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From the Editor 

Welcome reader to the Journal of Advanced Studies in Health Sciences. The June 
2023 issue of our journal that you hold contains 14 articles.

The Journal of Advanced Studies in Health Sciences is one of Istanbul University’s 
journals and is published triannually in February, June, and October according to in-
ternational standards. Our journal started its publication life in 2018 and has been in-
cluded in national and international indexes since 2021. The journal provides a wide 
range of services in the field of health and aims to enter the SCI - Science Citation 
Index Expanded. As such, only publications written in English will be accepted for our 
journal going forward. We await your research and will grow stronger with you. Our 
respect and thanks to the scientists who have contributed.

Prof. Dr. Zeynep Karakaş
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ÖZ
Amaç: Çalışmamızda, APE1 (Asp148Glu)  gen polimorfizmi ile mesane 
kanseri oluşumu ve gelişimi arasındaki ilişkiyi araştırmayı amaçladık. 
Ayrıca, mesane kanserinde sigara kullanımı ile APE 1 gen polimorfizmi 
arasındaki ilişkiyi değerlendirmeyi planladık.
Gereç ve yöntem: Çalışmamızda histopatolojik ve klinik açıdan mesane 
kanseri tanısı konan hastalar (n=120) ve sağlıklı normal kişiler (n=136) yer 
aldı. Çalışma grubundaki kişilerden elde edilen DNA’lardan Apürinik/
Aprimidinik Endonükleaz 1 (APE1) gen polimorfizmi için polimeraz zincir 
reaksiyonu (PZR), sınırlayıcı enzim parça uzunluğu polimorfizmi (RFLP) 
teknikleri kullanıldı. 
Bulgular: APE1 gen polimorfizminde genotip ve allel sıklığı incelendiğinde 
mesane kanseri ve kontrol grubu arasında anlamlı farklılık bulunmamakta-
dır. İlaveten, yüksek grade, ileri evre ve sigara kullanımı bakımından da 
incelendiğinde anlamlı bir faklılık bulunmamaktadır.
Sonuç: APE 1 gen polimorfizminin mesane kanseri oluşumunda ve gelişi-
minde bir risk içermediğini ayrıca, sigara kullanımının APE Asp148Glu gen 
polimorfizminde etkili olmadığını ileri sürebiliriz.
Anahtar Kelimeler: APE1, polimorfizm, baz kesip çıkarma onarımı, mesane 
kanseri

ABSTRACT
Objective: The purpose of this investigative research was to investigate 
the potential impact of a single nucleotide polymorphism (Asp148Glu) 
within the APE1 gene on the development of bladder cancer (BCa) and 
spread, and to investigate the interaction of this polymorphism with 
cigarette smoking in BCa patients. 
Materials and Methods: In a study of 256 participants, consisting of 136 
healthy individuals and 120 patients with BCa, the APE1 Asp148Glu 
polymorphism was evaluated using “polymerase chain reaction restriction-
fragment length polymorphism” analysis. 
Results: There were no noteworthy difference variations observed in 
genotype distribution between the group of individuals with BCa and the 
control group with regards to the APE1 gene polymorphism. Furthermore, 
the APE1 gene polymorphism exhibited no correlation with the 
clinicopathological characteristics or smoking habits of individuals with 
BCa.
Conclusion: Based on our findings, it appears that the APE1 gene 
polymorphism, which plays a role in the BER pathway, does not appear to 
be a contributing factor in susceptibility to BCa in the Turkish population. 
In addition, the smoking habit may not modify BCa risk with respect to 
genetic variations in the APE1 gene.
Keywords: APE1, polymorphism, base excision repair, bladder cancer
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INTRODUCTION

Bladder cancer (BCa) is the most commonly diagnosed tumor 
in the urinary tract and the fourth overall among all male ne-
oplastic diseases (1, 2). Currently, about two million people in 
the world are struggling with this disease (3). Due to the efforts 
made in the field of cancer prevention and treatment, the de-
ath rate from BCa has decreased significantly over the past few 
years in many countries, especially in developing countries (4). 

In the development of BCa, both environmental factors, inc-
luding smoking, which is responsible for generating reactive 
oxygen species (ROS), and genetic factors are involved (5). Free 
oxygen radicals harm DNA and cause changes in the capacity 
of DNA repair systems, leading to the appearance of malignant 
tumors (6). To cope with oxidative DNA damage, the human 
body employs five distinct repairing DNA mechanisms: direct 
reversal, double-strand break repair mismatch repair, nucleo-
tide excision repair (NER), and base excision repair (BER), (7, 
9). The BER pathway that is in charge of making repairing the 
damage to DNA induced by oxidation and alkylation, that “apu-
rinic/apyrimidinic endonuclease 1” (APE1) is a main enzyme 
in BER (7). Additionally, it participates in the redox control of 
transcription factors in cells and is commonly referred to as 
redox factor-1. (APE1/Ref-1) (8). 

The APE1 gene is situated in the genomic region of chromoso-
me 14q11.2–q12. The Asp148Glu polymorphism, which occurs 
due to T to G substitution at codon 148 in exon 5 of the APE1 
gene, the outcome is the exchange of glutamate for an aspar-
tate amino acid (10). Several reports found that many cancers, 
involving cancers such as prostate and colorectal cancer while 
other reports did not find any association with nasopharyngeal 
cancer or even showed a significant protective effect against 
BCa have been linked to Glu/Glu genotype of the APE1 Asp-
148Glu polymorphism as having an elevated risk (11, 13, 14). 
Therefore, the current research examined the potential impact 
of the APE1 Asp148Glu gene polymorphism on the develop-
ment and advancement of BCa within a Turkish population.

MATERIALS and METHODS

Between 2012 and 2022, the Istanbul Faculty of Medicine, Uro-
logy Department conducted a study on 120 Turkish patients 
who had been diagnosed with BCa. A control group consisting 
of 136 people who were referred to routine medical examina-
tions at the same facility and participants in the study had no 
prior history of cancer diagnosis of any type. The Ethics Commit-
tee, Istanbul Faculty of Medicine, granted ethical approval for 
the study, and each participant gave informed consent before 
participating (Date : 23/12/2022, No:23).

BCa was diagnosed histologically with samples received from 
patients through biopsy or surgery. The tumors were categori-
zed based on their type, grade, and stage. Based on the 2004 
WHO grading system for pathological bladder cancers, they 
were graded as low or high. 2002 TNM classification system 
was used to classify tumors as either low-stage or high-stage. 

BCa at a low stage (Ta/T1) is known as superficial BCa (SBC). 
BCa stages T2 to T4 are known as muscle-invasive BCa (MIBC).

A commercially accessible PCR template preparation kit (Roc-
he Diagnostics, Mannheim, Germany)” was utilized to extract 
genomic DNA from white blood cells. The polymorphism of 
the APE1 Asp148Glu (rs 1130409) gene were genotyped using 
PCR-RFLP. The PCR reactions were carried through in “25 µl 
of 10 pmol APE1 primer, 0.3 mM dNTP, 2,5 mM MgCl2, 100 ng 
DNA, x10 PCR buffer (pH value: 8.8), and 1.25 U Taq polymerase 
(MBI Fermentas)”.

The PCR cycling condition for APE1 was initial denaturation 
at 95 °C for a 2-minute period, 35 cycles of 30 sec at 95 °C, 
annealing at 52 °C for 45 sec and elongation at 72 °C for 45 
sec, and a final extension step of 5 min at 72 °C. Following 
amplification, PCR products were subjected to restriction di-
gestion using the FspBI enzyme (Thermo Scientific) (Hu et al. 
2001). After completion, a 2% agarose gel treated with ethi-
dium bromide was used to conduct gel electrophoresis, and 
to analyze the final products. Fragment patterns for the APE1 
genotypes were AspAsp (164 bp), AspGlu (164,144, and 20 bp), 
and GluGlu (20 bp).

Statistical analyses

All statistical analyses conducted in this study were performed 
using SPSS version 21. The collected biochemical parameter 
data underwent statistical testing using either the Student’s 
t-test for data with equal variances, or the ‘Mann-Whitney U 
test’ for data with unequal variances. To determine the diffe-
rence in genetic distribution between the study group with BCa 
and the control group, Pearson’s chi-square (v2) test was used. 
We used the Asp/Asp genotype as a reference due to it being 
the lowest-risk genotype. To assess the correlation between 
genotypes and tumor grade and stage, Pearson’s chi-square 
test (x^2) was utilized in order to evaluate the total impact of 
the polymorphism. The statuses of age, sex, BMI, and smoking 
were determined using a logistic regression, which calculated 

Table 1: The demographic and clinical characteristics of the 
control group and study group diagnosed with bladder 
cancer (mean±SD)

Parameters
  Control 

group
   (n=136)

   Patient group
   (n=120)

ap value

Age (years) 62.7±6.52
  

64.2±11.49 0.160

Female/male (%) 19.0/80.1   17.9/82.5 0.630

BMI (kg/m2) 27.1±2.89   26.5±3.38 0.131

Smoking  (%) 
(never/current) 61.0/39.0  33.3/66.7 0.000

Grade (1/2)     67/53

Stage (invasive\
superficial )     96/24

aap: Value from Pearson`s χ2 test to categorical variables and Mann 
Whitney-U to continuous variables
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adjusted odds ratios (aOR) and 95% “confidence intervals” (95% 
CI). To determine the effect size (W) with ‘2 degrees of free-
dom (2; 0.05), the NCSS 2000 statistical package (NCSS Inc; 

Kaysville UT)’ was used, taking into account the sample size of 
the study. Based on these calculations, the study’s power was 
determined to be 83%. The significance degree for the study 
was set at p<0.05, indicating that results with a p-value below 
this threshold were considered statistically significant.

RESULTS

There were no significant differences found in BMI, age, or sex 
when comparing the patients with the control group with BCa. 
However, more smokers were represented in the BCa patients 
as compared with the controls (p=0.000) (Table 1).

The APE1 Asp148Glu genotypes distribution in the control gro-
up was found to be coherent with the ‘Hardy Weinberg equi-
librium (HWE)’ (p=0.587). The distributions of APE1 Asp148Glu 
genotypes among BCa patients were consistent with the HWE 
(p=0.496). The effect of APE1 Asp148Glu polymorphism on BCa 
risk is shown in Table 2. Regarding the controls, the genotype 
AspAsp was identified in 68.4%, the AspGlu genotype in 29.4%, 
and the GluGlu genotype in only 2.2% of individuals. The APE1 
genotypes were observed in the bladder cancer patients, with 
71.7% identified as AspAsp, 25.0% as Asp/Glu, and only 3.3% 
as GluGlu. There was no noteworthy correlation detected bet-
ween the APE1 genotype/allele and the risk of BCa (Table 2).

Figure  1: Distributions of APE1 Asp148Glu genotypes  related to the smoking status 

Table 2: Distributions of APE1Asp148Glu allele and 
genotype in controls and bladder cancer patients

 
Control 
group
n (%)

Patient  
group
n (%)

p    ORa(95% CI)

APE 
Asp148Glu  

AspAsp 93 (68.4) 86 (71.7) Reference 
genotype.

AspGlu 40 (29.4) 30 (25.0) 0.767 0.91 (0.48-1.69)

GluGlu 3 (2.2) 4 (3.3) 0.339 1.86 (0.52-6.73)

AspGlu+GluGlu 43 (31.6) 34 (28.0) 0.924 0.97 (0.52-1.78)

Allele

Asp 226 (83.0) 202 (84.1) Reference allele.

Glu 46 (17.0) 38 (15.9) 0.742 2.05 (1.47-2.85)
aOdds ratios (OR) & 95% CI: Confidence intervals, adjusted for BMI: Age-sex
and smoking status

Figure 2: Distributions of  APE1Asp148Glu  genotypes  according to the grade (Low/High) and stage (Low/High) of the disease



Ahmadi Rendi, Kılınç, Erdem, Değirmenci, Şanlı, Küçükgergin, Doğru-Abbasoğlu  APE1 polymorphism is not associated with bladder cancer
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2023;6(2):117-121

120

The potential dissimilarities in genotype distributions and allele 
frequencies were investigated between individuals who smoke 
and those who do not smoke, with respect to their vulnerabi-
lity to bladder cancer. The APE1 Asp148Glu gene polymorp-
hism was not found to be related within either smokers or 
non-smokers (Figure 1).

When classified based on BCa grade and stage, the distributi-
on did not show any statistically significant differences in each 
APE1 genotype, as shown in Figure 2.

DISCUSSION

There are different biological mechanisms in the body as res-
ponses to repair DNA damage that preserve the totality of the 
genome (14). The decrease in capacity for DNA repair effici-
ency causes changes in the DNA damage-triggered biological 
response and, as a result, might result in the development of 
different malignant tumors (15).

Being under the influence of occupational carcinogenic factors 
is among the other important factors (16). Polycyclic aromatic 
hydrocarbons, arylamines, nitrosamines, and ROS in cigarettes 
have been shown to cause significant damage to the DNA mo-
lecular structure (17,18).

One of the mechanisms utilized for DNA repair is the BER path-
way, which is repairing DNA damage brought on by alkylating 
agents, ionizing radiation, and oxidation (19). Its ability to func-
tion as an endonuclease and phosphodiesterase makes it pos-
sible for APE1 to assume a prominent role in repairing apurinic 
apyrimidinic sites (20). 

Polymorphisms in genes responsible for DNA repair that cau-
se changes in the effectiveness of the DNA repair system can 
be related to the tendency to manifest BCa (22). Of the DNA 
damage caused by ROS, 8-hydroxyguanine (8-OHG) is particu-
larly mutagenic and results in G-C to T-A transversions during 
replication by DNA polymerases. (15). The main mechanism 
responsible for repairing 8-OHG is the short patch BER (15). It 
has been suggested that polymorphism of DNA repair genes is 
a risk factor for several cancers, including BCa (1, 23).

Polymorphisms in DNA repair genes cause changes in the ami-
no acid sequence, cause damage to DNA repair capacity, and as 
a result, cancer appears (24). Various DNA damage is repaired 
in multiple pathways involving different proteins (25). Altho-
ugh the effect of DNA repair gene polymorphisms on BCa risk 
has been investigated in many studies, the relationship is not 
clear yet (1,3,7).

Numerous investigations have been conducted on the relati-
onship between APE1 polymorphism and various cancers. (26). 
Hu et al. provided further insight into the biological significance 
of the APE1 codon 148 T-G transversion (Asp-Glu) polymorp-
hism, which has been associated with lymphocyte mitotic de-
lay in healthy individuals and increased sensitivity to ionizing 
radiation (22). Canbay et al. demonstrated this polymorphism 
has been linked to a higher incidence of gastric cancer (24). 

Peng et al. demonstrated APE1 genotypes have a relationship 
with lung cancer risk (18). The sole recognized common APE1 
coding region variant that leads to a non-synonymous change is 
Asp148Glu. According to Ruchika et al. APE1 148 GG genotype 
was found to be linked to a protective effect against BCa in a 
North Indian population (20). Nonetheless, no discernible dis-
tinction existed at the allele level (8).

The APE1 Asp148Glu polymorphism did not demonstrate any 
correlation of significance with the risk of BCa in our study. Our 
findings are in line with previous research suggesting APE1 Asp 
148 Glu polymorphism does not pose a risk for BCa (20, 21).

According to the results of our study data, the finding on ge-
ne-environment interaction showed no association between 
the APE1 Asp 148 Glu genotype and smoking status. Our data 
are consistent with some previous reports in BCa and prostate 
cancer (20, 27).

Based on the classification of the studied subjects in terms of 
disease stage at the time of testing, the APE1 Asp 148 Glu gene 
polymorphism did not indicate a noticeably higher risk for BCa 
in more advanced stages. In addition, the risk genotypes for the 
APE1 Asp 148 Glu polymorphism did not alter tumor grading 
among BCa patients. Sanyal et al. evaluated that there was no 
relation between the APE1 Asp 148 Glu gene polymorphism 
and pathological factors in BCa patients (21). In addition, Liu 
et al. reported that the APE1 variant allele was not associated 
with tumor grade and stage in BCa patients (28). 

CONCLUSION

According to the results of our investigation, we cannot detect 
that an association exists between APE1 polymorphism and 
BCa. The current data from our research’s findings demonstrate 
that APE1 Asp 148 Glu gene polymorphism may not affect the 
progression of BCa in the Turkish population.
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ÖZ
Amaç: Bu çalışmada, frekantist ve Bayesyen yaklaşımlar kullanılarak 
örneklem büyüklüğünün araştırma sonuçları üzerindeki etkilerinin araştı-
rılması amaçlanmıştır. 
Gereç ve Yöntem: Çalışmamızda küçük ve büyük örneklem büyüklüğünde 
istatistiksel farklılıkları karşılaştırmak amacı ile küçük ve büyük olmak 
üzere iki örneklem oluşturulmuştur. Çalışmaya alınan tüm hastalar erkek 
ve 40 ile 50 yaş aralığındadır. Küçük örneklem için iskemik kalp hastalığı 
(İKH)  olan 32, İKH olmayan 37 kişi çalışmaya dahil edilmiştir.  Büyük örnek-
lem için İKH olan 355, olmayan 545 kişi çalışmaya alınmıştır. Tüm hastalarn 
glukoz, trigliserid (TG), total kolesterol (TKOL), yüksek yoğunluklu lipopro-
tein kolesterol (HDL), düşük yoğunluklu lipoprotein kolesterol (LDL), üre, 
kreatinin, hemoglobin, hematokrit (HCT), kırmızı kan hücresi dağılım 
genişliği (RDW), lökosit (WBC), trombosit (PLT), ortalama trombosit hacmi 
(MPV), nötrofil (NÖT), lenfosit (LYM) değerleri kaydedilmiştir. Küçük  ve 
büyük örneklemler frekansçı ve Bayesyen yaklaşımla karşılaştırılımıştır. 
Bulgular: Küçük örneklem büyüklüğünde frekantist yaklaşım ile yapılan 
analizde tüm biyokimyasal veriler İKH olan ve olmayan kişilerde karşılaştı-
rılmış ve glukoz seviyeleri dışında diğer parametrelerde  anlamlı fark sap-
tanmamıştır.  Yine grupların Bayesyen yaklaşımla yapılan karşılaştırmala-
rında parametreler arasında anlamlı istatistiksel fark elde edilmemiştir.  
Buna karşın büyük örneklem büyüklüğünde frekantist yaklaşım ile yapılan 
karşılaştırmalarda glukoz, TG, TKOL, HDL, LDL, üre, kreatinin, hemoglobin, 
HCT, WBC, NÖT ve LYM değerleri her iki grup arasında anlamlı olarak fark-
lı çıkmıştır. Aynı şekilde Bayesyen yaklaşım ile yapılan karşılaştırmalarda 
glukoz, TG, TKOL, HDL, LDL , üre, kreatinin, hemoglobin, HCT, WBC, NÖT ve 
LYM değerleri iki grup arasında istatistiksel olarak anlamlı çıkmıştır. 
Sonuç: Büyük örneklem büyüklüğünde ve yüksek bir güçte çalışmada 
verinin frekansçı ya da Bayesyen istatistik ile değerlenirilmesi açısından 
fark bulunmamamaktadır.
Anahtar Kelimeler: Frekantist, bayesyen, örneklem büyüklüğü

ABSTRACT

Objective: In the present study, we aimed to evaluate the effects of 
sample size on results of  study by using frequentist and Bayesian 
approaches. 
Material and Methods: The small sample consisted of 32 patients with 
ischemic heart disease (IHD) and 37 control subjects. In order to compare 
the statistical differences between small and large sample sizes, two 
samples were constituted. All the patients included in the study were 
male and between 40-50 years old. The large sample consisted of 355 IHD 
patients and 545 controls. Patients’ biochemical variables including 
glucose, triglyceride (TG), total cholesterol (TC), high density lipoprotein 
cholesterol (HDL), low density lipoprotein cholesterol (LDL), urea, 
creatinine, hemoglobin, hematocrit, (HCT), red cell distribution width 
(RDW), White blood cell (WBC), platelet (PLT), mean platelet volume 
(MPV), neutrophil (NEUT), lymphocyte (LYM) were recorded.  Patients in 
the small and large samples were compared with both frequentist and 
Bayesian approaches.
Results: Except for glucose levels there were no statistical differences with 
respect to the biochemical variables of two groups in a small sample size 
when the variables were analyzed by the frequentist approach. Similarly, 
we did not find any differences between biochemical variables when the 
data were analyzed by the Bayesian approach.  When the large sample 
size data were analyzed by the frequentist approach, glucose, TG, TC, HDL, 
LDL, urea, creatinine, hemoglobin, HCT, WBC, NEUT, LYMP levels were 
found to be statistically significantly different between patients who had 
IHD and the controls. Similarly, there were significant differences between 
two groups with respect to glucose, TG, TC, HDL, LDL, urea, creatinine, 
hemoglobin, HCT, WBC, NEUT, LYMP levels when the data analyzed by 
Bayesian approach.
Conclusion: Our study results suggested that there were no differences 
between the frequentist and Bayesian approach results when the sample 
size is large and the power of the study is high. 
Key words: Frequentist, bayesian, sample size
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INTRODUCTION 

The main purpose of statistical interference is to make 
predictions about population based on the data that are 
derived from a sample. Population is defined as the entire 
group that we want to draw conclusions about (1). 

The field of statistics, as a branch of science, has been 
influenced by different ideas during its development.  These 
ideas have become evident over time and are now polarized 
as the frequentist and Bayesian approaches. Deductive and 
inductive methods have been adopted in frequentist and 
Bayesian approaches, respectively. In the frequentist approach, 
data are random, while parameters are unknown and fixed. In 
contrast, according to the Bayesian approach, data are fixed, 
and do not change after observations, whereas parameters are 
accepted as a random variable (1). Statistical hypothesis testing 
also differs between the two approaches. While deterministic 
rules are followed by the frequentist approach, the Bayesian 
methods are closer to a probability based interpretation.  
Bayesian statistics involves updating prior beliefs as more 
evidence becomes available (2). However, the frequentist 
statistics are interested in with whether an event (hypothesis) 
occurs or not. In this method, results of repeated experiments 
are examined under the same conditions and analysis of 
external information other than the sample data are not made. 

Sample size estimation is one of the important steps in 
scientific studies. In statistics, the universe is the of set all 
experimental units, from which a sample is to be drawn. In 
order for the results of the study to be reliable, sample size 
should be sufficient in number and represent the universe 
appropriately. It is among one of the factors that directly 
affects the strength of a study. As the number of observations 
related to the research increases, the reliability of the data also 
increase (3). In large sample sizes, meaningless effects can be 
found to be statistically significant, whereas in small sample 
sizes these differences may not be detected. For these reasons, 
it is recommended to keep the sample size at the optimum 
level (4,5). Increasing the sample size reduces the standard 
error, resulting in more concentrated distributions around the 
mean (6). 

Cardiovascular diseases account for a third of deaths worldwide 
(7).  Among these diseases, the prevalence of ischemic heart 
disease (IHD) is the highest (9).  Many studies have been 
conducted to compare the biochemical findings of IHD patients 
with normal subjects. As a result of these studies, various 
results have emerged. Leukocytes (WBC), which play a role in 
atherosclerosis pathogenesis, have been found as a prognostic 
factor for coronary artery disease (CAD) (9). It has been 
suggested that an increased number of leukocytes increases 
the risk of death due to IHD by 65% (10). Hyperlipidemia is a 
strong and modifiable risk factor for cardiovascular diseases.  
Patients with IHD have been shown to have higher levels of 
total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C) and lower levels of high-density lipoprotein cholesterol 
(HDL-C) compared to healthy subjects (11). Lower levels of 

platelet (PLT) number and mean platelet volume (MPV) have 
been found in patients with acute coronary syndromes (12).  
However, the number of PLT did not differ between patients 
with chronic coronary syndromes and healthy subjects (13). 
Both high and low levels of hemoglobin (Hgb) concentrations 
have been associated with cardiovascular diseases and low 
levels of Hgb concentrations have prognostic value in patients 
with IHD (14). 

In the present study, we aimed to compare the effects of 
frequentist and Bayesian approaches on sample size and to 
find whether any differences exist between two methods.  

MATERIAL and METHOD 

The present study compared the biochemical variables of IHD 
patients with healthy subjects.  For comparison two sample 
sizes were constituted. The small sample size was composed 
of 32 consecutive patients with IHD and 37 consecutive healthy 
subjects who applied to our cardiology outpatient clinic 
between December 2021 and January 2022.  The large sample 
size was composed of 355 consecutive patients with IHD and 
545 consecutive healthy subjects who applied to our cardiology 
outpatient clinic between January 2021 and September 2022. 
Patients with chronic renal failure, hepatic diseases, thyroid 
function abnormalities or malignancy were excluded from 
the study. Ethical approval of the study was obtained from 
Bakırköy Dr. Sadi Konuk Training and Education Hospital Ethical 
Committee and the study was conducted in accordance with 
the Helsinki declaration (approval date: 04/10/2021, approval 
number: 2021-19). All patients gave written informed consent 
before study enrollment. Blood samples of the participants 
were drawn from the antecubital vein after 12-hour fasting. 
Patients’ TC, HDL-C, LDL-C, triglyceride (TG), glucose, urea, 
creatinine and hemogram values were determined. Small and 
large sample sizes were compared both with frequentist and 
Bayesian approaches. 

H0 (null) and H1 (alternative) hypotheses about the θ parameter 
were established and priori and posterior probabilities related 
to this parameter were calculated.  The final decision was 
made by dividing the posterior distribution of the alternative 
hypothesis to posterior distribution of the null hypothesis.  

if     1,  then the H1 hypothesis was selected, 

if   1,  then the H0 hypothesis was selected. 

Posterior distribution of the null hypothesis was calculated as 
follows; 
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Posterior distribution of the alternative hypothesis was 
calculated as follows; 

The result of the division of two posterior distributions 

was:    This ratio was called the Bayes factor.  If the 
Bayes factor was between 1 and 3 or 3 and 10, then there 
was anecdotal or moderate evidence for the alternative 
hypothesis, respectively. If the Bayes factor was in between 
10 and 30 or 30 and 100, then there was strong and very 
strong evidence for the alternative hypothesis, respectively. 
If the Bayes factor was greater than 100, then there was 
extreme evidence for the alternative hypothesis. Alternatively, 
if Bayes factor was in between 1/3 and 1/10, 1/10 and 
1/30, 1/30 and 1/100, or less than 1/100, then there was 
anecdotal, moderate, strong and extreme evidence for thr 
null hypothesis respectively (15).  

Statistical analysis 

Normality testing of the data was made by the Kolmogorow-
Smirnow test.  Parametric and non-parametric data were 
expressed as mean±SD and median and interquartile range (25-
75), respectively. A comparison of the two groups was made 
by the student’s t test or Mann-Whitney U test. A p value of 
less than 0.05 was considered as significant.  In order to make 
Bayesian comparisons, informative prior distributions were 
used. All of the statistical analyses were done by using IBM 
SPSS version 26 software (the Statistical Package for the Social 
Sciences). 

RESULTS

Small sample size

Except for serum glucose levels, there were no differences 
between biochemical variables of the two groups when 
analyzed by frequentist methods. Serum glucose levels were 
found to be significantly higher in patients with IHD than that of 
controls (117.50 (96.50-160.00) mg/dl vs 102.20 (93.40-115.00) 
mg/dl, p=0.031, respectively). Table 1 shows the comparison 
of the two groups with frequentist approach.  

Informative Bayesian t-test results showed no differences 
between the biochemical variables of IHD patients and 
controls. Values of Bayes factors were found to be between 
zero and one, indicating no significant difference. Since 
the results were not statistically significant, all of the 95% 
confidence intervals covered zero.  Table 2 and Table 3 show 
informative Bayesian t test results and posterior distribution 
statistics, respectively. 

Large sample size 

According to the results of the frequentist methods, all 
biochemical variables except for red cell distribution width 
(RDW), PLT (platelet), and mean thrombocyte volume (MPV) 
were significantly different between two groups. Table 4 
shows comparison results of the two groups according to the 
frequentist approach.  

Informative Bayesian t-test results showed that levels of 
glucose, TG, TC, HDL-C, LDL-C, urea, creatinine, hematocrit 
(HCT), WBC, neutrophil (NEUT) and lymphocyte (LYMP) were 

Table 1: Comparison of patients with IHD and controls by the frequentist approach (small sample size).

Parameter Control IHD Z/t score p

Glucose (mg/dL) 102.20 (93.40-115.00) 117.50 (96.50-160.00) -2.154 0.031

Triglyceride (mg/dL) 169.75 (117.96-229.00) 141.00 (112.00- 303.00) -1.294 0.196

TC (mg/dL) 190.091±33.672 189.648±58.088 0.039 0.969

HDL-C (mg/dL) 43.00 (41.80-47.80) 41.00 (36.32-51.50) -1.071 0.284

LDL-C (mg/dL) 99.10 (88.30-132.68) 111.00 (62.52-152.60) -0.102 0.919

Urea (mg/dL) 30.90 (26.05-34.275) 29.00 (26.25-36.00) -0.614 0.539

Creatinine (mg/dL) 0.87 (0.825-0.940) 0.875 (0.765-0.98) -0.175 0.861

Hemoglobin (g/dL) 15.45 (14.60-16.10) 14.95 (13.85-15.425) -1.680 0.093

Hematocrit (%) 45.633±2.696 43.869±4.972 1.792 0.080

RDW (%) 13.125 (12.90-13.50) 13.10 (12.606-13.50) -0.458 0.647

WBC (103/µL) 7.985±1.701 8.517±2.276 -1.108 0.272

Platelet (10e3/uL) 196.00 (20.895-287.00) 244.00 (166.27-289.25) -0.963 0.336

MPV (fL) 10.081(9.90-10.30) 10.05 (9.225-10.425) -0.441 0.659

NEUT (103/µL) 4.885 (4.205-4.885) 5.415 (3.89-6.21) -1.280 0.200

LYMP (103/µL) 3.180 (1.180-4.02) 2.82 (0.77-4.67) -1.280 0.200

TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, RDW: Red cell distribution width, WBC: White blood 
cell, MPV: Mean platelet volume, NEUT: Neutrophil, LYMP: Lymphocyte.
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significantly different between the two groups. The Bayes 
factors were found to be extremely high which supported the 
alternative hypothesis.  Similar to the frequentist approach, 

Bayesian methods also did not find any differences in RDW, 
PLT and MPV values between the two groups of subjects. 
Bayesian factors of these variables were found to be between 

Table 2: Results of informative Bayesian t-tests (small sample size). 

Parameter MD PSD Bayes factor t score df p

Glucose (mg/dL) 22.834 13.184 0.882 1.732 67 0.088

Triglyceride (mg/dL) -13.666 29.743 0.271 -0.459 67 0.647

TC (mg/dL) -0.442 11.247 0.248 -0.039 67 0.969

HDL-C (mg/dL) -0.465 2.475 0.252 -0.188 67 0.852

LDL-C (mg/dL) 3.418 10.186 0.260 0.336 67 0.738

Urea (mg/dL) 4.055 2.958 0.551 1.371 67 0.175

Creatinine (mg/dL) 0.032 0.142 0.254 0.227 67 0.821

Hemoglobin (g/dL) -0.447 0.405 0.417 -1.104 67 0.273

Hematocrit (%) -1.764 0.946 1.078 -1.866 67 0.066

RDW (%) -0.268 0.388 0.304 -0.690 67 0.493

WBC (103/µL) 0.532 0.480 0.418 1.108 67 0.272

Platelet (10e3/uL) 32.793 26.998 0.465 1.215 67 0.229

MPV (fL) -0.236 0.198 0.454 -1.192 67 0.237

NEUT (103/µL) 0.349 0.343 0.386 1.018 67 0.313

LYMP (103/µL) -2.256 0.235 0.411 -1.089 67 0.280

MD: Mean difference, PSD: Pooled standard error difference, df: Degree of freedom, TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low 
density lipoprotein cholesterol, RDW: Red cell distribution width, WBC: White blood cell, MPV: Mean platelet volume, NEUT: Neutrophil, LYMP: Lymphocyte.

Table 3: Posterior distribution statistics (small sample size).  

Parameter Posterior %95 CI

Mode Median Variance Lower limit Upper limit

Glucose (mg/dL) 23.124 23.124 173.918 -2.723 48.972

Triglyceride (mg/dL) -12.226 -12.226 844.040 -69.167 44.716

TC (mg/dL) -1.427 -1.427 129.644 -23.743 20.890

HDL-C (mg/dL) -0.836 -0.836 6.130 -5.689 4.017

LDL-C (mg/dL) 2.609 2.609 105.487 -17.521 22.739

Urea (mg/dL) 3.992 3.992 9.129 -1.930 9.914

Creatinine (mg/dL) 0.095 0.095 0.016 -0.152 0.341

Hemoglobin (g/dL) -0.447 -0.447 0.162 -1.235 0.342

Hematocrit (%) -1.819 -1.819 0.941 -3.721 0.082

RDW (%) -0.224 -0.224 0.150 -0.983 0.535

WBC (103/µL) 0.541 0.541 0.236 -0.411 1.494

Platelet (10e3/uL) 31.130 31.130 650.090 -18.843 81.102

MPV (fL) -0.240 -0.240 0.038 -0.623 0.143

NEUT (103/µL) 0.367 0.367 0.121 -0.314 1.047

LYMP (103/µL) -0.256 -0.256 1.347 -2.530 2.018

CI: Confidence interval, TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, RDW: Red cell distribution 
width, WBC: White blood cell, MPV: Mean platelet volume, NEUT: Neutrophil, LYMP: Lymphocyte.
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zero and one. Table 5 and Table 6 show Bayesian t-test results 
and posterior distribution statistics of the two groups.  

DISCUSSION

In many experimental studies, significance of scientific 
results should be supported by a p value which belongs to 

the frequentist paradigm. The frequentist approach consists 
of a combination of two approaches: the null hypothesis that 
was put forward by Fisher’s inductive approach and Neyman 
and Pearson’s deductive alternative hypothesis, and the 
concept of power (16, 17). According to the Fisher approach, 
the p-value is evaluated as the strength of the evidence 

Table 4: Comparison of patients with IHD and controls by the frequentist approach (large sample size)

Parameter Control IHD t score p

Glucose (mg/dL) 100.75 (92.00-117.00) 111.75 (95.00-146.00) -5.788 <0.001

Triglyceride (mg/dL) 155.25 (115.00-219.50) 185.00 (126.00-276.50) -3.028 0.003

TC (mg/dL) 192.00 (172.50-220.125) 178.00 (146.50-207.50) 5.092 <0.001

HDL-C (mg/dL) 42.00 (37.00-47.50) 38.00 (34.00-44.00) 5.614 <0.001

LDL-C (mg/dL) 118.00 (99.00-141.50) 98.00 (72.81-122.75) 7.811 <0.001

Urea (mg/dL) 29.00 (25.00-34.00) 30.00 (25.00-35.00) -2.385 0.017

Creatinine (mg/dL) 0.84 (0.76-0.94) 0.85 (0.76-0.95) -2.387 0.017

Hemoglobin (g/dL) 15.20 (14.40-15.90) 14.80 (13.90-15.80) 2.927 0.004

Hematocrit (%) 44.70 (42.25-47.00) 43.95 (41.00-46.47) 2.998 0.003

RDW (%) 13.10 (12.60-13.50) 13.00 (12.60-13.70) -0.389 0.698

WBC (103/µL) 7.92 (6.69-9.40) 8.75 (7.37-10.39) -5.634 <0.001

Platelet (10e3/uL) 248.00 (212.50-290.00) 245.50 (209.25-290.50) -1.181 0.238

MPV (fL) 10.10 (9.40-10.70) 10.10 (9.50-10.80) -1.065 0.287

NEUT (103/µL) 4.74 (3.69-5.75) 5.20 (4.17-6.36) -5.005 <0.001

LYMP (103/µL) 2.50 (1.96-3.03) 2.50 (2.09-3.04) -2.186 0.029

TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, RDW: Red cell distribution width, WBC: White blood 
cell, MPV: Mean platelet volume, NEUT: Neutrophil, LYMP: Lymphocyte.

Table 5: Results of informative Bayesian t-tests (large sample size). 

Parameter MD PSD Bayes factor t score df p

Glucose (mg/dL) 22.657 3.559 2.311e+7 6.366 898 <0.001

Triglyceride (mg/dL) 31.815 10.603 6.256 3.001 898 0.003

TC (mg/dL) -19.091 3.750 22351.910 -5.092 898 <0.001

HDL-C (mg/dL) -3.417 0.609 321857.523 -5.614 898 <0.001

LDL-C (mg/dL) -21.231 2.634 2.105e+12 -8.062 898 <0.001

Urea (mg/dL) 1.769 0.697 1.801 2.540 898 0.011

Creatinine (mg/dL) 0.121 0.042 4.355 2.874 898 0.004

Hemoglobin (g/dL) -0.315 0.104 6.540 -3.016 898 0.003

Hematocrit (%) -0.853 0.271 9.689 -3.147 898 0.002

RDW (%) 0.040 0.103 0.082 0.389 898 0.698

WBC (103/µL) 0.915 1.156 1.228e+6 5.859 898 <0.001

Platelet (10e3/uL) 6.029 5.106 0.151 1.181 898 0.238

MPV (fL) 0.097 0.091 0.133 1.065 898 0.287

NEUT (103/µL) 0.639 0.121 54301.389 5.271 898 <0.001

LYMP (103/µL) 0.119 0.055 0.795 2.186 898 0.029

MD: Mean difference, PSD: Pooled standard error difference, df: Degree of freedom, TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low 
density lipoprotein cholesterol, RDW: Red cell distribution width, WBC:White blood cell, MPV, Mean platelet volume, NEUT: Neutrophil; LYMP: Lymphocyte.
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against the null hypothesis. The closer the p-value gets to 
0, the lower the probability that the null hypothesis is true 
(18).  The biggest problem of the Fisher approach is that it 
does not give a critical p-value to reject the null hypothesis. 
Although the p-value is a quantitative measure against the 
null hypothesis, it does not provide an idea of how strong 
the evidence is (19).  Neyman-Pearson solved this problem 
by putting forward a critical value.

 The Bayesian approach criticizes the p-value, as it does not 
indicate the probability of truth of the null hypothesis and is 
incorrectly interpreted as the probability of the truth alternative 
hypothesis.  However, there are also some limitations of the 
Bayes factor (20). It is not clear at what point the Bayesian 
factor should be accepted as a confirmation of one of the two 
hypotheses. Moreover, the Bayes-Factor is influenced by the 
priori distribution of effect size. In general, reaching a Bayes 
factor of 10 or greater is sufficient for early completion of a 
study- (15). The Bayesian factor depends on the t-statistic, 
the degree of freedom and the a priori distribution of the 
parameter. The Bayes factor and p value are interrelated to 
each other.  Although the p value has the identical meaning for 
disparate samples, for the same t value, the Bayes factor differs 
with the changes of sample sizes.   In small sample sizes, the 
Bayes factor allows us to obtain proof for the null hypothesis. 
In large sample sizes it allows for the detection of even small 
deviations. As the sample size increases, the statistical power 
of a study also increases.

In the present study we evaluated the effect of sample size 
on Bayesian and frequentist results.  According to our results 
both Bayesian and frequentist approaches had higher power 
in order to detect small differences with larger sample sizes. 
We obtained higher values of Bayes factors in the larger sample 
size, indicating support for the alternative hypothesis relative 
to the null hypothesis that were not seen in the small sample 
size. Similarly, p values reached statistical significance with the 
higher sample size, which were found to be greater than 0.05 
in the small sample size (except for glucose levels, p=0.031). 
One of the most important steps in the planning of scientific 
studies is to allocate resources in such a way that they have 
sufficient power to build statistical outcomes when a difference 
exists. With high statistical power, the p value is expected to 
be small and give the same information as the Bayes factor. 
High powered studies are associated with lower levels of type-II 
error rate. Therefore, analysis of high-powered studies can be 
applied to both frequentist and Bayesian statistics. Similar to 
the frequentist approach, the Bayesian approach can falsely 
support the null hypothesis in small sample sizes. 

Kelter R.  investigated the effect of sample sizes on Bayesian 
results. In that study, it was shown that an increase in sample 
size reduces the type II error rate to zero in both Bayesian 
and frequentist approaches (21). Bayesian inference required 
a higher number of sampling data for the same type II error 
rate compared to frequentist tests. In order to detect little 
deviations between the two samples, Bayesian inference 
needed higher sample sizes for the identical type II error 

Table 6: Posterior distribution statistics (large sample size).  

Parameter
Posterior %95 CI

Mod Median Varyans Lower limit Upper limit 

Glucose (mg/dL) 22.657 22.657 13.569 15.437 29.877

Triglyceride (mg/dL) 31.815 31.815 29.363 21.195 42.436

TC (mg/dL) -19.091 -19.091 8.038 -24.647 -13.534

HDL-C (mg/dL) -3.417 -3.417 0.384 -4.632 -2.202

LDL-C (mg/dL) -21.231 -21.231 5.339 -25.760 -16.702

Urea (mg/dL) 1.770 1.770 0.625 0.221 3.318

Creatinine (mg/dL) 0.121 0.121 0.000 0.080 0.162

Hemoglobin (g/dL) -0.315 -0.315 0.011 -0.525 -0.105

Hematocrit (%) -0.853 -0.853 0.103 -1.482 -0.223

RDW (%) 0.040 0.040 0.012 -0.177 0.260

WBC (103/µL) 0.915 0.915 0.133 0.201 1.630

Platelet (10e3/uL) 6.029 6.029 16.596 -1.956 14.013

MPV (fL) 0.097 0.097 0.009 -0.090 0.283

NEUT (103/µL) 0.640 0.640 0.027 0.319 0.960

LYMP (103/µL) 0.119 0.119 0.003 0.013 0.225

CI: Confidence interval, TC: Total cholesterol, HDL-C: High density lipoprotein cholestero, LDL-C: Low density lipoprotein cholesterol, RDW: Red cell distribution 
width, WBC:White blood cell, MPV: Mean platelet volume, NEUT: Neutrophil, LYMP: Lymphocyte.
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rate. For medium or large effect sizes, the situation was less 
problematic. It was stated that, for small sample sizes, it 
was necessary to conduct further research and evaluate the 
accuracy of Bayesian tests (21).  Another simulation study 
which was also performed by Kelter R. showed that non-
parametric Bayesian two-sample tests had lower type I error 
rate compared to the Mann-Whitney U test (22). In contrast, 
the strength of the Bayesian two-sample tests was found to 
be slightly lower than the frequentist methods. The ability of 
Bayesian tests to control type I and II error rates and detect an 
existing difference depends on the power of a priori modeling.

CONCLUSION  

P value and Bayes factor should be interpreted correctly by 
the researcher. According to our results, both Bayesian and 
frequentist approaches depend on the proportion of sample 
errors, which depends on the sample size. Similar to the 
frequentist approach, the Bayesian approach had low accuracy 
for the acceptance of the null hypothesis in small sample sizes.  
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ÖZ
 
Amaç: Torasik paravertebral blok (TPVB) ve Erektor spina plan bloğu (ESPB) 
meme ameliyatlarında en çok tercih edilen rejyonal analjezi tekniklerindendir. 
Literatürde bu iki bloğun birbirine üstünlüğünü gösteren güvenilir kanıtlar kısıt-
lıdır. Hipotezimizi TPVB’nin akut postoperatif dönemde daha iyi analjezi sağla-
yacağı yönünde kurduk.
Gereç ve Yöntem: Bu retrospektif kohort çalışmada bilateral redüksiyon 
mamoplasti uygulanan hastalar genel anestezi öncesinde uygulanmış olan rej-
yonal tekniğe göre (bilateral TPVB veya ESPB, %0,375 bupivakain ile) gruplandı-
rıldı. Ameliyat öncesi (Blok sonrası 10. dakika, 20. dakika ve 30. dakika) ve 
ameliyat sonrası 0. dakika, 1. saat, 2. saat, 4. saat, 6. saat, 12. saat, 24. saat ve 
48. saatte duyu bloğu oluşmuş dermatom sayısı ve postoperatif ağrı skorları 
tarandı. İntraoperatif ve postoperatif verilen analjezik miktarı, ağrının ilk ortaya 
çıkışı süresi, bulantı-kusma (POBK) insidansı, uyku süresi, komplikasyonlar ve 
hasta/cerrah memnuniyet skorları gibi konfor parametreleri araştırıldı.
Bulgular: Toplam 58 hasta tarandı. Postoperatif ilk 2 saat ağrı skorları TPVB 
grubunda daha düşüktü (p<0,05). TPVB, postoperatif 1. günde daha fazla der-
matomu bloke ederken (p<0,05), postoperatif tramadol tüketimi her iki blokta 
benzerdi (p>0,05). Postoperatif 2. gün parasetamol tüketimi ise TPVB ile daha 
azdı (p=0,03). Postoperatif 1. gün ilk ağrı süresi ve uyku süresi ESPB ile daha 
kısaydı (p<0,05).
Sonuç: Redüksiyon mamoplasti için torasik paravertebral blok, erektor spina 
plan bloğundan daha etkili analjezik özellikler göstermektedir. Bununla birlikte, 
ESPB yeterli analjezi sağlanmasında faydalıdır.

Anahtar kelimeler: Torasik paravertebral blok, erektor spina plan bloğu, makro-
masti, redüksiyon mamoplasti, torasik duvar bloğu, akut ağrı, sinir bloğu, rejyo-
nal anestezi

ABSTRACT

Objective: Thoracic paravertebral block (TPVB) and Erector spinae plane block 
(ESPB) are the most preferred regional analgesia techniques for breast surgeries. 
However, the literature is still lack of reliable evidence to prove superiority of one 
over another. We hypothesized that TPVB would provide better pain control for the 
acute postoperative period.
Material and Methods: In this retrospective cohort study, macromastia patients 
who underwent bilateral reduction mammaplasty surgery were grouped according 
to the regional technique performed prior to general anesthesia induction that are 
provided with 0.375% bupivacaine bilaterally (TPVB or ESPB). Presurgery (10th min, 
20th min, and 30th min) and postoperative number of dermatomal sensory block, 
and postoperative pain scores were screened which referred to postoperative 0 
minute,1st hour, 2nd hour, 4th hour, 6th hour, 12th hour, 24th hour and 48th hour 
examination. Intraoperative and postoperative analgesic administration, and 
comfort parameters such as time-to-first pain, nausea-vomiting (PONV) incidence, 
sleep duration, complications and patient/surgeon satisfaction scores were also 
investigated.
Results: Total 58 patients were screened. Pain scores were lower in TPVB group for 
the postoperative first 2 hours (P<0.05). TPVB blocked more dermatomes during 
postoperative 1st day (P<0.05) whereas postoperative tramadol consumption were 
similar with both blocks (P>0.05). On the other hand, postoperative 2nd day 
paracetamol consumption was less with TPVB (P=0.03). Time-to-first pain and sleep 
duration on the postoperative 1st day was shorter with ESPB (P<0.05).
Conclusions: Thoracic paravertebral block represents better analgesic features than 
erector spinae plane block for reduction mammaplasty. However, ESPB may still be 
considered to provide favorable analgesia. 

Keywords: Thoracic paravertebral block, erector spinae plane block, macromastia, 
reduction mammoplasty, thoracic wall block, acute pain, nerve block, regional 
anesthesia

*This paper was presented as an oral presentation in European Society of Regional Anesthesia 2022 Congress in Thessaloniki, Greece.
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INTRODUCTION

Breast surgeries vary depending on the underlying pathology 
among which malignancy surgeries are more common. Accor-
ding to grade of the tumor and the lymphatic involvement, 
surgical indications may include a wide spectrum covering from 
simple excision to radical mastectomy with lymphatic dissec-
tion. This particular situation may affect proper examination 
of clinical pain and construct a homogenous patient group for 
regional anesthesia studies. On the other hand, bilateral reduc-
tion mammaplasty surgery is known to require large amounts 
for breast tissue extraction which causes severe acute pain pos-
toperatively. Surgical techniques may differ according to the 
pedicle types or nipple grafting; but in the end, the patients 
face severe clinical pain related to the extracted tissue that is 
generally around two kilograms in total. Therefore, preemptive 
thoracic wall blocks are widely used to control postoperative 
pain and provide perioperative comfort as a part of multimo-
dal analgesia.

Thoracic Paravertebral Block (TPVB) and Erector Spinae Pla-
ne Block (ESPB) are well-described regional techniques, ma-
inly chosen for chronic pain predisposing operations such as 
thoracic and breast surgeries (1,2). TPVB is an advanced met-
hod which necessitates deep tissue puncture that targets the 
paravertebral space close to the pleura. On the other hand, 
ESPB is another method considered to be safer since the need-
le is proceeded in between erector spinae muscle and a bony 
structure (Transverse process) (3). The literature represents 
more clinical experience with TPVB; however, ESPB is equally 
popular with a claim to be safer (4). Yet, there is an ongoing 
debate regarding the superiority of one over another in terms 
of analgesic efficacy.

Both techniques are generally used as a part of multimodal 
analgesia under ultrasound (US) guidance. However, the qu-
estion upon the efficacy and reliability of ESPB in comparison 
to TPVB still remains. Current study is designed to evaluate 
these regional techniques from the analgesic efficacy, analgesic 
consumption and perioperative comfort aspects. Our primary 
outcome was the numeric rating scales for pain (NRS) for the 
acute postoperative period. 

Despite the well-investigated nature of the comparison of these 
two techniques, existing clinical trials include different types of 
breast surgeries. Here, in this study, we aimed to demonstrate 
our results in one single surgical indication which was reduction 
mammaplasty in macromastia patients. To our knowledge, the 
literature does not have any clinical trial for this specific issue 
which compares these blocks for the mentioned patient group. 

MATERIALS and METHODS

Data colection and regulatory aspects
This retrospective cohort investigation was approved by the 
local ethics committee (Istanbul Faculty of Medicine Clinical Re-
search Ethics Committee: Date: 16.10.2020, No:25). Informed 
consent was obtained from all the patients prior to surgery for 

scientific data presentation anonymously in the future. Data of 
total 61 macromastia patients who underwent bilateral reduc-
tion mammaplasty surgery between April 2017 and June 2019 
in our tertiary university hospital were reviewed, but three pa-
tients were excluded due to the missing data. Among the 58 
patients, 28 patients had received single injection US guided 
Erector Spinae Plane block while 30 had received single injec-
tion US guided Thoracic Paravertebral Block prior to macro-
mastia surgery. The data screening was accomplished from the 
departmental written sources with regard to the intraoperative 
(operating room) and postoperative period (recovery room and 
ward). Our institutional standard anesthesiologic approach for 
bilateral reduction mammaplasty is described below. 

Perioperative care and outcome measures 
After the patients arrived to the operating room, standard mo-
nitoring (electrocardiography, pulse oximetry and non-invasive 
blood pressure monitoring) was applied to them, and mild se-
dation with 2 mg midazolam IV and 50 mcg fentanyl IV was 
provided. The patients were kept in the sitting position to per-
form thoracic wall blocks. After the skin disinfection with 10% 
povidone-iodine, a linear ultrasonography (USG) probe (Logiq, 
GE, USA, 4-12 hz) was placed on the level of T3 and shifted 
laterally to visualize T3 and T4 transverse processes and the 
pleura in between. An insulated peripheral block needle (50 
mm, BBraun, Sonoplex, Melsungen, Germany) was advanced 
through the tissues in-plane towards the paravertebral space. 
Once the needle tip was inserted into the targeted area, the 
downward shifting of pleura was checked with 1 ml of sali-
ne injection, and 20 cc 0.375% bupivacaine was injected to 
provide TPVB, afterwards (Group TPVB). Similarly, ESPB was 
applied on the T3 level for the other group. Under linear USG 
probe visualization, the transverse process was identified to be 
approximately 2-3 cm lateral to the spinous process, and the 
needle was inserted out-of-plane until contacting the bone. 
Again, 1 ml saline was injected to the area to observe expansion 
of interfascial area between the erector spinae muscle and the 
transverse process. Followingly, 20 cc 0.375% bupivacaine was 
administered to perform ESPB (Group ESPB). Both procedures 
were performed bilaterally for each patient since the surgeries 
were both sided.

After performing the blocks, dermatomal distribution of the 
sensorial block was checked via pin-prick test on related der-
matomes at 10th, 20th and 30th minutes, and “number” of the 
dermatomes with a complete loss of sensation on the midclavi-
cular line was recorded. After the sensory examination, general 
anesthesia was induced in the supine position with additional 
2 mcg/kg fentanyl IV, 3 mg/kg propofol IV and 0.5 mg/kg ro-
curonium IV, and the hypnosis was maintained via sevoflurane 
inhalation. If an increase more than 20% in the heart rate or 
systolic blood pressure was observed, additional 50 mcg fen-
tanyl was administered and recorded as “intraoperative ad-
ditional fentanyl requirement”. After the extubation, patients 
were transported to post-anesthesia care unit (PACU) where 
the dermatomal sensory examination was continued. Discharge 
to the ward was granted once the Aldrete score was nine or 
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more. The entrance to PACU was accepted as minute zero, and 
ongoing examinations were made at 1st,2nd,4th,6th,12th,24th, and 
48th hours. All patients were asked to rate pain intensity on a 
standard numeric rating scale (NRS) ranging from 0 (no pain) 
to 10 (the worst imaginable pain) at the defined time points 
and this was recorded as our primary outcome.

Table 1: Patient demographics, surgical characteristics, 
block procedural time, durations of surgery and general 
anesthesia

ESPB (n=28, 
48.3%)

TPVB (n=30, 
51.7%) P

Age (year)
(Median (min-max)) 46 (24-61) 44 (25-60) 0.8a

BMI (kg/m2)
(Mean±Std) 31±4.1 31.43±3.9 0.7b

ASA physical status
(n, %)
  1
  2
  3

3, 10.7%
22, 78.6%
3, 10.7%

5, 16.7%
23, 76.7%

2, 6.7%
0.7c

Duration of block 
performance (min)
(Median (min-max)) 7 (4-12) 7 (4-15) 0.1a

Duration of 
anesthesia (min)
(Mean±Std) 154.6±30.5 157.2±35.2 0.8b

Duration of surgery 
(min)
(Median (min-max)) 135 (90-200) 137.5 (85-220) 0.8a

Intraoperative 
fentanyl 
requirement (mcg)
(Median (min-max)) 0 (0-50) 0 (0-100) 0.1a

Breast reduction 
incision types
(n, %)
  Wise pattern
  Circumvertical with 
short horizontal scar

25, 89.3%
3, 10.7%

26, 86.7%
4, 13.3% 1.0d

Breast reduction 
pedicle types
(n, %)
  Superomedial 
pedicle
  Inferior pedicle
  Superior pedicle
  Free nipple grafts

17, 60.7%

6, 21.4%
4, 14.3%
1, 3.6%

17, 56.7%

6, 20%
4, 13.3%
3, 10%

0.8d

Weight of breast 
reduction (g)
(Median (min-max)) 732 (600-1020) 732 (580-1076) 0.9a

ESPB: Erector spinae plane block, TPVB: Thoracic paravertebral block, BMI: 
Body Mass Index, ASA: American Society of Anesthesiologists, a: Mann 
Whitney-U test, b: Student-t test, c: Pearson Chi-Square test, d: Fischer’s 
Exact test

Rescue analgesic was administered once the NRS was more 
than 4 and recorded as “time-to-first pain”. Accordingly, para-
cetamol 1 g IV was administered, and if the pain persisted in 

the following 1st hour, an additional tramadol 50 mg IV was also 
added. Intraoperative opioid requirement (fentanyl IV mcg), 
length of stay in PACU, amount of postoperative paracetamol 
(g) and tramadol (mg) requirement, procedural complicati-
ons (hematoma, pneumothorax, local anesthetic toxicity etc), 
PONV incidence (%), sleep duration (hours), and patient/surge-
on satisfaction were also recorded, which are presented here 
as secondary outcomes. Satisfaction scores were determined 
as follows: 0: Not satisfied, 1:Neutral, 2: Slightly satisfied, 3: 
Completely satisfied.

Statistical analysis
Based on an assumption of 25% difference in the postoperative 
1st hour mean NRS scores, 27 patients were required per group 
for statistical evaluation (G*Power 3.1, Düsseldorf, Germany). 
Statistical analysis was completed via Statistical Package for the 
Social Sciences for Mac version 25 (IBM, New York, USA). Ca-
tegorical data were evaluated with chi-square test. Intergroup 
analyses were made via student’s t-test if the data were distri-
buted homogenously, and Mann Whitney-U was chosen for the 
heterogenous data. Normally distributed data were expressed 
as mean±standard deviation, and heterogeneously distributed 
data were expressed as median (min-max).  

RESULTS

Age, ASA physical status, body mass index (BMI), surgery types, 
resected breast tissue mass, and duration of block performan-
ce, anesthesia, and surgery did not differ between the groups 
(P>0.05). Amount of administered intraoperative fentanyl IV 
was also similar (P>0.05). The data were summarized in Table 
1. Also, intraoperative mean arterial pressure (MAP) and heart 
rate (HR) data were represented in Figure 1. 

Presurgery pin-prick evaluation exhibited more dermatomal 
block distribution on the right and left midclavicular line in Gro-
up TPVB at 10th, 20th, and 30th minutes (Right: P=0.02, P=0.02, 
P=0.04; left: P=0.01, P=0.02, P=0.03) (Figure 2).

Postoperative NRS values were lower in Group TPVB than in 
Group ESPB for the 0th min, 1th and 2nd hours (Right: P= 0.01, 
P= 0.004, P= 0.02; Left: P= 0.02, P=0.005, P= 0.03) (Figure 3). 
However, postoperative pin-prick examination demonstrated 
more distinct differences. During the postoperative first 24 ho-
urs, TPVB group patients described more dermatomal coverage 
(P<0.05) (Figure 2).

Length of PACU stay, incidence of PONV, and postoperative 
tramadol consumption were not different between the gro-
ups (P>0.05). Time-to-first pain was shorter in Group ESPB 
(411.8±270.5 min vs 605±324.6 min, P<0.05). First day para-
cetamol consumption was also similar between the groups, but 
Group ESPB consumed more paracetamol on the postoperative 
2nd day (1 (0-2) g vs 0 (0-2) g, P=0.03). Postoperative first day 
sleep duration was significantly more in group TPVB (6 (2-7) 
vs 6.25 (5-8), P=0.01). Both patients and surgeons had more 
satisfaction with the TPVB (P=0.04 for patients, and P=0.04 for 
surgeons) overall. The data are summarized in table 2.



Bingül et al. Acute pain control in macromastia surgery
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2023;6(2):129-135

132

According to our data screening; none of the possible compli-
cations (hematoma, pneumothorax or local anesthetic toxicity) 
were observed in any patients. 

DISCUSSION

Our results revealed a better performance with thoracic para-
vertebral block in many aspects including perioperative pain 
control, total number of dermatomal coverage and postopera-
tive comfort parameters. Among these, numerical rating scores 
as our primary outcome demonstrated a clinically better pain 
control for the acute postoperative period up to 2 hours with 
TPVB. However, this analgesic effect being balanced with ESPB 
after the 6th hour can be interpreted as “comparable” which 

should be further debated because “maximum” pain scores 
were higher on every time point with ESPB, which may indicate 
an inferiority with a larger sample size. Actually, this possibility 
was demonstrated by Swisher et al. with a relatively high pain 
scores and increased morphine consumption with ESPB in com-
parison to TPVB (5). Their results are based on intra-day pain 
spectrum of NRS which is different from our design that assess 
NRS values hourly. While examining the data “daily” may be a 
very good indicator of providing long-term analgesia, it doesn’t 
make it possible to identify the certain time point when TPVB 
separates from ESPB. However, Gürkan et al. have not observed 
a different NRS between TPVB and ESPB at multiple time points. 
Of note, the primary outcome was postoperative morphine 
consumption in this specific trial (6).

MAP: Mean arterial pressure, TPVB: Thoracic paravertebral block, ESPB: Erector spinae plane block 

Figure 1: Intraoperative hemodynamic variables.
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There is an ongoing debate regarding the efficacy of ESPB 
which is under examination against TPVB for the recent years 
(7-10). ESPB gained excessive popularity due to its simplicity 
and “unexpected” effectiveness which is eventually questioned 
more and more by anesthetists. Despite the increasing number 
of randomized clinical trials for different types of surgeries, 
existing evidence is still low and arguable in the literature. For 
that, main reasons may be the limited participant numbers 
and changing study designs (single, bi-level or multi-level block 
techniques…), yet existing analyses show better features on 
behalf of TPVB (1, 11-13). One should note that ESPB is still 
more beneficial than “IV opioid only” analgesia regimen as the 

meta-analyses represent (14-16). Therefore, we believe ESPB 
should still be considered as a part of multimodal analgesia.

Table 2: Length of stay in postoperative care unit, 
postoperative time until first pain, postoperative analgesic 
consumption/the numbers of paracetamol and tramadol 
requirements, incidence of postoperative nausea and 
vomiting and duration of sleep on postoperative days 1 and 
2, patient and surgeon satisfaction scores.

ESPB (n=28, 
48.3%)

TPVB (n=30, 
51.7%) P

Length of stay in 
postoperative care 
unit (min)
(Mean±Std) 19.2±7.7 16.8±7.1 0.2a

Time to first pain 
(min)
(Mean±Std) 411.8±270.5 605±324.6 0.02a

Incidence of PONV
(n, %)
  Postoperative day1
  Postoperative day2

5, 17.9%
-

6, 20%
- 0,8b

Paracetamol 
consumption (g)
(Median (min-max))
  Postoperative day1
  Postoperative day2

2 (0-3)
1 (0-2)

1 (0-3)
0 (0-2)

0.1c

0.03c

Tramadol 
consumption (mg)
  Postoperative day1
  Postoperative day2

50 (0-150)
0 (0-100)

50 (0-150)
0 (0-50)

0.2c

0.3c

Postoperative sleep 
duration (hour)
(Median (min-max))
  Postoperative day1
  Postoperative day2

6 (2-7)
7 (4-8)

6.25 (5-8)
7 (6-8)

0.01c

0.8c

Patient satisfaction 
(0-3)
(Median (min-max)) 3 (0-3) 3 (2-3) 0.04c

Surgeon satisfaction 
(0-3)
(Median (min-max)) 3 (2-3) 3 (2-3) 0.04c

ESPB: erector spinae plane block, TPVB: thoracic paravertebral block, PONV: 
Postoperative nause and vomiting,  a: Student-t test, b: Pearson Chi-Square,, 
c: Mann Whitney-U test.

Another aspect of this dilemma is the anatomical implications 
and the spread of the local anesthetics (LA). Current trials are 
incapable of explaining the mechanism of ESPB. Cadaver stu-
dies exhibit epidural LA spread in at least 40% of the subjects 
with TPVB (17,18). On the other hand, ESPB is known not to 
cause epidural stain (18,19). This specific feature may argu-
ably be the explanation of more and long-lasting dermatomal 
blockade coverage starting from the presurgical period until 
postoperative 24 hours with TPVB which is underlined in our 
results earlier. Yet, we do not have solid evidence.

Preemptive regional analgesia techniques are meant to provide 
a comfortable perioperative period for the patients. According 

Figure 2: Number of dermatomes blocked at different time 
points after related thoracic wall block execution. Data are pre-
sented as median (min-max). 
TPVB: Thoracic Paravertebral Block, ESPB: Erector Spinae Plane 
Block, R: Right, L: Left, PO: Postoperative, *: P<0.05 (valid for 
both right and left side), #: p<0.001 (valid for both right and 
left side)

Figure 3: Postoperative Pain Numeric Rating Scale values at 
different time points. Data are presented as median (min-max). 
NRS: Numeric Rating Scale, ESPB: Erector Spinae Plane Block, 
TPVB: Thoracic Paravertebral Block, R: Right, L: Left, *: P<0.05 
(valid for both right and left side)
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to our design, the “comfort” parameters indicate several enti-
ties such as time-to-first pain (NRS>4), length of stay in PACU, 
PONV incidence, analgesic consumption, and sleep duration. 
Our current results support TPVB as it delays “time-to-first 
pain”. Although this specific parameter may be perceived sub-
jectively by the patient, postoperative 1st day rescue analgesic 
consumption did not change among the groups. This result is 
similar with Zhao et al.’s and El Ghamry et al.’s studies in which 
one of them was even based on thoracic surgery (20,21). Gene-
rally speaking, both ESPB and TPVB represented similar anal-
gesic features, but TPVB takes it slightly further with increased 
postoperative 1st day sleep duration and reduced postopera-
tive 2nd day paracetamol consumption. Perhaps, these small 
differences should be interpreted in the light of patient/surge-
on satisfaction, which was better on behalf of TPVB, meaning 
that small matters may lead to greater comfort. Evaluating pain 
density with such subjective classifications like NRS can cause 
confusion occasionally. Neither intraoperative/postoperative 
opioid administration nor NRS scores exhibited suggestive disc-
repancies between the two techniques. However, TPVB group 
patients declared more satisfaction with their perioperative 
process which is compatible with outcomes in several studies 
in the literature (13, 22, 23). 

Clearly, ESPB is preferred due to its easy-to-perform and proce-
dural properties (24). We believe appropriate techniques sho-
uld be chosen based on the operating anesthetists’ experience. 
Physicians should consider particular anatomic difficulties that 
harden paravertebral space US visualization such as obesity 
(25). In case of presence of a greater possibility of complication, 
TPVB may be avoided and can be replaced with ESPB which is 
obviously more beneficial than sole IV analgesics. 

The retrospective nature of this study stands as a limitation 
which we aimed to overcome with our detailed data recording 
practice. Still, it would be an upside if the chronic pain was 
examined for long-term results which is lacking also. However, 
our study group has a rather specific and target-driven surgical 
indication (reduction mammaplasty only) that may benefit from 
the correct thoracic wall block choice. Considering most of the 
studies in the literature covering mastectomies with axillary in-
cisions and lymph node extractions, our study group represents 
a well reflection for pain evaluation after thoracic wall blocks. 
Yet, well-designed randomized clinical trials comparing TPVB 
versus ESPB are quite sparse in the literature, and reliable data 
are still needed from this aspect. We believe our results provide 
an effective insight into this subject.

Thoracic paravertebral block provides better analgesia and pos-
toperative comfort than erector spinae plane block for the acu-
te postoperative period in reduction mammaplasty surgeries. 
However, ESPB still provides efficient analgesia, and since the 
procedural difficulty of paravertebral block represents a solid 
handicap, ESPB may be chosen to avoid possible complications 
of paravertebral block.  
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ÖZ
Amaç: Mezenkimal kök hücreler (MKH’ler), immün düzenleyici özellikleri 
nedeniyle bir çok immün sistem ilişkili hastalık için tedavi seçeneği olarak 
umut vaad etmektedir.  Wharton Jeli (WJ-MKH) ve kordon kanı (KK-MKH), 
diğer MKH kaynaklarına göre son dönemlerde daha çok ilgi görmektedir. 
Çalışmada, WJ-MKH’ler ve KK-MKH’lerin immünolojik etkilerinin mekaniz-
malarındaki farkı araştırmak amaçlanmıştır. 
Gereç ve Yöntem: Periferik kan mononükler hücreler (PKMH) ve MKH 
ko-kültür öncesi ve sonrası CD4+ T hücrelerin hücre içi sitokin seviyeleri 
(Interlökin-4 (IL-4), Interferon-γ (IFN-γ), and Interlökin-17 (IL-17)) flow 
sitometri ile tespit edildi. Aynı zamanda Tümör büyüme faktörü (TGF)-β, 
IL-4, IL-17, IFN-γ süpernatant sitokin seviyeleri ELISA ile ölçüldü. Çalışmada, 
ko-kültür MKH/PKMH 1/5 ve 1/10 oranlarında, 24 saat ve 72 saat inkübas-
yon süreleri uygulandı.  
Bulgular: Verilerimiz WJ-MKH’lerin ve KK-MKH’lerin farklı morfolojik özel-
likleri, çoğalma kapasiteleri, çoğalma süreleri ve immünomodülasyon 
yetenekleri olduğunu gösterdi. IFN-γ, KK-MKH/PKMH ko-kültür sonrası 
WJ-MKH/PKMH ko-kültürü sonrasına göre hücre içerisinde hem 1/5 hem 
1/10 oranlarında 24. saatlerde anlamlı derecede azalırken, 72. saatlerde 
anlamlı derecede arttı (p<0,05). IL-17 sitokinin için farklı olarak sadece 72. 
saatte KK-MKH grubunda WJ-MKH grubuna göre anlamlı derecede hücre 
içi seviyesi düştü. IL-4 için KK-MKH grubunda 1/10 oran 24 saatte hücre içi 
seviyesi anlamlı derecede düşerken diğer tüm gruplarda artış gösterdi. 
KK-MKH/PKMH ko-kültür sonrası TGF-β supernatant seviyesi 1/5 oranında 
24 saatte azalırken 72 saatte artış gösterdi. 1/10 oranlarında ise tam tersi 
24. saatte KK-MKH grubunda artarken 72 saatlerde anlamlı derecede azal-
dı (p<0,05).  
Sonuç: KK-MKH‘ler ve WJ-MKH’ler, farklı immünmodülatör özellikler gös-
termektedir. Bu bulgular, KK-MKH’lerin izolasyonun, çoğalma kapasitesinin 
ve immünmodülatör özelliklerinin farklı olması sebebiyle hücre tedavileri 
açısından WJ-MKH’lerin kullanılmasının daha avantajlı olduğu söylenebilir. 
Anahtar Kelimeler: Kordon kanı, Kordon dokusu, mezenkimal kök hücre, 
PKMH, ko-kültür, immunmodülasyon

ABSTRACT

Objective: Mesenchymal stem cells (MSCs) are promising as a treatment 
option for many immune-related diseases due to their immune regulatory 
properties. Wharton’s Jelly (WJ-MSC) and cord blood (CB-MSC) have 
recently received more attention than the other MSC sources. In this 
study, it was aimed to investigate the difference in the mechanisms of the 
immunological effects of WJ-MSCs and CB-MSCs.
Material and Methods: The intracellular cytokine levels of peripheral 
blood mononuclear cells (PBMC) and CD4+ T cells before and after MSC 
co-culture (Interleukin-4 (IL-4), Interferon-γ (IFN-γ), and Interleukin-17 (IL-
17)) were determined by flow cytometry. At the same time, tumor growth 
factor (TGF)-β, IL-4, IL-17, IFN-γ supernatant cytokine levels were 
measured by ELISA. In the study, incubation times of 24 hours and 72 
hours were applied with co-culture MSC/PBMC ratios of 1/5 and 1/10.
Results: Our data showed that WJ-MSCs and CB-MSCs have different 
morphological features, proliferation capacities, proliferation times and 
immunomodulating abilities. One of the cytokines of IFN-γ decreased 
significantly at both 1/5 and 1/10 ratios in the cell at 24 hours and 
increased significantly at 72 hours after CB-MSC/PBMC co-culture 
compared to the level after WJ-MSC/PBMC co-culture (p<0.05). Unlike for 
IL-17 cytokine, the intracellular level decreased significantly in the CB-MSC 
group only at 72 hours compared to the WJ-MSC group. For IL-4, the 1/10 
ratio in the CB-MSC group decreased significantly at 24 hours, while the 
intracellular level was increased in all other groups. After CB-MSC/PBMC 
co-culture, TGF-β supernatant level decreased by 1/5 in 24 hours and 
increased in 72 hours. On the contrary, TGF-β supernatant level increased 
in the CB-MSC group at 24 hours and decreased significantly at 72 hours 
in 1/10 ratios (p<0.05).
Conclusion: CB-MSCs and WJ-MSCs show different immunomodulatory 
properties. Based on these findings, it can be said that the use of WJ-MSCs 
is more advantageous in terms of cell therapies due to the different 
isolation, proliferation capacity and immunomodulatory properties of 
CB-MSCs.
Keywords: Cord blood, Cord tissue, MSCs, Immunomodulation
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INTRODUCTION

Mesenchymal stem cells (MSCs) are the multipotent stromal 
cells that have the ability to differentiate into different cell 
types such as osteoblasts, chondrocytes, and adipocytes (1).

MSCs have the ability to trans-differentiate into various germ 
layers such as ectoderm, mesoderm and endoderm and are 
the undifferentiated cells with high proliferation and differen-
tiation potential that are found in various tissues such as bone 
marrow, adipose tissue, cord blood, wharton’s jelly. Conventi-
onally, MSCs have been isolated from bone marrow, and bone 
marrow-derived MSCs (BM- MSCs) have been identified as an 
important candidate for cell therapy (2). However, their clinical 
application is limited because the invasive procedures in obtai-
ning, and the decrease of their proliferation and differentiation 
capacities with age, their use in treatment of patients with he-
reditary diseases are difficult (3, 4). Therefore, other adult and 
fetal tissues including the adipose tissue, umbilical cord blood, 
umbilical cords, amniotic fluid and placental tissue have been 
investigated as the alternative stem cell sources (5-7).

Mesenchymal stem cells are the cells of interest due to their 
proliferation, differentiation and immunomodulatory proper-
ties. MSCs showing low expression of major histocompatibility 
complex (MHC) class II and costimulatory molecules can be 
considered as immune privileged cells. MSCs can alter immune 
system cell function by inhibiting the T-cell, B-cell, and natural 
killer (NK) cell proliferation and through directing monocytes 
and dendritic cells to an immature state (8, 9).

Although the exact mechanisms underlying the immunomo-
dulation of the mesenchymal stem cells are still not fully un-
derstood, a number of soluble factors involved in the process 
have been identified. Its immunosuppressive effects are mainly 
revealed with the production of the soluble factors such as in-
dolamine 2,3-dioxygenase (IDO), converting growth factor-β, 
human leukocyte antigen (HLA) -G and hepatocyte growth 
factor (10-13). While the soluble factors are the primary mec-
hanism by which MSCs exert immunosuppressive effects, the 
direct cell-cell contact is also a contributing factor (14). Cell-
to-cell contact between CD3+ T cells and MSCs can induce the 
CD4+CD25+ regulatory T cells. Researchers reported that it 
significantly reduces the inducing capacity of CD3+ T cell proli-
feration and secretion of the inflammatory factor, and has the 
ability to induce the Th2 responses (15).

Various studies emphasize that the cord-derived MSCs are pre-
ferable over other MSC sources due to their immunomodula-
tory properties. In particular, the potential of the cord-derived 
MSCs was emphasized to be higher as an alternative to other 
MSC sources. However, the cord-derived MSCs were not com-
pared in detail, both for their proliferation capacity and their 
potential to affect the immune system, as cord blood and cord 
tissues. Therefore, we compared the similarities and differen-
ces between WJ-MSCs and CB-MSCs in our study. In particu-
lar, we aimed to compare the cord blood and cord tissue MSC 
isolation and culture conditions, and the immunomodulatory 

effects of these two MSC sources through measuring the cyto-
kine levels secreted after co-cultures with PBMC (1, 2).

MATERIAL and METHODS

This study was approved by Istanbul Faculty of Medicine Ethics 
Committee (Date:11.11.2022, No: 20). The human cord blood 
and tissue samples used in the study were provided with the 
official permission after the informed consent forms were ob-
tained from pregnant women who had no chronic disease and 
a healthy pregnancy process from the T.C. Ministry of Health 
Istanbul Bakırköy Dr.Sadi Konuk Training and Research Hospital, 
Obstetrics Clinic.

Mesenchymal stem cell isolation and culture
After the cesarean delivery, the blood transfer from the umbi-
lical cord to the heparin tube was performed by an authorized 
clinician. For each sample, an average of 70-80 cc (8 cc hepa-
rin tubes) of blood samples were obtained by the physician in 
charge of the maternity ward. The blood and tissue brought 
to the laboratory promptly were processed in a sterile cabin. 
Cord blood samples were isolated by the Ficoll paque gradient 
method under the sterile cabin within 24 hours. Cells were 
planted on 25 cm2 flasks, and  1% pen/strep complex, 10% FBS, 
DMEM medium was incubated  at 370 C, 5% CO2. 24 hours af-
ter being planted, the medium was refreshed to remove other 
mononuclear cells in the cord blood. The cells were removed 
by trypsinization when the cells were 80-90% confluent, and 
were prepared for characterization.

The WJ-MSCs were isolated using mechanical fragmentation 
method in sterile cabine in the laboratory within 24 hours. 
Tissue pieces were washed with the transfer and shaking pro-
cess into 4 separate 50 cc falcons into pre-prepared antibiotic 
complex (Streptomycin, Penicillin, Amphotericin B), and the last 
falcon was incubated for 1 hour at 37degrees on the shaker. The 
tissue pieces were placed carefully and regularly into 6 wells. 
4 ml DMEM containing 10% FBS was incubated at 37o C,5% 
CO2. Sufficiently proliferated cells were passaged on 75 cm2 

flask. The cells were trypsinizated when the cells were 80-90% 
confluent, and were prepared for characterization.

Characterization of mesenchymal stem cells 
The cells were trypsinizated and washed once with PBS (centri-
fuge at 2000 rpm for 10 min). They were tested in accordance 
with the Human MSC Characterization Kit (BD- AB_2869404) 
protocol and analyzed by reading on a flow cytometry device.

Peripheral bood mononuclear cells isolation
Peripheral blood taken from a healthy person in approximately 
20-30 cc into heparin tubes was processed. The peripheral blo-
od mononuclear cells were isolated with Ficoll paque gradient 
method.

The appropriate dose and period of the phytohemaglotunine 
(PHA) demonstrated for cytokine release from PBMCs were 
identified as 10µg/ml PHA, and 72 hours for IL-4, IFNγ and IL-17 
cytokine release using the flow cytometry methods for intra-
cellular cytokine identification, and ELISA for cytokine release 
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from supernatant after the preliminary study.

Co-Culture of Mesenchymal Stem Cells, Wharton’s Jelly Me-
senchymal Stem Cells and Peripheral Blood Mononuclear Cells 

The mesenchymal stem cells were characterizated by flow cyto-
metry up to the 3rd passage. The PBMCs were co-cultured in 
different doses (1/5, and 1/10) for 24 h and 72h with both MSCs 
sources (Figure 1).

The intracellular cytokine was performed using the Human 
Th1/Th2/Th17 Phenotype Kit (BD - AB_2869360) flow cyto-
metry, and the supernatant was performed using the Hu-
man IFN-gamma ELISA Kit (Diaclone-950.000.192); Human 
TGF-β ELISA Kit (Abbkine-Ket6030); Human IL-4 ELISA Kit 
(Diaclone-950.020.192); Human IL-17A ELISA Kit (Diaclo-
ne-850.940.192)) was used to perform the Elisa method. The 
intracellular cytokine levels were evaluated as the % values. 
The supernatant  cytokine levels were calculated and evalua-
ted in pg/ml unit by taking absorbance values from the ELISA 
plate reader.

Statistical analysis
The mean, standard deviation, median lowest, highest, frequ-
ency and ratio values were used in the descriptive statistics of 
the data. The distribution of the variables was measured by the 
Kolmogorov-Smirnov test. The Mann-Whitney U test was used 
for the analysis of quantitative independent data. The Statistical 
Package for the Social Sciences (SPSS) 28.0 program was used 
in the analyses. p<0.05 was considered statistically significant.

RESULTS

Mesenchymal stem cells express CD73, CD90, CD105 and CD44 
from plastic adherent and specific surface markers and can dif-
ferentiate into adipocytes, chondrocytes, osteoblasts, in vitro 
environment (1).

In our study, the adherent properties of the mesenchymal stem 
cells were examined under a microscope after mesenchymal 

stem cells were isolated and cultured (Figure 2). CB-MSCs be-
gan to adhere and reproduce in the first 7 days. Wharton’s 
Jelly mesenchymal stem cells, on the other hand, separated 
from the tissue in a mean of 10 days and began to adhere and 
reproduce. Although cord blood-derived MSCs adhered and 
reproduced faster, we found in our study that Wharton’s jelly 
MSCs preserved their morphology up to P7 and have an incre-
ased capacity to become confluent compared to CB-MSCs. The 
comparison for the surface markers showed that the percen-
tages of CD73, CD90, CD105 and CD44 in MSCs obtained from 
both sources were over 95%.

With the comparison of the intracellular IFN-γ and IL-17 le-
vels in terms of WJ-MSC and CB-MSC, a significant increase 
was detected at 24h both in 1/5 and 1/10 ratios in the group 
which was included WJ-MSC. However, at 72h, IFN-γ was sig-
nificantly less, while IL-17 levels were higher. The comparison 
of the supernatant IFN-γ levels showed, on the contrary, that 
the level was significantly smaller at 24h in both 1/5 and 1/10 
ratios in the group which was included WJ-MSC compared with 
the level in CB-MSC group. However, the level was higher at 
72h (p<0.0001). The IL-17 supernatant level changes at the 
1/5 ratio which was added WJ-MSC were significantly lower 
both at 24h and 72h. The level was significantly lower at 1/10 
ratios (p<0.0001).

The comparison of the intracellular IL-4 levels in terms of WJ-
MSC and CB-MSC showed that there was a significant decrease 
in the 1/5 ratio at 24h and 72h, and at the ratio of 1/10 at 72h 
in the group which was included WJ-MSC. However, the ratio 
of 1/10 was significantly higher at 24h. The comparison of the 
supernatant IL-4 levels showed that the 1/5 ratio at 24h, and 
the ratio of 1/10 at 72 hours decreased in the group with WJ-
MSC and the ratio of 1/5 at 72h, and the ratio of 1/10 at 24h 
significantly increased (p<0.0001). The TGF-β supernatant level 
in the group which was added WJ-MSC, the ratio of 1/5 at 24h, 
and the ratio of 1/10 at 72h had significantly increased, howe-
ver it had significantly decreased in other groups (p<0.0001) 
(Table 1-4).

Figure 1: The experimental plan flow schema of the cord derived MSC and PBSC isolation and cultures
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Figure 2: The microscopic images of mesenchymal stem cell in the first 7 days a) Cord blood derived MSC b) 
Wharton’s Jelly derived MSC (Images were taken with 40x magnification on Motic AE21 inverted microscope) 

Table 1: Comparison of the cytokine changes of groups which were added 1/5 
ratio WJ-MSC, and CB-MSC for 24 hours

  WJ-MSC/STI-PBMC
1/5-24h

CB-MSC/STI-PBMC
1/5-24h p

  avg.±sd Median avg.±sd Median

Intracellular

IL-17 5.47±0.06 5.48 2.32±0.15 2.24 0.000

IFN-γ 11.62±0.02 11.62 7.96±0.06 7.99 0.000

IL-4 8.94±0.01 8.94 10.22±0.01 10.22 0.000

Supernatant

TGF-β 167.86±0.11 167.80 12.03±0.06 12.02 0.000

IFN-γ 104.20±0.21 104.28 136.18±0.16 136.24 0.000

IL-4 0.02±0.00 0.02 2.35±0.03 2.36 0.000

IL-17 11.02±0.02 11.02 17.04±0.02 17.04 0.000

IL-4: Interleukin-4, IFN-γ: Interferon-γ, IL-17: Interleukin-17, TGF-β: Tumor growth factor, MSC: 
Mesenchymal stem cells, WJ: Wharton’s Jelly, STI: Stimule, PBMC: Peripheral blood mononuclear cells, CB: 
Cord blood, avg.: Average, SD: Standard deviation, h: Hour

Table 2: Comparison of the cytokine changes of groups which were added 1/5 
ratio WJ-MSC, and CB-MSC for 72 hours

  WJ-MSC/STI-PBMC
1/5-72h

CB-MSC/STI-PBMC
1/5-72h p

  avg.±sd Median avg.±sd Median

Intracellular

IL-17 2.05±0.02 2.05 14.54±0.03 14.53 0.000

IFN-γ 1.32±0.03 1.31 31.05±0.01 31.04 0.000

IL-4 0.94±0.02 0.95 7.13±0.03 7.13 0.000

Supernatant

TGF-β 0.69±0.01 0.69 6.62±0.43 6.51 0.000

IFN-γ 90.88±0.30 90.96 63.35±46.75 90.31 0.000

IL-4 0.31±0.00 0.31 0.18±0.00 0.18 0.000

IL-17 11.04±0.02 11.04 19.30±0.04 19.31 0.000

IL-4: Interleukin-4, IFN-γ: Interferon-γ, IL-17: Interleukin-17, TGF-β: Tumor growth factor, MSC: 
Mesenchymal stem cells, WJ: Wharton’s Jelly, STI: Stimule, PBMC: Peripheral blood mononuclear cells, CB: 
Cord blood, AVG: Average, SD: Standard deviation, h: Hour
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Table 3: Comparison of the cytokine changes of groups which were added 1/10 
ratio WJ-MSC, and CB-MSC for 24 hours

  WJ-MSC/STI-PBMC
1/10-24h

CB-MSC/STI-PBMC
1/10-24h p

  avg.±sd Median avg.±sd Median

Intracellular

IL-17 16.93±0.02 16.93 6.17±0.21 6.10 0.000

IFN-γ 10.24±0.02 10.24 5.33±0.03 5.34 0.000

IL-4 6.96±0.01 6.96 5.80±0.02 5.80 0.000

Supernatant

TGF-β 1.36±0.36 1.30 23.40±0.35 23.37 0.000

IFN-γ 94.02±0.11 94.04 126.77±0.22 126.79 0.000

IL-4 2.24±0.03 2.25 0.65±0.03 0.64 0.000

IL-17 19.94±0.14 19.87 17.92±0.07 17.92 0.000

IL-4: Interleukin-4, IFN-γ: Interferon-γ, IL-17: Interleukin-17, TGF-β: Tumor Growth Factor, MSC: 
Mesenchymal stem cells, WJ: Wharton’s Jelly, STI: Stimule, PBMC: Peripheral blood mononuclear cells, CB: 
Cord blood, avg.: Average, SD: Standard deviation, h: Hour

DISCUSSION

Mesenchymal stem cells can be isolated from various sour-
ces including peripheral blood, adipose tissue, bone marrow, 
umbilical cord blood, and umbilical cord tissue. Various studi-
es have shown that adipose-derived MSCs have the most co-
lony-forming ability, and that bone marrow and adipose tissue 
are more successful than cord compared to those that can be 
best isolated. Although the bone marrow is a suitable source 
for obtaining MSC, the fact that it is invasive and that the dif-
ferentiation potentials decrease with age, raises the issue of 
obtaining MSC from different sources. Cord blood and cord 
tissue are considered as the suitable cells for cell replacement 
therapy due to their non-invasive nature, having the same 
morphological, characteristics features, low immunogenicity, 
high proliferation and differentiation potential (5). MSCs are 
candidates as a suitable treatment option for immune system-
related diseases such as autoimmune diseases, especially due 
to their immunomodulatory effects. It acts with some factors 
secreted by the immune system cells in the regulation of the 
immune response by MSCs (15).

In light of these data, we aimed to compare two different sour-
ces of MSCs by investigating the effects of MSCs derived from 
cord blood and cord tissue on isolation, culture stages and im-
mune system in our project.

Our results showed that CB-MSCs and WJ-MSCs share similar 
phenotypic properties and immunomodulatory capacities. The 
comparison of the obtaining and isolation of cord blood and 
Wharton’s Jelly showed that cord blood isolation and replicati-
on procedures were easier. At the same time, we observed that 
cord blood MSCs have a faster proliferation capacity (average 
7 days). For the isolation of WJ-MSC, longer and more careful 
procedures to protect against any infection were required for 
isolation from the cord tissue which was taken into the conta-
iner after childbirth. We found with the investigation of MSCs 
under microscopy after tissue fragmentation and subsequent 
culture procedures that MSCs started reproduction in a mean 
of 10 days. Although CB seems to be more advantageous than 
WJ MSCs in terms of isolation and proliferation capacities, WJ-
MSCs reach up to 90% in terms of their confluent capacity, 
however, CB-MSCs reaching up to 80% in the 1st passage and 

Table 4: Comparison of the cytokine changes of groups which were added 1/10 
ratio WJ-MSC, and CB-MSC for 72 hours

  WJ-MSC/STI-PBMC
1/10-72h

CB-MSC/STI-PBMC
1/10-72h p

  avg.±sd Median avg.±sd Median

Intracellular

IL-17 12.37±0.03 12.36 8.67±0.02 8.68 0.000

IFN-γ 13.4±0.06 13.50 27.15±0.05 27.16 0.000

IL-4 2.15±0.05 2.15 6.46±0.04 6.46 0.000

Supernatant

TGF-β 5.28±0.03 5.28 0.93±0.12 1.00 0.000

IFN-γ 103.28±0.48 103.38 89.19±0.04 89.21 0.000

IL-4 0.27±0.00 0.27 0.76±0.01 0.77 0.000

IL-17 16.50±0.00 16.50 13.86±0.01 13.87 0.000

IL-4: Interleukin-4, IFN-γ: Interferon-γ, IL-17: Interleukin-17, TGF-β: Tumor growth factor, MSC: 
Mesenchymal stem cells, WJ: Wharton’s Jelly, STI: Stimule, PBMC: Peripheral blood mononuclear cells, CB: 
Cord blood, avg.: Average, SD: Standard deviation, h: Hour
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their capacity to become confluent were highly lower with the 
increase of the passage count. Similarly, as the number of pas-
sages increased, the CB-MSCs morphologically changed. The 
comparison of the two different sources in terms of charac-
terization showed no significant difference between the per-
centage values of CD73, CD90, CD44 and CD105. Studies have 
shown that MSCs obtained from three different sources were 
negative for hematopoetic stem cell markers and positive to 
similar degrees in terms of expression of CD73, CD90, CD105 
and CD44 markers (16, 17).

The immunomodulatory potential of the mesenchymal stem 
cells has been demonstrated on T cells, which plays a key role 
in the immune system and on the cytokines secreted from the-
se cells (18-19). Studies have suggested that adipose-derived 
MSCs exhibit stronger immunomodulatory effects compared 
with the effects of bone marrow-derived MSCs, which suggests 
that adipose-derived MSCs would be a better alternative for 
immunomodulatory therapy. On the other hand, it has been 
suggested that CB-MSC and WJ-MSCs have a minimal risk of 
initiating an allogeneic immune response when administered 
in vivo. In addition to the ease of collection, this will make 
cord-derived MSCs as the suitable therapeutic candidates (20).

Mesenchymal stem cells do not always have an immunosupp-
ressive effect, and they can also have a pro-inflammatory effect 
depending on the microenvironment in which they are located. 
Stimulation with low levels of IFNy and TNF, can confer immu-
nostimulating properties on MSCs. Some clinical studies show 
that a certain level of inflammation is necessary to induce im-
munosuppressive properties in MSCs, and the lessons learned 
from these studies should be used to guide therapeutic met-
hodologies (21, 22). The MSCs obtained in our study were not 
stimulated by a stimulating factor. We predict that more clear 
results can be obtained by adding stimuli to the MSC culture.

In general, the studies show relationship between MSCs and 
immune system from the adipose tissue and bone marrow so-
urces.  In this present study, the relationship between WJ and 
CB as the source of MSC and immune system was evaluated.  It 
has given a different perspective to the literature. The effect of 
different MSC sources on the immune system in the study was 
evaluated in different combinations as 1/5 and 1/10, evaluated 
as 24 hours and 72 hours. The separate evaluation of these pa-
rameters, analysis and comparison have given a unique value 
to this study. The comparison of WJ-MSC and CB-MSC showed 
that the intracellular and supernatant cytokine levels differed 
in terms of affecting the immune system. The secretion of int-
racellular proinflammatory cytokines were suppressed in the 
WJ-MSC added experimental group particularly at 72h compa-
red with the level in CB-MSC, and the level of anti-inflammatory 
cytokines were found to be significantly higher. In the studies 
conducted so far, bone marrow, adipose tissue and cord tissue 
have been compared as a source of mesenchymal stem cell. 
The comparison of cord blood and cord tissue provides new 
data to the literature together with this study. Considering the 
limitations of our study, we suggest that more clear and unders-
tandable results will be obtained with a more detailed study of 
intracellular cytokine expression pathways, with the addition 

of any stimulus when replicating MSC, and with the presence 
of cytokines secreted from MSC as well as with the inclusion 
of cytokines secreted from PBMC into the study.
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ÖZ
Amaç: Bu çalışmanın amacı posterior reversible ensefalopati sendromu-
nun (PRES) risk faktörlerini ve klinik gidişatı değerlendirmektir.
Gereç ve Yöntem:  Bu çalışmada 2017-2022 yılları arasında tersiyer bir 
sağlık merkezinin acil kadın doğum polikliniği ve yoğun bakım ünitesinde 
PRES tanısı almış gebe veya lohusalara ait veriler retrospektif olarak ince-
lendi. Tüm hastalar kadın doğum, nöroloji, göz, radyoloji ve yoğun bakım 
hekimleri tarafından değerlendirildi, kan tahlilleri ve görüntülemeleri aynı 
sağlık kuruluşunda yapıldı. Her hastanın başvuru şikâyetleri, laboratuvar 
değerleri, görüntüleme yöntemleri, eşlik eden hastalıklar, doğum şekli ve 
doğum sonrası dönemi ile ilgili verileri kaydedildi.
Bulgular: Beş yılda görüntüleme yöntemleri ve klinik bulgulara göre top-
lam yedi hastaya PRES tanısı kondu. Bu hastalardan birinde üç yıl arayla iki 
kez PRES gelişmişti. Altı hasta eklampsi ile başvurdu. Bir hastaya postpar-
tum ilk haftada, diğer hastalara gebelikte tanı kondu. Hastalardan 42’sinde 
bulanık görme, 2’sinde körlük varken 1 hastada görme şikâyeti yoktu. 
Hastaların 3 tanesinde yeni başlayan mood değişiklikleri (bir hastada kon-
füzyon, iki hastada ajite) vardı. Ek hastalık sorgulamasında hastalardan 
birinde bilinen diabetes mellitus (DM) vardı oral antidiyabetik kullanıyor-
du. Bir hasta gebelik öncesi başlayan hipertansiyon (HT), üç hasta gebelik-
te başlayan hipertansiyon nedeniyle takip ve tedavi altındaydı. Bir hastada 
bilinen ek hastalık yoktu. Hastaların doğum haftası 28-34 gebelik haftaları 
arasındaydı. En sık LDH, albümin ve protein değerlerinde anormal kan 
düzeyi saptanmıştı. Tüm hastalar ayaktan taburcu edildi. PRES sonrası bir 
hastada epilepsi, iki hastada HT ve bir hastada izole nefropati varlığı 
devam etmişti.
Sonuçlar: PRES özellikle görme bozukluğu ve baş ağrısı gibi nörolojik 
semptomları olan gebe ve lohusalarda akla gelmelidir ve tanı için nörogö-
rüntüleme gereklidir. 
Anahtar Kelimeler: PRES, eklampsi, körlük, görme bozukluğu

ABSTRACT

Objective: The aim of this study is to evaluate the risk factors and clinical 
course in cases of posterior reversible encephalopathy syndrome (PRES).
Material and Methods: In this study, we retrospectively reviewed the data 
of pregnant or puerperal women diagnosed with PRES in the tertiary 
center emergency obstetrics outpatient clinic and intensive care unit 
between 2017 and 2022. All patients were evaluated by obstetrics, 
neurology, ophthalmology, radiology, and intensive care physicians, and 
blood tests and imaging were performed in the same center. Application 
complaints, laboratory values, imaging methods, comorbidities, mode of 
delivery, and postpartum period were evaluated for each patient.
Results: In five years, a total of seven patients were diagnosed with PRES 
based on imaging methods and clinical findings. One of these patients had 
PRES twice, three years apart. Six of them presented with eclampsia. One 
patient was diagnosed with PRES postpartum in the first week, while 
other patients were diagnosed at pregnancy. Four patients had blurred 
vision, two patients had blindness, and one patient had no visual 
complaints. Three of the patients had mood changes (one patient 
confused, two patients agitated). One of the patients had diabetes 
mellitus (DM), which was known and treated with oral antidiabetics. One 
patient was under follow-up and treatment because of hypertension (HT) 
that started before pregnancy and three patients were under follow-up 
due to hypertension that started during pregnancy. There was no known 
additional disease in one patient. The delivery week of the patients was 
between 28 and 34 weeks of gestation. Pathological laboratory values 
were most frequently seen in LDH, albumin, and protein values. Every 
patient was discharged with outpatient follow-up. Epilepsy continues in 
one patient, HT in two patients, and isolated nephropathy in one patient 
after PRES.
Conclusion: PRES should be considered especially in pregnant women 
with neurological symptoms including visual impairment and headache. 
Clinical suspicion and neuroimaging are required for the diagnosis of PRES.
Key words: PRES, eclampsia, blindness, visual changes 
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INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) is a clini-
cal radiological diagnosis that is accompanied by neurological 
complaints most commonly affecting the posterior cerebral area, 
and symmetrical vasogenic edema in the parieto-occipital region, 
classically seen on cerebral CT and MRI imaging. This was first 
described in 1996. PRES is also known as acute hypertensive 
encephalopathy or reversible posterior leukoencephalopathy. 
Acute HT causes different cortical changes in MRI than in chronic 
HT patients. As the cases reported in the literature increased, it 
was observed that the posterior frontal and temporal lobes and 
even the cerebellum were involved. In the syndrome, which is 
initially known as reversible, clinical complaints are usually tem-
porary, but there is also literature showing an increased risk of 
stroke in these patients in the long term (1,2).

The most common neurological complaints include visual dis-
turbances, headaches, convulsions, and confusion.

The pathogenesis of PRES is not clear, but hypertension, pre-
eclampsia/eclampsia, renal failure, autoimmune diseases, 
and the use of cytotoxic agents are risky for PRES. It is more 
common in women than men (3). Preeclampsia or eclampsia 
are present in 7-20% of PRES cases (4). According to one opin-
ion, PRES is a part of the pathogenesis of eclampsia (5). In the 
acute phase of the disease, neurological complaints (vision 
loss (sometimes even Anton’s syndrome), visual aura, hemi-
anopia, visual hallucinations, headache, cognitive changes such 
as drowsiness, confusion, agitation, coma, convulsions, nausea, 
regional muscle weakness, sensory disturbances, speech dete-
rioration) are seen (6). In the fundoscopic examination of the 
eclamptic patient, papilledema, flame-shaped hemorrhage, 
and exudation can be seen (7).

In the treatment of PRES, the risk of complications and seizures 
can be reduced with agent-directed treatment and supportive 
ICU treatments.

With this study, we wanted to discuss the presentation, risk 
factors, and clinical course in PRES cases.

MATERIAL and METHODS

The data of the patients were obtained from the tertiary health 
center Gynecology and Obstetrics Clinic and intensive care 
unit records with the approval of the ethics committee dated 
10/11/2022, numbered 953.

Age, gravida, comorbidities (DM, thyroid diseases, HT, kidney 
diseases), symptoms, relapse status, mood changes, obstetric 
history, complications, arterial blood pressure at admission, 
neurology/ophthalmology/radiology, and reanimation unit 
study records of the patients were examined and information 
was recorded.

The diagnosis of PRES was made with the joint evaluations of 
obstetrics, radiology, and neurology.

MRI examinations were performed on either a Siemens Amira 
1.5 Tesla or Philips Ingenia 1.5 Tesla (All MRI studies included 
T2-weighted, T2 FLAIR, DWI, and SWI).

Albumin, total protein, liver function tests (Ast, Alt, Ldh), RDW, 
and blood sugar results were compared in the blood when the 
application was made with clinical complaints from the labora-
tory values. In cases of repeated PRES, the values in both cases 
were recorded separately.

RESULTS

There were seven patients in total, one of whom was a patient 
who had PRES for the second time, three years apart.

While one patient had PRES in the previous pregnancy, there 
was no PRES in the next pregnancy.

The patients were between the ages of 21 and 33. Two patients 
were nulliparous, and four were multiparous.

Of the six patients, one was from Turkmenistan, one was Mo-
roccan, one was Syrian, and three were Turkish.

One patient had PRES postpartum during week 1 and the oth-
ers had PRES during pregnancy.

Only one patient had known HT before pregnancy and was 
using regular medication. HT was detected for the first time 
in three patients when they were pregnant or presented with 
seizures.

In the case of recurrent PRES, the first PRES developed after de-
livery, and the second PRES developed before delivery. She did 
not have any known systemic disease in her pregnancy, which 
was her first PRES. In the second attack, she had HT that con-
tinued after the first PRES. In the recurrent PRES case, blurred 
vision developed in the first attack, and blindness developed 
in the second attack.

All patients complained of headaches.

One patient had PRES in her first pregnancy, and her pregnancy 
was uneventful one year later.

Of the seven patients, two had blindness and three had 
blurred vision. One patient had only convulsions without vi-
sion problems.

The patients delivered at between 28 and 34 weeks of gesta-
tion. All babies were discharged without any problem after the 
neonatal intensive care process.

All seven patients had generalized tonic-clonic seizures, but there 
was no seizure in the second attack of the recurrent PRES case.

Agitation developed in two patients and confusion in one pa-
tient. There was no mood change in the other patients.

One patient had gestational DM. Her blood sugar was normal 
at the time of admission, and it never increased afterward 
(Table 1).
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The patient whose albumin and protein levels were extremely 
low at admission, and who received DIC treatment in the ICU, 
had cerebral infarction areas and epilepsy that started after a 
PRES attack and has been continuing for five years.

All patients were delivered with SCA due to either eclampsia 
or severe preeclampsia, and all clinical complaints regressed 
within one to two days after delivery.

In biochemical tests, every patient had elevated LDH and low 
albumin and total protein. There were elevated liver function 
tests in some patients. RDW was normal in all the patients.

The nephrology follow-up of one patient continues due to 
proteinuria.

HT, which required six months of medication, continued in two 
of the patients (Table 2).

DISCUSSION

With our study results, we determined that PRES is a recur-
ring syndrome with permanent neurological complications in 
the long term, and we think that the diagnosis of PRES can be 
made more frequently if cranial imaging is performed in every 
pregnant woman with neurological findings.

Despite the large population and high number of births in the 
tertiary health center where the study was conducted, the fact 
that only seven patients (one case being recurrent) were di-
agnosed with PRES in five years may be due to the fact that 
the diagnosis could not be made. According to the study by 
Chao et al. in the literature, the majority of patients with ec-
lampsia actually have PRES, but when the patient has convul-
sions, the diagnosis can be made less frequently than necessary 

because the diagnosis is made with neurological imaging and 
evaluations. Especially in women with severe preeclampsia and 
headache, if MRI is performed, it can be detected at a higher 
rate (8).

PRES may start secondarily to many pathologies such as hy-
perperfusion and arterial extravasation, vasogenic edema and 
hypoperfusion, endothelial dysfunction, fluid overload, and 
metabolic changes. The main problem in preeclampsia and ec-
lampsia is thought to be related to endothelial damage. Sup-
porting this theory is the increase in the secretion of substances 
such as fibrinonectin, TPA, thrombomodulin, endothelin1, and 
VWF that can damage the endothelium in preeclampsia, and 
high LDH and erythrocyte morphology changes indicating en-
dothelial damage (9). In our study, LDH values were high in all 
the patients, and RDW was within physiological values in all 
the patients.

Albumin and total protein levels were low in all patients. There 
are results in the literature showing that low albumin levels in 
adults may be a risk factor for PRES (10). AST, ALT was elevat-
ed in only two patients. Blood glucose levels were variable as 
viewed from the spot. Hemoglobin, urea, and creatinine lev-
els were also normal in the patients. However, we think that 
the laboratory values of the patients did not deteriorate much 
because they were delivered close to the onset of symptoms.

In healthy people, there is a mechanism that protects the brain 
from systemic blood pressure changes. However, in cases such 
as sudden increased blood pressure or excessive fluctuation, 
autoregulation may be impaired, and the blood-brain barrier 
becomes disrupted with an increase in systemic arterial blood 
pressure, with blood flow in the brain increasing and arterial 
extravasation occurring in the cerebral parenchyma (11,12). 

Table 1: Demographic-clinical characteristics of the patients
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Case 1 27 y, 33 gw GHT None G3 180/110 At birth + + Blurred 
vision None Ongoing 

HT First

Case 2 30 y, 33 gw HT None G4 130/80 At birth + − Blindness None Ongoing 
proteinuria Second

Case 3 31 y, 30 gw GHT, 
obesity None G4 140/70 At birth + + Blurred 

vision Confusion
For 

6 months 
HT

None

Case 4 25 y, 32 gw GHT None G3 160/100
At 

postpartum 
1st week

+ + Blurred 
vision None

For 
6 months 

HT
None

Case 5 30 y, 30 gw None None G3 150/70 At birth − + None Agitation Epilepsy None

Case 6 21 y, 28 gw GHT None G1 180/110 At birth + + Blurred 
vision None 1 month 

proteinuria None

Case 7 33 y, 34 gw GDM None G1 137/80 At birth + + Blindness Agitation None None

GHT: Gestational hypertension, GDM: Gestational Diabetes Mellitus, HT: Hypertension
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Although increased perfusion is seen more frequently on MRI 
in PRES cases, hypoperfusion may be seen in some patients 
because in some cases, disruption of autoregulation causes 
hypoperfusion and cytotoxic edema and cerebral local infarcts. 
Cerebral infarcts may also occur due to vasogenic edema and 
compression of the edema. This allows vasoconstriction find-
ings to be seen on MRI. In one of our patients, who developed 
permanent epilepsy complications, edematous areas due to 
PRES as well as cerebral infarct areas were observed.

PRES is most common in posterior cerebral arterial circulation 
areas (parieto-occipital region) with weaker sympathetic inner-
vation, which are less tolerant of edema and vascular changes 
that occur following the destruction of the blood-brain barrier. 
Therefore, vasogenic edema and related sensory changes, sei-
zures, and vision loss are the most common complaints (13).

MRI is superior to CT in imaging (14). However, in an MRI per-
formed very close to the onset of symptoms, the diagnosis may 
not be made because the signs of vasogenic edema are not fully 
established yet. In addition, the possibility of the disappearance 
of symptoms and radiological findings until the patient is deliv-
ered and stabilized due to concomitant obstetric emergencies 
(eclampsia, severe preeclampsia, fetal distress, etc.) may also 
cause the diagnosis to be missed. PRES symptoms usually dis-
appear very quickly, even with a reduction in blood pressure 
and mild supportive care, and the patient may not have had 
a control radiological evaluation after the initial MRI, which is 
normal. Another problem that should not be forgotten is the 
inadequacy of the radiological method or team. MRI findings 
may not be as typical, or the sensitivity of the device used may 
be weak. ASL (arterial spin labeling)-based perfusion is a new 
marker for the diagnosis of PRES, even in the absence of vaso-
genic edema (15). We diagnosed all seven patients with MRI, 
but since we did not have ASL in our hospital, we were able to 
use a 1.5 Tesla MRI.

Cerebral MRI findings in PRES are symmetrical and reversible 
in almost every patient. All of our patients had involvement 
of the parieto-occipital region. There was also involvement in 
the frontal area in two patients and at the basal ganglia and 
pons level in one patient. We believe that a small number of 
patients were diagnosed because MRI findings may not be es-

tablished in the early period and the findings quickly disappear 
in the late period.

Although it is known that the COVID-19 infection, which started 
in 2019 and led to a pandemic, may increase the frequency of 
PRES through a cytokine storm, vascular permeability chang-
es, dysregulation in the renin-angiotensin system, and the 
drugs used (hydroxychloroquine and tocilizumab), we found 
that the patients at least did not have a diagnosed COVID-19 
infection (16).

Visual disturbances are seen in 26-67% of patients and cortical 
blindness in 8-33% in PRES (17). They described blindness in 
two of the patients and blurred or impaired vision in four. There 
was no visual impairment in the patient who later developed 
neurological complications.

PRES is typically associated with severe hypertension, but it 
may also occur with rapid increases in blood pressure in pa-
tients with endothelial damage and in patients with only mildly 
elevated blood pressure (18). PRES may also develop in nor-
motensive or hypotensive patients (19). TA was high in all of 
our patients.

The literature warns that having PRES may cause ischemic 
brain damage, permanent neurological deficit, relapse, or 
death (20,21). Permanent brain damage, recurrence, or death 
may not be present in PRES that are intervened in a timely and 
correct manner (22). In cases where adequate and rapid treat-
ment is not performed, epilepsy becomes permanent most fre-
quently (23). In fact, permanent neurological damage is related 
to ischemia and/or intracranial hemorrhage. In such cases, the 
mortality rate is 15% (24,25). AntiPL and thrombophilia scans 
are clean, but MRI results suggestive of cerebral infarction are 
detected in our PRES cases, which have convulsions despite still 
using antiepileptic drugs.

PRES is a rare clinical syndrome that can occur for reasons other 
than pregnancy. Clinical complaints usually resolve rapidly after 
PRES and there are no sequelae. One of the patients in the 
study has epileptic seizures that started and continued after 
PRES. Two patients had HT for six months, and one patient had 
persistent proteinuria. Headache and visual disturbances in 

Table 2: Laboratory results of the patients

Albumin-total protein  
(3.5-5.2)-(6.6-8.3) gr/dl LDH (1-248) U/L AST-ALT (1-35) U/L RDW (11-16) % Blood sugar  

(74-106) mm/dl

Case 1 2.35-5.05 1771 113-33 14.3 119

Case 2 3.27-6.22 264 20-12 13.3 129

Case 3 3.18-5.47 419 25-11 12.5 144

Case 4 3.3-5.98 291 21-14 15.6 80

Case 5 0.6-3.1 574 24-11 13.3 119

Case 6 2.18-5.56 383 26-12 12.5 92

Case 7 2.46-4.67 357 143-122 14.1 88

LDH: Lactate dehydrogenase, AST: Aspartate aminotransferase, ALT: Alanin aminotransferase, RDW: Red blood cell distribution width
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every patient resolved completely in one to two days.

In the literature, the rate of PRES being reversible is between 
35% and 100%. In reversible cases, sometimes there is a com-
plete recovery, and sometimes there is a partial recovery (26). 
Among patients with a follow-up CT or MRI, 49% to 75% have 
a resolution of the initial abnormalities within five days to sev-
enteen months (27).

The most critical treatment is the regulation of blood pressure. 
However, an aggressive TA reduction is not recommended be-
cause it decreases cerebral perfusion. It is recommended to 
keep it at systolic 130-150/diastolic 80-100 mmHg. It would be 
correct to avoid nimodipine, diazoxide, and ketanserine in the 
treatment of HT. It is suspected that nifedipine may increase 
angioedema. Nicardipine and labetalol are suitable. No addi-
tional treatment is recommended for convulsions only if status 
epilepticus is present (28).

The most important limitation of the study is the small number 
of patients and the absence of late-term and control MRI.

According to the results of our study, PRES should be considered 
in pregnant women with neurological findings including head-
ache and visual impairment, especially if they have preeclamp-
sia/eclampsia. Because PRES is a clinical entity that can recur and 
cause permanent neurological deficits, MRI should be used more 
liberally to diagnose it and start treatment as early as possible.
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ÖZ
Amaç: Bu in vitro çalışmanın amacı termal yaşlandırma sonrası eklemeli 
üretim ve kazıma yöntemi ile üretilen daimi restoratif materyallerin biak-
siyal eğilme dayanımlarını karşılaştırmaktır. 
Gereç ve Yöntem: Bu çalışma için 3D yazıcı (Form3, Formlabs) ile daimi 
kron materyali kullanılarak (Permanent Crown, Somerville, MA) ve kazıma 
yöntemi ile iki farklı rezin içerikli materyal (Brilliant Crios (Coltene/
Whaledent; Cerasmart (GC Europe) ile 10 mm×2 mm boyutlarında disk 
şeklinde örnekler üretilerek üç çalışma grubu oluşturuldu (n=10). Üretim 
aşamaları üretici talimatlarına uygun şekilde gerçekleştirildi. Daha sonra 
tüm örnekler su altında silikon karbid kâğıtlarla zımparalandı. Ardından 
örnekler termal yaşlandırmaya (5-55°C, 5000 döngü) tabi tutuldu. 
Yaşlandırma sonrası tüm örneklerin universal test cihazı ile biaksiyal eğil-
me dayanımı değerleri ölçüldü. Elde edilen veriler Tek yönlü ANOVA testi 
ve post-hoc TUKEY testi ile değerlendirildi. (α=0,05)
Bulgular: Elde edilen verilere göre kazıma yöntemi ile üretilen gruplar 
arasında anlamlı fark bulunmamıştır. (p=0,878) Eklemeli üretimle üretilen 
grubun Cerasmart grubuyla arasında fark bulunmazken (p=0,110) Brillant 
Crios grubundan anlamlı ölçüde düşük eğilme dayanımı gösterdiği görül-
müştür. (p=0,040)
Sonuçlar: Elde edilen sonuçlara göre gruplar arasında termal yaşlandırma 
sonrası en düşük biaksiyal eğilme dayanımı eklemeli üretimle üretilen 
grupta görülmüştür. 
Anahtar Kelimeler: Eklemeli üretim, biaksiyal eğilme dayanımı, CAD/CAM

ABSTRACT

Objective: The aim of this in vitro study was to compare the biaxial 
flexural strengths of permanent restorative materials produced by additive 
manufacturing and milling after thermal aging.
Material and methods: For this study, three study groups were formed by 
producing disc-shaped specimens with a 3D printer (Form3, Formlabs) 
using permanent crown material (Permanent Crown, Somerville, MA) and 
two different resin-containing materials (Brilliant Crios,Coltene/
Whaledent; Cerasmart, GC Europe) by the milling method (n=10). The 
entire production process was carried out in accordance with the 
manufacturer’s instructions. All specimens were then polished under 
water with silicon carbide papers. The specimens were then subjected to 
thermal aging (5-55°C, 5000 cycles). After aging, biaxial flexural strength 
values of all specimens were measured with a universal testing machine. 
The obtained data were evaluated with the one-way ANOVA test and post-
hoc TUKEY test (α=0.05).
Results: According to the data obtained, no significant difference was 
found between the groups produced by the milling method (p=0.878). 
While no difference was found between the group produced by additive 
manufacturing and the Cerasmart group (p=0.110), it was observed that 
the flexural strength was significantly lower than the Brilliant Crios group 
(p=0.040).
Conclusion: As a result of this in vitro study, the lowest biaxial flexural 
strength after thermal aging among the groups was observed in the group 
produced with additive manufacturing. 
Key words: Additive manufacturing, biaxial flexural strength, CAD/CAM 

INTRODUCTION

As digital dentistry continues to develop day by day, it offers 
innovations in both additive and subtractive systems. Esthetic 
concerns and the requirements for rapid and predictable resto-
rations have increased the trend towards chairside procedures 

(1). While many restorations can be produced by saving time 
through intraoral scanners and milling methods, patients can 
also have insights about the final restoration thanks to digital 
designs (2, 3). Through CAD/CAM systems, a wide variety of 
restorations have been produced using subtractive methods 
for many years, using blocks or discs (4). Subtractive or milling 
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methods today have a wide range of materials and offer many 
successful alternatives to expectations (5). After the appropri-
ate material is selected, a previously designed restoration can 
be produced by means of a milling device (6). However, des-
pite its many advantages, material wastage is inevitable and 
microreproducibility is questioned on the inner surfaces of the 
restorations due to factors related to the milling device, and 
the material geometry affects the success (7, 8). 

Additive manufacturing methods are now known by different 
names such as 3D manufacturing and rapid prototyping (9). 
This method, which has been used in metal-supported resto-
rations under the name of selective laser sintering for years 
in dentistry, allows the production of almost all types of res-
torations with the production of tooth-like colored materials 
and the development of devices using different Technologies 
(10). These developments in additive systems contribute to the 
adaptation to the full digital workflow of prosthetic applicati-
ons (11). In the literature, different layering systems have been 
introduced for this technology. SLA and DLP systems, which 
often use the vat polymerization method, are widely used in 
dentistry (12). In this system, a powder or liquid material is 
polymerized and solidified to create 3-dimensional objects (13). 
Multiple simultaneous productions are possible, and material 
wastage is greatly reduced as the remaining material can be 
used repeatedly (14). Production speed, type of material, and 
restoration properties may vary depending on the capacity of 
the 3D printer (15). Using these technologies, surgical guides, 
dental models, maxillofacial prostheses, occlusal splints, and 
prosthetic infrastructures can be produced (11).

While only temporary crown materials were available for 3D 
printers until recent years, permanent crown materials are now 
also available in dental markets (16). However, the variety in 
these relatively new materials is limited. In addition, informati-
on about the mechanical properties of these materials is quite 
insufficient. Therefore, the aim of this in vitro study is to com-
pare the flexural strength of permanent restorative materials 
produced by additive manufacturing and milling after thermal 
aging. The hypothesis of the study is that there would be no 
difference between the flexural strengths of the materials after 
thermal aging. 

MATERIAL and METHOD

In the study, three study groups were used for different mate-
rials, 1 printed and 2 milled (n=10). An STL file was created for 
the disc-shaped specimens designed with a diameter of 10 mm 
and a thickness of 2 mm in accordance with ISO standards. The 
STL data prepared for the Printed group were transferred to the 
nesting software compatible with the 3D printer. The printing 
direction was determined as horizontal and after the supports 
were placed, the data was transferred to the 3D printer (Form 
3; Formlabs) with SLA technology. The printed specimens were 
first immersed in the bath tank (Form Wash; Formlabs) for 3 
minutes with 99% isopropyl alcohol (IPA). Then, it was cured at 
60°C for 20 minutes in the curing device (Formcure; Formlabs) 
in accordance with the manufacturer’s instructions, and the 
curing process was repeated after the supports were removed. 

Two different resin-based restorative materials (Brilliant Crios 
[Coltene/Whaledent]; Cerasmart [GC Europe]) were used for 
the Milled groups. The discs were produced with the same STL 
data by using CAD/CAM blocks through the milling device.  All 
produced specimens were polished under water with silicon 
carbide papers. Then, the specimens were subjected to 5000 
cycles of thermal aging with a 30-second dwell time (5-55ºC). 
After aging, the biaxial flexural strength test of the specimens 
was performed on a Universal test device.

σ flexural strength (MPa), N fracture load (N), v value Poisson 
ratio (=0.3), r1 radius of support circle (mm), r2 radius of loa-
ded area (mm), r3 specimen radius (mm), b the thickness of 
the specimen (mm).

The distribution of the obtained data was evaluated with the 
Saphiro-Wilk normality test. Then, one-way ANOVA and the 
Tukey Posthoc test were applied. All analyses were performed 
using statistical software.

RESULTS

According to the results of one-way analysis of variance, there 
was a significant difference between the groups (df:2, F:3.758, 
p=0.036). According to the data obtained, there was no signi-
ficant difference between the groups produced by the milling 
method (p=0.878). While there was no difference between 
the additive manufacturing group and the Cerasmart group 
(p=0.110) it was observed that the flexural strength was signi-
ficantly lower than the Brillant Crios group (p=0.040). Table 1 
presents the descriptive statistics of flexural strength values. 
The highest flexural strength was seen in the BC group (313.49 
MPa), followed by Cerasmart (305.92 MPa). The lowest flexu-
ral strength belongs to the printed specimens (273.41 MPa). 

DISCUSSION

Nowadays, resin-containing materials are preferred for per-
manent restorations as well as popular materials such as glass 
ceramics and zirconia (17). Subtractive and additive manu-
facturing technologies are developing rapidly and allow the 
long-term use of resin-containing materials. Resin materials 
produced for 3D printers using additive manufacturing tech-
nologies have been introduced mostly for interim restorations. 
However, there have been resin materials introduced by some 
companies to the dental market for permanent restorations in 
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recent years. Knowledge of permanent 3D printed resins, which 
are relatively new compared to interim ones, is rather limited. 
Therefore, in our study, the flexural strength of the 3D printed 
material, which is defined as permanent resin, was compared 
with the milled resin material with two different contents. As 
a result of the experiments, there was a significant difference 
between the BFS values after thermal aging of the permanent 
crown materials produced with different production techniqu-
es, thus the hypothesis of the study was rejected.

In the present study, while the highest fracture strength belon-
ged to the BC group, no significant difference was observed bet-
ween CE, another milled material. The nonsignificant difference 
in flexural strength of the materials can be attributed to the 
relatively similar contents of the materials. The filler content 
and particle sizes of both materials are similar (18). In a previo-
us study, the fracture strength of permanent crowns, including 
Cerasmart and Brillant Crios materials, was evaluated (19). The 
researchers reported that although the BC group had the hig-
hest fracture strength, it was not statistically different from the 
CE group, which is consistent with the results of the presented 
study. However, the 3D group used in the same study showed 
similar fracture strength to BC, in contrast to this study (19). 
This difference may be due to different specimen thicknesses 
and shapes, the content of the 3D resin materials used and the 
test conditions. In another study testing the fracture strength of 
3D permanent crown material, the researchers also evaluated 
3 different millable materials, including BC and CE blocks. As 
a result of the study in which all specimens were produced in 
the form of implant supported crowns, no difference was found 
between the experimental groups in terms of fracture strength 
(16). In another study in which permanent 3D printed material 
was produced as implant-supported screw-retained crowns, re-
searchers tested the fracture strength of anterior and premolar 
crowns (20). Researchers have reported that crowns produ-
ced by subtractive manufacturing have higher fracture strength 
than those produced by additive manufacturing. However, in 
the aforementioned study, unlike this study, a 3D printer with 
DLP technology was used instead of SLA.

The composition of resin materials affects water absorption 
rates, and mechanical and physical properties. Details of the 
chemical composition of the materials used are required for 
more accurate comparisons (21). The content of the Permanent 
Crown (Formlabs) material used in present study has not yet 
been disclosed by the manufacturer. Although there are a few 
studies using 3D printed permanent resins in the literature, a 

different brand of restoration material was used in this study. 
Therefore, it is not possible to make a comparison in terms of 
material content.

There are many parameters that affect the mechanical properti-
es of materials in production with 3D printers (22). Factors such 
as printing direction, layer thickness, and the postpolymeriza-
tion process have been evaluated in many studies and it has 
been reported that 3D printed interim materials have effects 
on flexural resistance (22-27). However, the results presented 
in previous studies belong to interim materials. In the present 
study, only the manufacturer’s instructions were followed and 
no changes were made to the parameters. Evaluation of diffe-
rent parameters in further studies will provide more detailed 
information. Moreover, this study has some limitations. It has 
been reported that glaze application improves the mechanical 
and optical properties of the materials before the clinical use 
of resin-containing materials (18, 28). However, the glaze pro-
cess was not applied to the specimens in this study. In addition, 
because only a group of printed materials was used and the 
content of this material has not been disclosed by the producer 
yet, the inability to interpret the results in terms of content can 
be shown as another limitation. In future studies, evaluating 
3D printed resins from different companies together, applying 
thermomechanical aging procedures, and examining the effects 
of different parameters will contribute to the addition of more 
detailed information in the literature. Within the limitations of 
this current study, it was concluded that permanent resin mate-
rials produced by additive manufacturing offered lower biaxial 
flexural strength after thermal aging than those produced by 
the milling method.
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ÖZ
Amaç: Bu çalışmada amacımız hayvan modelinde deneysel periodontitis 
oluşumundan sonra, periodontitis etkeni kaldırılmadan kullandırılan 
zoledronik asidin, periodontitis etkeni ortadan kaldırıldıktan sonra doku-
nun iyileşme potansiyeli üzerindeki etkisini histopatolojik olarak gözlemle-
meyi hedeflemektir.
Gereç ve Yöntem: Sprague-Dawley cinsi 30 adet yetişkin erkek sıçan bifos-
fanat kullanan ve kullanmayan olarak 2 gruba ayrılmıştır. Deney başlangı-
cında tüm sıçanlara, anestezi altında, sağ üst 1.molar dişlerinin etrafına 5.0 
ipek dikiş yerleştirilmiştir. Sol üst 1. molar dişlere ise herhangi bir uygula-
ma yapılmamıştır.  Dikişlerin yerleştirilmesinden sonra 3 hafta beklenilmiş-
tir. 21. günde hayvanlarda deneysel periodontitis gözlendikten sonra 
deney grubundaki hayvanlara kas içi 6 hafta boyunca 7,5uq/kg zoledronik 
asit enjekte edilmiştir. 0., 7., 14., 21., 28., ve 35.günlerde; 6 hafta boyunca, 
haftada bir, kas içi ilaç verilmesinden sonra deney grubu sıçanlarında, 
haftalık ağırlık takibi yapılmıştır ve not edilmiştir. Son ilaç enjeksiyonları 
tamamlanan deney grubu hayvanlarının ve aynı günlerde %0,9 serum fiz-
yolojik uygulanan kontrol grubu hayvanlarının 6 hafta sonunda, anestezi 
altında yerleştirilen dikişleri kaldırılmıştır. İki haftalık iyileşme süresi için 
beklenilmiş ve bu iki hafta içinde de deney grubundaki hayvanlara zoled-
ronik asit enjekte edilmiştir.
Bulgular: Histolojik değerlendirme sonuçlarında zoledronik asit kullanılmış 
ve deneysel periodontitis oluşturulan grupta iltihap, nekroz, periodontal 
aralık ve epitel proliferasyonu istatiksel anlamlı p<0,05 olarak daha fazla 
bulunmuştur
Sonuç: Klinik açıdan değerlendirildiğinde, bifosfanat türev ilaç kullandırıl-
mış sıçanlarda, ilaç kullanımı öncesinde, var olan periodontitisin tedavi 
edilmesinin yara iyileşmesi üzerinde olumlu etkileri gözlenmiştir. 
Anahtar Kelimeler: Zoledronik asit, sıçan, deneysel periodontitis, osteo-
nekroz, histoloji

ABSTRACT

Objective: In this study, our goal was to observe the effect of zoledronic 
acid histopathologically, which is used without removing the periodontitis 
agent, on the healing potential of the tissue after the experimental 
periodontitis formation in an animal model.
Material and Method: 30 adult male Sprague-Dawley rats were divided 
into 2 groups as bisphosphonate users and non-users. At the beginning of 
the experiment, all rats were put under anesthesia, and 5.0 silk sutures 
were placed around their right upper first molars. No suture was placed 
around the left upper first molar teeth. It was waited for 3 weeks after the 
placement of the sutures. After experimental periodontitis was observed 
in the animals on the 21st day, 7.5uq/kg zoledronic acid was injected 
intramuscularly for 6 weeks in the animals in the experimental group. 
After intramuscular drug administration once a week for 6 weeks, weekly 
weight monitoring was performed on days 0, 7, 14, 21, 28, and 35 and 
noted in the experimental group rats.
At the end of 6 weeks, the sutures were removed under the anesthesia 
from the experimental group animals whose last drug injections were 
completed and the control group animals that were administered 0.9% 
saline on the same days. A recovery period of two weeks was expected 
after which all animals were sacrificed.
Results: Zoledronic acid was used in the histological evaluation results, 
and experimental inflammation, necrosis, periodontal space and epithelial 
proliferation in the group with periodontitis statistically significant p<0.05 
was found to be higher.
Conclusion:  When evaluated clinically, positive effects on wound healing 
were observed in rats treated with bisphosphonate-derived drugs by 
treating existing periodontitis prior to drug administration.
Key words: Zoledronic acid, rat, experimental periodontitis, osteonecrosis, 
histology
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INTRODUCTION 

Periodontitis is a chronic infectious disease characterized by 
inflammation of the tissues supporting the teeth, resulting 
in loss of periodontal support tissues; loss of attachment 
and significant bone loss due to the accumulation of 
chronic plaque and calculus in its pathogenesis (1-3). 
Bisphosphonates are chemical compounds characterized by 
phosphorus-carbon-phosphorus structure (4). Nitrogenous 
bisphosphonates show their antiresorptive effects via the 
mevalonate pathway. Inhibition of farnesyl pyrophosphate 
synthesis leads to inhibition of the mevalonate pathway end 
product, geranylgeranyl pyrophosphate (5,6). Although the 
effect of bisphosphonates on bone tissue has been clearly 
demonstrated in scientific studies today, studies on the effect 
on the oral mucosa are limited (7,8). The limited number of 
studies conducted are not sufficient to determine the safety, 
efficacy and usage doses of bisphosphonates. It has been 
shown in studies that this drug, which acts on the bone tissue, 
also affects the jaw bones and periodontal tissues. Today, there 
are studies showing that the use of bisphosphonates increases 
the risk of osteonecrosis in the jaw bones (9,10). However, 
studies on the effects of bisphosphonates on periodontal tissue 
are insufficient. It is clear that more work needs to be done 
on this subject. 

Zoledronic acid is a strong, new generation nitrogen-containing 
imidazole cyclic side-chain heterocyclic nitrogen-containing 
bisphosphonate. The difference from other bisphosphonates 
is the presence of the second nitrogen atom in the ring 
structure. Zoledronic acid (ZA) has the highest binding ability 
to bone among bisphosphonates; it has antitumor activity 
that affects apoptosis, tumor cell growth, adhesion, invasion 
and angiogenesis (11). Although there is knowledge about the 
effect of bisphosphonates on healthy bone tissue in scientific 
studies today, its possible effects on periodontal tissues in the 
presence of chronic periodontal inflammation and when this 
inflammation is eliminated constitute a new field of study 
(12,13).

Therefore, the aim of this study is to histopathologically 
evaluate the effect of zoledronic acid on the healing potential 
of periodontal tissues after removal of the periodontitis agent 
in an experimental periodontitis model.

MATERIAL and METHOD

Ethics committee approval

For the animal subjects to be used in the experiments, T.C. 
Istanbul University, Aziz Sancar Experimental Medicine 
Research Institute, Animal Experiments Local Ethics 
Committee’s Presidency approval was obtained on 25.09.2020 
with the number 2020/26.

The sample number of the study was calculated with the 
program named G*Power 3.1.9.2. Based on the results of 
Vaycan’s study and considering the distribution of histological 

findings, the sample size for each group was made with a 
minimum of n=15 animals, a total of 60 cases, and the power 
of the test was 98.8% according to the PostHoc power analysis 
result (14).

Procedures

In our study, a total of 30 male rats, Sprague-Dawley, 15 in 
control and 15 in experimental groups, were used. Periodontitis 
was induced by placing suture on the right molar teeth of 
the rats,but the left side was never touched. Therefore, 2 
different groups were created in each rat, and there are 4 
different groups in total. According to the condition of the 
periodontium in the right upper jaw and left upper jaw of 
the 15 rats in the control group; a control group of 15 rats 
with healthy periodontium and a control group of 15 rats with 
periodontitis were formed. The same situation is valid for rats 
in the experimental group. 

Experimental animals are housed in polycarbonate transparent 
cages at room temperature of 21 degrees Celsius, humidity of 
60%, with 2 rats in each cage. Each cage contains libitum pellets 
and fresh, clean tap water.

At the beginning of the experiment, all rats were ligated with 
5.0 silk sutures around the right upper first molars under 
general anesthesia. Clinical signs of periodontitis in animals 
were evaluated by measuring bleeding on probing on day 21 
after placement of the sutures. Animals in the experimental 
group were injected intramuscularly with 7.5uq/kg zoledronic 
acid for 6 weeks. The animals in the control group were injected 
with 0.9% saline for 6 weeks.

Following the administration of drugs and saline for 6 weeks, 
the sutures around the first molar teeth were removed 
under anesthesia, and it was waited for 2 weeks for healing. 
Zoledronic acid continued to be given to the experimental 
group for the expected time for this improvement. The control 
group continued to be given physiological saline.

All animals were then sacrificed by cervical dislocation. In the 
cervical dislocation method, the spinal cord is severed, and the 
connection between the brain and vital organs is lost.

This sacrification method was preferred due to the fact that 
it does not cause chemical substance residues in the tissues 
and forms rapid death, and with the approval of the ethics 
committee.

After sacrification, the upper jaws were resected, and the 
removed parts were kept in 10% buffered formalin solution 
for 2 weeks. After fixation, it was decalcified in 20% sodium 
citrate and 50% formic acid solution. 

After this process, the hard palate was removed from the 
vestibule surfaces of the molar teeth from all jaws. Sagittal 
sections passing through the middle were taken, and dissection 
of the parts was made. Vestibule faces 3 microns obtained 
from paraffin blocks prepared by laying on the cross-sectional 
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surface. Thick sections were stained with hematoxylin-eosin 
and examined under a light microscope (Figure 1).

Figure 1: Placement of sutures in the interproximal areas of the 
upper jaw of rats 

Statistical analysis

Data were analyzed with IBM SPSS V23. Conformity to the 
normal distribution was examined using the Shapiro-Wilk Test. 
In the data that did not confirm to the normal distribution, 
comparisons between groups were made with the Kruskal 
Wallis Test, and multiple comparisons were examined with 
the Dunn Test. 

In categorical data, comparisons between groups were made 
with the Pearson Chi-Square test, and multiple comparisons 
were examined with the Bonferroni-corrected Z test. For 
categorical data, results were presented as frequency 
(percentage). Significance level was accepted as p<0.050.

RESULTS

Histological evaluation

Histological images and statistical results obtained from the 
experimental animals are below. When the results were 
evaluated histologically, inflammation, necrosis increase in 
periodontal space and epithelial proliferation were observed 

more in the groups with experimental periodontitis where 
zoledronic acid was used, and it was statistically significant 
(p<0.05) (Figures 2, 3, 4, 5).

Figure 2: Necrotic bone fragments are seen in the histopatho-
logical image of the EEP (experimental group in experimental 
periodontitis) group (H&EX100). 
Thick arrows: stratified squamous epithelium, thin arrows: 
necrotic bone

In the experimental animals, necrotic bone was found in one 
or more areas in 46.7 percent of the first molar teeth that were 
given zoledronic acid and ligated (Table 3). In the presence of 
experimental periodontitis, epithelial proliferation in subjects 
using zoledronic acid was found to be statistically significant 
compared to healthy periodontal groups (Table 2).

Figure 3: In the histopathological image of the EHP (experimen-
tal group in healthy periodontium group), tooth roots and pe-
riodontal tissues with normal physiological appearance are 
seen (H&EX100. Star: tooth’s root, asterisk: periodontal 
space).
No necrotic bone was found around the first molar roots of the 
subjects in this group. No epithelial proliferation was observed 
around the roots of the first molar tooth. 
Star: Tooth’s root, thick arrows: Alveolar bone, asterisk: Peri-
odontal space

Table 1: The flow followed during the experiment

Day Experiment Control

1 Silk stitch binding
upper right 1.molar

Silk stitch binding
(upper right 1.molar)

21 ZA injection SF injection

28 ZA injection SF injection

35 ZA injection SF injection

42 ZA injection SF injection 

56 ZA injection SF injection

63 ZA injection 
Removal of stitches

SF injection 
Removal of stitches

70 ZA injection SF injection

77 ZA injection SF injection

84 Sacrification Sacrification
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No necrotic bone was found in any of the subjects in this group. 
There is no inflammatory infiltration in this group (Tables 1, 3).

Figure 4: In the histopathological image of the CHP (control 
group healthy periodontium) group, natural tooth roots and 
healthy periodontal tissues are seen around them(H&EX100).
Thin arrows: cell epithelium, star: Tooth’s root

The presence of necrotic bone was not detected in the 
experimental animals in this group. In this group, inflammatory 
infiltration is 60 percent. This shows that periodontal 
inflammation developed significantly in ligatured teeth (Table 2).

Statistics

A statistically significant difference was found between the 
distributions of inflammation between the groups (p<0.001). 

Epithelial proliferation distributions between the groups 
showed statistically significant differences (p<0.001). A 
statistically significant difference was found between the 
distributions of necrosis status between the groups (p=0.001). 
No necrosis was found in the CDP, CHP, and EHP groups (Table 
4). The median value of the periodontal space in the CHP group 
was lower than the median value of the EEP group (Table 5). 
A statistically significant difference was found between the 
median value of the periodontal space in the CHP group and 
the median value of the periodontal space in the EEP group 
(p<0.001).

Table 2: Histopathology results- inflammation

CEP CHP EEP EHP Total p

Inflammation

None 6 (40)a 15 (100)b 5 (33.3)a 15 (100)b 41 (68.3)

<0.001*Mild 9 (60)a 0 (0)b 8 (53.3)a 0 (0)b 17 (28.3)

Moderate 0 (0)a 0 (0)a 2 (13.3)a 0 (0)a 2 (3.3)

*Pearson Chi-Square Test; a-b: No difference between groups with the same letter in each line, frequency (percent) EEP: Experimental group in experimental 
periodontitis group, EHP: Experimental group in healthy periodontium group, CHP: Control group healthy periodontium, CDP: Control group experimental 
periodontitis

Table 3: Histopathology results- epithelial cell proliferation

CEP CHP EEP EHP Total p

Epithelial 
proliferation

None 11 (73.3)abc 15 (100)c 5 (33.3)b 15 (100)ac 46 (76.7)

<0.001*
Mild 4 (26.7)a 0 (0)a 5 (33.3)a 0 (0)a 9 (15)

Moderate 0 (0)a 0 (0)a 2 (13.3)a 0 (0)a 2 (3.3)

Severe 0 (0)a 0 (0)a 3 (20)a 0 (0)a 3 (5)

*Pearson Chi-Square Test, a-c: There is no difference between the distributions of groups with the same letter, frequency (percentage)
EEP: Experimental group in experimental periodontitis group, EHP: Experimental group in healthy periodontium group, CHP: Control group healthy periodontium, 
CDP: Control group experimental periodontitis

Figure 5: Histopathological image of CDP (control group expe-
rimental periodontitis) group (H&EX100)
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DISCUSSION

The evaluation of the findings is from a histopathological point 
of view. With this method, we aimed to examine the effect 
of using zoledronic acid on the healing of periodontal tissues 
when the factor causing the periodontal problem is removed.

In other words, the medical situation applied in our study is to 
evaluate the effect of ZA treatment on the periodontal tissue of 
the patients whose periodontal health is not in good condition, 
but who received zoledronic acid due to medical need, when 
they regain their periodontal health in this process. In this 
way, we aimed to obtain new strategies for the prevention 
and treatment of the condition that causes alveolar bone loss 
in periodontal diseases.

The most important effect of bisphosphonate is to prevent 
bone resorption by inhibiting osteoclast activity. The decrease in 
osteoclast activity causes a change in the osteoclast-osteoblast 
interaction. Considering this feature of bisphosphonates, the extent 
to which it will control alveolar bone destruction due to periodontal 
diseases can form the basis of a new field of study (15).

Dental trauma procedures, such as tooth extraction, are serious 
risk factors for drug-induced osteonecrosis. More than fifty 
percent of patients with osteonecrosis of their jaws have a 
history of tooth extraction. It is known that tooth extraction 
increases the risk of developing osteonecrosis 33 times (16,17). 
However, it can be thought that the spontaneous development 
of drug-induced jaw necrosis is related to the presence of 
periodontal or periapical infection in the mouth.

The most well-known side effect of bisphosphonates is necrosis 
of the jaws. Reported bisphosphonate-related chin necrosis 

emerged after the use of infused, nitrogen-containing drugs 
such as zoledronic acid or pamidronate (18). Bacterial infection 
and inflammation are present in the lesions revealed in the 
bronchi.

Oral mucosa has a unique and complex structure in the 
human body. Unlike other parts of the body, it is very close 
to the bone underneath. Fat and muscle tissues in the mouth 
serve as an insulator between the cells of the oral mucosa 
and the bisphosphonate-rich bone that is treated with 
bisphosphonates. Areas with a tendency to BRONJ in the 
mouth are areas with thin oral mucosa, such as the crests of 
the torus, maxilla, and mandible. These anatomical areas are 
formations specific to the oral environment. The occurrence 
of these necrosis, which is a side effect of bisphosphonates, 
especially in the oral mucosa, shows that the cells here have 
an important place in explaining the formation of BRONJ. It is 
a matter of debate whether BRONJ originates from the cells of 
the oral mucosa or from the underlying bone (19, 20).

Unlike the results of our study, in the study of Li et al., in 2 of 15 
animals in the periodontally healthy group, in which zoledronic 
acid was used, and silk sutures were not placed; the presence 
of necrotic bone, characterized by large empty lacunae and loss 
of mineral density in the osteocytes, was observed (21). This 
difference is remarkable and can be thought to be related to 
technical sensitivity and sample size.

According to the results of our study, in the group with 
periodontal destruction and ZA (EEP), bone necrosis was 
detected at a rate of 46.7% around the alveolar bone and root. 
Bone necrosis was not observed in the experimental (EHP) 
and control groups (CHP), which were periodontally healthy, 
and in the control groups (CEP) with periodontal destruction. 

Table 4: Histopathology results- Osteonecrosis

CEP CHP EEP EHP Total p

Osteonecrosis

None 15 (100)a 15  
(100)a

8  
(53.3)b 15 (100)a 53 (88.3)

0.001*Mild 0 (0)a 0 (0)a 6 (40)b 0 (0)a 6 (10)

Moderate 0 (0)a 0 (0)a 1 (6.7)a 0 (0)a 1 (1.7)

* Pearson Chi-Square Test, a-b: No difference between groups with the same letter in each line, frequency (percent); EEP: Experimental group in experimental 
periodontitis) group, EHP: Experimental group in healthy periodontium group, CHP: control group healthy periodontium, CDP: Control group experimental 
periodontitis

Table 5: Histopathology results- periodontal space group

n Average Standard deviation Median Minimum Maximum p

CEP 15 0.1227 0.0212 0.13 0.09 0.16

<0. 001*
CHP 15 0.07 0.0169 0.07 0.04 0.1

EEP 15 1.0227 3.31348 0.17 0.14 13

EHP 15 0.0953 0.1125 0.07 0.05 0.5

Total 60 0.3277 1.66508 0.095 0.04 13

*Kruskal Wallis Test, EEP: Experimental group in experimental periodontitis group, EHP: Experimental group in healthy periodontium group, CHP: Control group 
healthy periodontium, CDP: Control group experimental periodontitis
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The presence of necrotic bone was significantly higher in the 
experimental group given this ZA and periodontal destruction 
compared to the other groups. 

When the experimental group experimental periodontitis (EEP) 
and the experimental group healthy periodontium (EHP) groups 
were compared, the presence of inflammation was not present 
in EHP. According to the findings of our study, no inflammation 
was found in either group as a result of the histopathological 
results obtained from the healthy periodontium group (CHP) 
that did not use ZA and the healthy periodontium group (EHP) 
that used ZA. As a result of these histopathological findings, 
it can be thought that ZA alone does not potentiate the 
inflammatory effect. By inhibiting the mevalonate pathway ZA, 
which is one of the nitrogenous bisphosphonates, they disrupt 
the cytoskeletal structure of the osteoclast, thereby inhibiting 
bone resorption.

In the study of Aghaloo et al., the role of progressive periodontal 
disease due to the stimulation of osteonecrosis of the jaw due 
to bisphosphonate use was examined by microtomography and 
histopathological method on ligatured rats (22).

 Aghaloo et al.’s drug-induced inflammation hypothesis 
of osteonecrosis of the jaw parallels with the presence of 
inflammation and necrosis in the EEP group in our study.

According to the results of the study by Aghaloo et al., out 
of 19 animals with experimental periodontitis given ZA, 4 
had exposed bone surfaces. Unlike our study, experimental 
periodontitis was created, and necrotic areas characterized by 
empty lacunae were found in 1 of 19 animals in the control 
group that did not receive ZA.

CONCLUSION

In our study, zoledronic acid was used in subjects with existing 
periodontitis, and its effects on alveolar bone destruction and 
necrosis were investigated. In the histopathological findings 
in our study; in the presence of periodontal disease, necrotic 
bone was present when we gave zoledronic acid, but in the 
absence of periodontal disease, no necrotic bone finding was 
found despite giving zoledronic acid.

These findings show that there is bone necrosis due to 
bisphosphonate use in the presence of periodontal disease, 
which is the precursor of periodontal destruction. More studies 
are needed to evaluate the possibility of bone necrosis caused 
by systemic use of bisphosphonates in cases where periodontal 
health is preserved. In addition, new immunohistochemical 
studies are needed to explain the effect of zoledronic acid 
on proliferation and differentiation in the bone formation 
mechanism. The healing potential of zoledronic acid on the 
tissue can be evaluated more effectively by changing the dose, 
the frequency of administration, the period of use, and by 
creating more study groups. 
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ÖZ
Amaç: Dental implant cerrahisinde; osteotomi bölgelerindeki kemik parti-
küllerini dışarı çıkarma prensibi ile çalışan geleneksel yaklaşımlara ek ola-
rak; partikülleri osteotomi alanında tutarak yoğunlaştırılmasını sağlayan 
frezleme teknikleri geliştirilmiştir. Bu çalışma ile, düşük kemik yoğunluğu-
na sahip yapay bloklar kullanılarak; iki farklı frez tasarımı ile oluşturulan 
osteotomilerde; trabeküler kemik değişikliklerinin kantitatif olarak belir-
lenmesinde fraktal analizin (FA) etkinliği araştırılmıştır.
Gereç ve Yöntem: Standart osteotomi frezleri ile bir kontrol grubu (PKD) osseo-
densifikasyon frezleri ile bir test grubu (PV)  oluşturulmuştur. Osteotomiler 
2x2x2cm ebatlarındaki yapay kemik bloklarında gerçekleştirilmiştir ve her gruba 
10 adet dental implant (4,2x10mm) yerleştirilmiştir. Blokların, Mikro Bilgisayarlı 
Tomografi (mikro-BT) cihazında elde edilen  kesitlerinin mezial ve lateral bölge-
lerinden ölçümler gerçekleştirilmiş, kutu sayma algoritması ile ImageJ programı 
kullanılarak FA yapılmıştır. Veriler varyans analizi ile değerlendirilmiştir (p<0,05).
Bulgular: Elde edilen bulgulara göre PV grubunda apikal ve lateral alanlar-
da FA değerleri (sırasıyla 1,292, 1,251), PKD grubuna göre (1,258, 1,233)
istatistiksel olarak anlamlı bulunmuştur (p<0,01). PV grubunun apikal ve 
lateral FA değerleri karşılaştırıldığında ise apikal değerler laterale göre 
anlamlı derecede yüksek bulunmuştur (p<0,01). 
Sonuçlar: Fraktal analiz değerleri açısından; osseodensifikasyon frezlerinin 
implant etrafındaki kemik yoğunlaştırma etkisi, geleneksel grubuna göre, 
hem apikalde hem de lateralde yüksek bulunmuş ve daha etkin trabeküler 
sıkıştırma sağladığı tespit edilmiştir. FA; implant bölgelerindeki kemik kali-
tesinin, preoprative ve noninvaziv değerlendirilmesinde, faydalı bir yön-
tem olarak düşünülmektedir.
Anahtar Kelimeler: Osseodensifikasyon, fraktal analiz, mikro-BT, yapay 
kemik bloğu

ABSTRACT

Objective: Alternative osteotomy techniques were introduced instead of 
the traditional drilling procedures of dental implant placement. One of 
these techniques is bone densification through a special design of drills. 
To study the effect of densification burs on low bone quality in comparison 
with conventional drilling procedures, the trabecular bone changes will be 
determined quantitively using fractal analysis (FA).
Material and Methods: A control group (PKD) with the standard 
osteotomy burs and a test group (PV) with the osseodensification burs 
were used. In each group, 10 dental implants (4.2x10mm) were placed. A 
three dimensional (3D) image was obtained from the blocks on a Micro 
Computed Tomography (micro-CT) device. Fractal analysis was performed, 
and the results were analyzed by nonparametric tests (p<0.05).
Results: According to the results, the FA value of apical and lateral areas 
from the PV group (1.292, 1.251 respectively) were significantly higher 
than the control group (p<0.01). When apical and lateral FA values of the 
PV group were compared, the apical values were found to be significantly 
higher than the lateral ones (p<0.01). 
Conclusion: In terms of fractal analysis, the bone densification effect of 
the burs in the PV group around the implants, compared to the PKD group, 
apical and lateral values, were found to be higher and have been found to 
provide better trabecular compression. FA may be useful for preoperative 
and non-invasive assessment of bone quality at implant sites.
Keywords: Osseodensification, fractal analysis, micro-CT, artificial bone 
block
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INTRODUCTION

Nowadays, dental implant sockets are prepared by conventional 
burs. These burs are surrounded by flutes that cut through the bone 
with their tapered ends and accumulate hard tissues as the drill 
progresses through the bone (1). These bone chips are preserved as 
an autogenous bone graft that can be used to compensate for bone 
volume deficiencies that occur during implant surgery (2). 

Although traditional osteotomies are obtained by drilling out 
the bone, some approaches attempt to increase primary sta-
bility in low-bone density by using a counterclockwise (CCW) 
applied drilling process that results in the densification of the 
osteotomy site wall by tapering the bur geometry and placing 
the flutes at different angles (3-6).

Another clinical approach recommended for low-bone density 
is an “undersize” drilling procedure (7). The main purpose of 
this modified preparation technique is to reduce the size of the 
final osteotomy compared to the implant diameter (8). Sahalabi 
et al., in their animal studies, investigate the effect of different 
osteotomy techniques on primary stability in trabecular bone; 
they concluded that undersize prepared osteotomies improved 
implant fixation according to the standard protocol (9).

50%-90% of trabecular bone has a high porosity and many 
fractal-like structures (10). There is a correlation between the 
fractal dimension and the complexity of the structure, which 
is expressed numerically with FA. For determining the interior 
trabecular structure of bone, the FA was used; this analysis 
was easy to use, non-invasive, and offers objective data (11).

FA is a mathematical technique used to evaluate the amount 
and complexity of bone structure (13). FA is a reliable method 
for evaluating the shape and structure of the alveolar bone as 
claimed by published studies (14, 21). Nevertheless, FA results 
are affected by the Region of Interest (ROI) selection parame-
ters such as shape, size, and sample area (22). It was also noted 
that the inaccurate positive or negative results in the ROI area 
might result in differences in FA values (25). Additionally, FA is 
highly reliable to distinguish osteoporotic and non-osteoporotic 
cases (24). A decrease in FA values caused by a bone loss in 
osteoporotic patients was observed in some studies (12,13,22).

The box-counting method, which forms the basis of fractal anal-
ysis, is a method used to examine bone morphology. A scale 
with boxes is placed over the trabecular structure to be sized. 
Boxes containing trabecular bone are counted in grids created 
from boxes with sizes ranging from 2-64 pixels (13).

A high FA value indicates that the bone structure is more com-
plex and the spaces in the bone are less, while a low FA value 
means that the bone has more lacuna (13-15).

In the determination of bone structure, there are also studies 
suggesting that the combined use of FA and CT is beneficial 
(16). In CT scans, it is possible to examine the internal struc-
ture of bone tissue and the internal adaptation of materials to 
surfaces without destroying them (33).

Bone microarchitecture can be studied in great detail with high-
resolution micro-CT in laboratory environments (31,32). Micro-
CT is a tool that provides 3D imaging at very high resolution on 
a small scale. It has been proposed as a standard imaging tool 
for many applications, such as tissue engineering, dentistry, 
and research on the mineral density of hard tissues and bone 
growth. The 3D trabecular architecture projects a roughly two-
dimensional pattern on plain radiographs, and the FA can then 
be calculated on these projected patterns and used to describe 
the spatial arrangement of the trabecular bone (31). However, 
the high costs of micro-CT, the time required for scanning and 
reconstruction, computer expertise requirements, and lack of 
usage knowledge are disadvantages (17). Recent studies have 
shown a good correlation between micro-CT morphology and 
fractal dimension (18).

In our study, FA and micro-CT were used to determine the bone 
densification properties of Osseo densification burs in compari-
son to standard conventional milling techniques in D4 artificial 
bone blocks, which mimic trabecular bone in vitro and exhibit 
isotropic fractal properties. 

MATERIALS and METHODS

Study group and sample size
 A total of 20 implants were inserted into each of the manu-
factured artificial bone blocks that mimic D4 bone with two 
different drilling procedures. Considering similar studies, the 
sample size was determined by G Power analysis (G Power, 
Dusseldorf, Germany). 

Osteotomy procedure, artificial bone block supply and imp-
lant placement
A control group (PKD) with standard osteotomy burs (Figure 1) 
was formed. A test group (PV) was formed with osteotomy burs 
displaying osseodensification (Figure 2). Standard burs (Implant 
Direct, CA, USA) in the normal protocol, undersize preparation 
(soft bone protocol), 800rpm, clockwise (1.6 mm pilot, 2.3 mm 
and 3.4 mm drills) and Densah burs (Versah, Jackson, MI, USA) in 
osseodensification protocol, 800rpm, counterclockwise (2.0 mm 
pilot, 2.3 mm and 3.3 mm multi-channel burs) were applied. 10 
implants (4.2 mmx10 mm) were placed in each group (Table 1).

ASTM standard and F-1839 reference artificial polyurethane 
blocks (Pacific Research Laboratories Inc, WA, USA) were 
preferred to represent D4 bone, mimicking trabecular bone. 
Homogeneous bone blocks produced from cellular rigid poly-
urethane foam offer an alternative test environment similar 
to human cancellous bone (35). The blocks were divided into 
homogeneous pieces 2x2x2 cm in size.

After the appropriate osteotomy areas were created in the ar-
tificial bone blocks with the drilling procedures, the placement 
of the implants was carried out. A total of 20 dental implants 
(4.2x10 mm) were manufactured from polyetheretherketone 
(PEEK) material (Uysal Medical, Istanbul, TURKEY) to obtain a 
clear measurement of bone-implant contacts in high-resolution 
computed tomography imaging (Figure 3).
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Micro-CT imaging and fractal analysis of digital images
The trabecular bone around dental implants has been evalu-
ated utilizing FA on cone-beam computed tomography (CBCT) 
images.  The sections were examined with Micro CT imaging 
through an X-ray tube of 90–150 kVA, a filter and collimator, 
a computer-controlled electric motor, a CCD camera for con-
verting X-ray image data, and an image intensifier apparatus. 
Ultra-high-resolution images were obtained with artificial bone 
blocks placed on a rotating platform with an X-ray tube (17). 
Consequently, the cross-section of the implant surrounded by 
bone was obtained for all 20 implants.

For each implant, the middle slice of the implant illustrating 
its center was extracted from the CBCT radiograph. Measure-
ments were made on two areas determined from the mesial 
and lateral regions of this section. The first ROI was assigned by 
creating a rectangular box along the whole lateral (16x64 pixel) 

part of the implant length and the second ROI was a square box 
apical (32x32 pixel) part of the implant, involving the bone inti-
mately surrounding the implant without any threads included, 
which may distort the results. 

All the radiographic samples were inserted into ImageJ soft-
ware  (National Institutes of Health, Bethesda, MD; http://rsb.
info.nih.gov/nih-image) for evaluation. The box-counting FA 
was computed using an algorithm featured in ImageJ as de-
scribed in a previous study (19). In this procedure, several grids 
of reduced size (box size) were placed on the ROI and the num-
ber of boxes containing pixels was counted for each grid (12). 
The sections were subjected to various image processes and 
a skeletonized image was obtained (Figure 4).  The mean gray 
level, trabecular area, perimeter, and the number of terminal 
points were measured from the transformed image.

Statistical analysis
All analyses were performed using a custom software program 
(SPSS 11.5.0, SPSS, Chicago, IL, USA). A Bartlett test was per-

Table 1: Experimental design and drill protocols

1.DRILL 
(Pilot drill) 2. DRILL 3.DRILL

(Soft bone protocol)
IMPLANT 

(Diameter)

Control group
(PKD)

Standard Osteotomy Burs 
(Undersize Preparation)
(Implant Direct)

1.7mm 2.3/2.0mmD 3.4/2.8mmD 4.2mm X 10mm 

Clockwise Clockwise Clockwise

Test group
(PV)

Densah Burs
(Versah)

1.7mm 2.3
Apical: 1.8 mmD

Coronal: 2.8 mmD

3.3
Apical: 2.8 mmD

Coronal: 3.8mmD

4.2mm X 10mm

Clockwise Counter-Clockwise Counter-Clockwise 

PKD: Control group, PV: Test group

Figure 1: Standard osteotomy Bur Kit Figure 2: Osseodensification Bur Kit
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formed to check the suitability of the data set for analysis. A 
one-way ANOVA test was performed to determine whether 
there was a significant difference in the comparisons between 
the groups. The P value was accepted as 0.05. Tukey’s multiple 
comparison test was used for pairwise comparisons.

RESULTS

As a result of the Anova test, a statistically significant difference 
was found between all groups (p<0.01) (Figure 5). In binary 
comparisons, the groups with a significant relationship are as 
follows: PKD apical and PKD lateral (p<0.01); PKD apical and PV 
apical (p<0.01); PKD lateral and PV apical  (p<0.01); PKD lateral 
and PV lateral (p<0.01); PV apikal and PV lateral (p<0.01). How-
ever, no significant relationship was found between PKD apical 
and PV lateral (p=0.0004).

According to the results, apical and lateral ROI (1.292 and 
1.251, respectively) taken from the PV group were found to be 
statistically significant and higher in terms of FA values (1.258, 
1.233) compared to the control group (p<0.01).

The highest fractal analysis value was observed at the apical 
part of the osteotomy PV made with the osseodensification 
bur (1.292). The lowest fractal analysis value was found in the 

lateral ROI of the osteotomy PKD performed with the conven-
tional bur (1.233). 

Comparing the apical FA values of the PV and PKD groups, bone 
condensation in the apical part of the peri-implant bone by os-
seodensification bur showed a significantly higher value than 
the conventional technique (p<0.01). 

Comparing the lateral FA values of the PV and PKD groups, 
bone condensation in the lateral part of the peri-implant bone 
by osseodensification bur showed a significantly higher value 
than the conventional technique (p<0.01). 

In terms of fractal analysis, the bone densification effect of 
the burs in the PV group around the peri implant bone, com-
pared to the PKD group, showed higher values both apically 
and laterally, and has been found to provide better trabecular 
compression in bone.

DISCUSSION

In this study, FA was used to evaluate the bone pattern sur-
rounding the peek implants placed inside polyurethane blocks 
following two different osteotomy protocols.

The homogeneity and the horizontal isotropic pattern and the 
vertical anisotropic fractal pattern of the bone substitute blocks 
used in the present study make the results and evaluation more 
accurate regarding the FA values compared with other human 
or animal experimental models;  this makes it possible to mea-

Figure 3: PEEK implant and artificial bone block with d4 bone 
characteristics

Figure 4: Image processing steps of micro-CT slices and regi-
on of interest (ROI) selection for fractal analysis

Figure 5: Box-whisker pilot plot showing median, min, max 
values between groups in terms of FA value PKD: Control 
group, PV: Test group
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sure the fractal analysis independent from the locational differ-
ences of natural human bone (mandible, maxilla and/or frontal 
and posterior areas), and various negative factors that cannot 
be standardized due to physiological diversity that are encoun-
tered during bone growth or turnover period (15). In addition, 
the location of the trabecula in space changed under the effect 
of functional forces and loading, which negatively affect FA (25).

It is thought that osseodensification positively affects the im-
plant primary stability in the apical area, thus making bone aug-
mentation redundant in individuals with low bone density.  Com-
pared to conventional techniques, osseodensification increases 
the bone volume percentage surrounding the implants placed 
in a low-density bone (5). 

In a similar study, 20 clockwise (control) and counterclockwise 
(test) osteotomy areas were prepared on polyurethane blocks 
like type iv bone microstructure, and tomography and Image J 
software were used to evaluate and measure the bone density. 
Compared to clockwise bur usage, counter-clockwise bur usage 
was densified and altered the microstructure of apical areas in 
the osteotomy site (p=0.026).  But the researchers noted that 
it was due to the direction the bur was used in rather than the 
design of the osseodensification bur (29). 

Delgado-Ruiz et al. revealed in their animal study that clockwise 
bur usage increased the bone density in lateral walls and caused 
higher bone density in the apical area as inspected by CT imag-
ing (30). Their findings are consistent with the present study 
in terms of bone density in the apical, with disparate ranges at-
tributed to the viscoelastic nature of polyurethane blocks used 
in the present study. 

Due to Densah’s osseodensification bur having bone density re-
quirement in both lateral and apical aspects, the ROIs chosen to 
be analyzed in our study were determined to have a standard 
pixel size of 32x32 in apical and 16x64 in lateral. Our findings 
confirmed that Densah burs resulted in an increase in bone den-
sity, as already found in previous studies (3,4,5). In a human pro-
spective study by Zeytinoğlu et al., 3 different ROIs of non-stan-
dard sizes from different areas (mesial, distal, and apical) were 
determined to evaluate the changes in surrounding trabecular 
bones in 198 implants. The results of their fractal analysis are 
consistent with our findings (apical:1.202; mesial:1.224) (27).

Based on studies that indicate that fractal analysis might be ap-
plied to CBCT images in order to estimate bone quality (16, 22). 
Corpas et al. evaluated the peri-implant bone tissue using fractal 
analysis on conventional intraoral, CBCT, and histological im-
ages after 3 months following the implant replacement. While 
the bone mass measurements are correlated in all methods, it 
was noted that the FA method cannot detect any histological 
changes, so it was correlated not with histological results but 
with bone density. No significant correlations were detected 
between fractal analysis on CBCT, intra-oral radiography, and 
histology (34). 

Lee et al. concluded that osteointegration was successful due to 

the increase in the fractal dimension of the bone surrounding 
the implant and noted that the result of their analysis revealed 
a correlation between bone density and FA values (23).

Sansare et al. applied preoperative and post-osseointegration 
fractal analyses on ROIs determined from the apical area of the 
50 implants. There was an increase in bone microstructure and 
significantly higher post-operative FA values were observed com-
pared to pre-operative values (26). 

Due to the low-density bone protocol, an undersized osteotomy 
was preferred in our study and micro-CT imaging was performed 
for the evaluation of the fractal analysis of the bone substitute 
block. Similarly, in another study that performed fractal analysis 
on the immediate implant with standard burs and undersized 
preparations, a circular ROI (10.7 mm2) around each implant 
was chosen for post-operative CBCT imaging. The researchers 
performed two FA measurements, one on the day of opera-
tion and another six months later, and indicated that undersized 
preparation might have a positive effect on bone healing, due 
to a 3% increase in the FA value measured after 6 months com-
pared to the pre-operative value (28). 

The increase in fractal dimension in both conventional and CBCT 
radiography compared to previous studies indicates a higher 
amount of bone mineralization (13, 18). As a result, the increas-
ing bone structure measured by fractal analysis seems consistent 
with the significant increase in the quality of the bone surround-
ing the implant.

CONCLUSIONS

In terms of fractal analysis, in the bone densification effect of 
the burs in the PV group around the implants, compared to the 
PKD group, apical and lateral values   were found to be higher, 
and this has been found to provide better trabecular compres-
sion. Fractal analysis (FA) may be useful for preoperative and 
non-invasive assessment of bone quality at artificial bone blocks.
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ÖZ

Amaç: Bu çalışmanın amacı, Konik Işınlı Bilgisayarlı Tomografi (KIBT) ile 
maksiller sinüs pönomatizasyonlarının değerlendirilmesi ve pnömatizas-
yonlarının sinüs patolojileri ile ilişkilendirilmesidir. 
Gereç ve Yöntem: Maksiller sinüs pnömatizasyonlarını; frontal proses 
pnömatizasyonları, zigomatik proses pnömatizasyonları, palatal proses 
pnömatizasyonları, orbital proses pnömatizasyonları, palatinalden sfeno-
maksiller plakaya pnömatizasyonlar diş kaybının neden olduğu pnömati-
zasyonlar ve alveolar kemiğe pnömatizasyon olarak sıralayabiliriz. Bu 
çalışmada İstanbul Üniversitesi Diş Hekimliği Fakültesi Ağız Diş Çene 
Radyolojisi Anabilim Dalında 2015-2017 yılları arasında alınan, maksiller 
sinüsün görüntüleme alanına girdiği KIBT görüntüleri incelenmiştir. 
Scanora 3Dx marka KIBT cihazı (Scanora® 3Dx, Soredex, Tuusula, Finland) 
ile alınan görüntüler, OnDemand 3D™ (Cybermed, California, USA) adlı 
yazılım ile incelenmiştir. Retrospektif olarak değerlendirilen görüntüler 
uygun istatistiksel analize tabi tutulmuştur.
Bulgular: Çalışmamız, mukozal kalınlaşma, polipoidal mukozal kalınlaşma, 
parsiyel opasifikasyon, total opasifikasyon ve efüzyon gibi bazı patolojile-
rin maksiller sinüs pnömatizasyonlarına bağlı olduğunu ortaya çıkarmıştır. 
İstatiksel olarak en çok karşılaşılan alveolar kemik pnömatizasyonlarında 
mukozal kalınlaşmadır (%36,5 sağda ve %38 solda).
Alveolar kemik pnömatizasyonu, palatal proses pnömatizasyonu ve zigo-
matik kemik pnömatizasyonu’nun mukozal kalınlaşmalar ile arasında ista-
tiksel olarak anlamlı farklılıklar bulunmuştur (p<0,05). Ayrıca sol tarafta 
alveolar kemik pnömatizasyonu ile total opasifikasyon arasında anlamlı 
ilişki bulunmuştur (p=0,001).
Sonuç: Maksiller sinüs ile ilgili pnömatizasyonlarını görüntülemede en 
uygun görüntüleme yöntemi KIBT’ tır. Cerrahi operasyonlar sırasında ve 
sonrasında oluşabilecek komplikasyonları önlemek amacıyla maksiller 
sinüs pnömatizasyonlarının bilinmesi diş hekimliği açısından büyük önem 
arz etmektedir.
Bizim çalışmamız; nadir görülen maksiller sinüs pnömatizasyonlarını 
tanımlamak ve bu pnömatizayonların patoloji ile ilişkisi açıklamak amacıy-
la diş hekimliği literatürüne önemli katkı sağlayacaktır. 
Anahtar Kelimeler: Pnömatizasyon, KIBT, maksiller sinüs

ABSTRACT

Objective: This study aims to evaluate maxillary sinus pneumatizations 
with Cone-beam Computed Tomography (CBCT) and correlate sinus 
pneumatizations with pathology.
Material and Method: Maxillary sinus pneumatization can be listed as 
frontal process pneumatization (FPP), zygomatic process pneumatization 
(ZPP), nasal cavity pneumatizations (NCP), palatal process pneumatizations 
(PPP), orbital process pneumatization (OPP), palatal pneumatization to 
sphenomaxillary plate (SPP), pneumatization caused by tooth loss, and 
alveolar bone pneumatization (ABP).
Istanbul University Faculty of Dentistry Department of Oral and 
Maxillofacial Radiology Volumetric Tomography images of patients 
entering the image region of the maxillary sinus were examined between 
December 2015 and December 2017 in this study.
The images were examined with the software called OnDemand 3D™ 
(Cybermed, California, USA). CBCT device is Scanora 3Dx brand CBCT 
(Scanora® 3Dx, Soredex, Tuusula, Finland). It was subjected to appropriate 
statistical analysis retrospectively using CBCT images.
Results: Our study has revealed that some pathologies such as mucosal 
thickening, polypoidal mucosal thickening, partial opacification, total 
opacification, and effusion are due to maxillary sinus pneumatization. 
Statistically significant differences were found between ABP, PPP, and ZPP 
with mucosal thickenings (p<0.05). 
Mucosal thickening is the most common which is seen with alveolar bone 
pneumatization statistically (36.5% on the right, 38% on the left). 
In addition, a significant correlation was found between ABP and total 
opacification on the left side (p=0.001). 
Conclusion: CBCT is the most appropriate imaging method for imaging the 
pneumatization of the maxillary sinus. Knowing maxillary sinus 
pneumatizations is of great importance in terms of dentistry in order to 
prevent complications that may occur during and after surgical operations.
Our study will make an important contribution to the dentistry literature 
in order to define rare maxillary sinus pneumatizations and to explain the 
relationship of these pneumatizations with pathology.
Key words: Pneumatization, CBCT, maxillary sinus
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INTRODUCTION

The maxillary sinus is the largest paranasal sinus, and the first 
to form (1, 2). The maxillary sinus volume at birth is 6-8 ml (2).  
Maxillary sinus size is approximately 34x33x23 mm in adults, 
and its volume is 14.75 ml (3). The anterior/posterior part is the 
maximum volume (2). The maxillary sinus volume decreases 
after growth reaches its maximum (4). As the minerals in the 
bone matrix of the body are lost, this also affects the volume 
of the maxillary sinus. Maxillary sinus dimensions are affected 
by anatomical variations. The volume of the maxillary sinus is 
significant in the planning of surgical treatment (5).

The maxillary sinus resembles a pyramid in shape. The base of 
this pyramid is formed by the lateral wall of the nasal cavity; the 
apex is towards the zygomatic process and the anterior wall is 
associated with the fossa canina. The maxillary sinus is adjacent 
to the nasal cavity medially and the zygoma laterally (1, 3). 

Maxillary sinus pneumatization is a physiological process. 
Pneumatization begins in the ethmoid sinuses, then in the 
maxillary sinus, sphenoid sinuses, and frontal sinuses. Although 
the pneumatization of the paranasal sinuses is different on the 
right and left, it can also vary from person to person (6).

The sinus with the most pneumatization is the frontal sinus, 
followed by the ethmoid and sphenoid sinuses, respectively (7).  
Maxillary sinus pneumatization is rare. Pneumatization causes 
increased sinus volume (8). The maxillary sinus pneumatization 
begins in the third week of pregnancy and continues to be 
pneumatized after birth (4, 7). In the first three years, growth is 
rapid, and change is slower between ages 3 and 7 (4). Between 
7-12 years, growth accelerates again and slows further into 
adulthood (4). Pneumatization of the maxillary sinus ends after 
the third molars erupt at age 20 (8, 9). 

The panoramic radiograph gives limited information about 
maxillary sinus pneumatization. CBCT (cone beam computed 
tomography) is a required imaging method in dentistry (10). 
CBCT plays an essential role in diagnosing anatomical variations 
(11). CBCT is a gold standard and significant imaging method.  
(10). Sinus pneumatization is best evaluated with CBCT (8).

This study aims to evaluate maxillary sinus pneumatizations 
with CBCT and to associate these pneumatizations with 

pathology. Rare pneumatizations will contribute to the dentistry 
literature, and their relationship with pathology will enable 
dentists to obtain information before surgical operations.

MATERIAL and METHODS

Approval for this study was obtained by the Istanbul University 
Faculty of Dentistry Clinical Research Ethics Committee (Date/
File no:28.08.2018/72). The study was carried out by the 
Helsinki Declaration of Human Rights guidelines at every stage. 
Patients admitted to the Department of Oral and Maxillofacial 
Radiology at Istanbul University Faculty of Dentistry between 
2015 and 2017 for any reason were examined, and 4158 
patients who entered the field of imaging of the maxillary 
sinus were included in the study. These Fields of View (FOV) 
were 8x10,14x16,24x16 mm. Data were evaluated by using 
technical properties of 60-90 kVp, 4-10mA, 18-34s, and 0.2 
mm slice thickness in the coronal, axial, and sagittal planes. 
Patients were excluded from the study in the presence of a 
history of maxillofacial trauma or surgery, any syndrome, and 
artifacts that reduce image quality. A total of 621 patients 
(1242 maxillary sinuses), aged 18-51, over 51 years old were 
evaluated retrospectively with CBCT images. Patient images 
were obtained with a Scanora 3Dx brand CBCT device (Scanora® 
3Dx, Soredex, Tuusula, Finland). Images were analyzed using 
the device’s original program OnDemand 3D™ (Cybermed, 
California, USA), and a medical monitor. 

Radiological evaluation was performed by an oral and 
maxillofacial radiologist and four investigators. CBCT images 
were examined in axial, sagittal, and coronal sections, and 
maxillary sinus pneumatization was detected. Maxillary 
sinus pathologies, mucosal thickening, polypoidal mucosal 
thickening, partial opacity, total opacity, and effusion were 
examined in 5 categories.

Data were analyzed using the Statistical Package for and Social 
Sciences (SPSS) program. Chi-square tests (Pearson Chi-square, 
Yates Chi-square, and Fisher Exact Test) were used to compare 
categorical variables. A p-value of <0.05 was considered 
statistically significant in all analyses. 

Figure 1: Frontal process pneumatization Figure 2: Zygomatic process pneumatization
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Maxillary sinus pneumatization is classified as:

-Frontal process pneumatization: This type of pneumatization 
is pneumatization towards the frontal recess (Figure 1). It is an 
extremely rare pneumatization (12). This is a pneumatization 
to the superomedial side.

Zygomatic process pneumatization: This type of pneumatization 
pneumatizes the malar bone, and this type of pneumatization 
pneumatizes laterally (Figure 2,3) (7).

• Maxillary sinus pneumatization into the nasal cavity: The 
most common anatomical variation is concha bullosa in the 
middle turbinate. These are called concha bullosa or bullous 
concha (13). Some variations can cause nasal congestion 
or facial pain. Nasal turbinate variations can be easily 
diagnosed with CBCT (14). This type of pneumatization is 
rare, and the maxillary sinus is pneumatized into the nasal 
cavity (Figure 4).

• Pneumatization to the orbit: This type of pneumatization 
is of two types, wavy tapered and vertical (Figure 5) (12).

• Pneumatization from palatal to sphenomaxillary plate: This 
type of pneumatization connects the maxillary sinus to the 
sphenoid sinus via the septum (15). Sphenomaxillary plate 
pneumatization is essential to avoid orbital complications 
during maxillary sinus surgery (12). 

• Palatal pneumatization: This type of pneumatization 
pneumatizes the hard palate towards the midline (Figure 
6) (12).

• Pneumatizations caused by tooth loss (inferior 
pneumatization, alveolar): After tooth extraction, alveolar 
bone size reduction is observed. This causes insufficient 
bone volume, and dental implant placement becomes 
difficult due to reduced bone volume. Bone resorption 
is observed after tooth extraction due to maxillary sinus 
pneumatization (16). Pneumatization with tooth loss may 
require various clinical treatments (e.g., sinus lift, bone 
graft applications, use of oral implants) (5, 15).

The rate and degree of alveolar pneumatization are affected 
by some conditions. These situations are:

1. The cortical bone layer of the root may break during 
tooth extraction, and the maxillary sinus may become 
pneumatized.

2. A significant defect occurs in the alveolar bone, unlike other 
teeth, after molar extraction (Figure 7) (7,8).

Rare pneumatizations will contribute to the dentistry literature, 
and their relationship with pathology will enable dentists to 
obtain information before surgical operations.

RESULTS

A total of 621 patients (1242 maxillary sinuses) aged 18-51, over 
51 years old, were evaluated retrospectively with CBCT images. 

Maxillary sinus pneumatization can be listed as frontal process 
pneumatization (FPP), zygomatic process pneumatization 
(ZPP), nasal cavity pneumatization (NCP), palatal process 
pneumatizations (PPP), orbital process pneumatization 
(OPP), palatal pneumatization to sphenomaxillary plate (SPP), 
pneumatization caused by tooth loss, and alveolar bone 
pneumatization (ABP).

It has been revealed that some pathologies such as mucosal 
thickening, polypoidal mucosal thickening, partial opacification, 
total opacification, and effusion are due to maxillary sinus 
pneumatization.

Table 1 shows the pneumatizations and pneumatizations 
associated with right and left mucosal thickening, polypoidal 
mucosal thickening, partial opacification, total opacification, 
and effusion.

As seen in Table 1, there is a significant relationship between 
ABP and mucosal thickening (p=0.006) and polypoidal 
thickening (p=0.008) on the right side (p<0.05), but there is 

Figure 3: Zygomatic process pneumatization

Figure 4: Maxillary sinus pneumatization into the nasal cavity
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a substantial relationship between ABP and only mucosal 
thickening (p=0.016) on the left side (p<0.05). This relationship 
tells us that ABP affects maxillary sinus pathology in both 
dimensions of thickening. 

There is also a significant relationship between PPP and 
polypoidal mucosal thickening (p=0.008) on the right side 
(p<0.05). This relationship tells us that PPP affects maxillary 
sinus pathology only at the extent of partial mucosal thickening. 

There is also a significant relationship between ZPP and 
mucosal thickening (p=0.032) on the right side (p<0.05). This 
relationship shows that ZPP affects maxillary sinus pathology 
in one dimension called mucosal thickening.

On the left side, ABP and total opacification have an important 
relationship (p=0.001, p<0.05).  This means that total 
opacification affects maxillary sinus pathology. Also, there is a 
significant relationship between ABP and mucosal thickening 
(p=0.016) on the left side (p<0.05).

Table 2 shows the distribution of alveolar pneumatization by 
age groups.

According to the chi-square test, right and left alveolar 
pneumatizations show significant differences according to age 
groups (p<0.05). From this analysis, it can be determined that 
alveolar pneumatization increases with increasing age.

Kalavagunta and Reddy detected 8% of maxillary sinus 
pneumatization in the UK population (3.5% male and 4,5 
female) (8,12).

200 CBCT were detected, and 16 patients had pneumatizations 
in their study. 

DISCUSSION

Pneumatization begins in the ethmoid sinuses, then in the 
maxillary sinus, sphenoid sinuses, and frontal sinuses. Although 
the pneumatization of the paranasal sinuses is different on the 
right and left, it can also vary from person to person (6).

The cause of pneumatization is not fully understood. Possible 
causes are heredity, craniofacial configuration, growth 
hormones, bone density, sinus surgery, sinus air pressure, and 
age-related process. (7, 17). Another theory is trauma that 
precedes maxillary sinus pneumatization (18).

If the patient is asymptomatic and the pneumatization does 
not affect other structures, it is called hypersinus (5). If the 
patient has symptomatic and local pressure symptoms and 
the pneumatization occurs to other structures, it is called 
pneumosinus (4). The general appearance of the patient is 
a facial deformity. Other possible manifestations are cheek 
pain with pressure, nasal congestion, and sinusitis (18). These 
deformities require surgical operation.

The aim is to evaluate maxillary sinus pneumatizations with 
CBCT and to correlate the pneumatizations with any associated 
pathology. The pneumatizations examined will contribute 
to the dentistry literature and enable dentists to obtain 
information about their relationship with pathology before 
surgical operations.

Figure 7: Alveolar pneumatization

Figure 5: Pneumatization to the orbit (Orbital)

Figure 6: Pneumatization in the palatal
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Preoperative evaluation is critical in evaluating maxillary sinus 
variations and detecting pathological problems (10).

This study provides information about different 
pneumatizations. CBCT is a gold standard that contributes 
to different pneumatizations. In this study, CBCT was used to 
identify pneumatizations. These pneumatizations are frontal 
process pneumatizations, zygomatic process pneumatizations, 
orbital pneumatizations, pneumatizations from palatal to 
sphenomaxillary plate, and pneumatizations caused by tooth 
loss (pneumatizations to alveolar bone). The present research 
made the following contributions:

- broadened our knowledge between pneumatizations and 
pathologies.

- provided data on rare pneumatizations

The prevalence of pneumatization in Turkey is 27.7%.

In the literature, the overall pneumatization in the world is 
8% to 83.2%.

Schuh et al. reported the rate of alveolar pneumatization as 
50% and as 100% by Lana et al. Shaidi et al. found alveolar 
pneumatization at a rate of 57.5% (10). With CBCT, it is possible 
to detect anatomical variations and perform more successful 
surgical applications.

Ketenci et al. found 244 alveolar pneumatizations in 300 
patients in the CBCT evaluation in their study (8). In their 
assessment, mucosal thickening was stated as 63%. In this 
research, it was determined as 42% on the right and 46% on 
the left. Ketenci et al. achieved a higher result than this study. 

Lana et al. 83.2% reported alveolar pneumatization in the 
Brazilian population (19). In 2003, Kalavagunta and Reddy 
detected 8% of maxillary sinus pneumatization in the UK 
population (8, 12). In 2015, Göçmen et al.  reported that 
maxillary sinus pneumatization was 27.7% in the Marmara 

region of Turkey (9). Alveolar pneumatization increases with 
age (8). The results of the authors’ study are similar to this 
finding.

The rate of mucosal thickening was stated as 48.8% and 
reported the rate of mucosal thickening as 27.5% (8). In this 
study, the incidence of mucosal thickening was 36.5%. The 
results of this study are similar to these two studies.

Yang et al. reported 8 cases of maxillary sinus pneumatization 
into the nasal cavity (20). Timurlenk et al. reported the ninth 
case (21). In this study, maxillary sinus pneumatization occurred 
in 4 nasal cavities.

Kalavagunta et al. reported sphenomaxillary plaque 
pneumatization as 3%, frontal process pneumatization 0.5%, 
and pneumatization to the orbit as 6% (12).  This study found 
1 pneumatization to the orbit and 9 pneumatizations to the 
frontal process.

CONCLUSION

CBCT best detects pneumatizations of the maxillary sinus. 
Maxillary sinus pneumatizations and pathologies should be 
diagnosed and understood to prevent complications that may 
occur during and after surgical operations. Rare maxillary 
sinus pneumatizations will make a significant contribution to 
the dentistry literature. Maxillary sinus pneumatizations are 
observed due to some pathologies such as mucosal thickening, 
polypoidal mucosal thickening, partial opacification, total 
opacification, and effusion. The most common is mucosal 
thickening with alveolar bone pneumatizations.

To prevent complications that may occur during and after 
surgical operations, it is necessary to know the pneumatizations 
of the maxillary sinus. Pathologies with maxillary sinus 
pneumatizations will contribute to the dentistry literature. 
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ÖZ
Amaç: Bu çalışmada diş hekimliği fakültemizde konik ışınlı bilgisayarlı 
tomografi (KIBT) görüntüleme isteklerinin nedenlerinin belirlenmesi, sınıf-
landırılması ve hangi nedenlerin daha sık KIBT görüntüleme gerektirdiğinin 
incelenmesi amaçlanmıştır.
Gereç ve Yöntem: KIBT veri tabanından 956 pediatrik hasta incelenmiştir. 
Daha sonra yaş, cinsiyet, sevk nedeni, görüş alanı (FOV) ve sevk depart-
manları toplanmıştır. Hastalar yaş dağılımına göre 1-6 yaş, 7-12 yaş ve 
13-17 yaş olarak gruplandırılmıştır. Tanımlayıcı ve karşılaştırmalı istatistik-
sel analiz yapılmıştır.
Bulgular: KIBT sevk nedenleri incelendiğinde en sık başvurulan istekler 
sırasıyla kemik patolojisi (%26,25), gömülü dişler (%19,87), diş anomalileri 
(%14,12), yarık dudak ve damak (%13,91) idi. Sevk nedenleri yaş grupları-
na göre değerlendirildiğinde, dentoalveolar travma (p=0,049), gömülü 
dişler (p=0,000), diş anomalileri (p=0,000), cerrahi uygulamalar (p=0,021), 
kemik patolojisi (p=0,004), dudak damak yarığı, endikasyonlar ve yaş grup-
ları arasında (p=0,000) istatistiksel olarak anlamlı fark bulundu.
Sonuç: Bu çalışma, diş hekimlerine üç boyutlu görüntüleme için çocuk 
hastaları sevk etmede rehberlik edebilir.
Keywords: Konik ışınlı bilgisayarlı tomografi, FOV, endikasyon, pediatrik diş 
hekimliği, radyasyonun etkileri

ABSTRACT

Objectives: This study aimed to determine and classify the reasons for 
cone-beam computed tomography (CBCT) imaging requests in the Oral 
and Maxillofacial Radiology Department, Istanbul University Faculty of 
Dentistry, and to examine which reasons more commonly require CBCT 
imaging.
Material and methods: From the local CBCT database, 956 pediatric 
patients gave their consent. Subsequently, age, gender, the reason for 
referral, a field of view (FOV), and referral departments were collected. 
Patients were grouped according to age distribution as 1-6 years, 7-12 
years, and 13-17 years. Descriptive and comparative statistical analysis 
was performed.
Results: When CBCT referral reasons were analyzed, some of the most 
common requests were bone pathology (26.25%), impacted teeth 
(19.87%), dental anomalies (14.12%), cleft lip, and palate (13.91%), 
respectively. When referral reasons are evaluated according to age 
groups, dentoalveolar trauma (p=0.049), impacted teeth (p=0.000), dental 
anomalies, surgical applications (p=0.021), bone pathology (p=0.004), 
cleft lip and palate statistically significant differences were found between 
the (p=0.000) indications and age groups (p=0.000).
Conclusion: This study can guide dental practitioners in referring pediatric 
patients for three-dimensional imaging.
Keywords: Cone-beam computed tomography, field of view, indication, 
pediatric dentistry, radiation effects
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INTRODUCTION

Cone-beam computed tomography (CBCT) is a three-dimensio-
nal imaging modality widely used in Dentistry to diagnose bone 
tissue in the maxillofacial region (1). The first CBCT was inven-
ted by British scientist Godfrey Housfield in 1967, developed 
from computerized tomography (2). Later, the first prototype 
was produced for radiotherapy and, in 1982, for angiography (2, 
3). CBCT was developed independently and simultaneously by 
Arai et al. in Japan and by Mozzo et al. in Italy in the late 90s (4).

CBCT consists of an X-ray source and a detector rotating with 
this source; contrary to computerized tomography, not a fan-
shaped but a conical-shaped radiation beam is sent through the 
region of interest (ROI). These projections are converted into a 
three-dimensional image (in axial, coronal, and sagittal planes, 
respectively) (4). Cone-beam imaging is used in dentistry to 
view high-contrast objects such as teeth and bone, as opposed 
to tasks that require soft tissue separations.

CBCT, based on a cone-shaped X-ray beam centered on a two-
dimensional detector, can be used to diagnose pediatric dental 
clinic conditions involving impacted and supernumerary teeth 
(5-7). CBCT has many advantages: image accuracy, rapid scan 
time, reduced image artifact, reduced radiation dosage, and 
X-ray beam limitation (8). In addition; it provides less imaging 
time, easy data transfer, and less scattered radiation in com-
parison to computed tomography (CT) (6, 9).

Considering that children are more susceptible to the risks of 
ionizing radiation, every effort should be made to minimize the 
radiation burden while maintaining sufficient diagnostic yield 
(10, 11). The American Academy of Pediatric Dentistry (AAPD) 
recommends that CBCT use in pediatric dentistry be considered 
when conventional radiographs are inadequate for diagnosis 
and treatment planning and when the potential benefits out-
weigh the risk of additional radiation dose. It also emphasizes 
that it should not be routinely prescribed for diagnostic or scre-
ening purposes without clinical indications (12).

In children, CBCT images have been used to evaluate impacted 
teeth, airway analysis, and for periodontal, endodontic, and 
orthodontic purposes (13). According to the current guideli-
nes of the AAPD, CBCT can be used for assessing the periapi-
cal pathosis in endodontics, oral pathology, anomalies in the 
developing dentition (e.g., impacted, ectopic, or supernume-
rary teeth), oral maxillofacial surgery (e.g., cleft palate), dental 
and facial trauma, and orthodontic and surgical preparation 
for orthognathic surgery (12). Nevertheless, there is limited 
evidence about the appropriate use of CBCT in children and 
adolescents. Still, guides on this subject are essential to reduce 
radiation risks in this age group. The SEDENTEXCT guidelines 
allow for several recommendations for usage. However, the-
re are no unambiguous guidelines for pediatric dentistry (14). 
Although, the European DIMITRA project (dentomaxillofacial 
paediatric imaging: an investigation toward low-dose radiation 
induced risks) was focused on the pediatric field (15). The fol-
lowing CBCT suggestions in pediatric patients are mentioned in 

the position statement: -Impacted and supplementary teeth, 
-Dentoalveolar trauma, -Orofacial clefts, -Dental anomalies, 
-Bone pathology -Cone-beam-CT-based surgical planning of au-
totransplantation, -Syndromes. On the other hand, there are 
deficiencies in the DIMITRA position statement published in 
2018: suggestions such as -TMJ/condylar abnormalities, -facial 
asymmetry, -surgical applications, -endodontics, -orthodontics. 
These suggestions should be added to or expanded upon.

This study aimed to develop evidence-based research on using 
CBCT in pediatric dentistry, including referral criteria. This ret-
rospective study evaluated the referral reasons for CBCT in pe-
diatric individuals.

MATERIALS and METHODS

The institutional review board approved the study protocol of 
the local clinic (Date: 10.01.2019, No: 78).

We performed a retrospective analysis of 956 patients under 
the age of 18 years who underwent a CBCT scan in our clinic 
between December 2015 and 2018 for three years.

All scans were taken with the CBCT-unit Soredex SCANORA®3Dx 
(Tuusula, Finland) and were stored in the OnDemand 3D Project 
Viewer Cybermed Inc. (California, USA) database. The CBCT 
device we used to have 8 different FOV (field-of-view) options; 
50x50mm, 50x100mm, 80x100mm, 80x160mm, 140x100mm, 
140x165mm, 180x165mm and 240x165mm. All parents signed 
a letter of consent permitting to use of data for research purpo-
ses before CBCT scans were taken. When there were multiple 
CBCTs per patient, only the first CBCT was included. Our study 
did not include low-image quality images and motion or metal 
artifacts. Figure 1 illustrated the study selection.

We evaluated the patients according to age, gender, the reason 
for referrals, Field of View (FOV), and referral departments: 
dentomaxillofacial radiology, oral and maxillofacial surgery, en-
dodontics, periodontology, orthodontics, pedodontics, prost-
hodontics, and restorative dentistry. Patients were grouped 
according to age distribution as 1-6 years, 7-12 years, and 13-
17 years.

Figure 1: Flowchart
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Based on the reason for referrals, the references for the SE-
DENTEXCT guideline were categorized under the following he-
adings: Dent alveolar trauma, Facial trauma, Craniofacial ano-
malies and syndromes, Facial asymmetry, Dental anomalies, 
Surgical applications, TMJ/condylar abnormalities, Bone pat-
hology, Cleft lip and palate, Endodontics, Orthodontics, Other.

Statistical analysis was performed for descriptive and compa-
rative statistics using IBM® SPSS 25.0 (SPSS Inc, Chicago, IL, 
USA). The Pearson chi-square test was used for the statistical 
evaluation of categorical variables, and a p-value below 0.05 
was considered statistically significant.

RESULTS

In the present study, 956 patients (451 females, 505 males) 
with a mean age of 13.19±3.281 (range 1-17) were examined. 
When the reasons for CBCT requests were analyzed, some of 
the most common requests in 956 patients were bone pat-
hology (26.25%), impacted teeth (19.87%), dental anomalies 
(14.12%), cleft lip and palate (13.91%), and the distribution of 
all requests by gender is shown in the Table 1.

Patients were grouped according to age distribution as 1-6 years 
(n=36), 7-12 years (n=317), and 13-17 years (n=603). When the 
CBCT referral reasons are evaluated according to age groups, 
dentoalveolar trauma (p=0.049), impacted teeth (p=0.000), den-
tal anomalies (p=0.000), surgical applications (p=0.021), bone 
pathology (p=0.004), cleft lip and palate (p=0.000), statistically 
significant differences were found between indications and age 
groups. The results are shown in Table 2. In addition, dental ano-
malies (22.22%) and bone pathology (22.22%) were the most 
common reasons for requests in the 1-6 age group. In the 7-12 

age group, the most common reason for the request is dental 
anomalies, with a rate of 26.49%. The most common referral 
reason in the 13-17 age group is bone pathology with 29.85%.

When the FOV ranges of the CBCT device used according to 
age were examined, it was seen that the highest rate of ima-
ges (43.1%) was obtained in all age groups with a FOV range 
of 50x100mm, and the FOV distribution is shown in Figure 2.

When the regions of interest (ROI) were evaluated, it was seen 
that the images were taken from the maxilla region at the hig-
hest rate in all age groups (1-6, 7-12, 13-17) (58%, 53%, 49%, 
respectively). While the images taken from the mandible region 
at the ages of 1-6 and 7-12 are at the lowest rate (11%, 21%, res-
pectively), the images taken from the double chin in the 13-17 
age group are less common (18.6%) compared to other regions 
in this age group (Figure 3).

When the departments that referral reasons for CBCT are exa-
mined, the departments that request CBCT the most in the 1-6 
age group, respectively; Pedodontics Department (58.33%), Sur-
gery Department (27.77%), Orthodontics (13.88%). In the 7-12 

age group, Pedodontics Department (55.20%), Surgery Depart-
ment (29.33%), Orthodontic Department (15.45%). In the 13-17 
age group, the Department of Surgery (33.49%), Pedodontics 
(30.34%), Dentomaxillofacial Radiology (21.72%), and others 
are shown in detail in Figure 4.

DISCUSSION 

There are a limited number of studies on the use of CBCT in pe-
diatric patients, and these studies are based on different indica-
tions and in various age groups. The present study evaluated the 

Table 1: Clinical indications for the cone-beam computed tomography (CBCT) examinations in the study

Indications
Females Males Total

p
n % n % n %

Dentoalveolar trauma 10 2.21 16 3.16 26 2.71 0.482**

Facial trauma 19 4.21 22 4.35 41 4.28 1**

Craniofacial anomalies and syndromes 11 2.43 9 1.78 20 2.09 0.630**

Facial asymmetry 7 1.55 3 0.59 10 1.04 0.205***

Impacted teeth 102 22.61 88 1.74 190 19.87 0.045*

Dental anomalies 48 10.64 87 17.22 135 14.12 0.004*

Surgical applications 18 3.99 12 2.37 30 3.13 0.214**

TMJ/condylar abnormalities 8 1.77 10 1.98 18 1.88 1**

Bone pathology 119 26.38 132 26.13 251 26.25 0.931*

Cleft lip and palate 51 11.30 82 16.23 133 1.39 0.028*

Endodontics 4 0.88 1 0.19 5 0.52 0.194***

Orthodontics 14 3.10 9 1.78 23 2.40 0.263**

Other 40 8.86 34 6.73 74 7.74 0.217*

Total 451  505  956 100

*Pearson chi-square test, **Yates chi-square test, ***Fisher exact test
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Figure 2: Distribution of the FOVs by number (n=956)

Figure 3: Distribution of the dentomaxillofacial areas by age groups

Figure 4: Distribution of Departments Requesting CBCT by Age 

referral reasons for CBCT in pediatric patients at a higher rate 
(956 CBCT) than other studies (4, 13, 16-18). The present study 
focused on the basis for CBCT referrals according to the gui-
delines SEDENTEXCT and DIMITRA for clinical use in pediatric 
patients in a Turkish subpopulation (14, 15). In the DIMITRA 
position statement, we found that although it was intended 
to determine the CBCT indications in the pediatric patient gro-
up, there was no category for some indications (15). For this 
reason, we have categorized the request reasons based on 
SEDENTEXCT. In our study, different from the DIMITRA positi-
on statement, the following were added: Facial trauma, Facial 
asymmetry, Surgical applications, TMJ/condylar abnormalities, 
Endodontics, and Orthodontics.

There are limited resources in the literature investigating the 
referral reasons for CBCT in the pediatric population. Some of 
the indications reported among the causes of CBCT imaging 

Table 2: Distribution of CBCT indications by age group

Indications
Group 1 Group 2 Group 3  

p
n (%) n (%) n (%) Total (%)

Dentoalveolar trauma 3 (8.33) 5 (1.57) 18 (2.98) 26 (2.71) 0.049

Facial trauma 4 (11.11) 16 (5.04) 21 (3.48) 41 (4.28) 0.065

Craniofacial anomalies and syndromes 2 (5.55) 4 (1.26) 14 (2.32) 20 (2.09) 0.189

Facial asymmetry 0 (0) 2 (0.63) 8 (1.32) 10 (1.04) 0.505

Impacted teeth 5 (13.88) 41 (12.93) 144 (23.88) 190 (19.87) 0.000

Dental anomalies 8 (22.22) 84 (26.49) 43 (7.13) 135 (14.12) 0.000

Surgical applications 1 (2.77) 3 (0.94) 26 (4.31) 30 (3.13) 0.021

TMJ/condylar abnormalities 1 (2.77) 7 (2.20) 10 (1.65) 18 (1.88) 0.778

Bone pathology 8 (22.22) 63 (19.87) 180 (29.85) 251 (26.25) 0.004

Cleft lip and palate 2 (5.55) 68 (21.45) 63 (10.44) 133 (13.91) 0.000

Endodontics 0 (0) 1 (0.31) 4 (0.66) 5 (0.52) 0.712

Orthodontics 0 (0) 4 (1.26) 19 (3.15) 23 (2.40) 0.130

Other 2 (5.55) 19 (5.99) 53 (8.78) 74 (7.74) 0.283

Total 36 317 603 956  

Group 1: Age 1–6 years, group 2: Age 7–12 years, group 3: Age 13–17 years, CBCT: Cone beam computed tomography
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in pediatric patients in the literature are: an eruption of the 
dentition, viewing local resorptions associated with unerupted 
teeth, and examining the severity of facial traumas (19). In the 
study of Isman et al., the most common CBCT referral reason 
was; malocclusion and dentofacial anomalies with the highest 
rate in primary and permanent dentition, and impacted tooth 
localization in mixed dentition were the most common reasons 
for the indication (13). In the study of Van Acker et al., the most 
common CBCT referral reason was developing dentition-loca-
lized (4). Unlike other studies, bone pathology was the most 
common reason for CBCT referrals. In the present study, pati-
ents with bone pathology were mainly diagnosed with deeply 
carious teeth and radicular cysts caused by lesions in the rela-
ted teeth. We think that the higher rate of bone pathology due 
to dental infectious conditions is the most common reason for 
the request in our study. At the same time, it is reported in the 
literature that caries and caries-related lesions are seen more 
frequently in the Turkish population (20). Compared to other 
studies, we can explain the higher incidence of bone pathology 
requests in our research in this way.

In the present study, we evaluated the referral reasons for CBCT 
patients under 18 years old. In similar studies in the literature, 
the mean age ranged from 8.3 to 13.42, from high to low, res-
pectively; Yiğit et al., Isman et al., the present study, Hidalgo 
et al., Van Acker et al., Gümrü et al., Suzuki et al., mean age 
respectively; 14.32, 13.42, 13.19, 13.1, 12.35, 11.15, 8.3. (4, 
13, 16, 17, 18, 21).  In any way, this is induced by differences 
in referral reasons and racial differences. In the study of Isman 
et al. the most common indication for CBCT was malocclusion 
and dentomaxillofacial anomalies in the primary and perma-
nent dentition age groups, whereas the localisation of impacted 
teeth was the most common indication in the mixed dentition 
age group (13). In the study of Van Acker et al. the most CBCT 
request (36%) was the developing dentition-localized which 
consists for the greatest part typically for second transitional 
period and the permanent dentition (4). In the study of Yigit 
et al. CBCT request in the 12- to 18-year age group is mostly 
impacted teeth (21). In the present study, similar to the Isman 
et al., CBCT indication in the 1- to 6-year age group and the 
7- to 12-year age group were mostly dental anomalies (13). 
However, in our study, unlike the literature (4, 13, 21), the bone 
pathology was the most common indication in the 13- to 17-
year age group. 

Fundamental principles and guidelines for the use of CBCT inc-
lude: 1) use appropriate image size or field of view, 2) assess 
radiation dose risk, 3) minimize patient radiation exposure, and 
4) maintain professional competence in performing and interp-
reting CBCT studies (12). Published research on the pediatric 
use of CBCT mentions that a smaller field of view (FOV) in the 
pediatric population may meet the prescribing physician’s or 
dentist’s needs.  The smaller the FOV used, the less effective 
the patient receives. When referring a patient to CBCT scre-
ening, the dentist should provide the CBCT practitioner with 
adequate clinical information (19). Van Acker et al. most com-
monly used a small FOV size of 50x55 mm at 81.5% (4). In the 

present study, it was observed that a maximum FOV of 50x100 
mm was used with a rate of 43.1%, and it can be associated 
with referral reasons.

Contrary to the benefits of CBCT imaging, the radiation dose 
is higher than a single conventional periapical or panoramic 
radiograph (13). With this in mind, CBCT should be justified 
before imaging, as with any radiographic examination. The po-
tential benefits of CBCT must outweigh the harms associated 
with exposure to ionizing radiation. A radiological examinati-
on should be performed with ALARA (As Low as Reasonably 
Achievable), a safety principle designed to minimize radiation 
doses and release radioactive materials (3).  Many reasons can 
be counted among the reasons for the need for CBCT imaging, 
and the classification and standardization of these reasons will 
benefit physicians who will request CBCT. Our study is among 
the evidence that will contribute to developing existing gui-
delines on this subject. In the present study, the chi-square 
test revealed the relations between two categorical variables. 
The chi-squared test applied an approximation assuming the 
sample is large, while the Fisher’s exact test and Yates’s correc-
tion for continuity were used to provide a more conservative 
result for contingency tables with small cell counts. The limited 
number of samples and the evaluation of the archive belon-
ging to a single center can be counted among the limitations 
of our study.

CONCLUSION

In the present study, it was revealed that the most common 
indication for CBCT was bone pathology and secondly impacted 
teeth. Research on the use of CBCT in dentistry in children is 
limited. Since the CBCT device contains ionizing radiation, it is 
important to master the use of CBCT in children in appropriate 
indications. Therefore, there is a need for detailed guidelines 
on the use of CBCT in the pediatric field.
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ÖZ
Amaç: Bu çalışma, çocuk sağlığı ve hastalıkları hemşireliği dersini almış 
hemşirelik öğrencilerinin psikolojik dayanıklılık ve spiritüel iyi oluşluk 
düzeylerini ve birbirleriyle olan ilişkilerini belirlemek amacıyla yapılmıştır.
Gereç ve Yöntemler: 27 Ekim-18 Kasım 2022 tarihleri arasında kesitsel 
tanımlayıcı desende yürütülmüştür. Çalışma 131 çocuk sağlığı ve hastalık-
ları hemşireliği dersini almış hemşirelik öğrencileriyle çevrimiçi anket kul-
lanılarak yapılmıştır.  Verilerin toplanmasında online demografik form, 
Yetişkinler için Psikolojik Dayanıklılık Ölçeği ve Spiritüel İyi Oluşluk Ölçeği 
kullanılmıştır. 
Bulgular: Öğrencilerin çoğu (%92,4) 21-24 yaş arasında ve %77’si kadın 
öğrencidir. Kadın öğrencilerin spiritüel iyi oluşluk ölçek puan ortalamaları-
nın daha yüksek olduğu, sosyoekonomik durumun hem psikolojik dayanık-
lılığı hem de spiritüel iyi oluşluğu etkilediği belirlenmiştir. Öğrencilerin 
çoğu (%71,7) pediatri dersinin çocuklara olan sevgilerini arttırdığını belirt-
miştir. Öğrencilerin psikolojik dayanıklılık düzeyi ile spiritüel iyi oluşluk 
düzeyi arasında pozitif yönde orta düzey ilişki tespit edilmiştir. Özellikle 
psikolojik dayanıklılık ölçeği kendilik algısı ve sosyal kaynaklar alt boyutları 
ile Spiritüel İyi Oluşluk düzeyi arasında istatistiksel olarak anlamlı ilişki 
bulunmuştur (p<0,05).
Sonuç: Bu çalışma, çocuk sağlığı ve hastalıkları hemşireliği dersini almış 
hemşirelik öğrencilerinde dayanıklılık düzeyi ile spiritüel iyi oluşluk düzeyi 
arasında ilişki olduğunu vurgulamaktadır. Bu çalışma ile çocuk sağlığı ve 
hastalıkları hemşireliği dersinin eğitim ve klinik uygulamalarının öğrencile-
rin dayanıklılık ve spiritüel iyi oluşluklarını güçlendirecek şekilde düzenle-
mesi gerektiği öngörülmektedir. Hemşirelik öğrencilerinin eğitim ve bakım 
uygulamalarında dayanıklılık ve spiritüel iyi oluşluğu arttıracak program 
düzenlemelerine gereksinim bulunmaktadır. 
Anahtar Kelimeler: Hemşirelik öğrencileri, dayanıklılık, spiritüalite

ABSTRACT

Objective: This study was carried out to determine the psychological 
resilience and spiritual well-being levels of undergraduate students in a 
pediatric nursing course and the relationship between their psychological 
resilience and spiritual well-being levels.
Materials and Methods: The study was implemented in a cross-sectional 
descriptive design between October 27 and November 18, 2022. The 
study was conducted with 131 undergraduate students in a pediatric 
nursing course using an online questionnaire. Data were collected using 
the online demographic form, the Psychological Resilience Scale for 
Adults, and the Spiritual Well-Being Scale. 
Results: Most of the students (92.4%) were between the ages of 21-24 
and 77% of them were female students. It was determined that female 
students’ spiritual well-being scale averages were higher, and 
socioeconomic status affected both psychological resilience and spiritual 
well-being. Most of the students (71.7%) stated that the pediatrics course 
increased their love for children. A moderate positive relationship was 
found between the students’ psychological resilience level and spiritual 
well-being. In particular, a statistically significant relationship was found 
between the resilience scale’s self-perception and social resources sub-
dimensions and the Spiritual Well-Being level (p<0.05).
Conclusion: The study emphasizes that there is a relationship between 
the level of resilience and the level of spiritual well-being in nursing 
students who have taken pediatric courses. In this study, it is recommended 
that the education and clinical practices of the child health and diseases 
nursing course should be arranged in a way that strengthens the resilience 
and spiritual well-being of the students. There is a need for program 
arrangements that will increase resilience and spiritual well-being in the 
education and care practices of nursing students.
Keywords: Nursing students, resilience, spirituality
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INTRODUCTION

Nursing education can be a stressful experience for students 
(1,2). Nursing students experience stress due to clinical practice 
in nursing education. In addition, the fear of being infected du-
ring the pandemic, increased academic workload, and ineffec-
tive distance education methods can cause stress and anxiety 
(3,4). Moreover, factors such as studying and exam anxiety, 
caring for patients, lack of clinical competence, feeling unpre-
pared for practice, and fear of making mistakes are among the 
sources that cause stress (5,6). In particular, nursing students 
may experience anxiety during the Child Health and Diseases 
Nursing course (7, 8). In the clinical practice of pediatric nursing 
courses, students experience high levels of anxiety during their 
clinical experience with children and are anxious while giving 
care (7, 9). In the literature, the reasons that students experien-
ce anxiety during their pediatric internships are communication 
with the child, pediatric drug administration, and fear of harm 
(10, 11). All these sources of stress can affect both the health 
status and academic performance of nursing students (2, 12). 

Resilience is described as the ability to cope with difficulties 
and includes how an individual learns to become stronger from 
experience (13, 14).  Resilience is a positive adaptation that 
improves an individual’s ability to adapt to adversity (13). Nur-
sing students need resilience to overcome stressors and to be 
ready to take on their nursing roles after graduation (12, 15). In 
an integrative review on resilience in nursing education, it was 
reported that resilience is important in nursing education (16). 
Studies have reported that resilience increases the learning 
experience and has positive effects on academic performance 
and long-term professional practice (16). The resilience levels 
of nursing students differ between countries. A moderate le-
vel of resilience was identified in Nigeria, while a high level of 
resilience was reported in Spain (17,18). It is emphasized that 
psychological health is better in nursing students who have 
higher levels of resilience.

Well-being is an individualized and multidimensional construct 
that includes physical, mental, and psychosocial dimensions 
(2). Spiritual well-being is described as the individual’s positi-
ve feelings and behaviors regarding his/her relationships with 
himself/herself and others, inner peace, positive attitudes, 
satisfaction, love, respect, and meaning in life. Spiritual well-
being contributes to the development of coping methods (19). 
Resilience is important in nursing students and is reported to 
have a positive effect on their well-being (2). 

It is thought that the well-being of individuals who use resili-
ence and coping strategies will be better. However, it is impor-
tant to evaluate the level of psychological resilience in nursing 
students faced with stress due to their education and working 
conditions and its relationship with spiritual health, which inc-
ludes coping strategies. This is even more important in pediatric 
clinical practices, where stress can be experienced intensely. 
If the relationship between resilience and spiritual well-being 
levels in nursing students is determined, integration into nur-
sing education, practice, and management can be achieved. In 

addition, looking at the literature, it is seen that only resilience 
or spiritual well-being is evaluated in nursing students. Only 
one study evaluated the resilience and spiritual well-being of 
all general health workers (20-24). A study examining resilience 
and spiritual well-being in nursing students taking pediatrics 
courses could not be found in the literature. For this reason, it is 
thought that this study will fill an important gap in the literature 
in terms of determining both spiritual well-being and resilience 
for nursing senior students who are in pediatric clinical practice.  
Therefore, the purpose of the study is to evaluate the psycholo-
gical resilience and spiritual well-being levels of senior nursing 
students in pediatric nursing clinical practice.

Research questions
1. What is the psychological resilience level of undergraduate 
students in the pediatric nursing course?

2. What is the spiritual well-being level of undergraduate stu-
dents in the pediatric nursing course?

3. What is the relationship between psychological resilience 
and spiritual well-being in undergraduate students in the pe-
diatric nursing course?

MATERIAL and METHODS

Design
This study was administered as a cross-sectional study to eva-
luate the relationship between psychological resilience and 
spiritual well-being levels of senior nursing students. Helsinki 
Declaration principles and the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) checklist were 
used to guide this study (see Supplementary file).

Sample and setting
Between 07 April 2022 and 30 June 2022, undergraduate stu-
dents in the pediatric nursing course of a university in Turkey 
were included in the study. The sample consisted of 163 nur-
sing students studying at a state university. The study aimed to 
reach the entire universe by not choosing a sample. A hundred 
and thirty-one students who met the criteria of the study and 
filled out the forms completely formed the sample.  Nursing 
students in the study received training in clinical practice for 
the first four days of the week for a semester.

Participants 
The inclusion criteria of this study were as follows: senior nur-
sing students, having internet access, and volunteering to par-
ticipate in this research. The exclusion criteria of this study 
were as follows: receiving psychiatric treatment and substance 
abuse.

Procedures
At the beginning of the online survey, the participants were 
informed about the aim of this study, and they were given the 
choice of whether to volunteer or not. The Faculty of Health 
Sciences institutional permission (number: E-73351307-605.01-
2200033465) was obtained for the study. Ethical approvals 
were obtained from University Ethical Committee (26.10.2022/
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protocol number: 2022/387). All responses were obtained with 
informed consent.

Data collection
The following scales were used to collect data: a) the online 
demographics form created by the researchers, b) the Psycho-
logical Resilience Scale for Adults, and c) the Spiritual Well-
Being Scale. 

Online demographics form
Data collection was performed through an online demograp-
hics form. The form consists of two parts. In the first part of 
the form, there were questions such as the sociodemographic 
characteristics (age, gender, grade point average, etc.) of the 
students, and in the second part, questions such as the diffi-
culties experienced in the pediatric internship and the effect 
of the pediatrics course on the state of liking children. The 
online demographics form was created by the authors based 
on information in the literature (2, 12).

Psychological resilience scale for adults (PRSA)
The Resilience scale for Adults was developed by Friborg et al. 
and includes six the sub-dimensions of “self-perception,” “per-
ception of the future,” “structural style,” social competence,” 
“family cohesion,” and “social resources” (25). The scale was 
adapted to Turkish culture by Basım and Çetin (26).

The scale is a 5-point Likert scale composed of 33 items and six 
sub-dimensions. In scoring the scale, the guidelines determined 
by the researchers who developed the scale were followed. 
When scores on the scale increased and resilience was desired 
to increase, then from left to right, the answer boxes were eva-
luated as 1, 2, 3, 4, and 5. If the scores decreased, and resilience 
was desired to increase, then the answer boxes were evaluated 
as 5, 4, 3, 2, and 1. If this opinion is taken into account, in the 
scale, questions 1-3-4-8-11-12-13-14-15-16-23-24-25-27-31-
33 are specified as questions that should be reverse coded. 
This principle was taken into account in the evaluation of the 
scale. The score to be taken from the scale varies between 33 
and 165.  In the context of the reliability analysis of the sca-
le, Cronbach’s alpha reliability coefficient values ranged from 
0.68 to 0.79 for the sub-dimensions. The total Cronbach’s alpha 
value of the scale was calculated as 0.86. The scale does not 
have a cut-off score. In the evaluation of the scale, it indicates 
that as the scores increase, psychological resilience increases, 
and as the scores decrease, psychological resilience decreases. 

Spiritual well-being scale (SWBS)
The SWBS was developed by Ekşi and Kardaş (27). This sca-
le was applied to individuals between the ages of 16-54. The 
items of the scale were written by scanning the relevant litera-
ture, and making use of other scales. Opinions were taken from 
17 experts who had done studies on the subject. The items 
were finalized by taking the expert opinions into account. The 
scale consisted of 29 items and 3 sub-scales (anomie, harmony 
with nature, and transcendence).  The scale is a 5-point Likert-
type scale. The Cronbach’s alpha value of the scale was found 
to be 0.886 (27).

Data analysis
Statistical Package for Social Sciences, version 22.0, for Win-
dows (SPSS) was used in the analysis of the data. The Kolmo-
gorov-Smirnov test was used for the normal distribution of the 
data. The comparison of the non-normally distributed variables 
was performed using the Mann-Whitney U Test and Kruskal-
Wallis Test.

The comparison of the non-normally distributed variables was 
performed Correlation analysis, called Spearman, was used to 
investigate the relationship between the Psychological Resilien-
ce Scale for Adults and the Spiritual Well-Being Scale. Regressi-
on analysis was used for the variables predicting the Spiritual 
Well-Being Scale. Statistical significance was accepted as p<.05.

RESULTS

Descriptive descriptive characteristics of students and com-
parison of these characteristics with scale scores
Most of the participants (92.4%) were between 21 and 24 ye-
ars old, with a mean age of 22.56±1.37, and female (77.1%). 
Most of the students (68.7%) live in dormitories. 34% of nursing 
students have been diagnosed with COVID-19 and 47% have 
experienced quarantine.  Most of the students (82.4%) defined 
their economic status as medium level. Most of the students 
(59%) stated that they want to work in pediatric services after 
graduation. Having taken the pediatrics course increased most 
students’ love of children (71.7%). When the problems encoun-
tered by the students in the pediatric services were examined, 
it was reported that they most commonly thought that they 
would harm the children (90%), and that they had difficulties 
communicating with the children. The mean scores on the PRSA 
of the students were 116.31±13.6, and the mean score on the 
SWBS was 114.73±16.37 (Table 1).

It was concluded that there was a relationship between the 
gender of the students and the spiritual well-being scale score 
(U= 1093.000; p<0.05), and the spiritual scale score average 
for women was higher. It has been determined that the soci-
oeconomic status of the students had an impact on both the 
resilience scale score and the spiritual well-being scale score. 
It was determined that there was no relationship between the 
other descriptive characteristics of the students and the distri-
butions of scale scores (Table 2).

Relationship between resilience and spiritual well-being
As seen in Table 3, it is observed that there is a moderately sig-
nificant positive correlation between students’ resilience and 
their spiritual well-being. We assessed the association between 
the resilience scale sub-group and SWBS. Perception of self 
and social resources were associated with SWBS. No signifi-
cant relationship was found between the structural style, per-
ception of the future, family cohesion, and social competence 
sub-dimension of the PRSA and the SWBS (p<0.001) (Table 4).

DISCUSSION

The study aimed to evaluate the psychological resilience and 
spiritual well-being levels of undergraduate students in a pedi-
atric nursing course. It is concluded that there is a relationship 
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between the gender of the students and their spiritual well-
being; spiritual well-being is higher in female students. Con-
sistent with our study, Aydın et al.’s study also reported that 
female nursing students had higher psychological well-being 
than males (28).  This may be related to the high number of 
female students in both studies. It has been determined that 
there is a positive relationship between the socioeconomic sta-
tus of the students and their spiritual well-being and resilience 
levels. Another study on the factors affecting resilience in nur-
sing students revealed that economic status was an important 
factor (29).  The literature on the subject emphasizes that finan-
cial difficulties are one of the environmental risk factors that 
negatively affect mental health. The research concluded that 
economic self-sufficiency is an important concept that affects 
psychological resilience and spiritual well-being (30). Most of 
the students in our study want to work in pediatric services 
after graduation. Similarly, to our study, 38% of the students in 
Top’s study and 80% in Bektaş’s study want to work in a pedi-
atric service (31, 32). It is thought that this situation is related 
to the increase in the level of love for children among students 
who take pediatric courses.

Although there is no universal definition of resilience, it is de-
fined in the literature as adapting to difficulties, maintaining 
balance, strength in coping with problems, and growing deve-
lopmentally (33, 34). After caring for adult patients in nursing 
education, the pediatrics course, which requires a different 
approach due to its developmental characteristics, can be a 
challenging process for students. For this reason, it is empha-
sized that the difficulties encountered in the pediatric nursing 
internship and the adaptation process can affect the resilien-

Table 1: Demographic characteristics of students (n=131)

Characteristics M±SD Min-Max

Age 22.56±1.37 21-28

Grade average 2.94±0.31 1.86-3.70

Resilience Scale for Adults

Structural style 14.12±2.06 9-19

Perception of future 14.74±3.58 6-20

Family cohesion 19.53±2.73 13-30

Perception of self 21.32±4.67 8-29

Social competence 21.04±3.86 9-30

Social resources 25.54±4.31 11-33

PRSA Total score 116.31±13.6 86-142

SWBS-Subscales

Transcendence subscale 61.10±11.45 16-75

Harmony with nature subscale 30.77±4.12 21-35

Anomie subscale 22.84±5.71 8-35

SWBS Total Score 114.73±16.37 58-144

n %

Age
21-24
25-28

121
10

92.4
7.6

Gender
Female 
Male

101
30

77.1
22.9

High school education status
Anatolian high school
Health vocational high school

95
25

72.5
19.1

General high school 8 6.1

Science high school 3 2.3

Place of stay in education period
Dormitory
At home (with friends)
At home (with family)

90
18
16

68.7
13.7
12.2

   At home (alone) 7   5.3

Chronic illness 
No
Yes

115
 16

87.8
12.2

COVID-19 diagnosis before
No
Yes

86
45

65.6
34.4

Quarantine status

No 69 52.7

Yes 62 47.3

Experiencing important life event in 
6 months

No 103 78.6

Health problems in family member/s 17   13

Loss of relative 6    4.6

Accident 5    3.8

Socioeconomic status

Middle 108 82.4

Low 21 16.0

High 2   1.5

Work in the pediatric service after 
graduation
Yes, I would like to
No, I don’t want to
The effect of pediatrics course on 
liking children
Increased
Decreased 
Has not changed

78
53

94
6

31

59.5
40.5

71.75
  4.5
23.6

Difficulties experienced in pediatric 
internshipc

Difficulty communicating with the 
child and/or their relatives
Students think that they will harm 
the child
Thoughts of harming the child by 
misapplication during care and/or 
treatment
Not having enough knowledge 
about the care and/or application to 
be made to the child

64

119

61

40

48.9

90.8

46.6

30.5

a: Mann-Whitney U test, b: Kruskall-Wallis test, c: Multiple options were 
ticked, SD: Standart deviation
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ce and well-being of the students (11). In our study, however, 
no significant relationship was found between the difficulties 
in resilience and spiritual well-being that were experienced in 
pediatric clinics. In Mutlu’s study, it was reported that the chal-
lenging experiences in pediatric internships affect students’ 
well-being, self-efficacy, and resilience (11). It is thought that 
this situation may be related to the differences in the educati-
on program. For this reason, it is important to organize prog-

Table 2: Comparison of students’ descriptive characteristics and PRSA and SWBS score distributions

Psychological Resilience Scale for Adults Spiritual Well-Being Scale

n M (SD) Min-Max Test P M (SD) Min-Max Test p

Gender

Female 101 116.59 (13.99) 86-141
1414.500 a 0.582

116.29 (16.89) 58-144
1093.000a 0.02Male 30 115.37 (12.81) 94-142 109.47 (13.41) 87-133

Socioeconomic 
status

Middle 108 117.18 (12.89) 90-141

6.017b 0.04

116.41 (15.46) 82-144

5.996b 0.05Low   21 110.43 (15.94) 86-138 107.71 (18.84) 58-140

High    2 131.50 (14.84) 121-141 97.50 (14.84) 87-108

Place of stay in
education period

Dormitory 90 115.07 (13.54) 87-140

7.575 b 0.05

115.13 (15.95) 58-144

3.914 b 0.27

At home (with 
friends) 18 117.61 (12.38) 94-141 108.50 (16.86) 82-139

At home (with 
family) 16 115.88 (14.13) 86-134 116.81 (18.19) 82-138

At home (alone) 7 130.00 (12.68) 106-142 120.71 (15.09) 101-140

COVID-19 
diagnosis before

No 86 115.59 (12.96) 86-141
1779.000 a 0.44

113.12 (16.07) 58-140
1621.000 0.12Yes 45 117.69 (15.04) 87-142 117.80 (16.68) 85-144

Quarantine status

No 69 114.62 (13.06) 86-141
1828.000a 0.15

112.13 (16.58) 58-140
1768.000v 0.08

Yes 62 118.19 (14.22) 87-142 117.61 (15.76) 84-144

The effect of 
pediatrics course 
on liking children
Increased
Decreased
Has not changed

   94
6

31

116.24 (14.00)
119.00 (12.42)
116.00 (13.30)

86-142
102-134
95-141 0.273b 0.88

114.43 (15.89)
110.83 (9.36)

116.39 (18.91)

82-144
96-121
58-140 1954 0.37

aMann-Whitney U test, bKruskal Wallis H test

Table 3: Comparison of the relationship between the Psychological 
Resilience Scale for Adults and the Spiritual Well-Being Scale

n r* p

PRSA-SWBS 131 .50 0.00

* Spearman Correlation Analysis, PRSA: Psychological Resilience Scale for 
Adults, WBS: Spiritual Well-Being Scale

Table 4: Association of the Resilience scale sub-groups and Spiritual Well-Being Scale 

B SE β t p

Structural style 0.25 0.64 0.03 0.38 0.69

Perception of future 0.87 0.50 0.19 1.74 0.08

Family cohesion 0.51 0.47 0.08 1.08 0.28

Perception of self 0.99 0.38 0.28 2.60 0.01

Social competence -0.11 0.38 -0.02 0.30 0.75

Social resources 0.70
R2 =0.254

0.31 0.18 2.23 0.02

B: Beta coefficient, SE: Standard error, β: Standardized beta coefficient, R2: Coefficient of determination



Sarı Öztürk, Ceylan  Resilience and spiritual well-being in pediatric nursing students
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2023;6(2):179-185

184

rams that will increase resilience and well-being for students 
who take the course of pediatric nursing to be ready for an 
internship.

Our study revealed that there was a moderately positive relati-
onship between resilience and spiritual well-being. Chow et al. 
reported a moderately positive correlation between resilience 
and well-being in a study of 678 nursing students in Hong Kong 
(12). Similarly, Chiang et al. emphasized in their study that spi-
ritual health and resilience are interrelated (13).  The results 
of these studies are similar to our study. Resilient individuals 
can cope with negative situations by buffering them with po-
sitive ones. This type of emotion regulation is associated with 
well-being (35). The education programs for pediatric nursing 
students who are faced with various stressors should include 
elements that strengthen their resilience and well-being and 
improve their positive thinking skills. 

Our study, which examined the effect of self-perception and so-
cial resources sub-dimensions of the PRSA on the SWBS score, 
determined that the model was significant (p<0.05). It can be 
said that as individuals’ self-perception and the support they 
receive from social resources increase, their well-being levels 
are also positively affected. Studies on nurses in the litera-
ture (36, 37) have concluded that self-perception and social 
resources are associated with well-being, which supports our 
study. It is thought that the programs that will improve the self-
perception of nursing students will increase their well-being 
and resilience. It is thought that having knowledge about the 
situations that affect the well-being and resilience of pediatric 
nursing students will play a guiding role in nursing education, 
practice, care, and accreditation. One of the strengths of the 
study is that the majority of the sample was reached, and the 
participation rate of the students was high. Moreover, the on-
line survey, which made it easy to reach students, is one of the 
strengths of the study.

There are limitations regarding the use of questionnaires based 
on participants’ self-reports and the cross-sectional research 
design used in the study. The data analysis was carried out 
according to the cross-sectional research design. Therefore, it 
can be difficult to establish temporal and causal relationships 
between variables.  Additionally, the fact that the majority of 
the study sample was female had a major impact on the study 
outcomes, which is another limitation of the study. In addition, 
one of the limitations of the study is that the study was conduc-
ted only in the relevant school of a state university. Therefore, 
the study results cannot be generalized.

CONCLUSIONS

In this study, it was revealed that there was a moderate positi-
ve relationship between spiritual well-being and psychological 
resilience. It was concluded that there was a significant relati-
onship when the effect of the spiritual well-being scale score 
and the resilience scale self-perception and social resources 
sub-dimension scores were evaluated together. It is thought 
that initiatives that improve self-perception and increase so-
cial resource support in nursing programs will positively affect 
students’ resilience and spiritual well-being. Also, in terms of 

determining the effects of child health courses and clinical in-
ternships, it is thought that the results of this study will be 
beneficial for the review of pediatrics courses. Accordingly, it 
is recommended to implement initiatives that will increase the 
resilience and spiritual well-being of nursing students in nursing 
education and care practices. In this context, it is recommended 
to apply training programs that will increase students’ ability to 
cope with stress and to adapt, and increase resilience.
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ÖZ
Amaç: Bu çalışma, yetişkin bireylerin ortoreksiya nervoza eğilimleri ile 
beden memnuniyetsizlikleri arasındaki ilişkiyi değerlendirmek amacıyla 
planlanmıştır.
Gereç ve Yöntemler: Çalışma, Gaziantep’te yaşayan, 19-64 yaş arası 239 
gönüllü birey üzerinde yürütülmüştür. Katılımcıların ortorektik eğilimlerini 
değerlendirmek için ORTO-11, beden memnuniyetsizliklerini değerlendir-
mek için beden şekli ölçeği (BSQ-34)  kullanılmıştır. Ayrıca katılımcıların 
demografik özellikleri sorgulanmış ve antropometrik ölçümleri alınmıştır. 
ORTO-11 ölçeğinde 25 puan ve altı ortorektik eğilim olarak değerlendiril-
miştir. Beden şekli ölçeğinde 80-110 puan hafif beden memnuniyetsizliği-
ni, 111-140 puan orta derecedeki beden memnuniyetsizliğini ve 140 puan 
üstü ciddi beden memnuniyetsizliği olarak sınıflandırılmıştır.  
Bulgular: Çalışmaya katılan bireylerin ORTO-11 ve BSQ-34 puan ortalama-
ları sırasıyla; 29,54±5,98 ve 83,20±45,46’dır. Çalışmaya katılan bireylerin 
%27,6’sında ortorektik eğilim ve %40,6’sında beden memnuniyetsizliği 
(%10,9 hafif düzey, %13,4’ü orta düzey, %16,3’ü ciddi düzey) olduğu sap-
tanmıştır. Katılımcıların ortorektik eğilimlerine göre BSQ-34 ölçek puanla-
rında anlamlı fark saptanmamıştır (p>0,05). Ayrıca, bireylerin beden 
memnuniyetsizliği sınıflamasına göre ORTO-11 ölçek puanlarında anlamlı 
farklılık göstermemiştir. Ciddi düzey beden memnuniyetsizliği olan bireyle-
rin vücut ağırlığı ve beden kütle indeksi beden memnuniyetsizliği olmayan 
bireylerden daha fazladır (p<0,05).  
Sonuç: Bu çalışma, ortoreksiya nervoza eğilimi ile beden memnuniyetsizli-
ği arasında bir ilişki olmadığını göstermektedir. Bu bulguları doğrulamak 
için daha fazla araştırma yapılması gerekmektedir.
Anahtar Kelimeler: Ortoreksiya nevroza, beden memnuniyetsizliği, yetişkin
 

ABSTRACT
Objective: The aim of the study is to evaluate the relationship between 
the tendencies of orthorexia nervosa and body dissatisfaction among 
adults.
Material and Methods: The study was conducted on 239 voluntary 
individuals who were aged between 19 and 64 years and residing in 
Gaziantep. While the ORTO-11 scale was used to assess the orthorexic 
tendencies of the participants, the body shape questionnaire (BSQ-34) 
was employed to assess their body dissatisfaction. Also the general 
characteristics, anthropometric measurements were collected.  In ORTO-
11 scale, 25 points and below were considered as an orthorexic tendency. 
In the BSQ-34, a score between 80-110 points was classified as slight 
dissatisfaction, a score between 111-140 points as moderate 
dissatisfaction, and a score above 140 points as severe dissatisfaction.  
Results: ORTO-11 and BSQ-34 mean scores of the participants were 
29.54±5.98 and 83.20±45.46, respectively. 27.6% of the participants had 
orthorexic tendencies and 40.6% had dissatisfaction (slight: 10.9%, 
moderate: 13.4%, severe: 16.3%). There was no statistically significant 
difference in the mean BSQ-34 scores of the participants based on the 
orthorexic tendency classification. Furthermore, according to the body 
dissatisfaction classification, there was no statistically significant difference 
between the participants’ mean ORTO-11 scores. However, the 
participants with severe dissatisfaction had significantly higher mean body 
weight and mean body mass index than those with no dissatisfaction.
Conclusion: This study revealed that there was no correlation between 
tendency of orthorexia nervosa and body dissatisfaction. Further studies 
need to be conducted to verify the results.
Keywords: Orthorexia nervosa, body dissatisfaction, adult
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INTRODUCTION

The desire to consume healthy food is not a pathological con-
dition. However, when this desire becomes an obsessive situ-
ation, it can increase the anxiety and stress level of individuals 
and in turn become a pathological condition (1). Orthorexia 
nervosa refers to an obsession with healthy eating behaviours 
(2).  This obsession is caused by the desire to optimise one’s 
own health and well-being. Orthorexic individuals eliminate 
the foods they perceive as unhealthy and impure from their 
daily diets (3). They also pay attention to the preparation and 
cooking methods as well as the production, processing and 
packaging steps of foods (1). They avoid consuming foods con-
taining carcinogenic substances, additives, dyes or hormones, 
and high amounts of salt, sugar, and unhealthy fat (3). Ortho-
rexia nervosa is not officially recognised as an eating disorder 
in DSM-5 or ICD-10. In the literature, there is an ongoing dis-
cussion regarding whether or not orthorexia nervosa is classi-
fied as an eating disorder, obsessive compulsive disorder, or a 
mental disorder (4-5). Some researchers have suggested that 
orthorexia nervosa may be a precursor to an eating disorder. 
Changes occurring in the eating habits of the individuals may 
cause impaired body image (6). Body dissatisfaction refers to 
the negative thoughts and feelings of individuals about their 
body and is usually caused by the inconsistency between the 
way individuals perceive their body and the ideal body shape 
they perceive (7). Body dissatisfaction, impaired body image, 
and weakness obsession take place in the centre of clinically 
diagnosed eating disorders (anorexia nervosa, bulimia nervosa, 
binge eating disorder, other specified feeding and eating disor-
ders) (8).  However, there are a limited number of studies in 
the literature on how non-clinical disorders such as orthorexia 
nervosa affect body satisfaction (3, 5, 9-12) and the results of 
the studies are contradictory. Therefore, the aim of the study 
is to examine the correlation between the tendencies of ortho-
rexia nervosa and body dissatisfaction among adults. 

MATERIAL and METHODS

Sample of the study
The study was conducted between May and July 2022 with 
239 participants (117 women, 122 men) aged 19 to 64 who 
lived in Gaziantep and did not have psychiatric or chronic di-
seases. Approval of Gaziantep Islam Science and Technology 
University Non-invasive Clinical Trials Ethics Committee was 
obtained (Date:26.04.2022, No:101.16.04). The principles of 
the Declaration of Helsinki were followed to conduct the study. 
Participants were informed about the study in detail and they 
read and signed the informed consent form.  

Data collection tool
General characteristics (age, gender, marital status, and period 
of education), orthorexic tendencies, and body dissatisfaction 
of participants were collected by using the questionnaire and 
face-to-face interview method. Also, body weight, height, and 
body mass index were measured by a trained dietician accor-
ding to proper methods (13). Body mass index (BMI; kg/m2) 
was calculated and classified according to the World Health 
Organization recommendations (14).

Orto-11 scale
The ORTO-11 scale was used to determine the obsession of the 
participants regarding healthy diet. The 10-item scale develo-
ped by Bratman et al. was revised by Donini et al. and became 
the ORTO-15 scale (3, 15). Turkish validity and reliability of the 
scale was conducted by Arusoğlu et al. and adapted as ORTO-
11 (2). Items 1, 2, 3, 4, 5, 7, 8, 9, 10, and 11 of the scale are 
rated between 4 points and 1 point (4: always, 3: frequently, 
2: sometimes, and 1: never). The sixth question is reversely 
scored.  Higher scores signify that the participants have less 
risk of orthorexia nervosa. A cut-off point method was used 
for evaluation of the scale. The cut-off point of the study was 
determined as 25 points in the 25% percentile, and 25 points 
or less were evaluated as orthorexic tendency. 

Body shape questionnaire (BSQ-34)
Opinions of the participants regarding body dissatisfaction 
were obtained by using the Body Shape Questionnaire (BSQ). 
The one-dimensional questionnaire was developed by Coo-
per et al. and consisted of 34 items (16). The items are rated 
on a 6-point Likert scale (1: never, 2: rare, 3: sometimes, 4: 
often, 5: very often, and 6: always). Minimum and maximum 
scores of the scale are 34 and 204 points, respectively. BSQ 
was reorganised into two categories: no dissatisfaction – tho-
se classified as free from body dissatisfaction, and presence 
of dissatisfaction - those who were classified as having some 
level of body dissatisfaction (slight, moderate or severe). Body 
dissatisfaction was classified as no dissatisfaction in those with 
less than 80 points, slight dissatisfaction between 80 and 110 
points, moderate dissatisfaction between 110 and 140 points, 
and severe dissatisfaction in those with more than 140 points. 
Its Turkish validity and reliability study was conducted by Ak-
demir et al. (17).

Statistical analysis 
The SPSS 22.0 (SPSS Inc., Chicago, IL, USA) programme was 
employed to evaluate the data and to prepare the tables. 
Graphs were created using GraphPad Prism 9 (GraphPad Soft-
ware, San Diego, CA, USA). Quantitative variables obtained by 
measurement were expressed as mean (X̅), standard deviation 
(SD), and maximum and minimum values; whereas categorical 
variables were expressed as number (n) and percentage (%). 
Continuous variables were compared using the independent 
sample t-test for two independent groups or a one-way analy-
sis of variance (ANOVA) with the Tukey post hoc test for more 
than two groups. The chi-square test was used for the analysis 
of categorical variables. Pearson’s correlation test calculates 
correlation when normality conditions are met. Spearman’s 
correlation test is used when these criteria aren’t met. The 
significance level was set at p< 0.05. 

RESULTS 

Two hundred and thirty-nine adult participants (48.9% men, 
52.1% women) with a mean age of 32.39±11.57 years were inc-
luded in the study. The ORTO-11 mean score of the participants 
was 29.54±5.98 and their BSQ-34 mean score was 83.30±45.46. 
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Orthorexia tendency was found in 27.6% of the participants, 
and body dissatisfaction in 40.6% (Table 1).

BSQ-34 mean score of the participants with orthorexic ten-
dency was 84.53±50.53, and BSQ-34 mean score of those wit-
hout orthorexic tendency was 82.93±43.47 (p>0.05). Orthore-
xic tendency were detected in 32.5% of men participants and 
23.0% of women participants (p>0.05). In addition, no signifi-
cant difference was found in terms of the presence of orthore-
xic tendencies in the participants regarding, age, period of edu-
cation, body weight, BMI and marital status (p>0.05) (Table 2).

The mean ORTO-11 score of those with no dissatisfaction was 
29.80±6.47, the mean ORTO-11 score of those with slight dis-
satisfaction, moderate dissatisfaction, and severe dissatisfac-

tion was 29.62±5.84, 29.34±3.39 and 28.72±5.98, respectively 
(p>0.05). The mean age of individuals with moderate dissatis-
faction is lower than those with slight dissatisfaction or indivi-
duals with no dissatisfaction (p<0.05). The mean body weight 
of the participants with severe dissatisfaction was significantly 
higher than those with no dissatisfaction and slight dissatisfac-
tion (p<0.001) (Table 3).

In Figure 1, the BMI of the participants are presented according 
to the body dissatisfaction classification. The mean BMI for 
participants who had no dissatisfaction, slight, moderate, or 
severe body dissatisfaction was 22.92±4.21 kg/m2, 24.60±4.82 
kg/m2, 26.17±4.89 kg/m2, and 27.29±4.24 kg/m2, respectively.  
Also, it was found that participants who had no dissatisfaction 
had a lower mean BMI than the participants who had moderate 
and severe dissatisfaction (p<0.001). Furthermore, a significant 
positive correlation was found in this study between the BSQ-
34 score and body weight and BMI (r:0.029, p<0.001, r:0.31, 
p<0.001, respectively). There was no significant correlation bet-
ween ORTO-11 and BSQ-34 scores (r:-0.10, p:0.13). 

DISCUSSION

Orthorexia nervosa is characterized by an obsession with he-
althy eating and restrictive eating behaviors. It significantly 
affects a person’s psychological and physical health (18-19). 
Some researchers have stated that the underlying reason of 

 Table 1: General characteristics of the participants

Descriptive characteristics Total (n=239)

X±SD Min-Max

Age (years) 32.39±11.57 19-63

Body weight (kg) 66.93±14.59 46.50-106.50

BMI (kg/m2) 24.21±4.68 17.20-33.91

Period of education (years) 12.29±3.08 2-18

ORTO-11 29.54±5.98 19-42

BSQ-34 83.30±45.46 38-204

n %

Gender

Men 117 48.9

Women 122 52.1

Marital Status

Married 139 58.2

Single 100 41.8

BMI classification

Underweight (BMI < 18.5) 46 19.2

Normal weight (18.5 ≤ BMI ≤ 24.9) 79 33.1

Pre-obese (25.0 ≤ BMI ≤ 29.9) 61 25.5

Obese (BMI ≥ 30.0) 53 22.2

Risk estimates for ORTO-11

Orthorexic tendency 66 27.6

Without orthorexic tendency 173 72.4

Risk estimates for BSQ-34

No dissatisfaction 142 59.4

Dissatisfaction 95 40.6

Slight dissatisfaction 26 10.9

Moderate dissatisfaction 32 13.4

Severe Dissatisfaction 39 16.3

X: Mean, SD: Standard deviation, n: Number of participants, %: Percentage 
of participants, Min-Max: minimum and maximum values, BMI: Body mass 
index, BSQ-34: Body shape questionnaire 

Table 2: General characteristics of the participants 
according to the tendency of orthorexia nervosa

Classification of tendency of 
orthorexia nervosa

pOrthorexic 
tendency

(n: 66)

Without 
orthorexic 
tendency
(n: 173)

X±SD X±SD

Age (years) 34.60±12.65 31.54±11.06 0.068*

Period of 
education (Years) 12.60±2.98 12.17±3.12 0.334*

Body weight (kg) 68.57±14.88 66.31±14.47 0.285*

BMI (kg/m2) 24.24±4.44 24.20±4.78 0.757*

ORTO-11 22.46±2.24 32.24±4.59 <0.001*

BSQ-34 84.53±50.53 82.93±43.47 0.811*

n(%) n(%)

Gender 

Men 38 (32.5) 79 (67.5)
0.112**

Women 28 (23.0) 94 (77.0)

Marital Status

0.053**Married 32 (34.0) 107 (66.0)

Single 34 (23.0) 66 (77.0)

X: Mean, SD: Standard deviation, n: Number of participants, %: Percentage 
of participants, BMI: Body mass index, BSQ-34: Body shape questionnaire, 
*Independent sample t-test, **Chi-Square test, Bold values are for p<0.05
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Healthy eating obsession of the individuals with orthorexia 
nervosa may be the concern about body appearance (20-21). 
However, there is little research on this subject in the literature. 
Therefore, more is needed. In the current study, the correla-
tion between orthorexic tendency and body satisfaction was 
investigated in adults.

In a study conducted by Bagcı Bosi et al. using ORTO-15 sca-
le in a sample including doctors, the prevalence of orthorexic 

tendency was found as 45.5% (22). Another study on adults 
doing sports via the ORTO-11 scale, they determined that the 
rate of the individuals showing orthorexic tendency was 29.9%  
(6). In this study, the ORTO-11 scale was used to evaluate the 
orthorexic tendency of individuals, and the rate of individuals 
with orthorexic tendency was found to be 26.4%, and this rate 
is similar to the rate reported in a previous study conducted in 
Turkey using the ORTO-11 scale (6).  With regards to body dis-
satisfaction, studies have found that between 19% and 51.3% 
of people have body dissatisfaction (23). In this study, 40.6% 
of participants showed body dissatisfaction. 

When BMIs of the individuals were evaluated according to their 
orthorexic tendencies, similar to the previous studies, no signi-
ficant difference was found between the orthorexic tendencies 
and BMI of the participants in the current study (11, 24-25). 
Excessive concentration of people with the orthorexic tendency 
on the quality of food does not mean control of the amount of 
food consumed (26).  In the literature, it is stated that BMI is 
an important determinant of body dissatisfaction (27). In their 
study, Karr et al. determined that there was a positive correla-
tion between the BMI and body dissatisfaction of athletes. In 
other words, as the BMI of the athletes increased, their body 
dissatisfaction also increased (28). In the present study, body 
weight and mean BMI of the participants with severe dissatis-
faction were statistically significantly higher than the values of 
those with no dissatisfaction.  A positive significant correlation 
was found between BSQ-34 scores and body weight and BMI. 
As the body weight or BMI of the participants increased, BSQ-
34 score also increased. That is, body dissatisfaction increased. 
There are conflicting results in the studies examining the cor-

Table 3: General characteristics of the participants according to the body dissatisfaction classification

Body Dissatisfaction classification

No Dissatisfaction
Dissatisfaction

Slight Moderate Severe p

X±SD X±SD X±SD X±SD

Age (years) 33.04±12.17a 36.27±12.07 a 26.28±9.63b 32.49±8.66ab 0.006*

Period of education 
(Years) 12.38±3.2 12.23±2.55 12.5±3.42 11.85±2.77 0.783*

Body weight (kg) 63.63±13.14 a 66.48±15.79 a 69.69 ± 13.67ab 77.52±14.35b <0.001*

ORTO-11 29.80±6.48 29.62±5.84 29.34±3.39 28.72±5.98 0.792*

BSQ-34 51.15±11.24a 88.23±9.14b 123±7.90c 164.54±19.27d <0.001*

n (%) n (%) n (%) n (%)

Gender 

Men 63 (53.8) 16 (13.7) 17 (14.5) 21 (17.9)
0.329**

Women 79 (64.8) 10 (8.2) 15 (12.3) 18 (14.8)

Marital status

Married 59 (59.0) 13 (13.0) 11 (11.0) 17 (17.0)
0.683**

Single 83 (59.7) 13 (9.4) 21 (15.1) 22 (15.8)

X: Mean, SD: standard deviation, n: Number of participants,%:  Percentage of participants BMI: Body mass index, BSQ-34: Body shape questionnaire, * One-way 
ANOVA was used for the test of differences and Tukey’s post-hoc test. Different lower letters in the same column indicate a statistical difference among the groups, 
**Chi-Square test, Bold values are for p<0.05

Figure 1: Distribution of BMI according to body dissatisfaction 
classification. Bar graphs representing BMI (kg/m2) according 
to body dissatisfaction classification. Data are expressed as 
mean±SD, and the results were analyzed using one-way ANOVA 
followed by post hoc analysis. *p<0.05 was considered statisti-
cally significant. 
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relation between orthorexic tendency and body dissatisfac-
tion (3, 5, 9-12). In another study, Bratman’s orthorexia test 
and Sociocultural attitudes toward appearance questionnaire 
were employed and fit participants with orthorexic tendencies 
were found to be concerned about body dissatisfaction (9). In 
a study conducted with Chinese elders, Dusseldorf Orthorexia 
Scale and body dissatisfaction subscale of the Eating Disorder 
Inventory were used and as a result, orthorexic symptoms were 
significantly and negatively correlated with body dissatisfaction 
(5). There are also opinions in the literature that orthorexic in-
dividuals do not have body dissatisfaction. Because the main 
goals of orthorexic individuals are not to lose weight but to eat 
healthy (3). A study conducted on young adults reported that 
body image was not a predictor for orthorexic tendency (12). In 
their study, Plitcha et al., determined that there was no signifi-
cant difference between body dissatisfaction classifications of 
the participants according to their orthorexic tendencies (11). 
In their study, Morais Freire et al. evaluated orthorexic ten-
dency by using ORTO-15 scale and body dissatisfaction by using 
BSQ-34 scale, and found no significant correlation between 
ORTO-15 and BSQ-34 (10). In the current study, there was no 
statistically significant difference between the ORTO-11 scores 
of the individuals in terms of the body dissatisfaction classifica-
tion, and their BSQ-34 mean scores in terms of the orthorexic 
tendency classification. In addition, no correlation was found 
between BSQ-34 and ORTO-11 scores (p>0.05). The results of 
the study are compatible with the results of previous studies 
(10-12).  It can be asserted that the reason why individuals seek 
healthy food in order to reach better health standards is not 
body dissatisfaction and there is no direct correlation between 
orthorexic tendency and body satisfaction (29). 

Even though there are many studies in the literature regarding 
orthorexia nervosa or body dissatisfaction, there are a limited 
number of studies that evaluate the correlation between body 
dissatisfaction and tendency of orthorexia nervosa. This study’s 
findings guide future research. This is the first study in Turkey 
that evaluates the correlation between tendency of orthorexia 
nervosa and body dissatisfaction by using the BSQ-34 scale. In 
addition, the scales used in this study have been validated in 
the Turkish population. Despite its strengths and contribution 
to the literature, this study has limitations. First, because this 
is a cross-sectional study, causal conclusions about orthorexic 
tendencies and body dissatisfaction cannot be drawn. A lon-
gitudinal study may reveal the cause-and-effect relationship 
between orthorexia and body dissatisfaction. Second, the study 
had few participants, so its results may be limited.

CONCLUSION

It was concluded that body dissatisfaction cannot be conside-
red a determining factor for tendency of orthorexia nervosa. 
Further studies are needed on this subject.
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ÖZ
İleri bakım planlaması (İBP) herhangi bir yaştaki veya sağlıklarının farklı 
aşamalarındaki yetişkinlerin kişisel değerlerini, yaşam hedeflerini ve gele-
cekteki tıbbi bakımla ilgili tercihlerini anlama ve paylaşma konusunda 
destekleyen bir süreçtir. Bu süreç herhangi bir zamanda başlayabilir ve 
periyodik olarak tekrar gözden geçirilebilir fakat bir kişinin tıbbi durumu 
her değiştiğinde İBP’ ye yeniden odaklanılmalıdır. Daha önceki araştırma-
lar, birçok insanın yaşamlarının sonunda bakımla ilgili endişe ve istekleri-
nin olduğunu ve karar alma süreçlerine aktif olarak katılmak istediklerini 
ortaya koymuştur. İleri evre kanser tanısı olan bireylerin İBP tartışmalarına 
katılma istek ve arzularının diğer hasta gruplarına göre farklılık gösterdiği-
ne dair kanıtlar mevcuttur. İBP kullanımı ve uygulanmasında hâla görüş 
farklılıkları bulunmaktadır. Bu görüş farklılıklarının nedenleri arasında İBP’ 
nin önündeki engellerin, İBP’yi çevreleyen korkunun, kültürler arası farklı-
lıkların ve önceki sağlık deneyimlerinin etkisi olabilmektedir. Dünya’ da 
Tıbbi Onkoloji alanında, palyatif bakım ilkeleri ve ileri bakım planlaması için 
giderek artan bir literatür mevcuttur. Bu derlemenin amacı; Erişkin ve 
çocuk kanser hastalarında İBP’ nin göze çarpan özelliklerini aydınlatmak ve 
bu kavramı Türk literatürüne kazandırmaktır.
Anahtar Kelimeler: İleri bakım planlaması, yetişkin kanser, pediatrik kanser

ABSTRACT

Advance care planning (ACP) aims to support patients regardless of age or 
stage of health to understand and share personal values, goals in life, and 
future medical care preferences. This process which may be started at any 
time should be reviewed at periodical intervals depending on individuals’ 
medical conditions. According to previous research, end-of-life care is a 
source of deep concern for many people who want to ensure active 
involvement in decision-making processes. Compared to other patient 
groups, individuals suffering from advanced cancer may have different 
levels of willingness regarding being a part of ACP discussions, as evidence 
shows. The barriers to ACP, the fear surrounding ACP, cultural differences, 
and previous health experiences have generated differences of opinion on 
the use and implementation of ACP. Across the world, palliative care 
principles and advance care planning are developing in the field of 
Medical Oncology. This review aimed to present the most important 
features of ACP in adult and pediatric cancer patients and to incorporate 
this concept to Turkish literature.
Keywords: Advance care planning, adult cancer, pediatric cancer 

INTRODUCTION

Advance care planning (ACP) is designed to define patients’ 
future medical and end-of-life care based on their values, wish-
es, and preferences from the beginning of their illness to the 
end of life (1). ACP was first defined by Joan Teno et al. As “a 
communication process that aims to ensure the consistency of 
clinical care with the care preferences of patients” (2). Parallel 
to this definition, a consensus stated the goal of ACP in 2017 
ACP as “giving individuals the opportunity to determine their 
own values, to think deeply about what serious illness means 

and what consequences it has, to detail their goals and pref-
erences in regards to the future medical treatment and care 
they would like to receive, and to discuss all options with their 
respective families” (3,4). 

ACP addresses individuals as a whole and focuses on physical, 
psychological, social, and spiritual concerns. It has been shown 
that advance care planning improves the quality of life (5). In 
addition, ACP encourages individuals to select a representative 
for themselves and to record any preferences by regularly re-
viewing them (3,6).  However, care personnel should have the 
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capacity to undertake the necessary steps so that ACP can pro-
vide the individuals with the opportunity to plan their future 
care and support, including medical treatment (7).

While not everyone in the community may be willing to make a 
prospective care plan, ACP will be useful for specific groups. For 
example, prolongation of hospitalization due to chronic diseas-
es affects the decision-making ability of individuals by causing 
mood changes (7). ACP is more commonly used in Europe and 
America for cancer patients, in addition for patients with other 
serious diseases such as chronic obstructive pulmonary disease 
(COPD), human immunodeficiency virus (HIV), and amyotrophic 
lateral sclerosis (ALS) (8, 9).

Today, the concept of ACP has been expanded to include more 
patient groups as well as healthy individuals (3, 10). ACP is 
expected to reduce concerns about the future and improve 
patients’ and their relatives’ quality of life (11). Giving patients 
a sense of control and a peace of mind, and ensuring that pa-
tients can talk about end-of-life issues with family and friends 
are among the reported ACP benefits (8). Ideally, these discus-
sions take place with the individual’s health care representative 
and clinician along with clinical team members. These discus-
sions should be recorded and updated when the need arises to 
ensure flexible decision making in regard to patient’s current 
medical condition (12). Current guidelines recommend that 
specialist physicians initiate advance care planning discussions 
(9, 13). However, little is known about the preferences of gen-
eral population about the individuals with whom they would 
like to discuss end-of-life care choices and with whom they can 
really involve in these discussions (14).

Despite the positive evidence for the effectiveness of ACP, clini-
cal practice does not really entail such discussions between 
patients and healthcare professionals to take place at the de-
sired level (15,16). This may be partly due to barriers related to 
patients (8, 17). For example, patients reported reluctance to 
take part in ACP discussions due to their fear of facing death, 
the worry about placing an unnecessary burden on their fami-
lies, and the feeling that it would be impossible to plan for the 
future (18) (Table 1). It is stated that patients’ lack of knowl-
edge about ACP may cause inadequate use of ACP (19). Barri-
ers faced by physicians include lack of knowledge in handling 
discussions about ACP, not knowing the appropriate time for 
discussion, the belief that patients should initiate the discus-

sion, the fear of losing hope and revealing unmet needs (20). 
Another study cited the barriers to ACP as: 1) the perception 
that ACP discussions are overwhelming or stressful for the pa-
tient, 2) the wish to represent the care plan and its course posi-
tively, 3) the concern that it may create difficulties in accepting 
poor prognosis, and 4) the complexity surrounding patients’ 
understanding about the complications of life-prolonging pro-
cedures (21, 22). However, the angles of the ACP discussions 
that were difficult and unpleasant at the beginning may later 
be considered beneficial. Starting ACP at very early stages can 
generate concern and anxiety (9). A systematic review dem-
onstrated that the ACP process is more beneficial and positive 
for the patients depending on the readiness of the patient (8).

Another review presented that ACP training provided to health-
care professionals positively affected their knowledge, attitudes, 
and skills and increased their communication skills in discussing 
the decisions about end-of-life. Adequate training and experi-
ence will help doctors and nurses in addressing patients’ and 
their families’ needs and preferences regarding their care (23). 
It is imperative that healthcare professionals create the required 
time and venue for ACP in patients’ social and healthcare settings 
to ensure active and meaningful involvement of patients (9).

Advance care planning in adult cancer patients 

With the help of ACP, patients will be able to reflect on and 
share their personal values, life goals, and preferences regard-
ing their prospective medical treatment and care (4). ACP re-
duces the burden on doctors and family members by mini-
mizing the rate of using undesired treatments at the end of 
patients’ lives. Although ACP is an encouraging and favorable 
approach to increase the quality of life in advance cancer pa-
tients, there is inadequate evidence backing its effectiveness 
for this patient group (11, 24). The cancer patients’ responses 
to ACP and their values and needs have been reported to be 
different compared to other patient populations (9). Among the 
patients with advance cancer, the individuals who are close to 
death may be more open to early end-of-life conversations (25). 
On the other hand, a study conducted with cancer patients 
in 6 countries showed that while patients who participated 
in ACP discussions received specialist palliative care support 
more frequently, ACP discussions had no effect on their life 
quality, coping mechanisms or taking part in processes related 
to decision-making (24).

Table 1: Barriers to ACP

Factors related to patients Factors related to health care professionals Factors related to the system

Insufficient information about health status Hesitations to discuss possible future complications 
with patients, especially when they seem well

 Focusing on medical treatment 
in general

Unpredictable course of the disease and difficult 
prognosis

Fear of taking away the feeling of hope from the 
patient

Lack of coordinated and 
structured approach to ACP

Hesitation about considering/discussing 
treatment choices

Time barrier Uncertainty in the literature 
about ACP initiation

Expectations that doctors should initiate ACP Difficulties in finding the right moment to start ACP Limited resources

ACP: Advance care planning
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Advance care planning for pediatric cancer patients

Advance care planning is widely advocated to increase the par-
ticipation of patients and family members in areas related to 
comprehending the values, preferences, and care goals of the 
patients regardless of prognosis and the course of the disease 
(26, 27). ACP requires a communication process that aims to 
timely coordinate prospective medical care and treatment with 
the patients’ values and preferences throughout the disease (27).

Cancer diagnosis affects the individual and the family for a 
long time to come (28). Since the treatment process is highly 
complex, clinicians, parents, and children regularly encounter 
difficult decisions and discussions about not only the current 
care and treatment options, but also about the future ones 
as well (29). ACP is strongly recommended for children and 
adolescents by international guidelines and medical societies 
(26). However, research on pediatric ACP is highly limited, and 
little is known about how families respond to this concept (30). 
In particular, pediatric ACP lacks the professional perspective 
(31). The literature on ACP in the field of pediatrics primarily 
focuses on the intensive care setting and oncology population 
(32). In these populations, discussions of ACP are often driven 
by the imminent expectation of death, the need for explanation 
regarding resuscitation practices, the situations where curative 
treatments have failed, and where the focus is palliative care.

There are many barriers to ACP discussions such as unrealistic 
expectations and differences between how the parent and the 
clinician understand and approach the prognosis (33, 34). The 
clinicians reported that they were uncomfortable with ACP due 
to the fear of losing hope, the uncertainty of prognosis, and 
not knowing the right time to address these problems (33). 
Research has shown that many clinicians knowingly avoid these 
discussions not to destroy or damage patients’ feelings of hope, 
even when the individual is in the advanced stages of the dis-
ease (35, 36). In addition, a lack of communication about liv-
ing with the disease among individuals with cancer, parents, 
and healthcare professionals has been consistently reported 
by various studies (37-39). The physician must first understand 
the child’s and family’s perspective on the illness and its effect 
on their lives. Beliefs, values, hopes, and fears shape their per-
spectives and must be understood to guide them throughout 
the process (40).

When pediatric cancer patients are excluded from treatment 
discussions and decisions, they may have difficulties in coping 
with their disease (41). Palliative care with ACP is an evidence-
based standard of care in pediatric cancer (42). The importance 
of communication on the application of ACP with pediatric can-
cer patients is indicated in several studies (29,43,44). According 
to studies, pediatric cancer patients and their families wish to 
receive direct, empathetic, and frequent communication, even 
when the disease is progressive (44, 45).

Children and adolescents with cancer may desire information 
and the ability to take part in decision making to identify their 
care plan, to choose and refuse treatment, and to decide how 

they will be remembered after their death (46, 47). Discussions 
related to care and ACP will ensure that patients will make 
sense of and course their hopes, fears, and care preferences 
more securely (47). Studies have shown that ACP discussions 
do not harm the patient in regards to anxiety (46, 48). A study 
conducted with children with cancer and their families com-
pared randomly selected families for pediatric advance care 
planning with the families in the control group and reported 
that care giving was evaluated more positively and stated that 
ACP discussion experiences were valuable (30).

The best interests of the child should be kept in mind when 
considering the decisions regarding end-of-life care. ACP will 
support pediatricians in their efforts to engage in sensitive, 
timely, and honest discussions so that the wishes of families at 
the end of their child’s life can be facilitated (49). It is important 
to consider the cultural differences in the society and the de-
sires and views of the family during ACP discussions.

CONCLUSION

ACP is associated with positive outcomes and should be encour-
aged regardless of the limitations and critical issues surrounding 
the concept. Many healthcare organizations are seeking strate-
gies to integrate ACP into their regular practices. A comprehen-
sive approach beyond a single setting and a single discipline is 
necessary for ACP to be regarded as a continuous conversational 
process across time and settings (50). Since ACP may generate 
fear and distress, it appears to carry both benefits and risks, in 
social, psychological, and emotional realms which may affect 
patients, family members, and healthcare professionals in dif-
ferent ways. The end-of-life behaviors and choices of patients, 
their loved ones, and caregivers are strongly influenced by the 
organizational culture, as well as by their earlier experiences 
with the treatment setting or death. Therefore, ACP is not only 
about patients’ choices, it is the outcome of a complicated and 
ever-changing reciprocity between patients and caregivers. The 
level of joint decision-making desired by individuals should be 
determined. Open and honest discussions should be initiated at 
the earliest opportunity. Health professionals have a duty to plan 
advance care so that severely ill patients can be provided with 
care that meets their individual needs. In this context, facilitat-
ing patient autonomy is both complicated and controversial. In 
Turkiye, ACP is not yet implemented in institutions due to un-
certainties and legal reasons. More research is needed to raise 
awareness related to ACP, to present the ethical framework for 
ACP, and to grasp the philosophical approach of healthcare pro-
fessionals, cancer patients, and caregivers towards ACP.
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ÖZ
Alzheimer hastalığı (AD) oldukça sık rastlanılan ve majör yıkıcı bir etkiye 
sahip olan nörodejeneratif bir hastalıktır. Özellikle 65 yaş üstü nüfusu 
büyük oranda tutan, hasta kişinin nöron ölümü, hafıza kaybı, bilişsel ve 
kolinerjik işlev bozuklukları gibi sıkıntılarla günlük yaşamını önemli derece-
de etkileyen bir durumdur. Fakat son dönemde yapılan ilaç geliştirme 
çalışmalarının oldukça yoğun yürütülmesine rağmen, hala kişileri tama-
men iyileştirebilecek veya hastalığın evresini tamamen durdurabilecek 
etkili bir ilaç molekülü maalesef bulunamamıştır. Bunun sebeplerinden biri 
de hastalığın patolojisinin nasıl ortaya çıktığının anlaşılamaması ve karma-
şıklığı ile ilgilidir. Alzheimer hastalığı için kabul gören en önemli teori koli-
nerjik hipotezdir. Önemli bir nörotransmitter olan asetilkolin (ACh), asetil-
kolinesteraz (AChE) ve bütirilkolinesteraz (BuChE) isimli iki kolinesteraz 
enzimi (ChE) tarafından metabolize edilir. AD ile birlikte ise ChE aktivitesi 
artmış ve dolayısıyla asetilkolinin yıkımı tetiklenmiştir. Ayrıca AChE’in peri-
feral anyonik bölgesi (PAS)’nin Aβ-peptid fibrillerinin oluşmasına da neden 
olduğu anlaşılmıştır. Bu sebeple bu hipoteze dayanarak tedavideki en 
etkili yaklaşım, kolinerjik sinapslarda ACh seviyesini arttırarak eski haline 
döndürmeye çalışan kolinesteraz inhibitörlerinin (ChEI) kullanılmasıdır. 
Üstelik multifonksiyonel moleküllerin tasarımları üzerine de odaklanılmış-
tır. Sonuç olarak hastalığın karmaşık yapısı ve etkileri göz önüne alındığın-
da, bu alanda daha fazla çalışma yapılması gerekmektedir. Bu çalışmada 
son yıllardaki önemli ve dikkat çeken çalışmalar yer almış olup, bundan 
sonraki ilaç araştırma ve geliştirme çalışmalarına katkı sağlaması amaçlan-
mıştır.  
Anahtar kelimeler: Alzheimer hastalığı (AD), kolinesteraz inhibitörleri 
(ChEIs), asetilkolinesteraz inhibitörleri (AChEIs), butirilkolinesteraz inhibi-
törleri (BuChEIs), multifonksiyonel ilaçlar, çoklu hedefe yönlendirilmiş 
ligandlar

ABSTRACT

Alzheimer’s disease (AD) is a common neurodegenerative disorder which 
has a catastrophic effect on the brain. It significantly affects people’s daily 
life, especially the population over the age of 65, with problems such as 
neuron death, memory loss, cognitive disorders, and cholinergic 
dysfunction. However, despite the drug development studies which have 
been conducted recently quite intensively, an effective drug molecule that 
can completely cure people or stop the stage of the disease has not been 
found yet, unfortunately. One of the reasons for this is the complexity of 
understanding of how the pathology of the disease arises. The most 
accepted theory for AD is the cholinergic hypothesis. Acetylcholine (ACh), 
an important neurotransmitter, is metabolized by two cholinesterase 
(ChE) enzymes named acetylcholinesterase (AChE) and 
butyrylcholinesterase (BuChE). With AD, ChE activity increases and thus 
the degradation of acetylcholine is triggered. In addition, it is understood 
that the peripheral anionic region (PAS) of the AChE also caused the 
formation of Aβ-peptide fibrils. Therefore, based on this hypothesis, the 
most effective approach in treatment is the use of cholinesterase 
inhibitors (ChEI), which try to restore ACh levels by increasing them at 
cholinergic synapses. Furthermore, it focused on the design of 
multifunctional molecules. In conclusion, considering the complex nature 
of the disease and its effects, it is clear that more studies are needed in 
this area. In this study, important and remarkable studies in recent years 
have been included and it aimed to contribute to future drug research and 
development studies.
Keywords: Alzheimer’s disease (AD), cholinesterase inhibitors (ChEIs), 
acetylcholinesterase inhibitors (AChEIs), butyrylcholinesterase inhibitors 
(BuChEIs), multifonctional drugs, multi-target directed ligands

INTRODUCTION

Dementia, a major neurodegenerative disorder, is a disease 
that significantly affects a person’s memory, behavior, mental 
abilities, and social life (1). In 1906, Alzheimer’s disease (AD) 

was first defined as the condition of a serious disease of the 
cerebral cortex by the German psychiatrist Alois Alzheimer, af-
ter the examination of the brain autopsy of a patient who had 
some personality differences and lost his memory before he 
died (2, 3). It is the most common type of dementia worldwide, 

https://orcid.org/0000-0002-8261-9944

https://orcid.org/0000-0002-4495-4282



Yıldırım, Ulusoy Güzeldemirci  Cholinesterase inhibitors in the treatment of Alzheimer’s disease (2020-2022)
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2023;6(2):197-209

198

which is chronic-permanent and very common especially in pe-
ople over the age of 65, although the exact cause is unknown, 
the pathology can first be detected by; 

• the accumulation of intracellular tau proteins (by hyperp-
hosphorylation) and extracellular beta-amyloid (Aβ) 
aggregates,

• the occurrence of neuronal degeneration with neurofib-
rillary tangles (NFTs) after upregulation of β-sesterase, 

• oxidative stress, 

• neuroinflammation, 

• the low levels of acetylcholine (ACh) neurotransmitter in 
the hippocampal and cortical region of the brain (1, 4-8). 

For this reason, neuronal death and damage to the hippocam-
pal part of the brain occur with the changes as a result of AD. 
Besides, symptoms which are characterized by insidious onset 
and slow progress, such as agitation, disinhibition, apathy, dif-
ficulty in making decisions, difficulty in finding words, severe 
speech disorder and forgetfulness, psychosis, anxiety and sle-
ep disturbance may occur and it is highly progressive (2, 4, 7). 
Physiological differences between the normal brain of a healthy 
person and the brain of a person with AD are shown in Figure 1. 
Advanced age, gender, genetic factors (70% probability), head 
injuries, vascular disorders, obesity, diabetes, infections, lifest-
yle and environmental factors (heavy metals, air pollution and 
others) can be counted as threatening situations that may cau-
se the disease (3). Although it is considered to affect the elderly 
population, a familial AD caused by a gene mutation caused 
death in a 28-year-old (9). As stated in the World Alzheimer’s 
report of 2021, there are more than 55 million Alzheimer’s pa-
tients worldwide today, and this number is estimated to reach 
78 million by 2030 (1). Dementia in the world population data 
in 2016; It was reported as the 5th largest cause of death among 
2.4 million deaths and the 2nd largest one in people over 70 
years of age (5). The World Health Organization has stated that 
AD may be more common than cancer, cardiovascular diseases 
and AIDS within the next century (10).

Figure 1: Physiological differences between the normal brain 
of a healthy person and the brain of a person with Alzheimer’s 
disease (3).

Current Alzheimer’s drug therapy
Acetylcholine is the key for both the central nervous system 
(CNS) and autonomous nervous system, the biomarker in AD, 
which is of such importance, and responsible for memory and 
learning tasks in the brain by providing communication bet-
ween two nerve cells. Acetylcholinesterase enzyme plays an 
important role in the regulation of acetylcholine and the first 
theory is the cholinergic hypothesis based on it (4, 11). As it is 
known, cholinergic transmission is quite significant in cerebral 
cortical development and activity, cerebral blood flow, sleep-
wake cycle, memory, learning and cognition. Furthermore, 
the biological response to acetylcholine-transmitted warning 
signals in the cholinergic system is given by a post-synaptic 
receptor (muscarinic or nicotinic receptor) (12). In order to inc-
rease the density of ACh, which decreases with the increase 
of acetylcholinesterase enzyme as a result of Alzheimer’s di-
sease in brain cholinergic synapses and also in neuromuscular 
junctions, to make up for the cholinergic loss, and to incre-
ase cholinergic transmission, it is attempted to block acetyl-
cholinesterase and butyrylcholinesterase enzymes that break 
down this neurotransmitter into choline and acetate (2, 4, 13, 
14). Butyrylcholinesterase enzyme, which is the isoenzyme of 
acetylcholinesterase, a member of the cholinesterase enzyme 
family (also known as serum cholinesterase and contains 65% 
homologous amino acid residues with AChE) is a minor ele-
ment in the brain of a healthy person, while it is increased due 
to plaque and tangles in the brain of the patient with AD. And 
therefore impaired cholinergic transmission can also be trea-
ted by inhibition of BuChE (15, 16). But in advanced AD, on the 
contrary, the AChE level is severely reduced due to severely 
damaged neurons (15). Since the BuChE enzyme, which is also 
called as pseudocholinesterase, is synthesized in the liver and 
then distributed in the plasma, it is less specific to acetylcho-
line, and AChE activity plays a more dominant role in acetyl-
choline hydrolysis at neuromuscular junctions and cholinergic 
synapses (5, 15, 17). It was reported that BuChE-rich neurons 
in the human cerebral cortex were only half as large as neu-
rons with dense AChE (15). Additionally, when the structure 
of AChE was examined, it was understood that the peripheral 
anionic site (PAS) of the enzyme also causes the formation of 
Aβ-peptide fibrils. Thus, it was also studied on the designs of 
molecules that would interact with the AChE enzyme binding 
site like the PAS and prevent the formation of Aβ-peptide fibrils. 
What makes AChEI the most effective and most successful tre-
atment method is not only the fact that these drug molecules 
increase cholinergic transmission, but also the fact that it cre-
ates a dual solution by preventing Aβ synthesis, accumulation 
and formation of aggregates (18). 

In summary, AChE enzyme is preferred as a target in drug de-
velopment due to its structure and relationship with acetyl-
choline, but BuChE enzyme also gains importance as a target 
to be inhibited because it will increase to 105-165% of normal 
condition in advanced AD (15).

Researchers have discovered a catalytic anionic site (CAS) at the 
bottom of a narrow passage, in which the hydrophobic amino-
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acid side chains are located. CAS consists of a few subsites: the 
anionic site, where the interaction with ACh takes place, the 
esteratic site (ES), where three residues of the catalytic triad 
are included, the oxyanion hole, and the acyl pocket, which 
provides substrate selectivity (12). The catalytic triad (serine, 
histidine and an acidic residue which is also a glutamate) is inc-
luded in AChE enzym’s catalytic site and has a crucial importan-
ce (12, 15). A choline-binding site have hydrophobic tryptophan 
residues while it is expected to have anionic groups. Another 
significant subunit known as the peripheral anionic site (PAS) 
has also been found approximately 15A ̊from the CAS (12). 
Structural features of the AChE enzyme are shown in Figure 2.

Figure 2: Structural features of the AChE enzyme (as known as 
serine hydrolase) (12).

Although the communication of the substrate with the acti-
ve site seems to take a long time based upon the path it will 
take, it is considered that this reaction takes place very quickly 
thanks to the electric field of AChE. Despite electrical field re-
duction attempts, the rate of the enzyme has not changed. In 
the literature, it was noted that AChE hydrolyzes about 25000 
AChs per second (19). The serine amino acid containing the 
hydroxyl group (acts as a nucleophile) and the histidine amino 
acid containing the imidazole ring (acts as a base) in the struc-
ture of the AChE hydrolyze ACh in its ester structure and allow 
the release of choline and the formation of the intermediate 
Acetly-AChE, and subsequently let the intermediate product 
hydrolyze to release acetate. The AChE reaction is shown in 
Figure 3.

The acetylcholine neurotransmitter is synthesized from choli-
ne and acetyl-coenzyme A in the cytoplasm of neurons by the 
enzyme choline acetyltransferase (ChAT) and is transported 
via the vesicular acetylcholine transporter (VAChT). According 
to Cholinergic Hypothesis; In the 1970s, it was thought that 
the source of the problem in cholinergic transmission was the 
enzyme choline acetyltransferase (ChAT), which enabled the 
synthesis of acetylcholine. However, later studies pointed out 
the AChE enzyme. Discovery of interactions between AChE and 
Aβ peptide supported this idea (3). The cholinergic synapse is 
shown in Figure 3.

Figure 3: The acetylcholinesterase (AChE) reaction (19). And 
the cholinergic synapse (3).

Unfortunately, the progression of Alzheimer’s disease cannot 
be stopped or completely cured with current medications, 
but they are helpful in reducing symptoms and improving the 
person’s quality of life (8). In addition, cholinergic-acting cho-
linesterase enzyme inhibitor (ChEI) molecules, which are also 
approved by the Food and Drugs Administration (FDA), consti-
tute an important group of drugs in the treatment in the early 
stages of Alzheimer’s disease (2, 4, 16). These are:

• Tacrine: It has the tetrahydroacridine structure and it was 
the first FDA approved ChEI (in 1993). It inhibits both AChE 
and BuChE.

• Donepezil: It is an indanonebenzylpiperidine derivative 
(FDA approval in 1996) and it selectively inhibits AChE.

• Galantamine: It is an alkaloid derivative (FDA approval in 
2003) and it selectively inhibits AChE. 

• Rivastigmine: It is a carbamate derivative (FDA approval 
in 2006) and it makes non-specific inhibition (2, 9, 14). 

Apart from ChEIs, memantine, a non-competitive antagonist of 
glutamate N-methyl-D-aspartate (NMDA) receptors, which was 
FDA-approved (in 2003) is also used in the treatment of AD (5, 
8, 9). Nevertheless, as well as their benefits, these molecules 
may also have serious peripheral cholinergic side effects such 
as gastrointestinal discomfort, bradycardia, diarrhea, loss of 
appetite, nausea, vomiting, sweating, muscle cramps, fatigue, 
increased frequency of bowel movements, insomnia, headac-
he, dizziness, loss of consciousness, excitement, extreme fear, 
hallucination, urinary incontinence and bronchoconstriction. 
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Thus, new drug molecules are being developed in order to imp-
rove the selectivity and side-effect profiles (2, 4, 6, 8, 13). The 
chemical structures of traditional ChEIs are shown in Figure 4.

While donepezil, rivastigmine and galantamine are currently 
used clinically for Alzheimer’s disease, tacrine was withdrawn 
from the market due to its severe hepatotoxic effect and drug-
drug interactions (2, 14). In a study it was discovered that me-
mantine and donepezil molecules can also be used as a dual 
combination in the treatment (8). In another study, it was noted 
that in a situation where donepezil or galantamine molecules 
cannot improve, cognition and behavior with the rivastigmi-
ne molecule was better, and if the progression of the disease 
continued, the combination therapy of adding memantine mo-
lecule to the treatment (rivastigmine + memantine) was also 
beneficial (20).

In drug research, AChE is an enzyme system targeted not only 
for AD, but also for the treatment of neurological diseases such 
as Lewy body dementia, Parkinson’s disease dementia, schi-
zophrenia, and diseases such as myasthenia gravis, glaucoma, 
and anticholinergic poisoning (21, 22).

The first of the methods focused on in drug development stu-
dies is the synthesis of analogs and derivatives of molecules 
synthesized from nature, the second is the synthesis of analogs 
and derivatives of molecules synthesized from existing drug 
molecules, the third is the design of molecules that will inte-
ract with the valuable parts of the AChE enzyme binding site 
like the PAS, and finally the use of methods such as structure-
based pharmacophore modeling, molecular docking, etc. (22).

Therapeutic approaches that focus on solving and understan-

ding AD and trying to stop or change the progress of the dise-
ase are; a) stopping oxidative damage to neurons; b) stopping 
or reducing the increase of amyloid protein; c) fixing the loss in 

the cholinergic system; d) increasing or restoring the amount 
of acetylcholine (3, 23).

It is understood from the studies conducted in recent years 
that both AChE and BuChE, which are important drug targets 
in the central nervous system, were of great importance. Alt-
hough the focus is on AChE at the beginning of AD, while this 
enzyme decreases, the BuChE enzyme level increases and takes 
over the task of AChE. Therefore, ACh level is closely related to 
both enzyme systems. For this reason, the design of Dual-Target 
Inhibitors has gained importance and studied by researchers. 
The molecule 1 in the Figure 5 inhibited both AChE (eeAChE 
IC50 = 0.39 µM) and BChE (eqBChE IC50 = 0.28 µM) enzymes 
(by binding to the CAS and PAS regions of enzymes), and the 
molecule was reported to have lower cytotoxicity than tacri-
ne. Therefore, it is thought to be promising in AD as a safe and 
multipotent molecule (24). 

Considering the effective molecules in the treatment, some 
compounds formed as a result of hybridization (these are 
shown in Figure 5) have been discovered to be highly potent 
AChE and BuChE inhibitor molecules (14).

In a study where researchers designed and synthesized a series 
of acridine derivatives containing 1,3,4-thiadiazole moiety, it 
was observed that all new molecules inhibited both ChE enz-
ymes but had high selectivity against AChE. It has been noted 
that the molecules 6 and 7 in Figure 6 have better inhibitory 

Figure 4: Chemical structures of cholinesterase enzyme inhibitor (ChEI) drug molecules and their inhibitory values against human 
acetylcholinesterase enzyme (huAChE) and human butyrylcholinesterase enzyme (huBuChE), and non-competitive antagonist of 
glutamate N-methyl-D-aspartate (NMDA) receptors, memantine (5, 14). 
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power and much lower hepatotoxicity than tacrine. It has been 
reported that the molecules provide inhibition by binding to 
site 2, a new allosteric site of AChE, instead of site 1 (CAS/
PAS) (25). 

Figure 5: Examples of molecules and potencies discovered to 
inhibit potent AChE and BuChE (human AChE (huAChE), human 
BuChE (huBuChE), murine AChE (mAChE) (14, 24).

In order to prevent hepatotoxicity caused by the free amine 
group in tacrine, new tacrine analogues were looked for. It has 
been stated that these analogs are safer molecules with low 
toxicity compared to tacrine, and that molecules bind to the 
enzyme through hydrogen bond interactions and provide inhi-
bition. The IC50 values of the compound 8 and 9 with piperazine 
containing acetamide and butyrylamide chains have shown in 
the Figure 6 were 0.52±0.03 and 0.73±0.04 μM, 0.71±0.04 and 
1.01±0.03 μM, respectively, and showed an inhibition effect 
against AChE and BuChE respectively (10).

One of the AD treatment goals by researchers is to prevent Aβ 
aggregation. Normally, the Aβ peptide structure consists of 39-
42 amino acids but it was discovered that oligomers consisting 
of the Aβ1–42 peptide are much more toxic, so the formati-
on of Aβ1–42 must be stopped. For this purpose, in a study 
designed to evaluate novel multifunctional inhibitors, it was 
noted that the most potent molecule (molecule 12 is shown in 
Figure 7) had 100 times more selectivity against BuChE, while 

it showed IC50: 180 nM value against AChE. In addition, it was 
understood that all four synthesized molecules showed preven-
tive and neuroprotective activities against Aβ accumulation. It 
was an important step for drug candidate molecules that could 
be used in AD (26).

Figure 6: The chemical structures of acridine derivatives con-
taining 1,3,4-thiadiazole moiety (molecule 6 and 7), analogues 
of the tacrine (molecule 8 and 9) (10, 25).

We are in an era when multi-target molecules are in demand. 
Therefore, based on tramiprosate, which has selective anti-Aβ 
oligomers aggregating activity, a series of novel compounds ba-
sed on tramiprosate was designed and synthesized. In the de-
signed compounds, the addition of a pyridinium/isoquinolinium 
ring to the tramiprosate moiety increased the efficiency of the 
molecules to the binding sites in ChE enzymes, but sulfonic 
acid moiety prevented this binding. It has been reported that 
new derivatives synthesized by removing this fragment inhibit 
over 10% Aβ aggregation at 1 μM concentration, while they can 
inhibit 70% Aβ on ChEs. The most effective molecule with dual 
inhibition (with >85% inhibition, at 100 μM), low cytotoxicity 
and anti-Aβ aggregation (18% inhibition) properties was shown 
in the Figure 7 as compound 15. In addition, according to an 
experiment performed on AD mice, this molecule crossed the 
blood brain barrier, suggesting that it may be useful for drug 
molecules in vivo (27).

In another study, amine, oxime, ether, epoxy and acyl deriva-
tives of the benzobicyclo[3.2.1]octene were synthesized and 
most of them were found to have a higher selectivity capacity 
against BuChE. Among the synthesized compounds, compo-
und 16 in Figure 7 showed the highest AChEI effect with an 
IC50=8.3 µM. Compound 17 in Figure 7, on the other hand, 
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has 5 times stronger inhibition properties against BuChE than 
Huperzine A (28).

Studies showed that zinc accumulates in high concentration 
in the brains of people with AD. While the Zn2+ ion is neces-
sary for neural functions in a healthy individual under normal 
conditions, excessive accumulation of this ion causes the agg-
regation of neurotoxic Aβ, oxidative stress and the secretion 
of high levels of proinflammatory cytokines. For this reason, 
studies for metal chelation therapy are being tried. In a study 
synthesizing 8-substituted derivatives of the sampangine al-
kaloid, which had strong antibacterial and antifungal effects, 
multifunctional agents that could better cross the blood-brain 
barrier and selectively chelate Zn2+ ion, as well as high AChE 
enzyme inhibitory activity, were detected. The most successful 
derivative in the study is given in the Figure 7 as compound 19 
with IC50: 0.27±0.01μM against AChE (29).

AChEI and anti-Aβ aggregation properties of phosphoshazine 
and phosphazide derivatives were also discovered and synthesi-
zed. It was noted that a coumarin phosphazide derivative com-
pound (it is shown in Figure 7 as compound 20) could bind to 
MMP-2 (Matrix metalloproteinase-2) and Zn2+-induced Aβ42 
aggregation, PAS and CAS at the same time, which caused AChE 
inhibition and had low toxicity data. Matrix metalloproteinases, 
which should be at lower levels in the human brain under nor-
mal conditions, unfortunately increase in AD and cause neuro-
toxicity together with Aβ. According to this known fact, adding 
extra “MMP-2 inhibitory” activity to the discovered molecule 
is a great improvement in terms of multifunctional drug deve-
lopments and should be studied (30).

In recent years, drug candidates obtained from natural sources 
related to AChE inhibition were investigated. Some examples 
are; the galantamine molecule that has been isolated from 
Galanthus nivalis and Huperzine A alkaloid obtained from a 
medicinal plant named Huperzia serrata (22). The chemical 
structures of Huperzine A and neuroprotective dimeric AChE-
Is derived from the tacrine and/or huperzine A fragment are 
shown in Figure 8 (31). In addition, while the polysaccharides 
(are shown in Figure 8) contained in Pleurotus ostreatus (aka 
Oyster Mushroom) are known for their antitumor and antioxi-
dant properties, they are proved to improve learning and me-
mory impairment by reducing cognitive deficits, AChE activity 
and oxidative stress in AD (5). 

Apart from plants, bioactive inhibitors were also found in ma-
rine sponges. Moreover, it was demonstrated that these com-
pounds have a better side-effect profile than synthetically pro-
duced molecules and provide neuroprotective activity with a 
very good bioavailability. Examples of these are gracilin derived 
from Spongionella gracilis, a marine sponge that has therape-
utic potential in AD. (The chemical structures of the Gracilin A 
derivative molecules are shown in Figure 8) For this reason, 
marine life has become very interesting for researchers due to 
its important effects on the pathogenesis of AD in various in 
vivo and in vitro studies (9). 

Figure 7: The chemical structures of novel multifunctional inhi-
bitor molecules 10-13 (26). The chemical structures of tramip-
rosate and the novel compound based on tramiprosate (com-
pound 15) (27). The chemical structures of compound 16 and 
17 (28). The chemical structures of sampangine, 8-substituted 
sampangine derivative and phosphazide derivative (29, 30).

Figure 8: The chemical structures of Huperzine A, AChEIs deri-
ved from the tacrine and/or huperzine A fragment, polysacc-
harides of Pleurotus ostreatus and Gracilin A derivative mole-
cules (5, 9, 31).

In the last decade, studies on the antimicrobial activity of silver 
salts have emerged. Since antimicrobial, antiproliferative, anti-
cancer, anti-HIV, antioxidants, and anti-inflammatory properties 
of N-Heterocyclic Carbenes (NHC) are known, new NHC salts 
containing benzimidazole-moeities and their silver (I) comp-
lexes were prepared. Compounds 27 and 28 in Figure 9 were 
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measured with IC50 values of 8.56±1.17 µM and 5.05±0.30 µM 
against AChE and BChE, respectively, and were identified as 
potent inhibitors. They also showed moderate antibacterial and 
antifungal activities (32).

A number of 3-benzyloxyflavone derivatives have been synthe-
sized and observed to have potent dual inhibitory effects aga-
inst AChE and BChE. Overall, these compounds turned out to 
be more active against AChE than BChE. Due to the presence 
of a bulky and hydrophobic diphenylamino group substituent 
at the 4-position of the B ring, the molecule 29 in Figure 9 in-
teracted with active pockets of both enzymes and became the 
most potent ChE enzyme inhibitor (33).

Polar nitro and amino groups substitutes were added to 
imidazo[1,2-b]pyridazine compounds, which is a pharmacop-
hore group for analgesic and anti-inflammatory properties, 
and their biological activities were measured. The substituted 
3-nitro-6-amino-imidazo [1,2-b] pyridazine compounds (30 and 
31) in the Figure 9 showed strong AChE inhibition. In addition, 
it has been reported that these compounds are multifunctio-
nal compounds that cause antiproliferative, anti-migratory and 
anti-inflammatory activities at high doses (34).

Figure 9: The chemical structures of N-Heterocyclic Carbe-
nes salts containing benzimidazole-moeities and their silver 
(I) complexes (molecule 27 and 28), the 3-benzyloxyflavone 
derivative (molecule 29) and the substituted 3-nitro-6-amino-
imidazo[1,2-b]pyridazine compounds (molecule 30 and 31) are 
shown in Figure 9 (32-34).

Ladostigil, a synthetic molecule, is a pluripotential neuropro-
tective drug that inhibits cholinesterase enzymes and brain se-
lective monoamine oxidase -A and -B. Therefore, it is thought 
to be beneficial especially for dementia with depression and it 
has come up to phase IIb studies (35). While some ChEIs such 

as rivastigmine have a short half-life and serious dose-related 
side effects are encountered in long-term use, the side-effect 
profile of Ladostigil has been found to be better. However, the 
potential of this compound to cross the blood-brain barrier is 
weak (21). The chemical structure of the Ladostigil is shown 
in Figure 10. 

It has been reported that the N-substituted α-aminophosphonate-
bearing chromone moiety molecule in Figure 10 (compound 33) 
shows AChE enzyme inhibition with an IC50=0.103±0.24 μM that 
is twice as potent as tacrine, 35 times more than galantamine, 
and 50 times more potent than rivastigmine. In addition, the 
compound has the ability to bind to the CAS and PAS regions 
of both ChE enzymes and has DNA damage protection efficacy. 
In the study, it has been also observed that the synthesized 
aliphatic amine analogs provide better inhibition against AChE, 
while aromatic amine analogs provide better inhibition against 
BuChE (36).

It has been discovered that enilconazole, one of the antifungal 
drugs, provides 43% inhibition of AChE at 0.3 μg/ml, tebucona-
zole provides dose-dependent inhibition of AChE and BChE and 
miconazole provides dual ChE inhibition, improving memory 
disorders in the brain of mice with AD. Based on the fact that 
the azole ring has ChE enzyme inhibitory activity as well as an-
tifungal, antiviral, antibacterial, antitubercular, anticonvulsant, 
anti-inflammatory effects, compound 37 in Figure 10 that pro-
vides AChE inhibition with IC50: 8.77μM has been reported. In 
particular, it has been reported that these molecules provide 
inhibition by allowing the imidazole ring to bind with impor-
tant residues of ChE enzymes (17). The chemical structures of 
enilconazole, tebuconazole, miconazole and compound 37 are 
shown in Figure 10. 

Figure 10: The chemical structure of Ladostigil and the 
N-substituted α-aminophosphonate-bearing chromone moiety 
molecule (compound 33) (35- 36). The chemical structures of 
enilconazole, tebuconazole, miconazole and compound 37 (17).
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The carbazole-coumarin hybrid compound shown in Figure 11 
as compound 38 shows high inhibition and selectivity towards 
AChE and BuChE enzyme. According to the study, the length 
of the binding site affects the degree of AChE enzyme inhibi-
tion, and the moiety of coumarin affects the degree of BuChE 
enzyme inhibition. It has been discovered that the synthesi-
zed molecule provides this inhibition by interacting with amino 
acids in both the CAS and PAS regions of AChE. In conclusion, 
selective and dual binding site inhibitors of AChE are promising 
for future drug designs of AD, by increasing cholinergic stimulus 
and additionally preventing Aβ aggregation (37).

Figure 11: Designing strategy of the target compounds and the 
chemical structure of compound 38 showing high selectivity 
and high inhibitory activity towards both AChE and BuChE enz-
ymes (37).

The compounds in Figure 12 are included in the literature as 
new original patented AChE inhibitor compounds (5).

Figure 12: The chemical structures of new original patented 
AChE inhibitor compounds and their respective IC50 values for 
AChE) (5).

In a study based on the ChE enzyme inhibitor activities of 
rings containing nitrogen and sulfur atoms and the informa-

tion that polyphenols inhibit oxidative stress, multi-targeted 
1,3,4-thiadiazole-1,3-benzenediol conjugates (55-59) in Figure 
13 were synthesized and it was discovered that they have many 
valuable biological activities. Molecules 55, 56, 57 and 58 were 
shown to have stronger and more selective inhibitory activity 
against the AChE enzyme (with an IC50 = 29–76 nM) than aga-
inst the BuChE enzyme. This sensitivity to both enzymes was 
supported by docking studies and thus they were determined 
to be dual active inhibitors. In this case, the molecules conta-
ining amine groups (55-58), targeted the CAS region of AChE 
like the tacrine molecule. The thiadiazole ring and the phenyl 
groups in their structures showed activity by interacting with 
the Trp84 part and –Phe330 part of the enzyme, respectively. 
In addition, the interaction of OH functional groups by making 
hydrogen bonds was also important. Considering this data, the 
side-effect profiles of these molecules (55-59) are better, as 
they form reversible enzyme-inhibitor complexes with non-
covalent interactions, and it was also observed that they did 
not show cytotoxicity at this concentration. Molecule 58 was 
also found to be better as BuChEI than the others. Besides ChE 
inhibition activity of synthesized molecules, it was also noted 
that their anti-amyloidogenic effects (except for molecule 58) 
were better than curcumin, and molecules 55, 56 and 59 in-
hibited oxidation as well as quercetin. Another advantage of 
these molecules is that they have metal ion (such as Cu2+, Fe3+ 
and Zn2+ ions) chelating activities and their blood-brain barrier 
permeability is reasonable (except for molecule 56). Thus, it 
can be said that molecules (55-59) in this study are effective 
in many ways to target AD. And it has been a very important 
and valuable development for researchers (38).

In a study, a series of carbamate derivatives of N-salicyloyl 
tryptamine were synthesized. It was discovered that molecule 
60 in Figure 13 showed properties as a mixed type reversible 
dual inhibitor of AChE and BChE, also increased anti-inflamma-
tory cytokines IL-4 and inhibited Aβ1-42 aggregation (39). In anot-
her study synthesizing a novel series of (4-(1,2,4-oxadiazol-5-yl)
phenyl)-2-aminoacetamide derivatives, multifunctional agents 
that inhibit BuChE, have anti-Aβ aggregation properties and 
inhibit neuroinflammation was discovered. The most active mo-
lecule (BuChEI IC50:1.28±0.18 μM) was noted as the compound 
61 in Figure 13 (40).

In another study, acetylated triterpenoic acids and 1,3- or 
1,4-diazabicyclo[3.2.2]nonanes were combined. It has been 
discovered that the synthesized compounds have low AChEI 
activity, but they are very strong active compounds to the BuC-
hE enzyme (42). The chemical structures of triterpenoic acids 
are shown in Figure 14.

In another interesting study, tacrine-linked triazole glycocon-
jugates were synthesized and it was expected to reduce the 
effect of tacrine on known hepatotoxicity. It was reported that 
the desired effect (non-toxicity) is provided in the evaluated 
molecules and as a result of molecular modeling, molecule 62 
in Figure 13 as the most active molecule as AChEI (41).
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Figure 14: The chemical structures of triterpenoic acids (42).

Recent current studies have also aimed to treat multiple dise-
ases. In a study considered in this context, both AChE and car-
bonic anhydrase (hCA) enzymes were studied to target people 
with both AD and Parkinson’s disease. For this purpose, a group 
of new bis-ureido-substituted sulfaguanidine and sulfsoxazole 
derivatives were obtained. As a result of in silico and in vitro 
studies, it was found that compounds 68 and 69 in Figure 15 
also have ABTS radical scavenging activity (at the rate of 70% 
and 78%, respectively) as well as enzyme inhibitor activity. 
Thanks to the elimination of free radicals that cause cellular 
damage and inhibitory effects of the molecules on hCAs and 
AChE enzymes, these molecules can be beneficial to both tar-
geted diseases and shed light on the future (43).

In another study targeting dual enzyme inhibition, sulfonamide-
pyrrole-3-one conjugates were synthesized. Inhibitory activities 
of the compounds against hCA I, hCA II and AChE enzymes were 
investigated. It has been of interest that many derivatives are 
more potent inhibitors than existing drugs. Compound 70 in 
Figure 15 is the best AChEI molecule in the study. With these 
discoveries, researchers are seeking solutions to many meta-
bolic diseases (44).

Figure 15: The chemical structures of bis-ureido-substituted 
sulfaguanidine and sulfsoxazole derivatives (compound 68 and 
69, respectively), sulfonamide-pyrrole-3-one conjugate (com-
pound 70) (43, 44).

Hybrids were designed in a different study after it was discove-
red that intervention in many aspects of AD, which has a comp-

Figure 13: The chemical structure of 1,3,4-thiadiazole-1,3-benzenediol conjugates 55-59 (38). The chemical structures of 
carbamate derivative of N-salicyloyl tryptamine (compound 60) and (4-(1,2,4-oxadiazol-5-yl)phenyl)-2-aminoacetamide de-
rivative (compound 61) (39- 40). The chemical structure of the tacrine linked triazole glycoconjugate (compound 62) (41). 
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lex multifactorial etiology, is important. The hybrid molecules 
consisted of TPPU, which is a soluble epoxide hydrolase (sEH) 
inhibitor, and 6-chlorotacrine (and huprine Y), which inhibits 
AChE enzyme. When the leader molecule given in Figure 16 as 
compound 73 was administered to a mouse with AD, it was ob-
served that it had high brain permeability and water solubility 
and decreased toxicity in the nervous system (45).

Figure 16: The chemical structures of TPPU, 6-chlorotacrine 
and TPPU-6-chlorotacrine hybrid derivative (45).

A group of researchers working on a series of pyrazole and 
pyrazolone derivatives proved that the compound 74 in Figure 
17 provided a strong inhibition by connecting with the catalytic 
and important residues of the AChE enzyme (His 447 and Ser 
203) through in silico studies. This data was also supported by 
in vitro studies, and it was discovered that compound 74 (IC50 
value of 0.38 ± 0.019 mg/mL (p < 0.05) had close and good 
results with rivastigmine (IC50 value of 0.36 ± 0.018 mg/mL (p 
< 0.05) (46).

In a study in which another heterocyclic ring was involved and 
polysubstituted pyrroles were synthesized, it was found that 
compound 75 in Figure 17 was not very effective in BuChE in-
hibition, but it had affinity with H-bond and hydrophobic inte-
ractions especially against the AChE enzyme and provided sig-
nificant inhibition (IC50 value of 2.95± 1.31 µM) appeared (47).

In another study, which was aimed to proceed based on Done-
pezil, an FDA-approved molecule, a change was made on the 
heterocyclic ring. A new compound was formed by adding the 
pyridine ring instead of the phenyl ring of the known donepezil 
molecule. It was revealed that this compound 76 in Figure 17 
binds to PAS and CAS pockets of AChE and shows mixed inhi-
bition as strong as the reference molecule (48). 

In another important and valuable study, a group of 2-(2- oxo-
ethyl)pyrimidine-5-carboxamide derivatives was synthesized 
based on the Donecopride molecule. According to studies in 
the literature, Donecopride is a serotonin subtype 4 receptor 
agonist, and a molecule that has been discovered to have low 
inhibition against BuChE and selective and strong enzyme in-
hibition against AChE. When the biological activities of the 
synthesized molecules were examined, it was understood that 

compound 78 in Figure 18 had lower BuChE enzyme inhibition, 
but had a stronger inhibition property against the AChE enzyme 
than Huperzine-A. As a result of this information, an in silico 
study was performed and it was revealed that compound 78 
interacts with both the CAS and PAS regions of AChE and causes 
a complex inhibition. Researchers thought that the aryl ketone 
moiety of Donecopride was important in this activity. Moreo-
ver, the fact that the compound 78 has drug-like properties by 
providing Lipinski’s rule of five is an important discovery for 
future research (49).

Figure 17: The chemical structure of 3,4-dimethylpyrano[2,3-c]
pyrazol-6(2H)-one (compound 74), polysubstituted pyrrole de-
rivative (compound 75) and compound 76 based on donepezil 
(46-48).

Figure 18: The chemical structures of donecopride and the no-
vel compound based on donecopride (49).

In another recent study that adopted the “one drug for mul-
tiple targets” approach, a group of molecules containing an 
indan-1-one fragment was synthesized based on the donepezil 
molecule and these molecules were tested with in vitro and in 
silico studies. As a result of the study, it was found that some 
of the synthesized molecules inhibited both ChE enzymes and 
monoamine oxidase (MAO) B, had anti-amyloidogenic effects, 
and also prevented oxidative stress with antioxidation activity. 
The molecules 79-81 in Figure 19 inhibited the MAO-B enzyme 
as well as the AchE enzyme and for this reason, these molecu-
les were found valuable in terms of AD. On the other hand, it 
was suggested that molecules 82-84 in Figure 19, which are the 
other molecules synthesized in the study, could be the leading 
drug molecules in the treatment of Parkinson’s disease with 
their MAO B inhibition activities (50).



Yıldırım, Ulusoy Güzeldemirci  Cholinesterase inhibitors in the treatment of Alzheimer’s disease (2020-2022)
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2023;6(2):197-209

207

Figure 19: The chemical structures of new donepezil-based 
indan-1-one derivatives (50).

CONCLUSION

In the light of the information obtained, while 24 million of the 
current world population has Alzheimer’s disease and it is esti-
mated that these Figures will increase 4 times in 2050, the drug 
groups approved to solve this problem that threatens public he-
alth are extremely limited (3). Researchers are trying to obtain 
molecules with potent and wide therapeutic potential through 
the development of novel multifunctional ChEIs. In addition, it 
is desired that these molecules have optimal pharmacodyna-
mics and low side-effect profile. For this reason, in new drug 
development studies, researchers try to change the chemical 
structures of existing drugs and develop them by combination/
hybridization. As a result of our study, it has been detected 
that as a multifactorial disease with complex pathology, AD has 
been demonstrated by important and remarkable literature 
studies in recent years that it can be targeted and resolved 
with multifunctional drugs and with the multi-target-directed 
ligand strategy. Using this strategy, the researchers have aimed 
to achieve multiple targets with one multifunctional molecule. 
The present review was written to draw attention to this issue.
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