used in the post-hoc analysis to 
determine which group caused the statistical difference 
between the groups. When comparing the perception levels 
of other difficult patients of healthcare professionals in Table 
6 according to education, profession and work unit groups, 
it was seen that the groups were homogeneous. In the post-
hoc analysis to determine which group caused the statistical 
difference between the groups, the Gabriel test was used 
because the group sample numbers were not equal and there 
was very little difference.26

In the post-hoc analysis conducted to determine which 
groups caused the difference between groups in hypothesis 
2.1.a, accepted in the research, the statements of healthcare 
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Table 5. ANOVA table to determine healthcare professionals’ perception levels of difficult patients and differences between groups (n=238)

Difficult patient perception levels      Groups n Average SD F p

Difficult characteristics of patients

     Associate degree and below 71 3.93 0.91

3.177 0.043     Undergraduate 115 4.15 0.67

     Postgraduate 51 4.26 0.64

     Physician/dentist 57 4.30 0.70

5.829 0.001
     Midwife/nurse 76 4.25 0.64

     Health technician/medical secretary 50 4.00 0.74

     Security/advisory officer 55 3.80 0.85

     Outpatient clinic/examination 58 4.29 0.68

4.250 0.002

     İnpatient clinic 47 4.33 0.87

     Patient registration/patient rights/patient complaint 48 4.11 0.62

     Emergency service/ambulance 48 3.87 0.78

     Radiology/laboratory 36 3.86 0.68

Staff’s level of struggle

     Associate degree and below 71 2.32 0.66

2.310 0.102
     Undergraduate 115 2.14 0.54

     Postgraduate 51 2.17 0.51

     Physician/dentist 57 2.12 0.57

     Midwife/nurse 76 2.14 0.54

1.971 0.119
     Health technician/medical secretary 50 2.20 0.63

     Security/advisory officer 55 2.36 0.56

     Outpatient clinic/examination 58 2.05 0.50

     Inpatient clinic 47 2.07 0.63

3.523 0.008
     Patient registration/patient rights/patient complaint 48 2.29 0.58

     Emergency service/ambulance 48 2.23 0.56

     Radiology/laboratory 36 2.44 0.55

Difficult behavior of patients

     Associate degree and below 71 2.85 0.94

0.998 0.370     Undergraduate 115 3.00 0.62

     Postgraduate 51 3.00 0.69

     Physician/dentist 57 2.98 0.69

1.648 0.179
     Midwife/nurse 76 3.07 0.70

     Health technician/medical secretary 50 2.91 0.76

     Security/advisory officer 55 2.79 0.82

     Outpatient clinic/examination 58 2.82 0.68

1.458 0.216

     İnpatient clinic 47 3.16 0.98

     Patient registration/patient rights/patient complaint 48 2.99 0.60

     Emergency service/ambulance 48 2.90 0.61

     Radiology/laboratory 36 2.92 0.81

Staff burnout level

     Associate degree and below 71 3.19 0.95

9.057 <0.001     Undergraduate 115 3.63 0.77

     Postgraduate 51 3.77 0.71

     Physician/dentist 57 3.77 0.75

11.522 <0.001
     Midwife/nurse 76 3.75 0.76

     Health technician/medical secretary 50 3.48 0.84

     Security/advisory officer 55 3.01 0.82

     Outpatient clinic/examination 58 3.68 0.80

6.341 <0.001

     İnpatient clinic 47 3.87 0.96

     Patient registration/patient rights/patient complaint 48 3.56 0.78

     Emergency service/ambulance 48 3.35 0.71

     Radiology/laboratory 36 3.04 0.76

ANOVA: Analysis of Variance, SD: Standart deviaton
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professionals with postgraduate education regarding the 
level of difficult characteristics of patients were higher than 
those of healthcare professionals with associate degree or 
lower education. But it was found that this difference was not 
statistically significant (p: 0.057). However, it was found that 
the statistically significant difference in hypothesis 2.1.b was 
due to the fact that healthcare professionals whose professions 
are physicians/dentists and midwives/nurses expressed higher 
levels of patients’ difficult characteristics than security/
consultation personnel (p: 0.002 and p: 0.004 respectively). 
Again, it was found that the statistically significant difference 
in hypothesis 2.1.c was due to the fact that the statements 
of healthcare professionals working in outpatient clinics/
examination units regarding the level of difficult characteristics 
of patients were higher than the personnel working in patient 
registration/rights/complaint units (p: 0.035). Likewise, it was 
found that the statements of the personnel working in the 
emergency service/ambulance units regarding the level of 
difficult characteristics of the patients were higher than the 
healthcare professionals working in the patient registration/
rights/complaint units and radiology/laboratory units (p: 
0.024 and p: 0.042 respectively).

It was found that the difference between the groups in 
hypothesis 2.2.c accepted in the study was due to the fact 
that the level of struggle of healthcare workers working in 
the outpatient clinic/examination and emergency service/
ambulance units was lower than the staff working in the 
radiology/laboratory unit (p: 0.016 and p: 0.036 respectively).  

In the post-hoc analysis conducted to determine which 
groups caused the difference between groups in hypothesis 
2.4.a accepted in the research, it was found that the burnout 

level of health workers with undergraduate and postgraduate 
education was higher than that of health workers with 
associate degree or lower education (p: 0.001 and p<0.001 
respectively). Again, it was found that the statistically 
significant difference in hypothesis 2.4.b was due to the fact 
that the burnout levels of health workers whose professions 
were physician/dentist, midwife/nurse and health technician/
medical secretary were higher than those of personnel whose 
profession was security/consultant (p<0.001, p<0.001 and p: 
0.018 respectively). Likewise, it was found that the statistically 
significant difference in hypothesis 2.4.c was due to the 
fact that the burnout levels of the personnel working in the 
hospital’s outpatient clinic/examination, emergency service/
ambulance and inpatient service/clinical units were higher 
than the healthcare professionals working in the radiology/
laboratory units (p: 0.003, p<0.001 and p: 0.044 respectively). 
Again, it was found that the burnout levels of the staff working 
in the emergency service/ambulance units in the hospital 
were higher than the health workers working in the patient 
registration/rights/complaint units (p: 0.022).

DISCUSSION
While healthcare professionals’ statements regarding the 
levels of difficult patient characteristics were found to be high, 
the patients’ difficult behavior levels were found to be at a 
medium level. While the staff’s struggle levels were found to 
be low, their burnout levels were found to be above average 
or high. In a study, when the answers given by the healthcare 
personnel to the difficult patient survey were evaluated, the 
average of the dimension of difficulty experienced by the 
patient and the dimension of discomfort felt by the staff 

Table 6. Post-hoc analysis table to determine healthcare professionals’ perception levels of difficult patients and differences between groups (n=238)

Difficult patient 
perception levels

Homogeneity of variances test 
levene value Comparison groups

Group average 
difference p

Difficult 
characteristics of 
patients

8.155* Associate degree and below Postgraduate -0.328 0.057

1.886
Physician/dentist Security/advisory officer 0.500 0.002

Midwife/nurse Security/advisory officer 0.444 0.004

0.406

Outpatient clinic/examination Patient registration/patient 
rights/patient complaint 0.421 0.035

Emergency service/ambulance
Patient registration/patient 

rights/patient complaint 0.462 0.024

Radiology/laboratory 0.469 0.042

Staff’s level of 
struggle 0.749 Radiology/laboratory

Outpatient clinic/examination 0.381 0.016

Emergency service/ambulance 0.368 0.036

Staff burnout 
level

3.006 Associate degree and below
     Undergraduate -0.437 0.001

     Postgraduate -0.578 <0.001

0.187

Physician/dentist Security/advisory officer 0.758 <0.001

Midwife/nurse Security/advisory officer 0.738 <0.001

Health technician/medical secretary Security/advisory officer 0.465 0.018

1.940

Outpatient clinic/examination Radiology/laboratory 0.635 0.003

Emergency service/ambulance
Patient registration/patient 

rights/patient complaint 0.516 0.022

Radiology/laboratory 0.825 <0.001

Inpatient clinic Radiology/laboratory 0.512 0.044
*: p<0.05 Post-hoc test: Games-Howell
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was calculated to be above 3, which is a medium level.27 This 
result is similar to our study. Our study is similar to the study 
conducted, which stated that negative attitudes displayed 
by patients are associated with higher levels of burnout in 
healthcare professionals through high emotional exhaustion 
and low personal accomplishment.28 

It was found that male healthcare workers had a higher level 
of struggle than female healthcare workers, while female 
healthcare workers had a higher level of burnout than 
male healthcare workers. When the results of our study are 
evaluated, it is thought that female health workers have a 
lower level of struggle and a higher level of burnout because 
women have a more emotional structure than men. In the 
study, it was stated that female physicians encountered more 
difficult situations than male physicians and that there were 
significant differences between genders.10 It can be said that 
this finding is similar to the results of our study. 

It has been found that single healthcare professionals have 
higher burnout levels than married healthcare professionals. 
In our study, it is thought that the reason why single healthcare 
workers have higher burnout levels than married healthcare 
workers is the psychology of living alone and the deficiencies 
in sharing the happiness and sadness in life. In a study, it was 
determined that married secretaries defined married patients 
as difficult patients at a higher rate, while single secretaries 
defined single patients as difficult patients at a higher rate.19 
It is thought that our study is similar to Bilişli et al.’s19 study 
in that difficult patient experiences differ depending on the 
marital status of healthcare professionals.

While the burnout levels of healthcare workers do not vary 
depending on their age, it has been found that healthcare 
workers over the age of 40 have a higher level of struggle than 
healthcare workers under the age of 40. It is thought that both 
work experience and age experience are effective as the reason 
for the high level of struggle of healthcare workers over the age 
of 40. The study by Krebs et al.29 showed that junior doctors 
reported higher levels of frustration with patients. The study 
by Steinmetz and Tabenkin13 revealed that older and more 
experienced doctors had fewer difficult patients and were 
better able to deal with a variety of patients and their problems, 
including the emotional domain. Our study is similar to the 
findings of both Krebs et al.29 and Steinmetz and Tabenkin’s 
study that the experiences of healthcare professionals with 
difficult patients differ as they get older.

It has been observed that the burnout level of healthcare 
professionals with undergraduate and graduate education is 
higher than healthcare professionals with associate degree or 
lower education. It is thought that healthcare professionals 
with undergraduate and graduate education encounter 
difficult patients more often than those with lower education 
in service delivery. In a study, it was observed that there was 
no difference in terms of exposure to violence between the 
education levels of healthcare workers.30 

In a study, it was stated that in order to manage difficult 
patients more effectively, physicians should recognize 
many characteristics of these patients and have advanced 
communication skills or change their approach to difficult 

patients by improving their existing skills.31 Various studies 
have described the characteristics of difficult patients13,22,27,32 

and agreed that they have the ability to trigger an emotional 
response or frustrate the physician.13,33 It was observed that 
the burnout levels of the physicians in our study and their 
level of involvement regarding the difficult characteristics of 
the patients were higher than other personnel. Findings in the 
literature13,22,27,32,33 that doctors have higher levels of burnout 
than other staff because they are more exposed to difficult 
patient behaviors due to their roles in healthcare are thought 
to support this study.

In a study, as in other healthcare facilities, hospice care nurses 
perceive some patients as “difficult”.17 It has been stated 
that nurses feel frustration, exhaustion and powerlessness, 
especially in the care of patients who refuse the recommended 
treatment. The fact that the nurses’ expressions regarding the 
difficult characteristics of the patients and their burnout levels 
were higher than the other staff in our study are similar to the 
results of the relevant study.17

While it was observed that the statements of the healthcare 
professionals working in the outpatient clinic and emergency 
department regarding the difficult characteristics of the 
patients were higher than the personnel working in the patient 
registration units and radiology and laboratory units, their 
struggle levels were lower than the personnel working in the 
radiology and laboratory units. It was found that the burnout 
levels of the staff working in the outpatient clinic, emergency 
department and inpatient service at the hospital were higher 
than the healthcare professionals working in the radiology, 
laboratory units and patient registration units. In the study 
conducted by Yıldız,30 it was stated that emergency, internal 
and surgical services are the departments that are exposed to 
more violence than intensive care, operating room, radiology 
and laboratories departments. It is thought that the reason for 
the low level of struggle and high burnout level of healthcare 
professionals working in outpatient clinics and emergency 
departments is that the staff working in these units are more 
exposed to difficult patient behaviors than the staff working 
in other units.

CONCLUSION
It has been observed that women under the age of 40, women, 
and healthcare workers working in polyclinics and emergency 
services have lower levels of struggle.

It has been determined that physicians, nurses, women, single, 
undergraduate and graduate healthcare professionals, and 
healthcare professionals working in polyclinics, emergency 
services and inpatient services have higher levels of burnout.

It is recommended to policy makers and decision makers 
that female health workers, whose struggle level is lower and 
burnout level is higher, should be given in-service training on 
controlling their emotions. Activities should be organized to 
provide a family environment for single employees regarding 
their relationships with their colleagues through social 
activities. Staff under the age of 40 should be given in-service 
training on crisis management and encounters with difficult 
patients.
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Again, it is recommended to policy-makers and decision-
makers that laws should be made to improve the personal 
rights, job wear and tear, and increase professional and 
organizational commitment of healthcare professionals 
with low levels of struggle and high levels of burnout, 
such as physicians, nurses, those with undergraduate and 
postgraduate education, and personnel working in polyclinic/
emergency services.  

As a result, it is thought that within the framework of health 
management and organization, in-service training should be 
organized to increase the level of struggle of health workers 
with lower levels of struggle and to reduce the levels of burnout 
of healthcare professionals with higher levels of burnout, and 
they should be supported with tools that will enable staff 
empowerment.
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ABSTRACT
Aims: The aim of this study is to investigate the surface roughness and solubility of restorative materials when exposed to 
foodstuffs in the oral environment using simulated food liquids as defined by the Food and Drug Administration.
Methods: In this study, a total of four esthetic restorative materials were used: one universal compomer (Dyract XP, Dentsply), 
one conventional microhybrid composite (FiltekTM Z250, 3M ESPE), one nanofilled, and one high-viscosity glass ionomer 
cement (ChemFil Rock, Dentsply). A total of 160 samples, each 8 mm in diameter and 2 mm in thickness, were prepared using 
molds. The initial weights of the samples were recorded in micrograms using a precision balance to determine solubility values. 
Initial surface roughness values were measured using an atomic force microscope device. The samples were immersed in four 
different simulated food liquids (ethanol, heptane, citric acid, and distilled water) for a period of 7 days. After removal from the 
solutions, the samples were desiccated to a constant weight, and the second set of weights was recorded. Subsequently, the second 
surface roughness values were measured
Results: Among the materials immersed in the simulated food solutions, ChemFil Rock exhibited the highest solubility and 
increase in surface roughness. Citric acid was found to be the solution that caused the highest increase in surface roughness values 
and solubility for this material (p<0.005). It was observed that Dyract XP was more affected by heptane solution, while Filtek 
Z-250 and G-aenial anterior materials were more affected by ethanol.
Conclusion: All the restorative materials used in our study were found to be affected by simulated food liquids to varying degrees 
in terms of surface roughness and solubility. 
Keywords: Esthetic restorative materials, simulated food liquids, surface roughness, solubility
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INTRODUCTION
With the growing importance of aesthetic applications in 
dentistry, there is increasing interest in restorative materials 
that mimic the natural structure of teeth. Composite resins, 
which offer a variety of color options, ease of use, and many 
advantages, are the most preferred esthetic restorative 
materials. Glass ionomer cements (GIC), which can 
chemically bond to dental tissues and have anticariogenic 
properties, high-viscosity glass ionomer cements (HVGIC) 
with improved compressive strength and wear resistance, and 
polyacid-modified composite resins (compomers), frequently 
preferred especially for pediatric primary teeth, are also 
commonly used restorative materials.1

Restorative materials used in the oral cavity are exposed to 
various chemical substances and mechanical forces over time. 
As a result, these materials may exhibit surface roughness, 
bulk discoloration, or chemical dissolution, leading to 
compromised marginal integrity. Mechanical forces can 
cause cracks and fractures in the material, while exposure to 

chemical substances can result in aging, degradation of the 
surface structure, and dissolution.2 Studies have shown that 
immersing restorative materials in simulated food solutions 
can produce adverse effects similar to those observed in the 
oral environment over the long term, such as microleakage, 
discoloration, surface wear and roughness, and reduced 
surface hardness. Among the solutions most commonly used 
in studies and defined by the FDA are heptane, ethanol, citric 
acid, and distilled water. Ethanol simulates carbohydrate-
containing foods,3 heptane simulates vegetable and animal 
fats,4,5 citric acid simulates acids found in beverages or foods 
or acids resulting from food fermentation, and distilled water 
simulates the environment created by saliva and water in the 
oral cavity.6

The increase in surface roughness resulting from the 
abrasion of restorative materials leads to greater plaque 
accumulation over time. The fermentative products 
within the plaque contribute to further dissolution of the 
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restoration and cause secondary caries due to the disruption 
of the tooth-restoration interface. Additionally, accumulated 
plaque can eventually lead to calculus formation, causing 
periodontal problems. Furthermore, restorations below the 
gum line are continuously exposed to gingival crevicular 
fluid, which results in water absorption, increased solubility, 
and marginal discoloration.7 Determining the solubility and 
roughness values of restorative materials against simulated 
food liquids is crucial for understanding their behavior in the 
oral environment. Solubility, in particular, is an important 
parameter for predicting the longevity of restorations and 
provides insight into their compatibility with biological 
structures in relation to individuals’ dietary habits.8-10

The aim of our study is to examine the changes in surface 
roughness and solubility values of four different tooth-
colored restorative materials used in dentistry when exposed 
to different simulated food liquids without any mechanical 
forces. Our null hypotheses are:1 Esthetic restorative materials 
can maintain surface roughness when exposed to food 
substances.2 Esthetic restorative materials do not dissolve in 
simulated food liquids.

METHODS
In this study, four different tooth-colored restorative materials 
were used: a universal compomer resin, Dyract XP (Dentsply); 
a conventional microhybrid-based composite resin, FiltekTM 
Z250 (3M ESPE); a nanohybrid composite resin, G-Aenial 
Anterior (GC); and a high-viscosity glass ionomer cement, 
ChemFill Rock (Dentsply) (Table 1). Ethics committee approval 
is not required for this study. All procedures were carried out 
in accordance with the ethical rules and the principles.

The solutions used in our study were simulated food liquids 
defined by the FDA: ethanol (Teksoll 96% ethyl alcohol+2-
propanol, Tekkim Chemical Industry Trade. Ltd. Sty.), 
heptane (Tekkim Chemical Industry Trade. Ltd. Sty.), and 
10% citric acid (Norateks) solutions, along with distilled water 
(deionized water) as the control group.

Sample Preparation
In our study, all samples were prepared by a single operator 
to ensure stabilization. Restorative materials were placed 
into plastic molds with a depth of 2 mm and a diameter of 
8 mm using an oral applicator, covered with a transparent 
strip, and polymerized with a light-curing device. The top 
and bottom surfaces of each sample were polymerized for 
20 seconds each using a Light Emitting Diode (LED) light 
device (Woodpecker Led-G, China). The top surface of each 
sample underwent polishing and finishing using Sof-lex disks 
impregnated with aluminum oxide (3M ESPE, St. Paul, USA). 
During the polishing process, each sample was polished for 20 
seconds per disk, moving from the coarse to the fine-grit disk, 
and a new disk was used for each sample. The samples were 
rinsed with water for 10 seconds and air-dried for 5 seconds to 
remove any debris. After finishing and polishing, all samples 
were cleaned using an ultrasonic device for 15 minutes.

Calculation of Water Solubility and Determination of Surface 
Roughness
To determine the water solubility levels of the samples, the 
standard formula specified in ISO 4049:2009a was used. To 
prevent mixing of test samples, pre-numbered experimental 
samples were placed in a desiccator containing silica gel 
(EN025, Nüve, Turkiye). All samples were kept in the 
desiccator at 37°C in an oven (Mikrotest mst 55 oven, Turkiye) 
for 22 hours and then maintained at 24°C for 2 hours. The 
dry weights of the samples were measured using a precision 
balance with an accuracy of 0.0001 g (Precisa XB 220A, 
Zurich, Switzerland). The process was repeated 24 hours later 
to determine the final weights of the samples, ensuring that 
the sample weights did not change by more than 0.1 mg. The 
initial weights of all samples with weight loss of less than 0.1 
mg (stabilized weights) were recorded in micrograms (μg). The 
diameter and thickness of each stabilized sample were measured 
with a caliper (Jensen JP-1 jku 010, Germany) and their averages 
were calculated. Thus, the diameter in mm² and the average 
thickness in mm³ for each sample were determined (V=πr²h).

Table 1. Materials used in the research and their contents

Materials Type Lot No Content

Dyract XP
(Dentsply, Konstanz, Germany) Traditional compomer 2103000371

UDMA, TCB, TEGDMA, TMPTMA, 
camphoroquinone, ethyl-4 (dimethylamino) 
benzoate, butylated hydroxytoluene (BHT), 

strontium-alumino-sodiumfluoro-phosphorus silicate 
glass, strontium fluoride, glass particles (0.8µm), iron 

oxide and titanium oxide pigments

Filtek™ Z250 
(3M ESPE, St. Pau, MN, ABD) Composite (microhybrid) NC45379

Contains bis-GMA, UDMA, bis-EMA, zirconia and 
silica. The filler ratio by weight is 82% and the filler 

ratio by volume is 60%.

G-aenial anterior
(GC Corporation Tokyo, Japan) Composite (nanohybrid) 2012252

Combination of two types of prepolymerized fillers 
developed in 16-17 µm size. The filler ratio by weight 
is 76% and the filler ratio by volume is 62%. It does 
not contain UDMA Dimethacrylate comonomers, 

strontium, Silica, BisGMA.

ChemFil Rock
Dentsplay Sirona,

Kontstantz, Germany®
High viscosity glass 

ionomer cement 2009000134z
Calcium-aluminiumzinc-fluoro-phosphorus silicate 

glass, polycarboxylic acid, iron oxide pigments, 
titanium oxide pigments, tartaric acid, water
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Surface roughness measurements of the prepared samples 
were performed at the Dicle University Scientific Research and 
Technology Center (DÜBTAM) using an AFM device (XE-
100E atomic force microscopy, Park Systems, South Korea). 
Prior to conducting surface roughness measurements for each 
sample, the AFM device was calibrated. Measurements were 
taken at three different points of 20x20 μm at a speed of 0.2 Hz 
for each sample. Surface images were obtained at a resolution 
of 256x256 pixels, and initial surface roughness values were 
recorded numerically as Ra (nm) values. After recording the 
initial weights and surface roughness measurements, samples 
prepared with different esthetic materials were placed in 
tubes containing various storage solutions and kept in an 
oven at 37°C for 7 days. On the seventh day, the samples were 
removed from the solutions and placed in a desiccator for 24 
hours to regain their constant mass weights. Subsequently, the 
solubility values were calculated.

The final surface roughness values of the samples, whose 
water solubility levels were determined, were measured using 
the AFM device as previously described and recorded in μm.

Statistical Analysis
The data obtained in our study were analyzed using the 
licensed IBM SPSS 21 software package. The Shapiro-Wilk 
test was used to assess the normality of the data distribution 
due to the sample sizes. When the variables did not follow a 
normal distribution, the Kruskal-Wallis h test was employed 
to examine differences between groups. In comparisons 
involving more than two groups, the Bonferroni-corrected 
Mann-Whitney U test was used to identify groups with 
significant differences. For within-group comparisons, the 
Wilcoxon test was applied when the variables did not follow a 
normal distribution.

RESULTS

Surface Roughness
In the ethanol group, the surface roughness T1 value of the 
Dyract XP group was significantly lower than that of the GC 
and ChemFil Rock groups, while the surface roughness T1 
value of the Z-250 group was significantly lower than that of 
the ChemFil Rock group. In the heptane group, the surface 
roughness T1 value of the Z-250 group was significantly 
lower than that of the GC and ChemFil Rock groups, while 
the surface roughness T1 value of the Dyract XP group was 
significantly lower than that of the ChemFil Rock group. In 
the citric acid group, the surface roughness T1 values of the 
Dyract XP and GC groups were significantly lower than those 
of the Z-250 and ChemFil Rock groups. In the distilled water 
group, the surface roughness T1 value of the Dyract XP group 
was significantly lower than those of the Z-250 and ChemFil 
Rock groups, while the surface roughness T1 value of the GC 
group was significantly lower than that of the Z-250 group. 
In the Dyract XP group, the surface roughness T0 value in 
the distilled water group was significantly lower than in the 
ethanol and heptane groups, while the surface roughness T0 
value in the citric acid group was significantly lower than in 
the heptane group. In the Z-250 group, the surface roughness 

T0 value in the heptane group was significantly lower than in 
the citric acid and distilled water groups, while the surface 
roughness T0 value in the ethanol group was significantly 
lower than in the distilled water group. In the GC group, 
the surface roughness T0 value in the citric acid group was 
significantly lower than in the ethanol and heptane groups, 
while the surface roughness T0 value in the distilled water 
group was significantly lower than in the heptane group. In 
the ChemFil Rock group, the surface roughness T0 value in 
the ethanol group was significantly lower than in the heptane 
and citric acid groups, while the surface roughness T0 value 
in the distilled water group was significantly lower than in the 
citric acid group (Table 2).

Among all the materials, the highest statistically significant 
surface roughness values were observed in the ChemFill Rock 
material. Compared to the other materials, its T1 values were 
significantly higher (p<0.05).

The surface topographies of the materials before placing them 
in different solutions and after seven days of immersion are 
shown in Figures 1, 2, 3, and 4.

Solubility
In the ethanol, heptane, and distilled water groups, the 
solubility values of the Dyract XP, Z-250, and GC groups 
are significantly lower than those of the ChemFil Rock 
group. In the citric acid group, the solubility value of the GC 
group is significantly lower than that of the Dyract XP and 
ChemFil Rock groups; the solubility value of the Z-250 group 
is significantly lower than that of the ChemFil Rock group. 
In the Dyract XP group, the solubility value of the distilled 
water group is significantly lower than that of the ethanol and 
citric acid groups; the solubility value of the heptane group 
is significantly lower than that of the citric acid group. In the 
Z-250 group, the solubility value of the distilled water group 
is significantly lower than that of the ethanol and citric acid 
groups. In the GC group, the solubility values of the citric acid 
and distilled water groups are significantly lower than those of 
the ethanol and heptane groups. In the ChemFil Rock group, 
the solubility value of the distilled water group is significantly 
lower than that of the ethanol and citric acid groups; the 
solubility value of the heptane group is significantly lower 
than that of the citric acid group (Table 3).

DISCUSSION
The successful clinical performance of resin-based restorative 
materials is dependent on their long-term durability against 
the physical and chemical impacts they encounter. Composite 
resins, compomers, and glass ionomer cements, as aesthetic 
restorative materials, are subjected to chemical substances 
present in saliva, microbial flora, food, and beverages, as well 
as pH fluctuations and thermal changes resulting from their 
consumption.11 The corrosion process, beginning with the 
leaching of fixed chemicals and water absorption on the resin 
surface, weakens the bonds between monomers, damages 
the matrix structure, and thus leads to surface roughness 
in restorations. Additionally, these effects may result in the 
separation of the restoration from the tooth tissue due to the 
dissolution of the filler content.12 In our study, the surface 
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Table 2. Surface roughness values and statistical results of the materials used according to the solutions

Surface roughness T0 Surface roughness T1 Kruskal Wallis h Test

Aesthetic Materials Solutions that mimic foods n Mean±SD Mean±SD p

Dyract XP

Ethanol 10 0.026±0.001 0.032±0.001

0.001

Heptane 10 0.043±0.002 0.057±0.002

Citric acid 10 0.014±0.001 0.029±0.002

Distilled water 10 0.012±0.001 0.013±0.001

Total 40 0.024±0.013 0.033±0.016

Z-250

Ethanol 10 0.046±0.002 0.059±0.004

0.001

Heptane 10 0.029±0.002 0.037±0.002

Citric acid 10 0.069±0.003 0.078±0.003

Distilled water 10 0.086±0.003 0.086±0.003

Total 40 0.057±0.022 0.065±0.019

G-aenial

Ethanol 10 0.054±0.001 0.062±0.001

0.001

Heptane 10 0.077±0.001 0.082±0.001

Citric acid 10 0.021±0.001 0.029±0.001

Distilled water 10 0.048±0.002 0.048±0.002

Total 40 0.05±0.02 0.055±0.02

ChemFill

Ethanol 10 0.035±0.003 0.083±0.008

0.001

Heptane 10 0.066±0.003 0.097±0.005

Citric acid 10 0.093±0.006 8±8

Distilled water 10 0.062±0.005 0.073±0.005

Total 40 0.064±0.021 2.063±3.471

Figure 1. AFM images of Dyract XP before (A) and after (B) immersion in 
citric acid

Figure 2. AFM images of ChemFill Rock before (A) and after (B) immersion 
in heptane

Figure 4. AFM images of G-aenial anterior before and after immersion in 
ethanol

Figure 3. AFM images of Z-250 before (A) and after (B) immersion in 
heptane
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roughness increased in the food mimic solutions, leading to 
the rejection of our first null hypothesis. Furthermore, all 
materials dissolved in the food mimic liquids, leading to the 
rejection of our second null hypothesis.

In many in vitro studies simulating the oral environment, 
various food mimic liquids, such as ethanol, heptane, citric 
acid, and distilled water, defined by the FDA, have been used 
to replicate the effects of the complex chemical composition of 
the oral cavity on different resin-based restorative materials. 
Resin-based restorative materials exhibit physical changes 
when exposed to alcohol and other beverages, fruits, and fatty 
foods, which can also be replicated under in vitro conditions 
using ethanol, heptane, citric acid, and distilled water. It has 
been reported that when restorative materials are immersed 
in food mimic liquids, inorganic fillers can leach from 
the surface and dissolve, thus altering surface properties. 
Laboratory studies have demonstrated that restorative 
materials exposed continuously to these liquids can mimic 
the expected deterioration in the oral cavity.13-15

The 75% concentration of ethanol solution, also known as 
Wu solvent, causes the degradation of the polymer structure 
of resin-based materials and facilitates diffusion regulation 
under artificial abrasion conditions. It is widely used in many 
studies to mimic the accelerated aging of dental restorative 
materials. Additionally, it leads to the dissolution and 
separation of monomers such as Bis-GMA and UDMA present 

in composite resins. It is generally accepted that the most 
soluble and sensitive component to dissolution in composite 
resins is the dilute monomer TEGDMA.16 Furthermore, it has 
been reported that monomers such as Bis-GMA and UDMA 
are also soluble in water.17 There is information available 
indicating that each food mimic liquid causes degradation 
in one of the components of restorative materials. Numerous 
studies have noted that ethanol-containing foods have an 
effect on the inorganic matrix of restorative materials.18 It is 
also known that inorganic fillers can be degraded by the effect 
of citric acid.19 It has been determined that foods containing 
heptane primarily cause damage to the organic structure of 
resin-based restorative materials.20

Another important factor, both for the aesthetic qualities 
and the lifespan of restorative materials, is the surface 
quality. A smooth restoration surface minimizes bacterial 
adhesion and food retention in the oral cavity.21 Polishing the 
restoration surface plays a significant role in reducing surface 
roughness. This not only enhances the aesthetic appearance 
of the restoration but also extends its lifespan. The ratio and 
size of fillers in the structure of resin-based materials are 
crucial factors that increase the polishability of the material’s 
surface.21

Various techniques and devices, such as profilometers and 
SEM (scanning electron microscopy), are used to measure the 
surface roughness of test materials. Although AFM and SEM 

Table 3. Solubility values and statistical results of the materials used according to the solutions

Resolution value Kruskal Wallis h test

n Mean Min Max SD p

Dyract XP

Ethanol 10 5.862 2.98 7.95 1.958

0.001

Heptane 10 3.974 0.99 5.96 1.754

Citric acid 10 17.9 12.93 22.87 3.443

Distilled water 10 0.99 0 1.98 0.933

Total 40 7.182 0 22.87 6.849

Z-250

Ethanol 10 8.451 3.97 16.91 3.581

0.001

Heptane 10 4.669 1.98 8.95 1.993

Citric acid 10 7.653 3.97 11.93 2.528

Distilled water 10 0.693 0 1.98 0.815

Total 40 5.367 0 16.91 3.874

G-aenial

Ethanol 10 6.261 3.97 7.95 1.331

0.001

Heptane 10 5.663 0.99 7.95 2.046

Citric acid 10 1.188 0 1.98 0.626

Distilled water 10 0.099 0 0.99 0.313

Total 40 3.303 0 7.95 2.99

ChemFill

Ethanol 10 33.717 19.89 50.73 9.026

0.001

Heptane 10 18.199 9.94 27.85 6.516

Citric acid 10 599.816 509.3 642.59 45.14

Distilled water 10 13.922 7.95 19.89 3.572

Total 40 166.413 7.95 642.59 254.51
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assessments can show surface properties more clearly, they are 
more costly than other devices. The most reliable method for 
evaluating surface roughness is reported to be AFM.22,23 The AFM 
device enables three-dimensional measurements and allows for 
the scanning of smaller areas, providing the determination of 
surface roughness across the entire scanned area.24

Although there is no universally established value to consider 
a restoration surface as smooth, some researchers have 
indicated that restorations with a surface roughness of less 
than 0.2 µm are acceptable for oral tissues.25 Jones et al.26 
emphasized that surfaces with roughness values above 0.5 µm 
can be detected by patients’ tongue tips. The most commonly 
used parameter in surface roughness evaluations is the Ra 
(roughness average), with a unit of µm.27 Although it is not 
considered very reliable in surface roughness evaluations, it 
is the most frequently used parameter in dental research.28 
In our study, AFM (atomic force microscopy) was used to 
measure the surface roughness of the samples. Although 
different levels of roughness were observed among the 
materials, only the ChemFill Rock material exhibited surface 
roughness greater than 1 µm. While surface roughness was 
observed in other materials, it was found to be below 0.5 µm, 
which is below the detectable level by oral tissues.

Many studies on surface roughness have reported that 
conventional glass ionomer cements exhibit the highest 
roughness values.29 It is claimed that glass ionomer cements 
demonstrate lower microhardness and wear resistance 
compared to composite restorations.30 In their studies 
examining the surface roughness of various restorative 
materials, Eick et al.31 reported that the highest roughness 
values were observed in conventional glass ionomer cement 
and high-viscosity glass ionomer cement, respectively. 
Welbury et al.32 reported in their study using compomer and 
glass ionomer that compomer materials were more successful 
than glass ionomer cements, attributing this to the superior 
physicomechanical properties of compomers and their higher 
wear resistance in the oral environment. In our study, the 
high-viscosity glass ionomer cement material, ChemFill Rock, 
exhibited the highest surface roughness and solubility values, 
yielding results similar to previous studies. Specifically, the 
ChemFil Rock samples immersed in citric acid showed the 
highest solubility and surface roughness values. The high 
surface roughness and solubility values of the high-viscosity 
glass ionomer cement samples can be attributed to the large 
size and heterogeneous distribution of the glass particles 
in the cement. Additionally, the dissolution of the siliceous 
hydrogel layer can lead to the dissolution of glass particles 
within the glass ionomer, thus resulting in higher solubility 
and surface roughness.

There are many studies assessing the effects of food mimic 
solutions on the surface roughness of restorative materials. 
In their study, Abdallah et al.33 concluded that the surface 
roughness of restorative materials increased with the use 
of food mimic solutions, examining Equia Forte, activa 
bioactive composite, Cention-N, and Tetric-N Ceram Bulk 
Fill. According to Abdallah et al.,33 Cention-N provided 
surface resistance comparable to commonly used tooth-
colored direct restorative materials against food aging.

Kedici et al.34 examined the effects of food mimic solutions 
such as ethanol and citric acid on the surface roughness 
of singleshade universal composites (Essentia Universal, 
Omnichroma, and Vittra APS Unique) using FE-SEM. They 
found that Omnichroma showed the most surface changes 
when stored in ethanol, while Vittra Unique and Essentia 
showed the most surface changes when stored in citric acid. 
The results of our study partly align with these findings.

Compared to other monomers, increasing the TEGDMA 
content in resin matrix systems has been reported to enhance 
the material’s hydrophilic properties and increase water 
absorption.13 Zhang and Xu reported that the solubility of 
monomers in organic solvents is higher than in water.35 
Furthermore, materials containing UDMA monomer have 
been noted to be more susceptible to solubility in food mimic 
solutions compared to Bis-GMA-based materials.36 In our 
study, the lowest solubility and roughness values were observed 
in the distilled water control group. This result is consistent 
with the findings of Zhang and Xu. The Z-250 material, which 
contains both BisGMA and UDMA monomers, exhibited 
higher surface roughness and solubility values compared to 
the G-aenial anterior material, which only contains UDMA. 
We attribute this to its higher organic monomer content 
and the presence of different sized inorganic particles in its 
microhybrid structure.

In our study, although all samples had acceptable initial 
surface roughness, the Dyract XP compomer material was 
identified as having the lowest initial surface roughness. This 
can be explained by the material’s lower inorganic content 
and smaller particles compared to other materials. However, 
we believe that its higher organic content may have resulted in 
greater surface roughness in subsequent measurements.

Some studies have indicated that organic solvents cause 
surface damage to resin-based restorative materials. The 
literature contains information that the solubility parameters 
of Bis-GMA and UDMA monomers in composite resin 
materials are close to the solubility values of 75% ethanol 
solution.20,15 Ethanol, as an organic solvent, has the potential 
to cause polymer damage. It can penetrate the resin matrix 
completely and lead to the release of unreacted monomers. 
Partial dissolution of the resin matrix causes degradation of 
the filler-matrix interface.15

In a study by Yap et al.,36 they observed an increase in the 
surface hardness of methacrylate-based composite resins 
stored in heptane, attributing this result to the reduction 
of the oxygen inhibition layer by the heptane solution and 
the prevention of silica filler dissolution. Voltarelli and 
colleagues, in a similar study, reported that the effects of 
heptane solution on the surface roughness of composite resins 
were not statistically significant.37 Eweis and colleagues stated 
that the heptane solution prevents the separation of silica and 
other fillers in the materials’ structure and does not dissolve 
in water due to its hydrocarbon structure.38

In our study, however, it was observed that the heptane 
solution increased the surface roughness and solubility of 
all materials. ChemFil Rock, a high-viscosity glass ionomer 
cement, was found to be most susceptible to solubility due to 
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heptane solution. It was determined that heptane solution had 
the highest effect on the Dyract XP compomer material after 
citric acid, and on other materials after ethanol and citric acid.

CONCLUSION
Upon evaluating the findings of our study, it was determined 
that aesthetic restorative materials exhibit an increase in 
surface roughness when exposed to food mimic solutions. 
Since the materials used were not subjected to mechanical 
forces, we can assert that the observed results are solely due to 
the chemical effects of the solutions. We believe that regular 
polishing of resin-based restorations’ surfaces can enhance 
their longevity. Moreover, the limitations of our study, 
including the use of only a limited number of food mimic 
solutions and the lack of exposure to mechanical forces, 
prevented the adequate simulation of the oral environment. 
Therefore, we suggest that future studies could benefit from 
the use of a broader range of food mimic solutions, subjecting 
the materials to forces that simulate the oral environment 
more accurately, and exposing them to temperature variations, 
which could yield more detailed results. This study is derived 
from the specialization thesis titled “The Effect of Food Mimic 
Liquids on the Surface Structure and Solubility of Different 
Aesthetic Restorations” by Dt. Abdurrahman YALÇIN, under 
the supervision of Asst. Prof. Dr. Şeyhmus BAKIR.
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ABSTRACT
Aims: COVID-19 has caused many negative biological and psychological effects all over the world for a long time. Our aim is to 
present the general characteristics of patients who were diagnosed with COVID-19 by applying to the emergency department and 
who were admitted to the intensive care unit or service.
Methods: 1210 patients who were hospitalized in the emergency department, treated between 1 June 2020 and 1 January 2021, 
who had a positive COVID-19 Polymerase Chain Reaction test result and were examined retrospectively, were included in the 
study. p<0.05 was considered statistically significant.
Results: While the median age of patients admitted to the intensive care unit was 76, the median age of patients admitted to the 
service was 65 (p<0.001). The frequency of comorbidity rate in patients in intensive care was significantly higher than in the service. 
The most common symptoms were shortness of breath and cough. While lymphocyte and albumin levels were significantly lower 
in patients hospitalized in intensive care, white blood cell, C-reactive protein, procalcitonin, troponin I, D-dimer, urea, creatinine, 
and fibrinogen levels were significantly higher. When evaluated radiologically, the rate of lung CT retention was more common 
in patients hospitalized in intensive care.
Conclusion: This study determined that advanced age, the presence of comorbidities, high white blood cell, C-reactive protein, 
D-dimer, procalcitonin, urea, creatinine, and fibrinogen levels, low lymphocyte, albumin levels, and radiological involvement 
were also higher in patients admitted to intensive care.
Keywords: COVID-19, demographic features,  intensive care, emergency department
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INTRODUCTION
The biopsychosocial effects of coronavirus disease 2019 
(COVID-19), which started in China in 2019 and caused the 
death of millions of people around the world, continue.1,2 
COVID-19 disease, was one of the leading causes of death 
in many countries, especially in 2020 and 2021.3,4 According 
to World Health Organization (WHO) data, seven million 
people out of more than 770 million people contracted the 
disease by January 2024 have died due to COVID-19.5 

It is essential for all physicians, especially emergency 
physicians, to diagnose this disease and determine the places 
for hospitalization. Emergency departments (EDs) are one 
of the most important places of application to healthcare 
systems for COVID-19 patients. Emergency services also serve 
to quickly diagnose possible patients, triage them, initiate 

appropriate treatment, intern them, ensure the isolation of 
patients, prevent cross-infections, and report cases to health 
authorities.

RT-PCR (reverse transcriptase polymerase chain reaction) 
test, which is a fast and sensitive method where gene 
expression analyses can be performed as a result of the 
synthesis of complementary DNA (cDNA) by RNA molecules 
isolated from cells with the help of the Reverse transcriptase 
enzyme isolated from retroviruses, is widely used in the 
diagnosis of COVID-19.6,7 COVID-19 infection can cause a 
wide variety of changes in blood tests. Some of these tests can 
be used to predict the severity of the disease.8 Lymphopenia, 
neutrophilia and thrombocytopenia, high troponin, D-dimer, 
and fibrinogen levels are some.8
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It is known that the disease causes lung damage through 
multiple mechanisms and lung computed tomography (CT) 
findings in the acute phase of the disease are clearly defined. 
One of the most essential advantages of CT imaging is the 
rapid visualization of lung involvement and its high sensitivity 
in detecting the early stages of the disease.9 Consolidation, 
bilateral disease, the appearance of the “inverted halo” sign, 
“crazy pavement” pattern, linear opacities, greater total lung 
involvement, and peripheral lung distribution are expected 
findings in patients imaged with CT.10

With this study, after examining the general characteristics 
of patients diagnosed with COVID-19 and admitted to the 
service and intensive care unit (ICU) from the emergency 
department, We wanted to detect differences by comparing 
demographic, clinical, laboratory, and  radiological features.

METHODS

Study Design
The study was conducted by the Declaration of Helsinki, 
Permission was obtained from the Ministry of Health for the 
study, and ethics committee approvals were obtained from 
the Ankara Bilkent City Hospital Ethics Committee (Date: 
29/12/2021, Decision No: E1-21-2241).

The study retrospectively examined 1289 patients who applied 
to the hospital’s emergency department, one of the largest 
hospitals in Turkiye, between June 1, 2020 and January 1, 
2021. The principal and assistant  researchers scanned  the 
data from the hospital information system and doctor’s orders. 
Patients over the age of 18 and patients whose data could be 
accessed were included in the study. As exclusion criteria, 
Patients whose data were not available, patients under the 
age of 18, patients with accompanying trauma, and pregnant 
women were accepted.

Data Collection
All patients’ ages, genders, chronic diseases, admission 
complaints, physical examination findings, vital values, 
oxygen requirements, laboratory information, CT images, 
and hospitalization status were examined and recorded 
retrospectively. Oropharyngeal and nasal swap samples of 
all patients who applied to the emergency department with 
COVID-19 symptoms were taken  by trained  physicians as 
the Ministry of Health recommended and delivered to the 
laboratory in appropriate conditions and containers. Patients 
whose polymerase chain reaction (PCR) result was positive 
for COVID-19 were included in the study.

White blood cell (WBC), lymphocyte, C-reactive protein 
(CPR), procalcitonin (PRC), urea, creatinine, albumin, 
troponin I, D-dimer, and fibrinogen levels were analyzed. 

The patients whose CT was taken and those who were not were 
separated, and  their tomographic findings were examined. 
Consolidation, bilateral disease, appearance of the “inverted 
halo” sign, “crazy pavement” pattern, linear opacities, greater 
total lung involvement, and peripheral lung distribution were 
considered positive findings in patients imaged with CT.10 
Lung changes; divided into 5 groups based on measurement 

of the percentage of lung parenchymal involvement affected 
by COVID-19. 0, no lung involvement; 1 1-10%; 2 11-25%; 
3 26-50%; 4 51-75%; 5 >75%.11 Those with involvement were 
classified as for 0, no involvement, mild for 1-2, moderate for 
3 and widespread involvement for 4-5, and other.

The hospitalization status of the patients was recorded. No 
scoring system was used for patients admitted to intensive 
care. Intensive care and service hospitalizations were provided 
according to the COVID-19 guide created by the Turkish 
Ministry of Health scientific committee.12  Accordingly, 
patients with signs of respiratory failure, high oxygen demand, 
organ dysfunction and cardiac involvement, and circulatory 
disorders were admitted to intensive care. Dyspnea and 
respiratory distress, respiratory rate ≥30/min, PaO2/FiO2 
<300, oxygen requirement increasing during monitoring, 
SpO2<90% or PaO2<70 mmHg despite 5 L/min oxygen 
therapy, hypotension, tachycardia, blood pressure >100/min, 
development of acute organ dysfunction such as acute kidney 
injury, acute liver function abnormalities, confusion, acute 
bleeding diathesis, and patients with immunosuppression, 
elevated troponin and arrhythmia, and lactate >2 mmol or 
presence of skin disorders such as capillary return disorder 
and cutis marmaratus were followed in intensive care units.12

Statistical Analysis
Armonk, NY, USA) ver 25 was used for analysis. The 
demographic descriptive data of the patients are expressed as n 
and %. the univariate analyses to identify variables associated 
with patient outcome using Chi-square, Fisher exact, 
student’s t, and Mann-Whitney U test, where appropriate. 
For the multivariate analysis, possible factors identified with 
univariate analyses were further entered into the logistic 
regression analysis to determine independent predictors of 
hospitalization. Hosmer-Lemeshow goodness of fit statistics 
were used to assess model fit. The alpha error of the study was 
accepted as 0.05.

RESULTS
1289 patients hospitalized with a diagnosis of COVID-19 
between 01 June 2020 and 01 January 2021 were evaluated. 
1210 patients were included in the study. Of the 79 patients, 
24 were pregnant and 15 were trauma patients, so they were 
excluded from the study. 21 patients were not included in the 
study because they were not hospitalized. The remaining 29 
patients were not included in the study because their data could 
not be accessed. These patients were admitted to COVID-19 
services and intensive care units from the emergency room. 
Demographic radiological characteristics and laboratory 
values of these two groups were compared.

Information about the demographic data and symptoms of all 
patients is given in Table 1. Mostly male patients take part in 
the study (52.7%). The mean age is 64.5 years (min 19-max 100). 
The most common comorbid disease is hypertension (HT) (n: 
495). The most common  presenting symptoms are dyspnea 
(n: 421) and cough(n: 370). The least common application 
complaint is loss of taste sense (n:4). 76.4% of the patients are 
admitted to the service, and 23.6% were admitted to the ICU. 
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When we examine the radiological imaging of hospitalized 
patients, the most common involvement is detected in lung 
CT (Table 1).

Table 2 shows the data distribution of vital signs and 
laboratory parameters. Median blood pressure is measured as 
123/70 mmHg, median pulse is 93 (min 36-max 169). Oxygen 
saturation median is 92% (min 40%-max 100%). The median 
levels of hematological parameters are found to be like that; 
WBC 6.02 (3,9-10,2) x109/L, lymphocyte 0.06 (1,1- 4,5) x109/L, 
CRP 0.06 (0-5) mg/L, D-dimer 0.855 (0-0,55) mg/L, PRC 
0.077 (0-0,16 ) µg/ L, urea 9 (19-49 ) mg/dL, creatinine 1 (0,5-
1,1) milligram/desiliter, fibrinogen 4.52 (1,7-4,2) g/L, albumin 
41 (32-48 ) g/L, troponin 9 (0-45) ng/L.

While the number of patients admitted to COVID-19 services 
from the emergency department is 925 (76.5%), the number of 
patients admitted to intensive care is 23.5%, with 285 patients 
(Table 3). Table 3 compares the patient’s demographic data 
and symptoms at presentation to the emergency department 
for patients hospitalized in the service and those in the ICU. 
While the mean age of patients admitted to the service is 
62, the median age of patients admitted to the ICU  is 73 
(p<0.001). The malignancy rate is significantly higher in 
patients hospitalized in ICU (p=0.010). COPD, one of the 
comorbid diseases, is more significant for service admission 
than ICU admission (p=0.018). Among the symptoms, 
anosmia, weakness, cough, myalgia dyspnea, and the 
presence of oxygen need are found to be more significant for 
hospitalization (p=0.032, p<0.001, p<0.001, p<0.001, p<0.001, 
p<0.001, respectively). When radiological disease severity is 
examined, service and ICU hospitalization rates of patients 
with widespread disease severity are significantly higher 
(p<0.001).

Table 2. Data distribution table of patients’ vital signs and laboratory 
parameters

Median Range (min-max)

Systolic blood pressure (n: 520)* 123 69-256

Diastolic blood pressure (n: 520)* 70 36-130

Pulse (n: 570)* 93 36-169

Oxygen level % (n: 836)* 92 40-100

Fever (n: 617)* 36.7 35-40

Hematological parameters

WBCa 109/L (n:1185)* 6.02 0.880-146.4

Lymphocyte 109/L (n:1186)* 0.99 0.1-114.4

CRPb mg/L (n:1037)* 0.06 0-0.90

D-dimer mg/L (n: 1092)* 0.855 0.008-80

PRCc µg/L (n: 1056)* 0.077 0.01-216.2

Urea mg/dL (n: 1153)* 9 0.02-250

Creatinine mg/dL (n: 1168)* 1 0.2-72

Fibrinogen g/L (n: 615)* 4.52 1-325

Albumin g/L (1176)* 41 19-53

Troponin ng/L (1153) 9 0.02-25000

a: White blood cell, b: C-reactive protein, c: Procalcitonin, *There is missing data, so data numbers 
are stated in parentheses, WBC: White blood cell, CRP: C-reactive protein, PRC: Procalcitonin

Table 1. Demographic data of patients and data on emergency department 
admission symptoms

n (%)

Gender
Female 572 (47.3)

Male 638 (52.7)

Age, years
Mean (range) 64.5 (min 19-100 max)

Median 67

Comorbidity

No 424 (35)

Yes 786 (65)

Total 1210

HTa 495 (41)

DMb 319 (26.4)

Other Diseasesc 246 (20.3)

CADd 202 (16.7)

Astma 73 (6)

COPDe 67 (5.5)

Malignancy 64 (5.3)

CHFf 42 (3.5)

CRDg 28 (2.3)

Emergency department admission symptoms*

   Dyspnea 421 (34.8%)

   Cough 370 (30.6%)

   Weakness 335 (27.7%)

   Fever increased 270 (22.3%)

   Myalgia 193 (16.0%)

   Diarrhea 73 (6.0%)

   Headache 66 (5.5%)

   Throat pain 62 (5.1%)

   Anosmia 20 (1.7%)

   Loss of taste sense 4 (0.3%)

Radiological disease severityh

0 None 119 (9.8)

1-2 Light 158 (13.1)

3 Medium 292 (24.1)

4-5 Common 563 (46.5)

Otheri 78 (6.4)

Hospitalization
Service 925 (76.4)

ICUj 285 (23.6)

*More than one symptom of a patient was recorded, a) Hypertension, b) Diabetes mellitus, c)Alzheimer’s, 
Parkinson’s, rheumatoid arthritis, epilepsy, rhythm disorders, thyroid diseases, d) Coronary artery disease, 
e) Chronic obstructive pulmonary disease, f) Congestive heart failure g) Cronic renal disease, h) There is 78 
missing data i) Isolated lobar or segmental consolidation, discrete small nodules, cavitation or interlobular 
septal thickening, pleural effusion j) Internal care unite, HT: Hypertension, DM: Diabetes mellitus, CAD: 
Coronary artery disease, COPD: Chronic obstructive pulmonary disease, CHF: Congestive heart failure, 
CRD: Chronic respiratory disease, ICU: Intensive care unit
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Logistic regression analysis was performed for data affecting 
service and ICU admission (Table 4). Variables found to be 
statistically significant in univariate analyses were included 
in the model. Nagelkerke R square value was determined as 
0.269. Age (p<0.001, B=0.40), dyspne (p=0.003, B=0.562), 

cough (p<0.001, B=1.079), radiological disease severity 
(p=0.006, B=0.240) are required for ICU admission, was 
found to be significant. Myalgia symptom is a determinant for 
hospitalizations (p=0.022, B=-0.682). The overall percentage 
accuracy in predicting service and ICU admission of patients 
is 77%.

Table 5 compares the patient’s vital values and laboratory 
parameters for service and ICU admission. The decrease 
in oxygen saturation, one of the patient’s vital signs, are  
significant for ICU hospitalization (p<0.001). Increased 
WBC, CPR, D-dimer, PRC, urea, troponin, creatinine, and 
fibrinogen levels are significant for ICU admission. (p<0.001, 
p<0.001, p<0.001, p<0.001, p<0.001, p<0.001, p<0.001, 
respectively). The decrease in lymphocyte and albumin values 
are significant for ICU admission (p<0.001).

DISCUSSION
In this study, the median age of all patients admitted to the 
emergency department and hospitalized is 67 years. In another 
study by Huang et al.,13 the median age of all hospitalized 
patients was found to be 49 years.   In another study by Hocanlı 
et al.,14 the median age of hospitalized patients was 42 years. 

We think that the higher age of all inpatients in this study 
compared to other studies is due to the larger population of 
elderly patients admitted to the hospital. 

While the median age of patients admitted to the service is 
65, the median age of patients admitted to the intensive care 
unit is 76, significantly higher than those admitted. It was 
determined that the patients admitted to intensive care were 
older than those admitted to the service. In another study 
conducted by Bastug et al.15 in the same center, which lasted 
for two months and included 46 patients, the median age 
of patients admitted to intensive care was determined to be 

Table 3. Comparison of demographic data and symptoms of hospitalized 
service and ICU patients*

Service inpatient 
n=925 (76.5%)

ICU inpatients 
n=285 (23.5%) p

Gender
Female 444 (48%) 128 (45%)

0.378
Male 481 (52%) 157 (55%)

Age, years
Mean (range) 62 (min 19-max 97) 73 (min 30-max 100) <0.001

Median  65 76 <0.001

Comorbidities
Yes  588 (63%) 198 (69%)

0.039
No  337 (37%) 87 (31%)

HTa  369 (39.9%) 126 (44.2%) 0.215

DMb  240 (25.9%) 79 (27.7%) 0.590

Malignancy  40 (4.3%) 24 (8.4%) 0.010

CADc  147 (15.9%) 55 (19.3%) 0.203

CHDd  28 (3%) 14 (4.9%) 0.139

COPDe  43 (4.6%) 24 (8.4%) 0.018

CRDf  18 (1.9%) 10 (3.5%) 0.173

Asthma  61 (6.6%) 12 (4.2%) 0.156

Other disease  186 (20.1%) 60 (21.1%) 0.729

Emergency department admission symptoms

Dyspnea 274 (29.6%) 147 (51.6%) <0.001

Cough 309 (33.4%) 61 (21.4%) <0.001

Weakness 278 (30.1%) 57 (20%) <0.001

Fever increased 218 (23.6%) 52 (18.2%) 0.062

Myalgia 176 (19%) 17 (6%) <0.001

Headache 62 (6.7%) 4(1.4%) <0.001

Diarrhea 59 (6.4%) 14(4.9%) 0.224

Throat pain 51 (5.5%) 11 (3.9%) 0.171

Anosmia 19 (2.1%) 1 (0.4%) 0.032

Loss of teste sense 4 (0.4%) 0 (0%) 0.341

Oxygen need 183 (19.8%) 138 (48.4%) <0.001

Radiological 
disease severity

0 None 102 (11%) 17 (6%)

<0.001

1-2 Light 137 (14.8%) 21 (7.4%)

3 Medium 235 (25.4%) 57 (20%)

4-5 Common 383 (41.4%) 180 (63.2%)

Otherg 68 (7.4%) 10 (3.5%)

a) Hypertension, b) Diabetes mellitus, c) Coronary artery disease, d) Coronary heart disease, e) Chronic 
obstructive pulmonary disease, f) Cronic renal disease, g) Isolated lobar or segmental consolidation, 
discrete smallnodules, cavitation or interlobular septal thickening, pleural effusion j) Internal care unite 
*Column percentage used, HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, 
CHD: Coronary heart disease, COPD: Chronic obstructive pulmonary disease, ICU: Intensive care unit

Table 4. Logistic regression analysis of data in terms of service and ICU 
admission

Variable 
B p EXP (B)

95% CI for EXP (B)

Lower Upper

COPDa 0.022 0.947 1.022 0.535 1.951

Malignancy 0.635 0.076 1.888 0.935 3.809

Age, years 0.040 0.000 1.040 1.027 1.054

Dyspnea 0.562 0.003 1.755 1.218 2.529

Cough 1.079 0.000 2.941 2.049 4.221

Weakness -0.264 0.212 0.768 0.507 1.163

Comorbidities 0.320 0.147 1.377 0.894 2.121

Headache -0.763 0.226 0.466 0.135 1.604

Myalgia -0.682 0.022 0.506 0.281 0.908

Anosmia -0.958 0.378 0.384 0.046 3.231

Radiological disease severity 0.240 0.006 1.271 1.071 1.507

Constant -4.947 0.000 0.007

Dependent variable encoding: ICU=1, COPD: Chronic obstructive pulmonary disease
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71 years old. It is thought that the difference may be due to 
the difference in study duration and number of patients. In 
Huang’s study,13 73% of infected patients were male.  As in this 
and other similar studies, male gender was more common 
in all hospitalized patients in our study (52.7%).16 While the 
number of patients admitted to the service is 76.5%, the rate of 
patients admitted to the intensive care unit is 23.5% patients. 
There is more male gender than female gender in both 
intensive care and service patients In the study conducted 
by Wang et al.,17 patients treated in intensive care were older 
compared to patients not treated in intensive care, which 
supports our study. (median age, 66 years vs 51 years). In a 
meta-analysis conducted on 59 studies, consistent with this 
study, it was determined that the rates of COVID-19 infection, 
serious illness, and intensive care admission were higher in 
men and patients aged 70 and over.16 
When we evaluated the comorbidities of inpatients, the 
number of patients with no comorbidities was 35%, 424, while 
the number of patients with comorbidities was 786, with a 
rate of 65%. The most frequently observed comorbidity was 
HT (41%), followed by diabetes mellitus (DM). In another 
study by Zhou et al.,18 48% of hospitalized patients had a 
comorbid disease, the most common being HT (30%), and 
they confirmed that disease severity was significantly higher 
in patients presenting with HT.

While the most common initial symptoms of COVID-19 
disease are fever, cough, fatigue, headache, and myalgia, many 
people with COVID-19 may also experience gastrointestinal 
symptoms such as nausea, vomiting, or diarrhea before 
fever and lower respiratory tract symptoms appear.19  Some 
patients experienced loss of smell or taste before respiratory 
symptoms began.19 The disease, which is severe enough to 
require hospitalization, usually progresses with symptoms 
such as shortness of breath accompanied by hypoxemia after 
a week.13 Since outpatients were not included in our study and 
only patients who required hospitalization were examined, we 
think that the most common presenting symptom is shortness 
of breath.

It is known that COVID-19 causes changes in some routine 
blood values. When the hematological parameters in the 
study are evaluated, the decrease in lymphocyte and albumin 
levels and the increase in leukocyte, D-dimer, creatinine, and 
fibrinogen levels are the distinguishing features of critical 
COVID-19 patients.

D-dimer, a fibrin breakdown product, and additionally 
fibrinogen, are known to be elevated in COVID-19 patients.  
In this study, the average d-dimer level of patients hospitalized 
in the service is 0.78 milligram/liter, while it is 1.3 in patients 
hospitalized in the intensive care unit, which is statistically 

Table 5. Comparison of patients’ vital and laboratory parameters with service admission and ICU admission

Service Inpatients Median (Range) ICUd Inpatients Median (Range) p

Vital signs

Systolic blood pressure (n: 520)* 123.5 (70-256) 120 (69-192) 0.160

Diastolic blood pressure (n: 520)* 69 (40-130) 70 (36-120) 0.321

Pulse (n: 570)* 93 (36-160) 90 (43-169) 0.401

Oxygen saturation % 93 (64-100) 88 (40-99) <0.001

Fever (n: 617)* 36.7 (35-39.1) 36.5 (35-40) 0

Laboratuvar parameters

WBCa 109/L (n: 1185)* 5.715 (0.880-85.620) 7.290 (1.020-146.400) <0.001

Lymphocyte 109/L (n: 1186)* 1.040 (0.1-394) 0.840 (0.150-114.400) <0.001

CRPb mg/L (n: 1037)* 0.05 (0.01-0.90) 0.12 (0.01-0.32) <0.001

D-dimer mg/L (n: 1092) * 0.780 (0.008-80) 1.30 (0.07-50.90) <0.001

PRCc µg/L (n: 1056)* 0.05 (0.01-216.20) 0.180 (00.03-41.53) <0.001

Urea mg/dL (n: 1153)* 6 (0.02-3068) 23.50 (2-250) <0.001

Creatinine mg/dL (n: 1168)* 0.96 (0.20-72) 1.15 (0.36-37) <0.001

Fibrinogen g/L (n : 615) 4.4 (1.04-325) 5.225 (1.87-9.00) <0.001

Albumin g/L (n: 1176)* 41 (23-53) 37 (19-52) <0.001

Troponin I ng/L (n: 1153)* 6 (0.02-3068) 23.5 (2-25000) <0.001

a: White blood cell, b: C-reactive protein, c: Procalcitonin, d: Intensive care unite, *There is missing data, so data numbers are in parentheses, ICU: Intensive care unit, WBC: White blood cell, CRP: C-reactive 
protein



449

Ertürk et al. COVID-19 patients in service and intensive careJ Health Sci Med. 2024;7(4):444-450

significant. The study conducted by Samadja et al.20 is similar 
to our study. D-dimer levels were higher in patients in the 
ICU than in patients in medical service.

Zhang et al.21 stated that D-dimer levels are important in 
determining mortality in cases of COVID-19 pneumonia.

One of the studies that concluded that high fibrinogen 
levels are associated with excessive inflammation, 
disease severity, and admission to intensive care in 
COVID-19 patients is the study of Sui and his team. 22 
Again, in a meta-analysis by Mehrdad et al.,23 it was reported 
that fibrinogen and D-dimer can be used as markers in 
predicting severe disease in COVID-19 patients, which is 
correlated with our study.

High D-dimer and fibrinogen levels show that they are 
associated with intensive care unit admission in COVID-19. 
Therefore, we think that  early recognition of abnormal 
coagulation findings and  monitoring for coagulopathy are 
essential and highly recommended to support COVID-19 
patients for understanding the severity of the disease and 
prognosis, intensive care admission,  the regulation and early 
initiation of anticoagulant treatment, improve their clinical 
outcomes, and reduce severe complications.

Widespread involvement was found in 63.2% of patients 
admitted to intensive care. One of the most important points 
in the management of patients with COVID-19 pneumonia 
who need to be admitted to the emergency room is to decide 
whether the patients will be admitted to the intensive care unit 
or not, and another is to decide whether mechanical ventilation 
is required. Although these decisions depend on multiple 
factors such as patients’ clinical conditions, comorbidities, 
and disease severity, delay in treatment may affect the outcome 
of the disease. Therefore, CT imaging is another key point to 
consider in the decision-making process. The study conducted 
by Cau et al.,24 in which they compared patients admitted to 
the intensive care unit and the ward, showed that involvement 
was significantly different in patients admitted to the 
intensive care unit, consistent with ours. Baştuğ et al.’s15 study, 
in correlation with ours, showed that advanced radiological 
abnormalities were more common in the intensive care group.  
The most important limitation of this study is that the scoring 
system is not used. Considering that COVID-19 is a global 
pandemic, another of the biggest limitations is that it was 
single-center. A retrospective study and short- and long-term 
follow-up of the patients and information about the prognosis 
would have made additional contributions to our study.

The study’s strength is that it was conducted in one of the 
centers considered to be Turkiye’s COVID-19 center and 
included a sufficient number of patients

CONCLUSION
In summary, this study showed that age, shortness of breath, 
cough, myalgia symptoms, and radiological disease severity 
were significant for admission to the intensive care unit. While 
the decrease in oxygen saturation, one of the vital signs of the 
patients, was found to be significant, increased WBC, CPR, 
D-dimer, PRC, urea, troponin, creatinine and fibrinogen 

levels and decreases in lymphocyte and albumin values were 
found to be important for admission to the intensive care unit. 

We believe that identifying undesirable predictors of poor 
outcome in COVID-19 from clinical or laboratory parameters 
is valuable in terms of early diagnosis and intervention of the 
course of the disease, making more individualized treatment 
plans, and more efficient use of medical resources in case of an 
epidemic. We also think that it will be important to monitor 
hemostasis parameters that predict mortality, to cope with 
thrombotic processes that are important in mortality, and 
to develop adequate anticoagulation application guidelines 
specifically for these patients in order to plan appropriate 
anticoagulant treatment when necessary. It is critical to 
continue improving international surveillance, cooperation, 
coordination, and communication about this major epidemic 
and to be even better prepared  to respond to new epidemic 
threats in the future. As a result, we believe that this study will 
contribute to the surveillance by supporting the diagnosis of 
COVID-19 infection, which affects almost all systems, with 
radiological imaging and multidisciplinary evaluation of 
patients with laboratory and clinical findings.
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ABSTRACT
Aims: The aim of this study is to examine the alterations in various serum parameters within the circulatory system throughout 
the first trimester and assess their efficacy in identifying pre-eclampsia at an early stage.
Methods: This retrospective analysis undertook an examination of the medical records pertaining to 225 pregnancies that met 
the eligibility criteria at a tertiary referral center, spanning the years 2018 to 2021. Furthermore, an examination of laboratory 
parameters during the first trimester was performed, which included neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte 
ratio (PLR), monocyte-to-lymphocyte ratio (MLR), systemic immune inflammation index, systemic inflammation response 
index, pan-immune inflammation value, AST-to-platelet ratio index, delta neutrophil index, and prognostic nutritional index 
(PNI). A receiver operating characteristic curve analysis was performed to determine the optimal cut-off values for inflammatory 
and nutritional biomarkers to predict early- onset pre-eclampsia.
Results: The group of individuals with early-onset pre-eclampsia displayed notably elevated levels of neutrophil, lymphocyte, 
PCT, MPV, ALT, and creatinine, while displaying significantly reduced levels of albumin, bilirubin, PLR, MLR, and PNI (p<0.05, 
for all). The statistical significance of the area under the curve for PNI, albumin, PLR, MLR, and bilirubin values was observed 
to be greater than 0.5 (p<0.05, for all). 
Conclusion: This article is the first to examine the efficacy of the first trimester PNI value in early detection of pre-eclampsia 
patients. According to this study, PNI, albumin, PLR, MLR, and bilirubin show potential as useful indicators for predicting the 
likelihood of developing pre-eclampsia at an early stage in the first trimester.
Keywords: Serum markers, pregnancy, first trimester, high-risk, pre-eclampsia
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INTRODUCTION
Pre-eclampsia (PE) is a complex, heterogeneous pregnancy-
related disease that occurs as a disruption of the mother’s organs 
and systems. It is characterized by elevated blood pressure 
levels (≥140/90 mmHg) and the presence of protein in the 
urine (≥300 mg/L per 24 hours) occurring after the 20th week 
of gestation.1 PE is a significant contributor to maternal and 
perinatal mortality on a global scale. It affects approximately 
3% to 10% of all pregnancies. PE can be categorized into two 
groups based on the time it begins: early-onset preeclampsia 
(EOPE, <34 weeks) and late-onset preeclampsia (LOPE, ≥34 
weeks).1 PE is thought to typically manifest in the initial 
stages of pregnancy, particularly during the placental phase. 
However, the underlying pathophysiological alterations 
become evident in the latter portion of pregnancy.2 Despite 
numerous proposed pathogenic theories of PE, the precise 
cause remains unknown, and the management of this condition 
remains a significant challenge that necessitates further 
investigation. Possible factors involved in the pathogenesis of 

PE during the first trimester include inadequate trophoblastic 
invasion and secretion of pro-inflammatory cytokines and 
angiogenic factors. These alterations result in impaired 
endothelial function, activation of leukocytes, and increased 
concentrations of inflammatory markers.3 The activation of 
various major leukocytes, such as neutrophils, lymphocytes, 
and monocytes, occurs as a result of the secretion of lipids 
from the placenta. Recent research has established a strong 
association between preeclampsia and immune dysfunction 
within the inflammatory disease classification. Activated 
leukocytes accumulate in the intimal space of the maternal 
vascular tissue, resulting in inflammation of the vascular 
smooth muscle in preeclampsia patients. This ultimately 
leads to vasoconstriction and vascular dysfunction.4 Pregnant 
women frequently experience malnutrition as a comorbidity, 
which is associated with unfavorable outcomes.5 Nevertheless, 
the assessment of nutritional status is a multifaceted and 
impartial process. Evaluating the nutritional status solely 
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based on a single nutritional index is both unilateral and 
unreasonable. Several studies have identified a correlation 
between nutritional status and patients with PE.6

After the diagnosis of PE, the only available treatment 
option is delivery. Nevertheless, research has demonstrated 
that initiating a dosage of 150 mg of aspirin prior to week 
16 can effectively avert nearly 50% of cases of EOPE. Due 
to this rationale, numerous studies have been dedicated to 
the identification of individuals who are susceptible to PE 
during the initial phases of pregnancy.7 Preeclampsia is a 
complex hypertensive disorder that occurs during pregnancy 
and is caused by multiple factors. The exact mechanisms 
behind this condition are not yet completely understood. 
Although the standard course of pregnancy is associated 
with oxidative stress, factors such as vascular endothelial 
damage, placental ischemia, oxidative damage, coagulation 
anomalies, inflammation are predisposing factors to 
preeclampsia.8 In previous studies, biomarkers of oxidative 
stress (Ischemia-modified albumin (IMA), uric acid (UA), 
and malondialdehyde (MDA))9 and routine hemogram 
parameters (neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), mean platelet volume, platelet 
count)10 has been found to be associated with the pathogenesis 
of preeclampsia. For this reason, it is predicted that some 
biomarkers may be indicators of developing preeclampsia 
and can be used for timely diagnosis.9 Numerous studies have 
been conducted to investigate diverse biochemical markers 
in order to achieve this objective. Therefore, the aim of our 
study was to investigates the clinical indicators of nutrition 
and inflammation in the bloodstream of pregnant women in 
their first trimester, and explores their potential association 
with the risk of EOPE.

METHODS
The study conducted at Etlik Zübeyde Hanım Maternity 
Hospital from January 2018 to January 2021 was a single-
center case-control study. The scope of our study encompassed 
a retrospective examination of the medical records of 225 
pregnant women who met the eligibility criteria. The study 
population consisted of patients who had been diagnosed 
with EOPE. The EOPE group consisted of patients who 
were diagnosed with PE prior to the 34th week of gestation. 
The diagnosis of PE was established when there was a blood 
pressure elevation of 140/90 mmHg on two separate occasions, 
with a time interval of 4 hours between each measurement. 
Additionally, proteinuria was defined as a proteinuria level 
of 300 mg/dl in 24-hour urine or a proteinuria level of +2 as 
determined by the dipstick test in spot urine.11 The control 
group consisted of healthy patients who had no PE and no 
systemic diseases that could possibly affect the parameters 
examined and who were regularly treated in our prenatal clinic. 
Approval to conduct the study was obtained from the Health 
Sciences University Etlik Zübeyde Hanım Maternity Hospital 
Local Ethics Committee (Date: 28.02.2024, Decision No: 02) 
and was conducted following the guidelines of the Helsinki 
Declaration. Exclusion criteria encompassed patients lacking 
available first trimester findings for assessment, as well as 
individuals suffering from chronic systemic illness that could 

potentially impact any variable examined in the current study. 
As a result, individuals who were diagnosed with HELLP 
syndrome, chronic hypertension, diabetes mellitus, hepatic 
and renal disease, collagen vascular and coronary artery 
disease, thyroid disorders, and a reduced number of patients 
with rupture of membranes were not included in the ensuing 
evaluation. The exclusion criteria included patients who had 
undergone more than one pregnancy. The extraction of patient 
data was performed by utilizing healthcare documents and 
the medical center’s data. This research specifically focused on 
pregnant women who had undergone all necessary antenatal 
assessments and gave birth at our clinic.

In their the first trimester health checks examination, which 
took place within the gestational period of 8 to 14 weeks, 
laboratory values were measured in a random manner. The 
study incorporated comprehensive data on demographics 
and perinatal outcomes for statistical examination. The 
variables to be included are age, body-mass index (BMI), 
gravida, parity, dilatation and curettage (D/C), abortus, 
living children, diagnosis time of PE, use of antihypertensive 
(anti-HT) drugs, application of betamethasone and MgSO4, 
birth age, birth weight, birth type, APGAR score at 1st and 
5th minutes, hospitalization in the neonatal intensive care 
unit (NICU), fetal gender, and laboratory tests including 
hemoglobin, neutrophils, monocytes, lymphocytes, platelets, 
albumin, white blood cells (WBC), plateletcrit (PCT), mean 
platelet volume (MPV), bilirubin, aspartate transaminase 
(AST), alanine transaminase (ALT), urea, creatinine, 24-
hour urine protein, neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte 
ratio (MLR), systemic immune inflammation index (SII), 
systemic inflammation response index (SIRI), pan-immune 
inflammation value (PIV), AST-to-platelet ratio index (APRI), 
delta neutrophil index (DNI), and prognostic nutritional 
index (PNI). 

The inflammatory and nutritional biomarkers were calculated 
using the following formulas: NLR represents the ratio of 
absolute neutrophil count (ANC) to absolute lymphocyte 
count (ALC); PLR represents the ratio of absolute platelet 
count (APC) to ALC; MLR represents the ratio of absolute 
monocyte count (AMC) to ALC; SII=APCxANC/ALC; 
SIRI=AMCxANC/ALC; PIV=APCxAMC/ALC; APRI=(AST/
normal upper limit of AST/patient’s platelet count x100; 
PNI=10 x albumin+0.005 x total lymphocyte count. DNI was 
recorded as the value obtained from complete blood count 
analysis.

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) v29.0 
software (IBM® SPSS® Statistics, Armonk, New York, USA) was 
used for the statistical analysis. The suitability of numerical 
data for normal distribution was analyzed according to the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Numerical 
data were given as median (interquartile range (IQR) or min-
max) or mean±SD. Categorical variables were presented as 
numbers (percentage) and the chi-square test was used. This 
study consisted of two independent groups. Student’s t-test 
was used to compare normally distributed data and data were 



453

Demir Çendek et al. Early detection of pre-eclampsia: first trimester serum parameter performanceJ Health Sci Med. 2024;7(4):451-458

presented as mean±SD. The Mann-Whitney U test was used 
to analyze data that did not have a normal distribution, and 
data were presented as median (25th-75th percentile). Due to 
the significant difference between groups in age and BMI 
variables, multivariate analysis of variance (MANOVA) 
was performed between groups with significant markers. 
The area under the receiver operating characteristic (ROC) 
curve was used for cut-off values, sensitivity, and specificity. 
The relationship between the variables was investigated 
with Pearson correlation analysis. Results with p<0.05 were 
accepted as significant.

RESULTS
Within the sample size of 225 individuals, it was observed 
that 89 participants (39.55%) were assigned to the EOPE group 
(group 1), while 136 participants (60.45%) were assigned to 
the control group (group 2). Table 1 displays the demographic, 
obstetric, and clinical details and results of the groups. The 
maternal age and BMI values of group 1 were found to be 
significantly higher in comparison to group 2 (p<0.001). 
Gravida, parity, abortus, D/C, and living children were 
similar in both groups (p>0.05, for all). The group 1, 24-hour 
urine protein was found to be 359 (87) mg, the age at onset of 
PE was 190 (68) days and the rates of antihypertensive (anti-
HT) drug use, betamethasone and MgSO4 application were 
significantly higher than the group 2 (p<0.001, for all). The 
rates of cesarean section and hospitalization in the NICU 
showed significant differences between the groups, with the 
EOPE group experiencing an increase in these rates (p<0.001, 
for all). Additionally, gestational age at birth, birth weight, 
and the 1st and 5th minute APGAR scores were exhibited 
statistically significant lower in group 1 than in group 2 
(p<0.001, for all). There was no differences between the groups 
regard to fetal gender (p>0.05) (Table 1). 

The comparison of blood-based clinical biomarkers of 
nutrition and inflammation between groups are shown in 
Table 2. The EOPE group exhibited significantly higher 
values of neutrophil, lymphocyte, PCT, MPV, ALT, and 
creatinine, while demonstrating significantly lower values of 
albumin, bilirubin, PLR, MLR, and PNI (p<0.05, for all). Both 
groups exhibit similar values for various markers, including 
hemoglobin, platelets, WBC, DNI, monocyte, AST, urea, 
NLR, SII, SIRI, PIV, and APRI. 

ROC curve analysis was used to assess key blood-based 
clinical biomarkers of nutrition and inflammation. Only 
the area under the curve for PNI, albumin, PLR, MLR and 
bilirubin values exceeded 0.5 and were found to be statistically 
significant (p<0.05, for all) (Table 3). The cut-off value for 
PNI was 34.00 (p<0.001), with a sensitivity of 80.3% and a 
specificity of 58.4%, for PLR the cut-off value was 138.65 (p= 
0.025), with a sensitivity of 68.2% and a specificity of 50.6%, 
for MLR the cut-off value is 0.20 (p<0.001) with a sensitivity 
of 69.7% and a specificity of 50.6%, for albumin the cut-
off value is 3.45 (p<0.001) with a sensitivity of 71.2% and a 
specificity of 67.4%, and for bilirubin the cut-off value is 0.29 
with a sensitivity of 61.4% and a specificity of 59.5% (p=0.023). 
The ROC curve for PNI, albumin, PLR, MLR and bilirubin is 
shown in Figure. 

Table 1. Demographic, obstetric and clinical characteristics of the 
groups

Variable(s)
Early-onset 

preeclampsia group
Control 
group p-value

Participant (n, %) 89 (39.55) 136 
(60.45) n/a

Age (years, median, IQR) 32 (10) 27 (8) <0.001a

BMI (kg/m2, median, IQR) 34 (9) 28 (4) <0.001a

Gravida (n, median, IQR) 2 (1) 2 (1) 0.708a

Parity (n, median, IQR) 1 (2) 1 (2) 0.769a

Abortus (n, median, IQR) 0 (0) 0 (1) 0.280a

D/C (n, median, IQR) 0 (0) 0 (0) 0.589a

Living children 
(n, median, IQR) 1 (2) 1 (2) 0.891a

Preeclampsia diagnosis 
time (day, median, IQR) 190 (68) - n/a

24-hour urine protein 
(mg, median, IQR) 359 (87) - n/a

Anti-hypertensive drug 
(n, %) <0.001b

      No 0 (0) 136 
(100)

      Yes 89 (100) 0 (0)

Betamethasone (n, %) <0.001b

      No 38 (42.7) 136 
(100)

      Yes 51 (57.3) 0 (0)

MgSO4 (n, %) <0.001b

      No 55 (61.8) 136 
(100)

      Yes 34 (38.2) 0 (0)

Birth age (day, median, 
IQR) 256 (22) 269 (10) <0.001a

Birth weight (g, median, 
IQR) 2900 (990) 3145 

(536) <0.001a

Birth type (n, %) <0.001b

     Vaginal 17 (19.1) 128 
(94.1)

     Cesarean 72 (80.9) 8 (5.9)

Apgar 1 (median, min-
max) 9 (5-9) 9 (9-9) <0.001a

Apgar 5 (median, min-
max) 10 (7-10) 10 (10-

10) <0.001a

Gender (n, %) 0.819b

        Female 47 (52.8) 74 (54.6)

        Male 42 (47.2) 62 (45.4)

NICU (n, %) <0.001b

      No 82 (92.1) 136 
(100)

      Yes 7 (7.9) 0 (0)

a=Mann-Whitney U test, b=Chi-square test, IQR: Inter quantile range, BMI: Body-mass index,          
D/C: Dilatation and curettage, MgSO4: Magnesium sulfate, NICU: Neonatal intensive care unit
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Given the considerable differences in age and BMI variables 
between the groups, a multivariate analysis was performed 
for the significant markers PNI, albumin, PLR, MLR and 
bilirubin. According to the findings presented in Table 4, 
there was no significant impact of age and BMI on biomarker 
outcomes, specifically PNI, albumin, and MLR, across the 
groups. The adjusted model yielded R2 values of 0.149 for PNI 
(aR2=0.137, p<0.001), 0.149 for albumin (aR2=0.137, p<0.001), 
and 0.016 for bilirubin (aR2=.003, p=0.313). Additionally, R2 
values of 0.030 (aR2=.017, p=0.081) were calculated for PLR, 
and 0.029 (aR2=.041) for MLR.

DISCUSSION
Our study stands out by focusing on the NLR, PLR, MLR, SII, 
SIRI, PIV, APRI, and PNI as potential prognostic indicators of 
PE. We specifically use data obtained exclusively from blood 
samples. The findings of our study demonstrated significant 
increases in neutrophil, lymphocyte, PCT, MPV, ALT, and 
creatinine values, while remarkable decreases in albumin, 
bilirubin, PLR, MLR, and PNI in the EOPE group, unlike the 
control group. However, hemoglobin, platelets, WBC, DNI, 
monocyte, AST, urea, NLR, SII, SIRI, PIV and APRI values 
were similar in the both groups. Notably, PLR, MLR, PNI, 
albümin, and bilirubin emerged as reliable indicators of EOPE, 
with defined cutoff values of 138.65, 0.20, 34.00, 3.45, and 0.29, 
respectively. These findings emphasize the potential for these 
nutrition and inflammation-related indices to be useful in 

Table 2. Comparison of blood-based clinical biomarkers of nutrition 
and inflammation between groups

Variable(s)

Early-onset 
preeclampsia 

group
Control 
group p-value

Participant (n,%) 89 (39.55) 136 (60.45) n/a

Hemoglobin (g/dL, mean±SD) 12.29±1.22 12.54±1.15 0.060a

Platelets (103/mm3, median, IQR) 276.0 (81.5) 259.0 (79.0) 0.086b

PCT (µg/L, mean±SD) 0.23±0.47 0.21±0.44 <0.001a

WBC (103/mm3, mean±SD) 9.1164±2.4637 8.787±8.2034 0.710a

Neutrophil (103/mm3, mean±SD) 6.4270±2.1040 5.7975±1.6677 0.007a

Lymphocyte (103/mm3, 
median, IQR) 1.88 (0.83) 1.61 (0.62) <0.001b

Albumin (g/dL, median, IQR) 3.3 (0.3) 3.6 (0.3) <0.001b

Monocyte (103/mm3, median, IQR) 0.40 (0.15) 0.39 (0.16) 0.847b

DNI (Median, IQR) -2.9 (4.0) -3.2 (4.0) 1.000b

MPV (fl, median, IQR) 8.1 (1.5) 7.8 (0.8) 0.014b

Bilirubin (mg/dL, median, IQR) 0.30 (0.18) 0.38 (0.32) 0.021b

AST (IU/L, median, IQR) 16.0 (5.0) 15.0 (4.0) 0.141b

ALT (IU/L, median, IQR) 14.0 (9.0) 12.0(5.0) 0.041b

Urea (mg/dL, median, IQR) 8.0 (4.0) 8.0 (3.0) 0.610b

Creatinine (mg/dL, median, IQR) 0.50 (0.10) 0.40 (0.10) 0.025b

NLR (Median, IQR) 3.13 (1.54) 3.28 (1.33) 0.061b

PLR (Median, IQR) 138.49 
(64.84)

160.62 
(65.48) 0.018b

MLR (Median, IQR) 0.20 (0.09) 0.24 (0.10) <0.001b

SII (Median, IQR) 930.35 
(538.62)

907.51 
(448.32) 0.955b

SIRI (Median, IQR) 1.25 (1.0) 1.37(0.88) 0.384b

PIV (Median, IQR) 59.31 (41.20) 62.01 
(33.95) 0.121b

APRI (Median, IQR) 170.74 
(94.72)

171.21 
(66.52) 0.981b

PNI (Median, IQR) 33.01 (3.01) 36.00 (3.00) <0.001b

a=Indepented t test b=Mann Whitney U test, SD: Standart devation, IQR: Inter quantile range,               
PCT: Plateletcrit, WBC: White blood cells, DNI: Delta neutrophil index, MPV: Mean platelet volume, 
AST: Aspartate transaminase, ALT: Alanine transaminase, NLR: Neutrophil-to-lymphocyte ratio,                               
PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, SII: Systemic immune 
inflammation index, SIRI: Systemic inflammation response index, PIV: Pan-immune inflammation 
value, APRI: AST-to-platelet ratio index, PNI: Prognostic nutritional index

Table 3. ROC analyses for significant biomarkers

Test result variable(s) Area
SD 

error
Asymptotic 
significance

Asymptotic 
95% 

confidence 
interval

Lower 
bound

Upper 
bound

Neutrophil (103/mm3) .393 .039 .007 .316 .470

Lymphocyte (103/mm3) .345 .038 <0.001 .270 .419

PCT (µg/L) .365 .038 .001 .289 .440

MPV (FL) .399 .042 .011 .318 .481

Albumin (g/dL) .749 .036 <0.001 .679 .819

Bilirubin (mg/dL) .590 .038 .023 .515 .665

ALT (IU/L) .421 .040 .047 .343 .500

Creatinine (mg/dL) .422 .039 .048 .346 .497

PLR .589 .040 .025 .512 .667

MLR .643 .038 <0.001 .568 .718

PNI .736 .037 <0.001 .664 .807

ROC: Receiver operating characteristic curve, SD: Standart devation, PCT: Plateletcrit, MPV: Mean 
platelet volume, ALT: Alanine transaminase, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-
lymphocyte ratio, PNI: Prognostic nutritional index

Figure. ROC curves for PNI, Albumin, PLR, MLR and Bilirubin
ROC: Receiver operating characteristic curve, ALB: Albumin, BIL: Bilirubin, PLR: platelet-to-
lymphocyte ratio, MLR: monocyte-to-lymphocyte ratio, PNI: prognostic nutritional index
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predicting the EOPE in a clinical setting. The PLR, MLR, and 
PNI indices, which incorporate measurements of albümin, 
monocyte, platelet, and lymphocyte counts, are utilized as 
markers for assessing the nutritional and inflammatory status 
of the body. Only the MLR, PNI, and albumin parameters 
were found to predict EOPE in the first trimester in the 
multivariate model. In order to assess our findings, we carried 
out a comprehensive review of the existing literature. The 
correlation between the existence of risk factors in patients 
and the higher occurrence of PE is possible; nevertheless, the 
advancement of the condition is not consistently foreseeable.12 
The anticipation of PE, specifically during the first trimester, 
is a subject of considerable clinical significance owing to its 
capacity to profoundly influence patient care and maternal-
fetal results.13 
Early trophoblast development in normal pregnancies 
necessitates a hypoxic intrauterine environment. Within 
this framework, diverse biomarkers of oxidative stress were 
analyzed in the mother’s serum to indicate the oxidative 
stress linked to placental development. One of the biomarkers 
associated with oxidative stress is IMA.14 According to the 
literature, there is a significant increase in the average serum 
IMA value during pregnancy.15 In a study conducted in this 
context, although serum IMA levels were found to be higher 
in patients with preeclampsia than in healthy pregnancies, 
no significant correlation was found in terms of preeclampsia 
severity.8 
Peroxisome proliferator-activated receptors (PPARs) are 
nuclear receptor proteins that regulate gene expression. PPARs 
have been reported to play a significant role in the (dys-)
regulation of blood pressure. PPAR isoforms may be expressed 
in the amnion, decidua, and villous placenta, but are mainly 
represented in cytotrophoblasts and syncytiotrophoblasts in 

the first trimester of the placenta, signifying their exclusive 
contributions to trophoblast differentiation and functions 
of the placenta.16 So far, numerous review articles have been 
published regarding the function of PPARs in trophoblast 
differentiation and the promotion of a healthy placental 
development.17–19 In this context, there are many studies 
investigating the role of PPAR in preeclampsia. Different study 
groups reached contradictory conclusions in terms of PPAR 
expression in preeclamptic placentae. The review by Iason et 
al.20 highlights the critical role of PPARs in preeclampsia.

Extensive research has been conducted on the predictive 
capabilities of NLR, PLR, and MLR in various domains, 
including cardiovascular diseases, neurological and 
psychiatric disorders, as well as vascular and oncological 
surgical procedures. PE is one of these areas.21 However, 
research on the inflammatory indices PLR, NLR, and MLR 
in PE did not reach a unanimous agreement.21,22 As an 
illustration, there exist studies that demonstrate the impact 
of NLR23 or not significantly affected,21 PLR is affected23 or 
not significantly affected21 and MLR is affected23 or not 
significantly affected24 in PE cases. Most studies show that 
there is a clear effect, indicating that inflammatory parameters 
(MLR and NLR) increase in preeclampsia.23,25,26 However, 
there are also studies that show a significant decrease in 
these indices. According to Cui et al.,27 it was proposed that 
preeclampsia patients exhibited lower inflammation indices 
in comparison to the control group, which can be attributed 
to an elevation in lymphocyte count. In the present study, it 
was observed that patients with PE exhibited significantly 
lower values of PLR and MLR in comparison to the control 
group. Additionally, the NLR was found to be low, although it 
did not reach statistical significance. The observed outcomes 
are hypothesized to be attributed to the augmentation in 

Table 4. Multivariate analysis of parameters

Source Dependent 
variable

Type III sum of 
squares DF Mean square F Significance Partial eta-

squared

Corrected model

PNI 198.524 3 66.175 12.672 <.001 .149

Albumin 1.988 3 .663 12.691 <.001 .149

Bilirubin .215 3 .072 1.194 .313 .016

PLR 21785.345 3 7261.782 2.276 .081 .030

MLR .154 3 .051 3.068 .029 .041

Age

PNI 3.518 1 3.518 .674 .413 .003

Albumin .035 1 .035 .675 .412 .003

Bilirubin .014 1 .014 .238 .626 .001

PLR 7005.528 1 7005.528 2.195 .140 .010

MLR .042 1 .042 2.537 .113 .012

BMI

PNI 8.973 1 8.973 1.718 .191 .008

Albumin .090 1 .090 1.716 .192 .008

Bilirubin .010 1 .010 .172 .679 .001

PLR 189.219 1 189.219 .059 .808 .000

MLR .024 1 .024 1.433 .233 .007

PNI: Prognostic nutritional index, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, BMI: Body-mass index
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lymphocyte count. Therefore, our research corroborates the 
findings of Cui et al.’s study.27

The DNI index, as proposed by Pyo et al.,28 is a novel measure 
that quantifies the percentage of immature granulocytes 
present in the bloodstream. Pyo et al. demonstrated that 
the augmentation of immature granulocytes in peripheral 
blood holds significant prognostic and diagnostic value in the 
context of infections and sepsis. The findings of Laresgoiti-
Servitje et al.3 indicate a potential correlation between the 
pathophysiology of PE and DNI. Cho et al.29 observed an 
elevation in DNI levels among individuals with severe PE in 
comparison to those with PE and normotensive individuals. 
However, Ozkan et al.’s30 findings indicated that the DNI 
value alone may not be adequate for assessing the risk of 
developing gestational hypertension and preeclampsia, as 
well as predicting the severity of preeclampsia. In the present 
study, it was observed that while the DNI values exhibited an 
increase within the EOPE group, these increases did not reach 
statistical significance. 
The primary transaminase released into the peripheral 
circulation in cases of liver dysfunction caused by PE is AST, 
which is also linked to periportal necrosis.31 In liver fibrosis, 
the APRI serves as a non-invasive measure for assessing 
inflammation. According to several studies,32,33 there is 
evidence suggesting that the APRI level is a more reliable 
predictor of HELLP syndrome compared to AST alone. Our 
study revealed that the EOPE group exhibited elevated levels 
of AST and ALT. However, only a notable rise in ALT value 
was observed, whereas APRI levels were similar to those of 
the control group.
The  parameters  PIV, SII, and  SIRI reflect the inflammatory 
status of the body by encompassing counts of neutrophils, 
monocytes, platelets, and lymphocytes. Given the characteristic 
features of PE, namely dysfunction of the endothelial 
system and increased inflammation-related activity, the 
augmentation of parameters related to inflammation presents 
itself as a feasible approach for prognosticating the probability 
of PE onset. In their study, Seyhanli et al.25 demonstrated that 
there was an increase in SII levels in the severe and mild PE 
individuals. However, it was found that SII did not exhibit 
statistical significance as a predictor of PE. Conversely, the 
mild PE group exhibited significant increases in SIRI and PIV 
indices when compared to the control group. There was no 
statistically significant difference observed in the levels of SII 
between the PE and control groups in the research carried 
out by Maziashvili et al.34 The results of our study indicate 
that there was no statistically significant increase in the SII, 
SIRI, and PIV indices between the EOPE group and the 
control group. In recent times, these parameters have gained 
significant popularity due to their affordability and the ease 
with which they can be computed using standard blood tests. 
The literature pertaining to this subject is highly intricate. 
It is plausible that the reduced number of components in 
these parameters renders them susceptible to the influence of 
patients’ concurrent health conditions.
The pathophysiology of PE is believed to encompass 
atypical formation of placental vasculature, characterized 
by impaired deep placentation and absence of spiral artery 

transformation.35 Nutrition and the release of inflammatory 
factors have been proposed to have a significant impact 
on placental endothelial function and oxidative stress.36 
Malnutrition significantly impacts placental endothelial 
function, oxidative stress, and the expression of angiogenic 
factors, as indicated by the literature.37 Moreover, there is a 
correlation between malnutrition and negative outcomes 
such as fetal growth restriction, low birth weight, and preterm 
delivery.38 The utilization of the PNI score as a metric for 
assessing the nutritional status of individuals has been 
found to have a significant correlation with the prognosis of 
patients diagnosed with gynecological cancer. The studies 
conducted by Zheng Feng et al.39 and Naoko Komura et al.40 
demonstrated that a reduced PNI score prior to treatment 
does not serve as a reliable prognostic indicator for individuals 
diagnosed with ovarian cancer. The PNI score, derived from 
the measurement of serum albumin concentration and total 
lymphocyte count in the peripheral blood, has the potential 
to serve as an indicator of an individual’s nutritional status.41 
The investigation conducted by Wei et al.42 aimed to assess the 
predictive value of the PNI score in identifying adverse events 
that may arise during hospitalization prior to the termination 
of pregnancy in patients diagnosed with PE. However, a 
comparison was made between the low PNI group and the 
high PNI group. It has been demonstrated that a low PNI 
score is linked to poorer clinical outcomes in patients with 
PE, including higher rates of admission to the intensive care 
unit and the occurrence of adverse events such as HELLP 
syndrome, placental abruption, and heart failure during 
hospitalization. In addition, in this study, it was found that 
the albumin level in the group with low PNI was significantly 
lower than in the group with high PNI. In our investigation, 
akin to the present study, we observed a notable decrease in 
PNI and albumin levels within the cohort that experienced 
PE in comparison to the control group. Furthermore, based 
on the findings of the multivariate analysis of variance, it was 
determined that there was no significant impact of age and 
BMI on PNI and albumin levels across the groups. The PNI 
exhibited a significant cut-off value of 34.00, demonstrating 
a sensitivity of 80.3% and specificity of 58.4%. A cut-off value 
of 3.45 was determined for albumin, exhibiting a sensitivity 
of 71.2% and specificity of 67.4%. These outcomes could have 
important consequences for clinical practice, especially in 
predicting EOPE.

Limitations
We must recognize that our study is retrospective and 
carried out at a single institution, with a relatively small 
sample size. However, the advantage of our study lies in its 
ability to eliminate device-related variability by analyzing 
data exclusively from a single central laboratory in a tertiary 
care center. Furthermore, the PNI exhibited a statistically 
significant reduction, particularly within the EOPE group, 
and its sensitivity was also determined to be elevated. This 
article is the first to examine the efficacy of the first trimester 
PNI value in early detection of PE patients.  It is imperative 
to conduct future studies involving larger patient cohorts in 
order to enhance the dependability of these parameters. This 
subject necessitates the implementation of prospective studies 
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and randomized controlled trials. In this regard, we believe 
that it provides a substantial contribution to the existing body 
of the literature. However, it is crucial to recognize that the 
simplicity and cost-effectiveness of these parameters, which 
can be obtained from routine blood tests, offer significant 
advantages in the realm of clinical practice.

CONCLUSION
The present research emphasizes the potential efficacy of PNI, 
albumin, and MLR as predictive measures for assessing the 
likelihood of EOPE in the first trimester. The aforementioned 
parameters have the potential to enhance monitoring, enable 
early detection and intervention, and consequently potentially 
mitigate complications related to PE. This study represents 
the inaugural investigation into the effectiveness of the first 
trimester PNI value in the timely identification of patients 
with EOPE.  
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ABSTRACT
Aims: To evaluate the home health services provided to children in Batman, a province in the Southeastern Anatolia Region of 
Turkiye, where the birth rate and consanguineous marriages are high.

Methods: For this descriptive and cross-sectional study, data from 460 patients aged 0-18 years who received services from 
the Home Health Unit of Batman Training and Research Hospital between January 10, 2018, and January 10, 2023, were 
retrospectively scanned through the Hospital Information Management System.

Results: 57.6% of the patients were male and 42.4% were female. The mean age of the patients was 10.64±4.5 years; the proportion 
of patients aged 0-6 years was 20%, 7-12 years was 41.1%, and 13-18 years was 38.9%. Mental retardation  was observed in 
15%, cerebral palsy in 42.8%, hydrocephalus in 7.8%, epilepsy in 17%, spina bifida/meningocele/meningomyelocele in 4.1%, 
neuromuscular and motor disorders (paresis/plegia, etc.) in 10.4%, and osteogenesis imperfecta in 3%. While 99.6% of reasons 
for physician visits were non-emergency, the most common reason for visits by non-physician health personnel was dressing 
and monitoring of fever, pulse, and blood pressure, at 94.8%. The proportion of patients in need of nursing services was 98.7%; 
the proportion of patients with pressure sore signs was 87.8%; and the proportion of fully dependent patients was 93.9%.

Conclusion: To provide home health services more effectively and efficiently, it is necessary to increase social awareness, 
improve health literacy to eliminate regional differences, and expand telehealth applications. For better quality service delivery, 
it is of vital importance to provide periodic training to those engaged in patient care, especially on managing bed sores. In this 
way, home health services for children can become more accessible and effective.

Keywords: Home health, home care, child health, telehealth, chronic disease, disability
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INTRODUCTION
Home health care (HHC) is a health service provided by 
professional health teams in their residences to people in 
all age groups who have difficulty applying to the hospital 
in person due to their health conditions and who are more 
appropriate to receive services in their environment.1 Home 
health care is a multidisciplinary approach that includes 
examination, analysis, treatment, medical care, rehabilitation, 
and social and psychological counseling. As advances in 
medicine prolong life expectancy and increase the number 
of people in need of special care with chronic diseases and 
disabilities, the need for home health care is growing more 
and more significantly every day.2

The decrease in child mortality due to medical and economic 
developments and the increase in the number of children with 
chronic diseases and disabilities due to increased survival 
have led to an increase in the population of children in need of 

care. Along with all these, making many medical equipment 
suitable for home use and the understanding of family-centered 
care have increased the importance of home health services 
for children in the elderly.3 Because the provision of home 
health care services reduces the number of hospitalizations 
and shortens the duration of hospitalization significantly in 
children as well as in adults; as a result, it positively affects the 
physical, social, and psychological development of the child.4

In Turkiye, the legal regulation on the provision of home health 
care services was made for the first time in 2005, and its scope 
was expanded and made widespread with new regulations 
made in the following years.5 All individuals who are included 
in the scope of home health care services are routinely visited 
at certain intervals by home health care teams affiliated 
with hospitals. In addition, additional visits are made when 
needed. The team consists of at least three people and may 
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include a physician, allied health personnel (nurse, midwife, 
or health officer), physiotherapist, psychologist, social worker, 
dietician in addition to driver. The main tasks of the home 
health service include examination, analysis, examination, 
treatment, medical care, rehabilitation services, making 
appointments with hospitals as a result of consultation, 
arranging medical conditions and medication reports, and 
providing medical equipment.5,6

Our study aims to evaluate the home health services 
provided for children in Batman, one of the provinces in the 
Southeast, which is the region with the highest birth rate7 
and consanguineous marriage rate8 in Turkiye according to 
the Turkish Statistical Institute (TÜİK) data, many different 
parameters such as demographic characteristics, the diagnosis 
of the disease of the person, the reason for the visit and the 
determinations made as a result of the visit. This will shed 
light on new regulations to be made to further expand the 
scope and improve the quality of home health services.

METHODS
Approval for the study was obtained from the Scientific 
Researches Ethics Committee of Batman Training and 
Research Hospital (Date: 25.01.2024 Decision No: 374). All 
procedures were carried out according to the ethical rules and 
the principles of the Declaration of Helsinki.

For this descriptive and cross-sectional study, the data of 
460 children aged 0-18 years who received services from 
the Home Health Unit of Batman Training and Research 
Hospital between January 10, 2018, and January 10, 2023, 
were retrospectively scanned in the Hospital Information 
Management System (HIMS). The criteria for inclusion in the 
study were to receive home health care for whatever reason 
and to be between the ages of 0-18. Children aged 0-18 years 
who were not registered at the Home Health Services Unit 
but temporarily received home health services were excluded. 
Additionally, people over 18 were excluded from the study 
even if they received regular home health services.

All children were visited at least twice a month by mobile 
teams of the Home Health Services Unit, and additional visits 
were made as needed. Each team consisted of at least three 
people, including a physician, home patient care technician, 
and auxiliary health personnel, in addition to the driver. 
When needed, psychologists, social workers, physiotherapists, 
and dieticians were included in the team. Information on 
age, gender, diagnosis, reasons for admission and visit, need 
for medical care, need for social support services, need for 
psychological support, need for consultation, need for nursing 
services, need for palliative care, need for rehabilitation, need 
for dietician, need for chaplain, presence of pressure symptoms 
and were screened. In addition, the child’s bed dependency 
status, disability group, devices used, and disability report 
status were also screened.

Statistical Analysis

SPSS v.25 package program was used for data analysis. 
Descriptive statistics were presented as mean±standard 

deviation or median (minimum-maximum) for continuous 
variables and as frequency and (%) for categorical variables.

RESULTS
The study included 460 patients who were under the follow-up 
of the home health services unit. 57.6% of the patients were 
male and 42.4% were female. The mean age of the patients 
was 10.64±4.5 years (minimum age 1- maximum age 18 years 
and median age 11 years) (Table 1). The male/female ratio was: 
1.35.

The proportion of patients aged 0-6 years was 20%, 7-12 years 
was 41.1% and 13-18 years was 38.9% (Figure).

The distribution of “mental retardation, cerebral palsy, 
hydrocephalus, epilepsy, spina bifida/meningocele/
meningomyelocele, neuromuscular, and motor disorders 
(Paresis/Plegia, etc.) and osteogenesis imperfecta” in the 
patients who participated in the study is shown in Table 2 
both in the whole group and by gender.

When the reasons for home health care application of the 
patients participating in the study were analyzed, it was seen 
that the first rank was HHC application and utilization request 
with a rate of 91.3%, the second rank was reporting renewal 
request with a rate of 7% and the last rank was requested for 
examination, dressing, etc. based on complaints with a rate 
of 1.7%. Reasons for visits by physicians and non-physician 
health personnel during home visits to patients were also 
analyzed in (Table 3).

Table 1. Distribution of demographic data

Variable                                             Groups n %

Gender

Male 265 57.6

Female 195 42.4

Total 460 100.0

Age group

0-6 years 92 20.0

7-12 years 189 41.1

13-18 years 179 38.9

Total 460 100.0

Years
Mean-SD 10.64 (4.50)

Min-Max-Median 1-18-11

SD: Standart deviation

Figure. Distribution chart of age groups (%)
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Table 2. Diagnosis distribution

Gender

Male Female Total

Number % Number  % Number  %

  Mental retardation

No 222 83.8% 169 86.7% 391 85.0%

Yes 43 16.2% 26 13.3% 69 15.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Cerebral palsy

No 147 55.5% 116 59.5% 263 57.2%

Yes 118 44.5% 79 40.5% 197 42.8%

Total 265 100.0% 195 100.0% 460 100.0%

  Hydrocephalus

No 247 93.2% 177 90.8% 424 92.2%

Yes 18 6.8% 18 9.2% 36 7.8%

Total 265 100.0% 195 100.0% 460 100.0%

  Epilepsy

No 218 82.3% 164 84.1% 382 83.0%

Yes 47 17.7% 31 15.9% 78 17.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Spina bifida/meningocele/
  meningomyelocele

No 255 96.2% 186 95.4% 441 95.9%

Yes 10 3.8% 9 4.6% 19 4.1%

Total 265 100.0% 195 100.0% 460 100.0%

  Neuromuscular and motor disorders
  (Paresis/Plegia etc.)

No 231 87.2% 181 92.8% 412 89.6%

Yes 34 12.8% 14 7.2% 48 10.4%

Total 265 100.0% 195 100.0% 460 100.0%

  Osteogenesis imperfecta

No 264 99.6% 182 93.3% 446 97.0%

Yes 1 0.4% 13 6.7% 14 3.0%

Total 265 100.0% 195 100.0% 460 100.0%

Table 3. Distribution of reasons for application and visit

Variable                                                                                     Groups n %

Home health service reason for application

HHC application and benefit request 420 91.3

Report renewal request 32 7.0

Complaint-based examination, dressing etc. requests 8 1.7

Total 460 100.0

Reasons for visiting a doctor

Non-emergency reasons 458 99.6

Cerebral palsy 2 0.4

Total 460 100.0

Reasons for visiting non-doctor health personnel

FPTP tracking 22 FPTP

Dressing 2 0.4

Dressing+FPTP follow-up 436 94.8

Total 460 100.0

*HHC: Home health care ** FPTP: Fever-pulse-tension pressure
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The findings obtained from the patients who participated 
in the study by questioning “medical care, social support, 
psychological support, consultation, nursing service, 
palliative care, rehabilitation, dietician, religious worker 
needs and whether there are compression symptoms” are 
shown in Table 4.

The findings obtained from the patients who participated in 
the study by questioning “bed dependency, disability group/
branch, devices used, and disability report status” are shown 
in Table 5.

DISCUSSION
Due to the increase in life expectancy at birth, the increase 
in the number of people in need of care due to old age and 
various accompanying diseases, the advantages of aging 
in place; and the importance of home health services are 
becoming more and more evident day by day.1,2 In addition, 
the intensity in hospitals due to global, regional and seasonal 
epidemics, the risk of infection during hospital admission, 
the difficulty in reaching the hospital, and the social and 
psychological advantages of receiving health services in the 

Table 4. Distribution of patient needs by gender

Gender

Male Female Total

Number  % Number % Number  %

  Is there a need for medical care?

No 261 98.5% 195 100.0% 456 99.1%

Yes 4 1.5% 0 0.0% 4 0.9%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a social support service?

No 265 100.0% 195 100.0% 460 100.0%

Yes 0 0.0% 0 0.0% 0 0.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for psychological support?

No 265 100.0% 195 100.0% 460 100.0%

Yes 0 0.0% 0 0.0% 0 0.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for consultation?

No 253 95.5% 191 97.9% 444 96.5%

Yes 12 4.5% 4 2.1% 16 3.5%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for nursing care?

No 4 1.5% 2 1.0% 6 1.3%

Yes 261 98.5% 193 99.0% 454 98.7%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for palliative care?

No 265 100.0% 194 99.5% 459 99.8%

Yes 0 0.0% 1 0.5% 1 0.2%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for rehabilitation?

No 263 99.2% 195 100.0% 458 99.6%

Yes 2 0.8% 0 0.0% 2 0.4%

Total 265 100.0% 195 100.0% 460 100.0%

  Is there a need for a dietician?

No 263 99.2% 195 100.0% 458 99.6%

Yes 2 0.8% 0 0.0% 2 0.4%

Total 265 100.0% 195 100.0% 460 100.0%

  Do you need a chaplain?

No 265 100.0% 195 100.0% 460 100.0%

Yes 0 0.0% 0 0.0% 0 0.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Are there pressure symptoms?

No 32 12.1% 24 12.3% 56 12.2%

Yes 233 87.9% 171 87.7% 404 87.8%

Total 265 100.0% 195 100.0% 460 100.0%
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environment where the person lives increase the popularity 
and necessity of home health services.9 The significant increase 
in the number of children in need of care because some of the 
previously untreatable pediatric diseases are being treated due 
to advances in medicine has made home health care services 
for children between the ages of 0-18 an indispensable health 
practice, just as it is for elderly individuals.3

Home health care services, which were once provided by 
primary care centers in Turkiye, have been provided by 
secondary and tertiary care hospitals affiliated with Public 
Hospitals since 2017.5 Thanks to the widespread mobile health 
services provided within the scope of home health services 
in Turkiye, mobile teams of home health services provided 
on-site services in subsistence shelter centers and tents after 
the February 6, 2023 earthquakes due to the difficulties in 
reaching hospitals and the unavailability of some hospitals. 
For this reason, a strong home health care infrastructure is 
essential in the aftermath of earthquakes.9

The mean age of children receiving home health care services 
in our study, which was found to be 10.64±4.5, is similar to 
the result of 11±4.2 in the study conducted by Çadırcı et al.10 
in 2019 in Şanlıurfa, a Southeastern Anatolian province in 

Turkiye. In the literature, the majority of children receiving 
home health care services are infants.11 In our study, the 
majority of the patients, 41.1%, were between the ages of 7 and 
12, whereas in the study conducted by Ayar et al.12 in Ankara, 
the highest number of children aged 0-6 years was found with 
39.7%. The reason for this age difference may be the difference 
in health literacy due to regional socioeconomic and cultural 
changes in Turkiye. We think that the lack of sufficient 
awareness about home health services in Batman province 
and the delay in application for home health services due to 
this is the most likely reason.  However, although the mean 
age of 8.87±4.6 years in Ayar et al.12 study is significantly lower 
than our study, it is still high compared to the literature. This 
shows that there are significant differences in the approach to 
home health services for children between countries, similar 
to the differences between regions in Turkiye.

The male/girl ratio of 1.35 in our study overlaps with the 
result of 1.34 found by Çadırcı et al.10 and is close to the 
result of 1.17 found by Ayar et al.12 According to the World 
Health Organization (WHO), the ratio of boys/girls at birth 
in Turkiye in 2020 is 1.05.13 This result shows that boys are 
more likely to have chronic diseases/disabilities that require 
home health care services than girls. Furthermore, according 

  Table 5. Distribution of various parameters according to gender

Gender

Male Female Total

Number % Number % Number %

  Bed dependency

  Independent 0 0.0% 4 2.1% 4 0.9%

  Semi-dependent 11 4.2% 13 6.7% 24 5.2%

  Fully dependent 254 95.8% 178 91.3% 432 93.9%

  Total 265 100.0% 195 100.0% 460 100.0%

  Person’s disability group 

  Neurology 257 97.0% 190 97.4% 447 97.2%

  Muscle diseases 6 2.3% 1 0.5% 7 1.5%

  Orthopedics 1 0.4% 1 0.5% 2 0.4%

  Psychiatry 0 0.0% 2 1.0% 2 0.4%

  Brain surgery 1 0.4% 0 0.0% 1 0.2%

  Physical therapy and rehabilitation 0 0.0% 0 0.0% 0 0.0%

  Oncology 0 0.0% 1 0.5% 1 0.2%

  Urology 0 0.0% 0 0.0% 0 0.0%

Total 265 100.0% 195 100.0% 460 100.0%

  Devices used 

  No device used 253 95.5% 186 95.4% 439 95.4%

  HV+OK 10 3.8% 6 3.1% 16 3.5%

  OK 2 0.8% 3 1.5% 5 1.1%

  Total 265 100.0% 195 100.0% 460 100.0%

  Disability report status

No 10 3.8% 9 4.6% 19 4.1%

Yes 255 96.2% 186 95.4% 441 95.9%

Total 265 100.0% 195 100.0% 460 100.0%

  HV: Household ventilator, OK: Oxygen concentrator
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to 2023 TUIK data, the infant mortality rate is higher in boys 
than in girls.14 This situation shows that gender differences 
should also be taken into consideration when planning for 
home health services and other health services.

While the rate of children with cerebral palsy was 42.8% in 
our study, this rate was 57.9% in the study by Çadırcı et al.10 
and 58.7% in the study by Ayar et al.12 In a study conducted 
by Pulgar et al.15 in the United States of America, this rate was 
found to be 69.8%, which was higher than both our study and 
the other two studies in Turkiye.

In our study, when the reasons for application for home 
health care services were analyzed, the first place was HHC 
application and utilization request with a rate of 91.3%, 
while the second place was reported renewal request with a 
rate of 7%. Performing procedures such as report renewal 
with Telehealth applications that can be performed with 
remote access instead of home visits will enable more efficient 
use of the limited capacity of home health care teams. The 
implementation of the Remote Patient Assessment System in 
Turkiye as of May 2024 shows that procedures such as report 
renewal and prescribing medication to the patient can be 
easily performed with remote access. Studies show that the 
use of technology in home health services, including remote 
access, can be as effective as one-to-one home visits.16

In our study, the most common reasons for visits by non-
physician health personnel were dressing+FPTP follow-up 
with 94.8%, FPTP follow-up only with 4.8% and dressing only 
with 0.4%. In our study, dressing could not be differentiated 
as small or large dressing. However, the fact that the home 
health services team made a home visit even for FPTP follow-
up suggests that some of the dressings performed by the team 
at home may be performed by the patient’s relatives. For this 
reason, it is necessary to provide training on simple medical 
procedures and patient care to the relatives of patients 
receiving home health care services. In this way, both the 
workload of mobile teams will be reduced, and patients will 
feel more comfortable psychologically because simple medical 
procedures can be performed by their relatives with whom 
they have better communication.17

In our study, the fact that almost all of the patients (98.7%) 
needed nursing services shows that nursing services should be 
prioritized in-home health services planning in accordance 
with the literature.18 This result may indicate that nursing 
students should be trained not only for treatment and care in 
health institutions but also for home health services during 
nursing education. In addition, nursing services can also 
be carried out by patient care technicians who are specially 
trained in this field.

The finding of pressure findings in 87.8% of our patients 
shows that one of the most important problems in children 
who need home health care services, as in adults, is pressure 
problems that occur as a result of living bedridden for a long 
time. Ferris et al.19 conducted a meta-analysis of studies 
between 1946 and 2017 and found that the rate of pressure 
ulcers in palliative care patients in all age groups was 12.4%. 
In their literature review, Moore et al.20 reported that the 
rate of pressure ulcers in European countries varied between 

countries, ranging from 4.6-27.2% with an average of 10.8% 
and that this rate was found to be 10.95% in Turkiye. In our 
study, no distinction was made between pressure ulcers and 
non-ulcerated findings. Nevertheless, it is inevitable that some 
of the pressure findings detected will turn into ulcers. For this 
reason, the fact that 87.8% of the children were found to have 
compression symptoms reveals that a very high proportion 
of children had to face compression symptoms. The fact that 
93.9% of the children who participated in our study were 
fully dependent may be one of the important reasons why we 
detected high-pressure symptoms in addition to incomplete 
or incorrect care. The decrease in the rate of pressure ulcers in 
children receiving home health care services can be realized 
by increasing the awareness of both health professionals 
and patient relatives and by providing periodic training to 
the patient relatives who take care of the child. In the study 
conducted by Öğür et al.21 it was reported that providing 
training to patient relatives decreased pressure ulcers.

In our study, 93.9% of the patients were fully dependent. Various 
genetic diseases that occur in children due to consanguineous 
marriages, which are common in southeastern provinces and 
still occur to a certain extent in Batman, may have caused 
diseases that lead to complete dependence in children. This 
rate was found to be 37% in the study conducted by Gülük 
et al.2 in Istanbul including all age groups and 43.6% in the 
study conducted by Demirkol et al.22 in Bolu including all age 
groups. Although only children between the ages of 0 and 18 
years were included in our study, it is not possible to say that 
this difference is only due to age difference. Because the studies 
conducted by Güdük et al.2 and Demirkol et al.22 also included 
children among the participants. Regional, socioeconomic, 
and cultural differences are likely to have affected health 
literacy. When the disability status of the children included 
in our study was analyzed, it was observed that 97.2% had 
neurological disabilities. This contributed to the high rate of 
full dependency. Another important conclusion to be drawn 
here is the possibility that the families of some children who 
should receive home health care services even if they are 
not fully dependent may not have applied for home health 
care services. In light of all these indicators, promotional 
activities should be carried out to increase public awareness 
of home health care services, especially for children, and new 
regulations should be implemented to further expand on-site 
health services.

Due to the high rate of fully dependent patients in our study, 
the rate of EVT and/or OC use was found to be higher than 
in other studies in the literature.2,10,22 Since these devices need 
regular maintenance, they should be checked by home health 
teams during home visits, relatives should be informed, and 
help from the biomedical technical team should be requested 
when necessary.

Limitations
In Turkiye, regional geographical diversity and infrastructural 
conditions, as social, cultural, and economic differences may 
lead to differences in both hospital services and home health 
care services. In addition, these differences may also shape the 
demand for health service provision. This may be an obstacle 
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to the generalization of the results of our study. The fact that 
the study was conducted only in children between the ages of 
0-18 reveals that the results should be evaluated only for this 
age group. However, this justification can also be considered 
as an advantage of the study in terms of providing child-
specific information. The disadvantages of the study include 
the retrospective nature of the study and the possibility that 
some of the patient’s condition determinations such as bed-
bound compression findings may be evaluated differently by 
different teams.

CONCLUSION
This study revealed that children need home health services 
due to various diseases, but social awareness on this issue may 
not be sufficiently formed. It was observed that allied health 
personnel play an important role in home health services, 
especially nursing services are at the forefront. This situation 
reveals that nursing education should be reorganized in terms 
of home health services. In addition, it is vital to provide 
education to the relatives of the patients to prevent bedridden 
pressure ulcers. In conclusion, to provide home health services 
more effectively and efficiently, it is necessary to increase 
social awareness, improve health literacy to eliminate regional 
disparities and expand telehealth practices. In this way, home 
health services for children can become more accessible and 
effective.
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ABSTRACT
Aims: Development of a machine learning model on an electronic health record (EHR) dataset for predicting retinopathy in 
people with diabetes mellitus (DM), analysis of its explainability.
Methods: A public dataset based on EHR records of patients diagnosed with DM located in İstanbul, Turkiye (n=77724) was used. 
The categorical variable indicating a retinopathy-positive diagnosis was chosen as the target variable. Variables were preprocessed 
and split into training and test sets with the same ratio of class distribution for model training and evaluation respectively. Four 
machine learning models were developed for comparison: logistic regression, decision tree, random forest and eXtreme Gradient 
Boosting (XGBoost). Each algorithm’s optimal hyperparameters were obtained using randomized search cross validation with 
10-folds followed by the training of the models based on the results. The receiver operating characteristic (ROC) area under curve 
(AUC) score was used as the primary evaluation metric. SHapley Additive exPlanations (SHAP) analysis was done to provide 
explainability of the trained models.
Results: The XGBoost model showed the best results on retinopathy classification on the test set with a low amount of overfitting 
(AUC: 0.813, 95% CI: 0.808-0.819). 15 variables that had the highest impact on the prediction were obtained for explainability, 
which include eye-ear drugs, other eye diseases, Disorders of refraction, Insulin aspart and hemoglobin A1c (HbA1c).
Conclusion: Early detection of retinopathy based on EHR data can be successfully detected in people with diabetes using machine 
learning. Our study reports that the XGBoost algorithm performed best in this research, with the presence of other eye diseases, 
insulin dependence and high HbA1c being observed as important predictors of retinopathy.
Keywords: Diabetic retinopathy, diabetes mellitus, machine learning, electronic health records
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INTRODUCTION
Diabetes mellitus (DM) is a noncommunicable disease that is 
caused by the insufficient production of the insulin hormone 
within the pancreas or the inability of the human body to 
effectively use the produced insulin. Categorized under 
different stages to indicate its severity, diabetes is known to be 
a devastating disease that may take many years to be noticed 
and contributes to significant health problems to a person; 
such as vision impairment, kidney failure and stroke.1 Along 
with the severity of the disease, the prevalence of diabetes is 
also expected to be increased, with the number of people with 
diabetes aged 20-79 years predicted to be increased to 642 
million by 2040.2

Under the complications caused by diabetes, diabetic 
retinopathy is a major example. This medical condition is defined 
by the presence of retinal hemorrhages, microaneurysms, 
cotton wool spots and/or prior photocoagulation scars.3 In 
terms of blindness, it has been reported that retinopathy 
was observed globally in approximately 3 million cases; and 
compared to under-corrected refractive error, cataract, age-

related macular degeneration and glaucoma; retinopathy 
was the smallest contributor to blindness in 2020, but also 
the only cause of blindness that showed a global increase in 
age-standardized prevalence.4 Retinopathy is one of the most 
common complications in type-1 diabetes and it has been 
reported that after 15-20 years since an individual’s diagnosis, 
almost all patients would have some degree of retinopathy.5

To minimize the risk of vision impairment and blindness; 
preventative measures such as early detection by screening, 
effective management and compliance to guidelines is 
suggested.6 It has been reported that patients who receive 
consistent care, have lower rates of low vision and blindness.7 It 
is also important to note that the management of retinopathy, 
especially vision threatening variants require the expertise 
and skills of trained ophthalmologists or retinal specialists8 
and with reported low density values of ophthalmologists in 
many countries, access to the treatment of vision threatening 
diabetic retinopathy may be difficult based on the patient’s 
location.9
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Several studies have been conducted to predict retinopathy 
based on electronic health records (EHR). Liu et al.10 utilized 
an extreme learning machine approach on a dataset containing 
EHR data of 1093 patients and reported a classification 
area-under-curve (AUC) performance metric of 88.34%. 
Ogunyemi et al.11 used EHR dataset comprising 40631 people 
with diabetes to predict retinopathy by training five machine 
learning algorithms and presented the univariate analyses of 
dataset variables. Their results showed that their deep learning 
model performed best and was able to achieve an AUC score 
of 0.8 on their external validation set. They also presented the 
most significant predictors they’ve observed which included 
insulin dependence, blood urea nitrogen and systolic blood 
pressure. Saleh et al.12 used ensemble classification techniques 
based on uncertainty models using an EHR dataset of 2323 
people with diabetes Their fuzzy random forests approach 
obtained an accuracy of 84% while their dominance-based 
rough set balanced rule ensemble approach showed an 
accuracy of 77%.

The aim of this study is to develop a machine learning model 
predicting retinopathy on a diabetes dataset, and examine the 
model for understanding the variables predicting retinopathy 
development, and discuss the possibility of developing an 
early-diagnosis tool for retinopathy in people with diabetes.

METHODS
For the development of the machine learning model, a public 
dataset containing 107 variables, composed of electronic 
health records of 77724 patients diagnosed with diabetes 
mellitus in 2017, located in İstanbul Province, Turkiye was 
used.13 The dataset was originally created for the purpose of 
glycemic control prediction in diabetes mellitus patients, and 
it also includes information of retinopathy diagnosis. The 
retrospective analysis on the dataset, model development, 
SHapley Additive exPlanations (SHAP) analysis and 
visualizations were done using the Pandas14,15 (v. 2.0.2), scikit-
learn16 (v. 1.3.0), shap17 (v. 0.44.1), and matplotlib18 (v. 3.7.1) 
modules in the Python (v. 3.11.3) programming language 
respectively. This study did not require ethics committee 
approval, as the data was sourced from a public dataset. All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

The dataset contained no missing values (106 variables in total). 
A random seed value of 4564 was used in the development 
runs for the reproducibility of results. The target variable used 
in this study was the “retinopathy” variable of the dataset. 
The train (n: 54406) and test (n: 23318) sets were created with 
a 70/30 split with stratification on the target variable. Both 
sets had a target class distribution of 13,9%, with the training 
set containing 7610 entries of retinopathy-positive patients 
and the test set containing 3262 retinopathy-positive entries. 
Afterwards, the numerical variables in the train and test sets 
were standardized in the preprocessing step. Categorical 
variables remained intact.

As candidate algorithms for baseline evaluation of prediction 
performance; logistic regression (LR), decision tree (DT), 
random forest (RF) and eXtreme gradient boosting (XGBoost) 
algorithms were selected. Before training the algorithms 
(except LR, which was chosen as a baseline algorithm for 
performance comparison), each algorithm’s hyperparameters 
were optimized by using randomized search cross validation 
with 10-folds and 50 iterations in the train set (n: 54406). 
During this phase, a random combination of selected 
hyperparameters for the algorithm was produced and the 
hyperparameters were changed in each iteration by the help 
of the algorithm. For each hyperparameter combination, the 
mean of AUCs of 10-fold cross-validation was calculated. 
The best performing hyperparameters were selected based 
on their receiver operating characteristic (ROC) AUC score, 
and used for the training of the final model on the complete 
training set (n: 54406) for each candidate algorithm. The ROC 
AUC score was chosen as the primary evaluation metric of the 
models; along with f-score, Matthew’s correlation coefficient 
(MCC), and precision-recall AUC (PR-AUC) recorded for 
the reporting of the results on the train and test sets. For 
the explainability of a model’s prediction, SHAP values were 
calculated.

RESULTS
Obtained results are presented in Table. The results showed 
that the XGBoost model achieved the highest predictive 
performance with an AUC score of 0.813 (95% CI: 0.808-
0.819) on the training set and 0.799 on the test set, followed 
by the RF model which achieved an AUC score of 0.784 on 

Table. Model performance metrics on the training and test sets

Training set (n= 54406) Test set (n=23318)

AUC PR AUC MCC Accuracy F-score Sensitivity Specificity AUC PR AUC MCC Accuracy F-score Sensitivity Specificity

XGBoost
0.813 

(0.808- 
0.819)

0.461 0.34 0.74 0.44 0.72 0.74
0.799 

(0.791- 
0.807)

0.420 0.32 0.68 0.41 0.78 0.66

RF
0.784 

(0.779- 
0.790)

0.381 0.31 0.72 0.41 0.70 0.72
0.783 

(0.776- 
0.792)

0.377 0.31 0.72 0.41 0.70 0.72

DT
0.753 

(0.747-
0.759)

0.361 0.26 0.63 0.36 0.76 0.61
0.749 

(0.740- 
0.758)

0.353 0.26 0.63 0.36 0.75 0.62

LR
0.779 

(0.774-
0.785)

0.372 0.31 0.71 0.41 0.70 0.71
0.781 

(0.772-
0.789)

0.376 0.30 0.70 0.40 0.72 0.70

AUC: Area under curve, PR-AUC: Precision recall-area under curve, MCC: Matthews correlation coefficient, XGBoost: eXtreme gradient boosting, RF: Random forest, DT: Decision tree, LR: Logistic regression
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the training set and 0.783 on the test set. According to the 
obtained statistics, the developed XGBoost model was 
reported as the superior model. The ROC AUC and PR AUC 
plots of the models are presented in Figure 1, 2 respectively.

Model Interpretation
In terms of model interpretation, 15 variables that had the 
most impact in calculating the prediction were obtained using 
a SHAP analysis. The analysis results showed that the variable 
of “eye-ear drugs”, which contained information on whether 
the patient takes eye and/or ear drugs had the highest impact 
on the prediction of retinopathy, followed by the variables 
“other eye diseases”; which described whether the patient 
had other eye-related diagnosis, and “disorders of refraction” 
(Figure 3).

DISCUSSION
With this study, an analysis of retinopathy prediction based 
on EHR data of patients using statistics and machine learning 
approaches was done. Our findings show that for the task of 
predicting retinopathy in patients with diabetes, an XGBoost 
model can achieve a notable predictive performance of 0.799, 
as observed in our test set. With a considerable predictive 
performance, the developed model shows that early retinopathy 
detection with data from electronic health records is a feasible 
approach for early diagnosis. Additionally, SHAP analysis 
shows that most important predictors of diabetic retinopathy 

are presence of other eye diseases, insulin dependence and a 
high level of Hemoglobin A1c (HbA1c).

The performance of our XGBoost model is similar to 
previous studies. On the other hand, it has been reported 
that deep learning models trained on retinal fundus images 
for retinopathy detection has been successfully developed 
with good prediction metrics.19 However, a predictive model 
based on EHR data would be useful, as obtaining fundus 
images of people is not always feasible. A reliable prediction 
of a patient’s potential retinopathy diagnosis based on their 
electronic health records without the need of medical image 
analysis may provide this feasibility.

The variables that had the biggest impact on the prediction 
was observed to be, in descending order; “eye ear drugs”, 
“other eye diseases”, “disorders of refraction”, “insulin aspart”, 
“HbA1c”, “insulin glargine”, “age”, “cataract”, “glycemic 
control”, “creatinine”, “hypertension”, “triglyceride”, “diabetic 
neuropathy”, “kidney failure”, and “ischemic heart disease”. 
The summary plot showed that for every variable, except 
“triglyceride”, an increase or occurrence was directly proportional 
to a retinopathy-positive prediction. These variables and results 
can be categorized under the following sections for further 
discussion:

Eye-related Complaints Indicate a Higher Risk of Retinopathy
The variables under this observation are “eye ear drugs”, 
“other eye diseases”, “disorders of refraction”, and “cataract”. 
The usage of eye and ear drugs may be interpreted as an 
indicator of patients being treated for eye diseases, as can be 
seen the frequent diagnosis of “other eye diseases”. All these 
predictors show that DM may cause various problems in the 
eye, showing a simultaneous increase of incidence in eye 
diseases. Conditions such as glaucoma, age-related macular 
degeneration, and diabetic macular edema often coincide with 
retinopathy, leading to damaging effects that accelerate disease 
progression and impair visual function. The development 
of cataracts has been shown to have a proportional impact 
on the risk of retinopathy. Cataracts have an impact visual 
perception but may also induce inflammatory responses and 
oxidative stress within the eye, further increasing retinal 
damage.20

Indicators Showing that Diabetes has Progressed
The variables under this observation are “insulin aspart”, 
“HbA1c”, “insulin glargine”, “glycemic control”, “creatinine”, 
“diabetic neuropathy”, “kidney failure”, and “ischemic heart 
disease”. Medications such as insulin aspart and insulin 
glargine are commonly used in the management of diabetes 
while also serve as indicators for disease severity and insulin 
resistance. Elevated levels of these observations often correlate 
with advanced stages of diabetes. A more severe condition 
of diabetes is likely to be predictive of retinopathy in this 
instance. HbA1c, a widely utilized measure of long-term 
glucose control, offers insights into the overall management 
of diabetes and its impact on retinopathy progression. 
Elevated HbA1c levels may indicate suboptimal glycemic 
control over an extended period, thus inclining individuals 
to microvascular complications, including retinopathy. 

Figure. 1. ROC AUC plots of the models on the training and test sets
ROC: Receiver operating characteristic AUC: Area under curve

Figure. 2. PR Curve plots of the models on the training and test sets
PR: Precision recall

Figure 3. SHAP summary and feature importance plots
SHAP: SHapley Additive exPlanations
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Glycemic control variable in our study shows several high 
serum HbA1c measurements in a person.

Additionally, renal function, as reflected by markers like 
creatinine, serves as an indicator of systemic diabetic 
complications, including nephropathy and retinopathy. The 
relationship between kidney function and retinal health 
underlines the importance of comprehensive diabetic care 
and regular screening protocols. Diabetic neuropathy, 
characterized by peripheral nerve damage secondary to 
chronic hyper-glycemia, poses a significant risk factor for 
retinopathy progression. The neurovascular axis plays a critical 
role in maintaining retinal homeostasis, and disruptions in 
peripheral nerve function can worsen retinal ischemia and 
neurodegeneration. Furthermore, the onset of kidney failure 
and ischemic heart disease indicates a systemic decline in 
vascular health, worsening the microvascular complications 
associated with retinopathy. These comorbidities strengthen 
the multifactorial aspect of retinal disease progression and 
emphasize the need of a complete approach to diabetes 
management.

Risk Factors Based on the Patient
Advancing age is an important risk factor for retinopathy 
development and progression. Age-related structural and 
functional changes within the retina contribute to increased 
vulnerability to retinal pathologies. Moreover, aging-related 
alterations in vascular integrity and neurotrophic support 
mechanisms predispose older individuals to microvascular 
dysfunction and retinal ischemia, strengthening the 
progression of retinopathy.

Hypertension, characterized by persistently elevated 
blood pressure levels, exerts profound effects on retinal 
microvasculature and vascular autoregulation. Chronic 
hypertension induces arteriolar remodeling, endothelial 
dysfunction, and increased vascular permeability, 
culminating in retinal vascular abnormalities and 
exacerbation of retinopathy. The coexistence of hypertension 
and diabetes further potentiates retinal microvascular 
damage, underscoring the importance of stringent blood 
pressure control in retinopathy management.

Limitations
It is also important to consider the limitations of this study. 
The used data was originally collected from electronic health 
records of patients in İstanbul, Turkiye. The dataset belongs 
to a population with certain genetic and environmental 
conditions and may not be universal. External validation 
would show the universal value of obtained models. In 
addition, the dataset does not include some important data 
such as body mass index, and physical activity. A model with 
more variables would have possibly a higher performance. 
Another problem is related to diabetic retinopathy diagnosis 
in this dataset. The dataset included EHR data of already 
diagnosed patients, and may not include silent cases or cases 
in their early stages.

In future studies, for additional validation, a potentially better 
performance and a more generalized model, a larger dataset 
containing more diverse patient data and additional variables 

can be considered. Machine learning techniques improved 
and continue to improve in a fast pace. New machine learning 
techniques may be more successful in the future.

CONCLUSION
In conclusion, presence of retinopathy can be successfully 
detected in people with diabetes. The best model for this purpose 
seems XGBoost. Other eye diseases, insulin dependence and 
high HbA1c are important predictors of retinopathy.
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ABSTRACT
Aims: The present study aimed to ascertain the association between pulp stone production and tooth type, jaw, arch orientation, 
and dental status in a Turkish subpopulation in the southern region of Turkiye by analyzing cone beam computed tomography 
images.
Methods: The study included a retrospective examination of cone beam computed tomography images obtained at Gaziantep 
Private Dental Clinic and Gaziantep University Faculty of Dentistry between 2014 and 2020 for various purposes, and a recording 
of teeth with pulp calcification in the pulp chamber. The study did not include any teeth that had root canal therapy or porcelain 
crowns. Data was gathered from radiographs of people in the 19-90 age range. In all, 1676 teeth had pulp stones found in them. 
To compare proportions, two proportion z-tests were employed.
Results: Male individuals possessed 774 teeth with pulp stones, while female individuals possessed 902 teeth with the same 
condition. The prevalence of pulp stones in first and second molar teeth (1092, 65.16%) is statistically farther than central and 
lateral incisors (238, 4.2%), canine (207, 12.35%) and premolar (139, 8.29%). The rate of pulp calcifications is statistically higher; 
in intact (1065, 63.54%) teeth compared to the teeth with filling materials (443, 26.43%) and teeth with caries (173, 10.32%); in 
the maxilla (874, 52.15%) compared to mandible (802, 47.85%). Pulp stone occurrence was higher on the right side (888, 52.98%) 
than on the left side (788, 47.02) (p<0.05).
Conclusion: Our results indicate that the type of tooth, the jaw in which it is situated, and its orientation all influence the 
incidence of pulp stones. Future researches with a sizable sample size are required to ascertain the impact of pulpal irritations on 
the development of pulp calcifications.
Keywords: Pulp stone, cone beam computed tomography, Turkish subpopulation
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INTRODUCTION
A pulp stone is a calcified mass within the pulp that can be 
found in primary, permanent, healthy and carious teeth, un-
erupted teeth, and can be seen in a single tooth or all teeth.1,2  
Histologically, two types of stones have been identified: 
those with round or oval, smooth surfaces and concentric 
laminations; and those that do not take a definite shape, lack 
laminations, and have jagged surfaces.3 Their sizes vary from 
small microscopic particles to large masses that nearly destroy 
the pulp chamber. During a radiographic assessment, pulp 
stones can be observed as radiopaque substances of different 
forms and dimensions.4

Le May & Kaqueler5 used electron probe microanalysis to 
determine the mineral content of human pulp stones and 
showed that the stones are constituted of two main elements, 
calcium, and phosphorus. Other elements were found as 
fluorine, sodium, magnesium, and trace concentrations of 
potassium, chlorine, manganese, zinc, and iron.5

It has been argued that some idiopathic toothaches may be 
provoked by pulp stones.6 The general approach is that pulp 
calcification is not pathological, which obviates the need for 
routine endodontic treatment unless there are additional 
signs and symptoms in the patient’s history.7

In particular, stones located widely and in the center of the 
pulp chamber pose an obstacle in determining the location of 
the canal opening. Bound stones may prevent the root canal 
files from moving on a straight path and may cause the file 
to wear out or break.8 Stones can be removed using drills or 
ultrasonic tools to allow easy visualization of the working 
area.9 If a stone is adhered to the root canal dentine and an 
endodontic file can be passed past the stone, it can be removed 
with careful preparation.10 Nevertheless when magnification, 
adequate access, and the right tools are employed during root 
canal therapy, pulp stones don’t provide much of a clinical 
challenge.

https://orcid.org/0000-0003-0568-4248
https://orcid.org/0000-0002-3143-2258
https://orcid.org/0009-0007-2679-3992
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Pulp calcification is detected in radiographic and histological 
examinations.11 However, radiographic examinations have 
some limitations. For calcification to be detected on 
radiography, it must have a certain size (>200µm) and degree 
of mineralization.12 It is not possible to clearly determine the 
extent of calcification by radiography, and there is a possibility 
that radiographic images may be interpreted relatively 
differently by different observers. Nevertheless, despite all 
these limitations, radiographs are used as a method that can 
detect calcification clinically and non-invasively.7

This study aims to evaluate the pulp calcifications seen in the 
anterior, premolar, and molar teeth in a group of Turkish sub-
society by radiographic examination method, according to 
tooth type, gender, crown condition, arch, and jaw direction.

METHODS
The Declaration of Helsinki’s guiding principles were followed 
in the conduct of this investigation. This study was approved 
by the Ethics Committee at Gaziantep University Faculty of 
Dentistry (Date: 15.11.2023, Decision No: 2023/416). In the 
study, teeth with pulp calcification in the pulp chamber were 
recorded from cone beam computed tomography images that 
were retrospectively evaluated from 2014 to 2020 at Gaziantep 
Private Dental Clinic and Gaziantep University Faculty 
of Dentistry. The images were taken for various purposes, 
such as missing canals, implant operation, and pre-surgical 
assessment.

Exclusion criteria are as follows: teeth with root canal filling, 
post or metal crown, teeth with root resorption, un-erupted 
teeth, maxillary and mandibular third molar teeth images, 
low quality, and cone beam computed tomography (CBCT) 
images with an artifact. Each subject had at least one fully 
erupted permanent tooth. The apex of each examined tooth 
was fully formed.

CBCT images obtained from a private clinic were acquired 
with an Orthophos CBCT device using the settings (8×8 cm 
FOV, standard 85 kV, 0.4 mm voxel size, and 7 mA) and the 
samples were viewed using imaging software (Sirona Galaxis 
Galileos Viewer Version 1.9.2, Sirona Dental Systems, GmbH, 
Bensheim, Germany) in a dark room. An LCD monitor (HP 
Compaq LE2002x, HP, Texas, USA) with a resolution of 
2560x1600 pixels was used for viewing. CBCT images obtained 
from university records were received with Planmeca ProMax 
3D (Planmeca, Helsinki, Finland), and the X-ray parameters 
were as follows: 90 kVp, 4-10 mA, 8x8 field of view, and 
200 μm voxel size. Planmeca Promax 3D (Planmeca, Helsinki, 
Finland) and data were analyzed using Planmeca Romexis 
Viewer (Romexis software version 2.8.1) (Planmeca OY, 
Helsinki, Finland) by a 17-inch monitor (L1752SE Series, LG 
Corporations, South Korea) with a resolution of 1280×1024 
pixels in a dark environment. While the radiolucent image 
in the root canal and pulp chamber was evaluated as normal, 
when a radiopaque mass was observed, it was noted as a pulp 
stone (Figure A, B, C). During the evaluation, two endodontic 
specialists with at least seven years of experience reviewed the 
images. Before the examination, two experts examined 30 
randomly selected images in detail for calibration purposes. 

In case of disagreement, CBCT images were reanalyzed until 
a consensus was reached.

Statistical Analysis
For numerical variables, mean and standard deviation 
are provided, while frequency and percentage analysis are 
attained for categorical variables in descriptive statistics of the 
study’s data. To compare proportions, a two-proportion z-test 
was employed. Analyses were performed using the SPSS 22.0 
software. A cutoff point of p<0.05 was chosen for significance.

RESULTS
A total of 1676 teeth with pulp stones were assessed, 774 in 
those of males and 902 in those of females. The average age of 
the samples examined in the study was 50.17 years old (Table 
1). While the incidence of pulp stones was higher in molar 

Figure. A) CBCT image of a maxillary first molar with pulp stone (Coronal 
slice), B) CBCT image of the tooth (Sagittal slice), C) CBCT image of the 
tooth (Axial slice)
CBCT: Cone beam computed tomography
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teeth (1092, 65.16%) than in premolars (139, 8.29%), canines 
(207, 12.35%) and anterior incisors (238, 4.2%) (p<0.0001); 
fewer pulp stones were found in the premolar tooth group 
(139, 8.29%) compared to the canine (207, 12.35%) (p=0.0001) 
and anterior tooth (238, 4.2%) (p<0.0001) groups. There was 
no statistically significant difference between canine and 
anterior teeth (p=0.1145) (Table 2). Teeth with intact crowns 
(1065, 63.54%) were more prevalent than teeth with caries 
(173, 10.32%) and filled teeth (443, 26.43%) (p<0.0001); a 
significantly higher rate of pulp stones was found in teeth 
with restoration than in teeth with caries (p<0.0001) (Table 3); 
in the upper jaw region (874, 52.15%) compared to the lower 
jaw (802, 47.85%) (p = 0.0128). Statistically more pulp stones 
were detected on the right side (888, 52.98%) compared to the 
left side (788, 47.02) (p=0.0006). 

DISCUSSION
Pulp stones that are localized to occupy any area of the root 
canal system or pulp chamber can challenge clinicians to some 
extent during endodontic treatment. Gathering information 
about the prevalence of such structures that may impede rapid 
and convenient preparation will provide the preliminary 
information to physicians before treatment.13 Considering 
past studies in the literature, it can be seen that the prevalence 
of pulp stones is in a very wide range, from 8% to 90%.14

Examining a limited number of sections from teeth in 
histological methods may result in incomplete reporting.7 
Therefore, dental radiography techniques have been utilized 
for a long time. Panoramic, periapical, bite-wing, and CBCT 
are among the methods used to detect the presence of pulp.  
Panoramic radiography is beneficial in that it can examine all 
teeth simultaneously with a single exposure and uses minimal 
ionizing radiation.15 On the other hand, the disadvantages 
of these techniques are that pulp stones cannot be visually 
observed in two-dimensional radiographs due to the overlap 
of the alveolar bone and that images are taken from a limited 
number of tooth groups.16

Regarding modern endodontic clinical practices, CBCT 
is known as the current imaging system that provides 
opportunities such as evaluating the root canal morphologies 
of all teeth separately in different planes and determining 
calcifications. This new imaging method eliminates the 
problem of overlapping tissues, with the possibility of 
obtaining high-resolution and high-quality images.17 In this 
study, the use of dental tomography, whose accuracy has been 
proven, was preferred in determining the pulp stones in the 
root canal lumen and pulp chamber.

According to our study’s findings, more pulp stones were found 
in women. This outcome is similar to the past studies.18,19,20 
A previous study stated that bruxism is frequently seen 
in women and that this condition may lead to pulp stone 
formation due to long-term irritation.1 However, Ranjitkar et 
al.21 and Hamasha et al.22 demonstrated that similar rates of 
pulp stones were observed in both genders. The reasons for 
the different results of the study findings may be geographical 
differences, obtaining images by different methods, and non-
overlapping sample age averages.

When the pulp stone rates between the jaws were examined, 
the rate of pulp stone occurrence in the maxilla was higher 
than in the mandible, consistent with the results of many 
studies.13,18-20,23 This finding could be attributed to the fact 
that the dense cortical structure of the mandible prevents the 
penetration of blood vessels and the mandible has less blood 
supply than the maxilla.

In terms of tooth types, the results of our study coincide with 
most of the studies in the literature in terms of their results. 
In general, more pulp stones occur in molar teeth than in the 
premolar and anterior tooth groups. Situations such as the 
eruption of molar teeth in the mouth in the first stage of life 
and their exposure to chewing forces, their volume being quite 
large and therefore high blood supply have been suggested as 
the reason for this situation.24

Table 2. The prevalence of pulp stone according to gender, arch, side 
and dental status

Variables

Teeth with pulp stone

n %

Gender

     Male 774 (46.18)

     Female 902 (53.82)

Arch

     Maxilla 874 (52.15)

     Mandible 802 (47.85)

Side

     Right 888 (52.98)

     Left 788 (47.02)

Tooth type

     Molar 1092 (65.16)

     Premolar 139 (8.29)

     Canine 207 (12.35)

     Anterior 238 (14.2)

Table 1. Descriptive definition of age values

   Mean 50.17

   Standard deviation 13.34

   Minimim 16

   Maximum 90

Table 3. Distribution pulp stones by status of teeth

Variables Pulp stone n (%)

Restorated teeth
Present 443 (26.43)

Absent 1233 (73.57)

Carious teeth
Present 173 (10.32)

Absent 1503 (89.68)

Intact teeth
Present 1065 (63.54)

Absent 611 (36.46)
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Hsieh,23 Şişman,20 and Çolak et al.18 compared the number 
of teeth with pulp stones in the right and left regions, and 
they found statistically similar results. Mirah et al.’s13 study 
supports our study, and pulp stone formations were detected 
more on the right side. A potential explanation for this result 
could be the predominant use of the right side during chewing.

According to the findings of the current study, the rate of pulp 
stone in teeth with intact crowns is much higher compared 
to both filled and decayed teeth. Silva et al.25 emphasized that 
calcification was more common in teeth with deep fillings 
and Sezgin et al.19 emphasized that calcification was more 
common in teeth with medium-depth fillings. Taşsöker et al.26 
stated that the prevalence of pulp stones in teeth with intact 
crowns was statistically lower than in teeth with caries and 
restorations. In this sense, our study and other studies are not 
compatible with each other. The total number of teeth with 
pulp stones in the records we examined is much higher than 
in other studies.  In addition, case reports27,28 of generalized 
pulp stones seen in many intact teeth show that; irritation 
may not be a definitive factor for calcification.

Although the predisposing factors in the formation of pulp 
stones are not clear, their correlation with some systemic 
diseases29 and syndromes30 has been reported in previous 
studies. The first limitation of this study is that systemic data 
of the individuals included in the study are not available.

There is no record of information about the duration of 
dental restorations and caries since our research was planned 
as a cross-sectional study. To address this limitation, we 
recommend conducting prospective studies examining long-
term follow-up information.

In the literature, nanobacteria were reported to be associated 
with pulp stones.31 This issue might be better understood by 
undertaking further investigations through the classification 
of teeth as the present study and detecting pulp stones and 
nanobacteria in each group.

Our study represents a subpopulation of the Turkish society. 
It is recommended that more reliable results can be obtained 
with future multi-center studies with large sample size and 
evaluating data from different regions. 

CONCLUSION
In wake of the current study’s limitations, it can be concluded 
that women, molar teeth and intact teeth have more common 
incidence of pulp stones formation. Besides, pulp stone 
distribution is higher in the upper jaw and right region. 
Clinicians should, therefore, carefully examine the presence 
of pulp stones in teeth planned for root canal therapy before 
the operation.
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ABSTRACT
Aims: In this study, we aimed to evaluate the quality and reliability of the first 50 videos on YouTube, which is a reliable source for 
sharing medical information, about tarsal tunnel syndrome (TTS), which is difficult to diagnose with low prevalence and which 
prompts patients to look for information.
Methods: To evaluate the first 50 TTS videos on YouTube, the source, upload date, number of views, and like-dislike parameters 
were selected for analysis. The content was assessed following the Journal of the American Medical Association (JAMA) criteria, 
the Global Quality Score (GQS), and the DISCERN scale.
Results: In the parameters used in the quality and relevance analysis of the videos, the GQS mean score was 3.70, the JAMA mean 
score was 1.12, and the DISCERN mean score was 45.82. There was no significant relation between the number of views, the days 
since the video was uploaded to the internet until the review, the number of likes and dislikes, the like rates, the video power 
index, JAMA, DISCERN, and GQS. There was a positive correlation between GQS, JAMA, and DISCERN.
Conclusion: This study revealed that the quality, content, and reliability of available videos in the tarsal tunnel are moderate. We 
have emphasized the importance of improving the content and quality of the videos so that patients can access more beneficial 
information.
Keywords: Tarsal tunnel syndrome, YouTube, GQS, JAMA, DISCERN
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INTRODUCTION
The internet is now people’s first source of information because 
of the quick advancement of technology, the ease of access 
to devices like computers, tablets, and phones, the extensive 
usage of the internet, and the length of time people spend 
on social media. YouTube, a platform comprised entirely of 
videos, has more than 2.6 billion active users every month. 
More than a quarter of the world’s population uses YouTube 
at least once a month.1 YouTube is also one of the first online 
resources that patients turn to for information about their 
condition.2

The tarsal tunnel is a narrow fibro-osseous area that lies behind 
and below the medial malleolus. It is bounded anteriorly by 
the medial malleolus and laterally by the posterior talus and 
calcaneus. It is anchored to the bone by the flexor retinaculum, 
which extends from the medial malleolus to the medial 
calcaneus and prevents medial displacement of its contents.3 
Tarsal tunnel syndrome (TTS) is a compressive peripheral 
neuropathy of the posterior tibial nerve and its branches within 
the tarsal tunnel below the flexor retinaculum.4 TTS is much 
rarer than other entrapment neuropathies.5 It can be observed 
idiopathically or due to thickening of the retinaculum, 

hematoma, or iatrogenic nerve damage; tendinopathy or 
tenosynovitis; the presence of multiple muscles such as the 
accessory soleus, peroneocalcaneus internus, or accessory 
flexor digitorum muscle; bone or joint disorders; or due to 
secondary reasons such as tumors or cysts, venous aneurysm, 
or twisting of the tibial artery.6 The diagnosis of TTS is 
difficult to make, the Tinel’s test can be performed even 
though it has low specificity, direct radiographs can be 
used to exclude bone pathologies, and ultrasonography or 
magnetic resonance imaging can be used because the tarsal 
tunnel is superficial.7,8  Conservative treatments such as 
reduced activity, ice pack application, physical therapy such 
as ultrasound or iontophoresis, neuromodulatory and anti-
inflammatory drugs, corticosteroid injections and orthosis, 
and surgical treatments can be applied.8

As it is not a common disease and there are some challenges 
in diagnosis, patients may have to search online for their 
complaints more often. This study aimed to reveal the 
adequacy and quality of videos about the tarsal tunnel on the 
YouTube social media platform, which has not been previously 
done.

https://orcid.org/0000-0002-0773-7780
https://orcid.org/0000-0003-4098-0907
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METHODS
The study was approved by the Niğde Ömer Halisdemir 
University Clinical Researches Ethics Committee (Date: 
07.03.2024, Decision No: 2024/04-22). All production was 
carried out in accordance with the ethical rules and principles 
of the Declaration of Helsinki.

As of January 7, 2023, we included the first 50 videos most 
relevant to tarsal tunnel syndrome by typing “tarsal tunnel 
syndrome” into the YouTube search engine, on the condition 
that the video is in English. The first 50 most relevant videos 
were picked without applying any filters when searching for 
videos. Given the general characteristics of the videos and 
their reflection of users’ viewing tendencies, the top 50 videos 
were deemed sufficient for the purposes of this study. We did 
not include if videos had promotional content, if the same 
video was reposted on a different link, if the same video was 
shortened, and if the video was not in English. The videos 
included in the study were independently viewed and evaluated 
separately by a neurologist (DI) and an orthopedist (MA).

The length of the videos included in the study, upload dates, 
number of likes and dislikes, sources of uploading to social 
media, number of views, content, and whether the production 
method included animation were recorded. The sources 
that posted the video on social media were categorized as 
doctors, physiotherapists, and podologists. Video content 
was categorized into surgical techniques and approaches, 
condition-specific information, diagnostic testing, exercise 
education, commercial product education, patients’ 
symptoms, patient experience, and surgical, and non-surgical 
treatments and imaging videos. The DISCERN scale, Global 
Quality Score (GQS), and Journal of American Medical 
Association (JAMA) Score were used to assess the relevance 
and quality of the videos. The video power index was used to 
assess the popularity of the videos.

Journal of the American Medical Association (JAMA)
The JAMA Score, which is used to assess the reliability and 
accuracy of basic medical information on websites, mainly 
consists of four criteria. As shown in Table 1, authorship, 
attribution, disclosure, and currency criteria are evaluated 
between 0 and 4 points, with 1 point for each.

Global Quality Score (GQS)
As shown in Table 2, the Global Quality Scoring System 
assigns a score between 1 and 4 to the factors that include 
the adequacy of the information in the video content, general 
information flow, accessibility of information, and the patient 
utility level. The higher the score, the higher the quality.

DISCERN

The DISCERN scoring system, consisting of a total of 15 
questions, assesses the reliability and relevance of the video 
and the quality of the treatment options. The first 8 questions 
assess the reliability of the video, the next 6 questions 
assess the details of the treatment options; and question 15 
assesses the overall quality of the video, as shown in Table 3. 
Each question is scored between 1 and 5. A score of 63-75 is 
excellent, 51-62 is good, 39-50 is fair, 27-38 is poor, and 16-26 
is very poor.

Statistical analysis

Descriptive statistics related to the data obtained from the 
research are presented as mean and standard deviation for 
numerical variables and frequency and percentage analysis 
for categorical variables. The normal distribution test of 
GQS, JAMA, and DISCERN scores was performed with 
Kolmogorov-Smirnov and Shapiro-Wilk tests. The data 
were not compatible with the normal distribution (p < 0.05). 
Spearman correlation analysis was employed to examine the 
relation between numerical variables. In addition, the Mann-
Whitney U test was employed for categorical variables with 
two groups, and the Kruskal-Wallis test was employed for 
categorical variables with three or more groups in the analysis 
of GQS, JAMA, and DISCERN scores according to categorical 
variables. We used the Statistical Package for Social Sciences 
version 26.0 (IBM Corp.; Armonk, NY, USA) software for the 
statistical analysis, which was done at 95% so that a confidence 
interval of 0.05% was obtained.

Table 1. Journal of the American Medical Association criteria9

Description Criterion

Author and contributor credentials and their affiliations should be provided Authorship

All copyright information should be clearly listed, and references and sources for content should be stated Attribution

The initial date of posted content and dates of subsequent updates to content should be provided Currency

Conflicts of interest, funding, sponsorship, advertising, support, and video ownership should be fully disclosed Disclosure

Table 2. Global Quality Score10

Score Global Quality Score

1 Poor quality, poor flow of the site, most information missing, 
not at all useful for patients

2
Generally poor quality and poor flow, some information is 
listed, but many important topics are missing of very limited 
use to patients

3
Moderate quality, suboptimal flow, some important 
information is adequately discussed but others poorly 
discussed, somewhat useful for patients

4
Good quality and generally good flow, most of the relevant 
information is listed, but some topics are not covered, useful for 
patients

5 Excellent quality and excellent flow, very useful for patients
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RESULTS
The average length of the 50 videos included in the study 
was 362.12 (min 15, max 1415) seconds. As shown in Table 
4, When analyzing the number of views of the videos, it 
was found that the least-watched video received 156 views, 
while the most-watched video received 258150 views, and the 
average number of views was 37570.96. When the videos were 
analyzed according to the number of likes, it was found that 
the average number of likes was 500.06 (min 0, max 8200). 
When the number of dislikes was analyzed, it was found that 
the average number of dislikes was 43.65 (min. 0, max. 1600). 
The video with the most likes was also the one with the most 
dislikes. The average number of days since the videos were 
uploaded to the internet until the study date was calculated as 
1758.38 (min 52, max 4794) days. The like ratio of the videos 
was evaluated at 145.51 likes. When the videos were evaluated 
in terms of video power index, the highest video power 
index was calculated as 8883.70, the lowest as 0.04, and the 
average as 240.90. When the videos were analyzed in terms of 
viewership, it was found that the average viewership rate was 
50.82. While 15 (30%) of the videos had animation, 35 (70%) 
of the videos did not.

Upon analysis of the video providers, it was found that 19 
(38%) of the videos were uploaded by doctors, 14 (28%) by 
physiotherapists, 12 (24%) by podiatrists, and 5 (10%) by 

unidentified individuals. When the contents of the evaluated 
videos were analyzed, it was found that 31 (62%) videos 
contained information on symptoms, 29 (58%) videos on 
non-surgical treatment, 5 (10%) videos on surgical techniques 
and approaches, 37 (74%) videos on condition-specific 
information, 12 (24%) videos on exercise training, 15 (30%) 
videos on diagnostic tests, and 7 (14%) videos on imaging.

The mean scores of the parameters, GQS, JAMA, and 
DISCERN, used in the quality and relevance analysis of 
the videos were 3.70±0.91, 1.12±0.85, and 45.82±14.55, 
respectively. Only 3 videos were rated excellent in the GQS 
assessment with a score of 5.

There is no statistically significant relation between the 
number of views, the number of days since the videos were 
uploaded to the internet, the number of views, the number of 
likes and dislikes, liking rates, and the video power index, and 
JAMA, DISCERN, and GQS. There is a statistically significant 
correlation between JAMA (r=.31, p&lt;.05), DISCERN (r=.67, 
p&lt;.01), GQS (r=.55, p&lt;.01) and video duration.

There was no difference between GQS, JAMA, and DISCERN 
scores when videos were uploaded by healthcare professionals 
(physicians and physiotherapists) or others (podiatrists and 
unidentified individuals).

A statistically significant positive relation and a moderate 
correlation were found between GQS and JAMA (r=.42, 
p<.01). A statistically significant, positive relation and a very 
high correlation were found between GQS and DISCERN 
(r=.73, p<.01). A statistically significant, positive relation 
and a moderate correlation were found between JAMA and 
DISCERN (r=.44, p<.01).

When we compared the top five most watched videos with 
other videos, GQS and DISCERN were higher in the top 
five videos, while JAMA was lower, as shown in Figure 1. 
The common feature of the first five videos with the highest 
video power index was the mention of non-surgical treatment 
methods.

Table 3. DISCERN Scoring11

Section 1-Is the publication reliable? Section 2-How good is the quality of the information?

1.Are the aims clear? 9. Does it describe how each treatment works?

2.Does it achieve its aims? 10. Does it describe the benefits of each treatment?

3. Is it relevant? 11. Does it describe the risks of each treatment?

4. Is it clear what sources of information were used to compile the
    publication? 12. Does it describe what would happen if no treatment was used?

5. Is it clear what sources of information are used in the publication? 13. Does it describe how the treatment choices affect the overall quality of life?

6. Is it balanced and unbiased? 14. Is it clear that there may be more than one possible treatment choice?

7. Does it provide details of additional sources of support and
    information? 15. Does it provide support for shared decision-making?

8. Does it refer to areas of uncertainty? Section 3-Overall rating of the publication?

15. Based on the answers to all of the above questions, rate the overall quality 
of the publication as a source of information about treatment choices

Table 4. General features of videos

Minimum Maximum Mean

Length(s) 15 1415 362.12

Number of views 156 258150 37570.96

Number of likes 0 8200 500.06

Dislikes 0 1600 43.65

Number of days since the upload 52 4794 1758.38

Like rate 100 1700 145.51

View rate 0.04 1190.7 50.82

Video power index 0.04 8883.70 240.9



480

İşcan et al. Quality of tarsal tunnel syndrome videos J Health Sci Med. 2024;7(4):477-481

DISCUSSION
This study aimed to monitor and analyze the top 50 most 
relevant videos uploaded on YouTube about tarsal tunnel 
syndrome, which people frequently use to seek answers to 
their health questions, and to evaluate these videos in terms 
of adequacy, quality, and relevance. Of the parameters used 
in the quality and relevance analysis of the videos, GQS was 
determined to be of medium quality, the JAMA mean score 
was low, and the DISCERN scale was medium. GQS, JAMA, 
and DISCERN values were correlated. 

The DISCERN, JAMA, and GQS parameters used to evaluate 
the videos in different aspects such as content, relevance to 
treatment, quality, accuracy, and reliability were moderate, 
low, and medium, respectively. In a study on carpal tunnel 
syndrome (CTS), which is also an entrapment neuropathy, 
the videos were inadequate and of low quality according 
to the DISCERN scale and GQS, and in a study on cubital 
tunnel syndrome, the videos were found to be inadequate 
and poor.12,13 DISCERN and GQS were higher in TTS videos 
compared to the study on CTS, while JAMA was lower [12]. 
In the cubital tunnel syndrome study, videos were inadequate 
and poor, while TTS videos were of medium adequacy.13 
Özdemir et al.14 found that videos uploaded by medical 
professionals were of higher quality. Health professionals also 
upload TTS videos, which may be related to their high GQS 
and DISCERN scores.

In previous medical YouTube video studies, no statistically 
significant relation was detected between JAMA, DISCERN, 
and GQS and the average number of views, number of likes, 
like rates, and video power index of all videos, and no relation 
was found in our study.12,15

While the average number of views of carpal tunnel videos 
was 150977.4 in the Mert et al.12 study, it was 37570.96 in our 
study. This could indicate a lower prevalence and awareness of 
the disease. We were unable to locate any studies examining 
the quality of anterior interosseus syndrome videos on social 
media, a condition with a lower prevalence than TTS.

The average GQS, JAMA and DISCERN values of the first five 
videos were above average; the number of views and likes was 
also above average, and the number of dislikes was similar 
to the average. Four of the first five videos were uploaded by 
physiotherapists, while one was uploaded by a doctor. The 
common feature of all five videos was that they described the 
disease, and four of them helped with diagnosis.

When the literature was reviewed, a correlation was found 
between video uploaders and video quality in Singh et al.’s16 
study on rheumatoid arthritis, but not in Mert et al.’s12 study 
on CTS. In our study, no correlation was found between video 
quality and videos uploaded by doctors, physiotherapists, or 
podologists.

In a study of 60 videos by Goyal et al.,17 47 videos had at least 
one statement that could reinforce common misconceptions 
about CTS, while our study did not find such a thing. We 
attributed this to the fact that the videos were uploaded by 
professionals. 

As stated by Özdemir et al.14 in their study, surgical treatments 
were shown in some videos in our study, but there was no 
information about obtaining permission from the patient or 
compliance with the 1964 Declaration of Helsinki or other 
similar ethical standards. The need to pay more attention to 
ethical issues can be brought to the attention of the relevant 
platform.

Most of the information in the videos that were a part of our 
study came from uncited sources. Although videos mention 
treatment options, there are very few videos on treatment 
outcomes and quality of life. This can reduce motivation 
for treatment, even if people access the videos. In a study 
conducted by Underhill et al.18 in Canada, it was found that 
more than one-third of those who applied to the hospital for 
health problems discussed the information they came across 
during their internet searches with their doctors. The scarcity 
of videos about the side effects of treatments and which 
treatment is best for whom may increase the likelihood of 
refusing the treatment recommended by the doctor.

Limitations 
Our study’s limitations include the possibility that the video 
content and order would have changed by the time it was 
published, the exclusion of non-English language videos, 
and the fact that the operation videos were viewed by a non-
surgical doctor.

CONCLUSION
Since no similar study on tarsal tunnel syndrome videos has 
previously been conducted, this study is valuable in terms of 
contributing to the improvement of the reliability and quality 
of these videos as a source of information. Although scientific 
publications or manuals are used primarily for education 
in the medical field, YouTube is also used as a source of 
information for people who are not healthcare professionals. 
The absence of quality and content control mechanisms 
on YouTube could potentially mislead and poorly inform 
patients, as well as violate ethical principles.  More specialized 

Figure. Comparison of GQS, JAMA, and DISCERN values of the top five 
videos with the highest views and other videos
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platforms or control mechanisms for health videos need to be 
developed.

ETHICAL DECLARATIONS

Ethics Committee Approval
The study was carried out with the permission of the Niğde 
Ömer Halisdemir University Ethics Committee (Date: 
07.03.2024, Decision No: 2024/04-22). 

Informed Consent
Because the study was designed retrospectively, no written 
informed consent form was obtained from patients. 

Referee Evaluation Process
Externally peer-reviewed. 

Conflict of Interest Statement
The authors have no conflicts of interest to declare. 

Financial Disclosure
The authors declared that this study has received no financial 
support. 

Author Contributions
All of the authors declare that they have all participated in 
the design, execution, and analysis of the paper, and that they 
have approved the final version.

REFERENCES
1. https://www.globalmediainsight.com/blog/youtube-users-

statistics/#:~:text=Monthly%20Active%20Users%20on%20
YouTube, Monthly%20active%20users&text=YouTube%20has%20
more%20than%202.6,world%20have%20access%20to%20YouTube

2. Kunze KN, Krivicich LM, Verma NN, et al. Quality of online 
video resources concerning patient education for the meniscus: 
a YouTube-based quality-control study. J Arthroscop Related 
Surg. 2020;36(1):p.233-238. doi:10.1016/j.arthro.2019.07.033

3. Kiel J, Kaiser K. Tarsal tunnel syndrome. Treasure Island (FL): 
StatPearls Publishing; 2024 Jan.

4. Hong CH, Lee HS, Lee WS, et al. Tarsal tunnel syndrome caused 
by posterior facet talocalcaneal coalition: a case report. Medicine. 
2020;99(26):e20893. doi:10.1097/MD.0000000000020893

5. Khedr EM, Fawi G, Abbas MAA, et al. Prevalence of common 
types of compression neuropathies in Qena Governorate/Egypt: 
a population-based survey. Neuroepidemiology. 2016;46(4):253-
260. doi:10.1159/000444641

6. de Souza Reis Soares O, Duarte ML, Brasseur JL. Tarsal tunnel 
syndrome: an ultrasound pictorial review. J Ultrasound Med. 
2022;41(5):p.1247-1272. doi:10.1002/jum.15793

7. Hong CH, Lee YK, Won SH, et al. Tarsal tunnel syndrome caused 
by an uncommon ossicle of the talus: a case report. Medicine. 
2018;97(25):e11008. doi:10.1097/MD.0000000000011008

8. Samarawickrama D, Therimadasamy AK, Chan YC, et al. Nerve 
ultrasound in electrophysiologically verified tarsal tunnel 
syndrome. Muscle Nerve. 2016;53(6):p.906-912. https://doi.org/ 
10.1002/mus.24963. doi:10.1002/mus.24963

9. Silberg WM, Lundberg GD, Musacchio RA. Assessing, 
controlling, and assuring the quality of medical information on 
the internet: caveant lector et viewor-let the reader and viewer 
beware. Jama. 1997;277(15):p.1244-1245.

10. Erdem MN, Karaca S. Evaluating the accuracy and quality of the 
information in kyphosis videos shared on YouTube. Spine. 2018; 
43(22):p.E1334-E1339. doi:10.1097/BRS. 0000000000002691

11. Charnock D, Shepperd S, Needham G, et al. DISCERN: an 
instrument for judging the quality of written consumer health 
information on treatment choices. J Epidemiol Community 
Health. 1999;53(2):p.105-111. doi:10.1136/jech.53.2.105

12. Mert A, Bozgeyik B. Quality and content analysis of carpal 
tunnel videos on YouTube. Indian J Orthop. 2022;56(1):p.73-78. 
doi:10.1007/s43465-021-00430-5

13. Lama CJ, Hartnett DA, Donnelly JC, et al. YouTube as a 
source of patient information for cubital tunnel syndrome: 
an analysis of video reliability, quality, and content. HAND. 
2023;15589447231151428. doi:10.1177/15589447231151428

14. Özdemir O, Diren F, Boyalı O, et al. Metric evaluation of 
reliability and transparency of the videos about carpal tunnel 
syndrome surgery in the online platforms: assessment of 
YouTube videos’ content. Neurospine. 2021;18(2):p.363. doi:10. 
14245/ns.2142030.015

15. Sampson M, Cumber J, Li C, et al. A systematic review of methods 
for studying consumer health YouTube videos, with implications 
for systematic reviews. Peer J. 2013;1:e147. doi:10.7717/peerj.147

16. Singh AG, Singh S, Singh PP. YouTube for information on 
rheumatoid arthritis-a wake-up call? J Rheumatol. 2012;39(5): 
p.899-903.

17. Goyal R, Mercado AE, Ring D, et al. Most YouTube videos 
about carpal tunnel syndrome have the potential to reinforce 
misconceptions. Clinic Orthop Related Res. 2021;479(10):2296-
2302. doi:10.1097/CORR.0000000000001773

18. Underhill C, McKeown L. Getting a second opinion: health 
information and the Internet. Health Rep. 2008;19(1):p.65-69.

https://www.globalmediainsight.com/blog/youtube-users-statistics/#:~:text=Monthly Active Users on YouTube
https://www.globalmediainsight.com/blog/youtube-users-statistics/#:~:text=Monthly Active Users on YouTube
https://www.globalmediainsight.com/blog/youtube-users-statistics/#:~:text=Monthly Active Users on YouTube


HEALTH SCIENCES
MEDICINE

Review

This work is licensed under a Creative Commons Attribution 4.0 International License.

J Health Sci Med. 2024;7(4):482-487

DOI: 10.32322/jhsm.1481918

Corresponding Author: Esra Özer, esraozellllll@gmail.com

ABSTRACT
Climate change is one of the biggest global health threats to the world’s population. Global warming can occur largely due to 
increased levels of greenhouse gases caused by human activities and conditions such as the burning of fossil fuels (carbon dioxide), 
livestock (methane from manure), industrial emissions, vehicle/factory exhaust and chlorofluorocarbon aerosols that trap extra 
heat in the Earth’s atmosphere. The resulting extreme weather conditions lead to uncontrollable fires, air pollution, ecological 
changes and floods. The realization of ecological changes has major impacts on population displacement, family fragmentation, 
violence, water availability and quality, food security, public health and economic infrastructures. The consequences of ecological 
changes affect public safety and their ability to maintain health. Climate change also has direct impacts on human health and well-
being. Particularly vulnerable populations are affected, including women, pregnant women, children, persons with disabilities 
and the elderly, who make up the majority of disadvantaged populations globally. In addition, when disasters occur, communities 
of different ethnic groups, low-income and disadvantaged individuals are more affected by climate change challenges. The climate 
crisis negatively alters the balance of risk for women’s sexual and reproductive health and rights, as well as for newborn and child 
health. Obstetric nurses and midwives have a unique opportunity to raise awareness, educate and advocate for mitigation strategies 
to reverse climate change affecting patients and their families. The objective of this review is to examine the circumstances under 
which climate change may emerge as a significant public health, social justice, human rights, economic, and women’s health 
challenge. The FIGO reports that the current climate crisis poses an imminent health risk to pregnant women, developing fetuses, 
and reproductive health, and calls for community-wide solutions, government policies, and global action. 
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INTRODUCTION
According to the World Health Organisation (WHO), the 
definition of health is not only the absence of disease and 
disability, but also the complete physical, mental and social 
well-being of the individual.1 Women’s health covers the 
entire health status of women from birth to death. Investing 
in women’s health means investing in the health of present 
and future generations. For this reason, it will be useful to 
know the global effects of climate change and its reflections 
on women’s health. 

The International Federation of Gynaecology and Obstetrics 
(FIGO) has called attention to the fact that the current climate 
crisis poses an imminent health risk to pregnant women, 
developing foetuses and reproductive health. In particular, 
the need for community-wide solutions to address and 
mitigate the drivers of climate change, including fossil fuel 
production, is emphasised. The need for government policies 
and global co-operation in this field is important in terms of 
being a partner in the solution.

According to the United Nations International Children’s 
Emergency Fund (UNICEF), half of the world’s children 
are at ‘extremely high risk’ of the impacts of climate change, 

due to their exposure to multiple climate hazards and lack of 
access to basic health care and other services that can help. 
Children, families and communities must work to mitigate 
climate-related events and mitigate their impacts.2 Children 
and adolescents are particularly at risk from climate change 
events because of their rapidly developing brains and bodies, 
vulnerability to disease, need for care and limited capacity to 
avoid threats and impacts. Children and adolescents are more 
likely to fear and worry about climate change than other age 
groups. UNICEF has recently developed a technical note on 
planning and preparedness to protect populations from heat 
stress.3

It can be said that the observation of global temperature, 
rainfall, fires, storms and vector-borne diseases have increased 
over the years.4 It is thought that the health impacts of climate 
change will worsen the effects of diseases such as coronavirus 
etc.5 The United Nations Intergovernmental Programme on 
Climate Change has adopted 2019 as a “code red” year for our 
planet, predicting a 3°C increase in average temperature by 
the end of this century. Climate conditions such as drought, 
heavy rainfall, rising sea levels, hurricanes, storms and high 
temperatures create a favourable environment for the spread 
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of vector-borne diseases6 (Figure 1). The WHO reports that 
natural disasters have tripled since 1960, causing more than 
60,000 deaths per year. WHO estimates that by 2030 this 
impact will increase to at least 250,000 deaths per year.7 While 
there are direct threats to global health, such as air pollution, 
water pollution, access to safe food and shelter, there are 
indirect effects that affect reproductive health, women’s 
health and even future generations. It has been reported 
that mortality rates increase in regions where resources are 
inadequate.8

The impacts of climate change threaten daily life and 
even survival, from food and shelter insecurity to reduced 
agricultural production and vector-borne diseases. These 
changes jeopardise the sustainability of health systems and 
vulnerable groups are more affected. Vulnerable groups, 
including children, women, pregnant women, the elderly and 
refugees, are disproportionately affected by climate change.4   
Seventy per cent of the 1.3 billion people living below the poverty 
line in resource-poor countries are women, and climate change 
is making this group even more vulnerable. and climate change 
is making this group most vulnerable. Globally, women are more 
adversely affected than men, and without appropriate adaptation, 
this inequality is projected to worsen in the coming years.9

CLIMATE CHANGE AND REPRODUCTIVE 
HEALTH CONSEQUENCES
Events related to climate change have direct and indirect 
effects on health. Direct impacts are temperature extremes, 
heat/cold waves, hurricanes, storms, floods and fires; indirect 
impacts are vector-borne diseases, infections, epidemics, 
water and food-borne diseases, air pollution and respiratory 
diseases, stratospheric ozone depletion and UV radiation, 
allergic diseases and field dust.10 Migration and internal 
conflicts can be the result of both direct and indirect climate 
events (Figure 2). Climate change is known to have a direct 
impact on fertility, prenatal outcomes, mental health, sexual 
health, reproductive rights and survival.10 Post-traumatic 
stress, suicides and adverse pregnancy outcomes in survivors 
have also been observed in the community in relation to 
disaster. In resource-poor countries, existing problems in 
access to adequate health services, including contraceptives, 

preconception, pregnancy, labour and maternity care, will 
exacerbate outcomes in the event of a disaster.11

In addition to direct impacts on populations following events 
such as climate change, disasters and migration, weather 
conditions also have short- and long-term impacts on human 
health. Research has shown that disasters and weather events 
cause major disruptions in the health system and affect health 
outcomes. Gynecologic cancer patients in need of basic services 
are the most vulnerable group to extreme weather events.12,13

Air Pollution
Climate change and air pollution are closely intertwined. 
Fossil fuel consumption is one of the main causes of climate 
change and air pollution. Carbon dioxide, methane and 
nitrous oxide, the most common residual products of fossil fuel 
consumption, are the substances that have the greatest impact 
on climate change. Such air pollutants can exacerbate climate 
change by affecting the sunlight reflected by the atmosphere. 
Air pollution can damage vital organs, including the lungs, 
heart and placenta. In 2012, global deaths due to particulates 
from the use of fossil fuels were estimated at 10.2 million.14 
Air pollution in Ukraine has been linked to 21 per cent of all 
diseases affecting women and children.15 Air pollution has 
been reported to be associated with hypertensive disorders in 
pregnant women and vulnerable groups.16

Exposure to air pollution has been reported to reduce pre-
pregnancy fertility and prenatal live birth rates and to be 
associated with adverse obstetric outcomes such as preterm 

Figure 1. Impact of climate change on human health 
https://www.cdc.gov/climateandhealth/effects/default.htm, accessed May 07,2024

Figure 2. Infographic for health advocates and policymakers, giving an 
overview of the ways in which climate change increases health risks to 
pregnant women and their children 
https://w w w.env-health.org/cl imate-change-puts-pregnant-women-at-greater-risk-new-
infographic-by-figo-ucsf-and-heal, accessed May 07,2024

https://www.cdc.gov/climateandhealth/effects/default.htm
https://www.env-health.org/climate-change-puts-pregnant-women-at-greater-risk-new-infographic-by-figo-ucsf-and-heal
https://www.env-health.org/climate-change-puts-pregnant-women-at-greater-risk-new-infographic-by-figo-ucsf-and-heal
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birth and low birth weight.17-19 According to a study conducted 
in the USA, it was concluded that the proximity of residences 
to main roads increases the risk of infertility in couples 
undergoing IVF treatment.20 According to another study, 
prenatal exposure to pollutants increased the risk of preterm 
labour and low birth weight babies.21 The closure of coal and 
oil power plants in California was found to have reduced air 
pollution over a ten-year period and resulted in a significant 
reduction in preterm births.22 Another consequence of 
global warming is forest fires.  Forest fires have significant 
effects on air pollution and increase the risk of perinatal 
complications.23,24 Mendola et al.23 suggested that regional 
variations in air pollution may have effects on consecutive 
pregnancies, with increased exposure to pollutants increasing 
adverse obstetric outcomes. 

Heat
Climate change has increased the average global temperature 
by 1.2°C over more than a century. In different parts of the 
world, this increase has been as high as 3°C.6 These increases 
in temperature have caused negative impacts on ecosystems 
and life. In the USA, extreme heat causes more deaths 
than any other weather condition.25 Even a small change in 
the average temperature can cause noticeable increases in 
temperature extremes. The hottest period on record has been 
the last seven years (from 2015 onwards) and the hottest year 
so far is 2020.26 Above-average temperatures have the risk of 
increasing water scarcity and drought, thus decreasing crop 
production and increasing food shortages. Looking at reports 
of the 2021 heatwave in the Pacific Northwest, more than 600 
deaths were reported in Oregon and Washington states.27

In addition to the numerous impacts of extreme weather 
and natural disasters on maternal and child health (food 
insecurity, water pollution, increased risk of vector-borne 
diseases, psychological trauma due to displacement and 
violence against women, etc.), specific heat-related obstetric 
risks include preterm birth and low birth weight babies.28-30 
A comprehensive review found a strong positive correlation 
between exposure to heat and air pollution during pregnancy 
and an increased risk of stillbirth, low birth weight and 
preterm birth.31 A critical period of maternal sensitisation 
to heat has not yet been firmly established. However, data 
suggest that exposure to heat early in the hot season is more 
harmful than later exposure due to lack of acclimatisation.32

Fetal exposure to heat in utero is thought to cause a 
significant increase in the risk of prematurity, low birth 
weight and stillbirth, as well as fetal congenital anomalies 
such as conotruncal septal heart defects and cataracts.33,34 
It is estimated that the incidence of foetal congenital heart 
defects due to heat exposure in some parts of the USA will 
increase by up to 60% by 2035.34 According to a study, it was 
concluded that people who were exposed to temperatures of 
32°C and above in utero and in the first year after birth had 
reduced annual earnings due to reduced cognitive ability in 
adulthood.35 

Heat exposure has also been associated with maternal health. 
Mothers exposed to excessive heat have been found to have an 
increased incidence of hypertension and detached placenta.36 

Extreme heat combined with pest problems and water 
scarcity potentially lead to reduced crop production.  Food 
insecurity negatively affects women and children. Difficulty 
in accessing safe food increases the likelihood and extent 
of population migration, thus causing mental and physical 
stress to women.37 High temperature, which we encounter as a 
reflection of climate change, also affects the health of children 
and adolescents. It has been reported that there is a strong 
correlation between heat stress caused by high temperature 
and mortality, especially in young children.38-40

Floods
Flooding is the accumulation of water on dry land in response 
to rising water levels in rivers, lakes and seas. River flooding 
can be caused by excessive snowmelt, heavy rainfall and 
coastal flooding. Climate change is leading to more intense 
rainfall, storm fronts and long-term sea level changes 
resulting from melting ice sheets. Sea level rise increases the 
likelihood of flooding during coastal storms, putting millions 
of people worldwide at risk. Climate change has led to more 
intense rainfall and long-term sea level changes resulting 
from melting ice sheets. This has caused rises in the oceans.41

Flooding is a hazard that can have serious mental and physical 
impacts on women’s health.  These impacts include exposure 
to polluted and severely toxic substances, prolonged exposure 
in flooded and unsanitary environments, severe stress, anxiety 
and depression, cultural norms that inhibit women’s ability 
to recover from flooding, and food insecurity.42,43 The floods 
in Bangladesh, for example, had a disproportionate impact 
on women due to both cultural barriers and inadequate 
social services. According to the study, women in the village 
suffered from menstrual problems, urinary tract infections, 
pregnancy complications and malnutrition.44 Hurricanes 
have been associated with an increased risk of major mood 
disorders in mothers, such as hypertensive disease, depression 
and post-traumatic stress disorder. It has also been shown 
to increase adverse neurodevelopmental outcomes such 
as preterm birth, low birth weight and mood disorders in 
children.11,45 According to a report by the Food and Agriculture 
Organisation, increased floods, droughts and forest fires as 
a result of worsening climate change are reported to be the 
biggest problem for low- and middle-income countries and 
have a detrimental impact on food security.46 Climate crisis 
drivers such as floods, droughts and wildfires are projected to 
exacerbate food insecurity, worsen pregnancy and newborn 
outcomes, and pose even greater risks, particularly for 
women living in low- and middle-income countries, if left 
unaddressed.47 

Vector-borne Diseases
More than 1 million people die each year from vector-
borne diseases such as malaria, dengue, schistosomiasis and 
congenital Zika.48,49 Temperature and precipitation affect the 
survival and development of these vectors. Indirect effects of 
climate change are related to pathogen exposures that evolve 
in response to changes in temperature, fluctuations in water 
levels and redistribution of normal or newly emerging species. 
Malaria kills 1 million people each year. Pregnant women 
are particularly vulnerable to vector-borne diseases. Malaria 
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infection during pregnancy has effects on both mother and 
foetus. These effects may include maternal and foetal anaemia, 
miscarriage, intrauterine death, preterm birth, intrauterine 
growth and development retardation, low birth weight baby.50 
Infection with the Zika virus during pregnancy results in 
serious birth defects, especially microcephaly.51 The increase 
in temperature as a result of climate change will increase 
the range of mosquitoes transmitting malaria and thus 
increase transmission. Previously stable vector distributions 
are changing due to climate change.52 Therefore, reducing 
the global incidence of vector-borne diseases is of global 
importance for maternal and newborn health. According to 
a review of food and waterborne infectious diseases, high 
temperatures are associated with infectious bacterial diseases 
and children are at higher risk than other age groups. One 
study concluded that for every 1 0C increase in temperature, 
the risk of transmission of certain bacterial pathogens (Vibro 
cholera, Salmonella, Escherichia coli, etc.) increases, leading to 
an increase in gastrointestinal problems such as vomiting and 
diarrhea.53 Children and adolescents consume more food and 
water per unit body weight than adults, making them more 
vulnerable to unsafe water and food sources.54

CLIMATE CHANGE AND SEXUAL AND 
REPRODUCTIVE HEALTH RIGHTS
The important impact of climate change on human population 
is the observation of mass migration due to unfavourable 
climatic conditions. Temperature and drought adversely 
affect the quantity and quality of water. These conditions lead 
to a series of problems resulting in inadequate agriculture and 
thus mass migration of communities for survival. Women 
are the most vulnerable group to problems such as global 
temperatures, droughts, floods, insecure food and water due 
to their social status and family responsibilities. Women and 
girls are at high risk of sexual violence, abuse, abduction 
and intimate partner violence due to forced migration. 
Psychological problems such as stress, anxiety and depression 
are observed more frequently in this group. In this context, it 
can be concluded that climate change is not gender neutral as 
it increases social inequalities.55 

We see the effects of the climate crisis not only on women 
but also on foetuses in utero. Mothers affected by the climate 
crisis are exposed to climate stress factors and this situation 
poses significant risks for foetuses. These risks will affect the 
fetuses throughout their lives; fetuses will be born in utero 
with disadvantages due to climate-related negativities, and 
their susceptibility to diseases such as obesity, metabolic 
disorders, congenital defects, allergies, neurodevelopmental 
and psychological disorders will increase.4,56

Another group affected by climate-induced changes is children 
and adolescents. Climate change and extreme weather events 
negatively affect the physical and mental health of children 
and adolescents. In a review of eight studies on children aged 
3-18 years, it was reported that exposure to disasters leads 
to mental problems such as posttraumatic stress disorder 
(PTSD), depression, panic and anxiety.57 The deterioration 
of air quality due to uncontrollable fires and air pollution 
causes adverse respiratory health outcomes among children 

and adolescents or negatively affects existing health. Studies 
have shown that climate change-induced atmospheric particle 
changes and air pollution are associated with decreased lung 
function, childhood asthma and respiratory diseases.58,59

In the coming years, as the emission rates of the planet 
increase and the world warms up, the effects of climate change 
are expected to be felt more. Climate change is predicted to 
be an existential problem for a large part of humanity. The 
adaptation of women’s health professionals to the changing 
climate will have long-term effects and may alleviate the 
problems that may be observed in future generations.

CONCLUSION
The ongoing climate crisis presents a significant risk to 
women, pregnant mothers, unborn fetuses, and offspring who 
were exposed in utero to climate stressors. The effects of this 
exposure are magnified. Consequently, the adverse effects will 
reverberate across the human lifespan, with individuals born 
disadvantaged from in utero climate insults, burdened with 
predispositions to disease (e.g., obesity, metabolic disorders, 
congenital defects, allergies, neurodevelopmental and 
psychological impairments, etc.), and ill-adapted to further 
climate insults during their own lifetimes.56

It is also evident that the health of women is disproportionately 
affected by the climate crisis, despite their minimal 
contribution to its genesis. While commendable, individual 
efforts to protect pregnant women and the developing fetus 
from the health hazards associated with air pollution, heat, 
and natural disasters are insufficient and beyond individual 
control due to the systematic sources of the climate change 
problem, of which the fossil fuel industry is a significant 
contributor. Pregnant women already face a multitude of 
personal restrictions, including dietary limitations, travel 
precautions, and personal care product choices. They are 
unable to control the outdoor air quality they encounter or the 
ambient local temperature. Therefore, it is recommended that 
climate policy interventions address sexual and reproductive 
health and human rights as a means of improving the lives 
of women and girls globally. In particular, it is proposed that 
governments and authoritative bodies that have identified 
policies that reduce fossil fuels be supported in their efforts to 
address climate change.60

The climate crisis has been identified as a global emergency. 
In response, FIGO has recommended that healthcare 
providers assume a leading role in advocacy, research, policy 
development, and education efforts to address the climate 
crisis. In 2021, the editors of the world’s leading medical, 
nursing, and public health journals, in a joint statement, 
described the rapidly warming climate as the “greatest 
threat” to global public health. They called on world leaders 
to take measures to avoid “catastrophic damage that will be 
irreversible”.61
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