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INTRODUCTION 
Achillea millefolium is a flowering plant commonly known as “Yarrow (YW” 

native to the Northern Hemisphere (1,2). It is also known as “milfoil” and 
belongs to the family Asteraceae (2,3). More than 100 species have been 
described in the genus Achillea (3). YW occurs widely in Europe, Asia, North 
America, and North Africa (2,4). The origin, source and growing conditions of 
YW are effective on the aromas, flavors and medicinal uses of the plant. The 
chemical composition of YW also varies depending on geographical location (5).  
In general, various bioactive components such as flavonoids, alkaloids 
(achilleine, trigonelline, and betonicine), fatty acids, amino acids, isovaleric acid, 
folic acid, salicylic acid, sterols, and coumarins are found in YW (3–5). YW 
exhibits antibacterial activity, antioxidant activity, anticancer activity, 
antiinflammatory activity, antihypertensive activity, cholagogue activity, 
antinociceptive activity, antipyretic activity, abortifacient activity, and antiulcer 
activity (5). Therefore, YW is widely used in traditional medicine for curing 
various disorders/diseases such as gastrointestinal disorders, hypertension,  
hepatobiliary, headache, inflammations, menstrual irregularity, arthritis, and 
cancer (1,2,4,6). YW also has wound healing effects. It is assumed that its 
hemostatic activity, anti-inflammatory, and antibacterial properties are effective 
on the wound healing effect of YW (7). Almadiy et al. (8) investigated the 
antibacterial activity of essential oils of different Achillea species (Achillea 
santolina, Achillea millefolium, Achillea biebersteinii, and  Achillea 
fragrantissima) against foodborne bacteria. They also prepared nanoemulsion 
(NE) formulations using these essential oils (EOs) and evaluated their 
antibacterial activity. They reported that essential oils showed antibacterial 
activity. However, the antibacterial activity of EOs increased dramatically when 
their NE formulations were prepared.  

In a study, it was reported that an alcoholic extract of YW, which is applied 
topically to burn wounds in rabbits, improves the quality of healing of burn 
wounds and also reduces the microbiological burden of these wounds (9). Also, 
in a clinical trial study (double-blind) carried out on primiparous women, the 
effects of YW ointment and Hypericum perforatum (HP) ointment on episiotomy 
wound healing was examined. Both YW ointment and HP ointment were shown 
to reduce the edema, redness, ecchymosis, and perineal pain level of the 
episiotomy wound (10).  

NEs, which are known as ultrafine emulsions, mini-emulsions, and submicron 
emulsions, are kinetically stable systems composed of water, oil, and surfactants 
(11,12). NEs have long-term physical stability due to their small droplet sizes that 
impair the destabilization phenomena such as creaming and coalescence (13). In 
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the literature, different size ranges such as 20-500 nm (14), 20-100 nm (15), 
smaller than 300 nm (13), and 200-600 nm are reported for the droplet sizes of 
NEs (16). NEs are beneficial colloidal systems for particularly dermal drug 
delivery and cosmetic applications. Due to their small droplet size leading to a 
large surface area, NEs increase the penetration of active compounds through the 
skin and promote the topical application of active compounds that barely 
penetrate the skin (17). The rheological properties of the NEs are important for 
topical application. However, the low viscosity and spreadability of the NE 
formulation limit the topical use of NE. Therefore, the approach of combining 
NE formulation with the gelling system (NE-based gel formulation, NE-B-G) can 
help overcome this problem (18).  NE-B-G formulations have suitable 
rheological properties (increased viscosity) for topical delivery (19). NE-B-G 
formulations are drug delivery systems studied extensively to treat various skin 
disorders/diseases (18).  

In this study, we aimed to prepare the NE and NE-B-G formulations 
containing YW methanol extract (YW-ME) for topical application and perform 
in vitro characterization studies. 

 
MATERIAL AND METHODS 
YW plant was purchased from the local market in Erzurum.  Ethyl oleate and 

Tween 80 were obtained Merck (Germany). Pluronic F68 and Span 80 were 
purchased from BASF Corporation (Germany) and Sigma (USA), respectively. 
Protasan UP G213 was obtained from Novamatrix (Norway). 

 
METHODS 
Preparation of methanol extract of YW (YW-ME) 
First, the above-ground parts of the YW were pulverized using a Laboratory 

Blender. Methanol was added to the obtained powder and shaken in a horizontal 
shaking water bath (50 °C) for 48 hours [(250 mL methanol/24 hours)x2]. The 
filtrates obtained by the filtration of the extracts every 24 hours were collected 
and then methanol was removed using a rotary evaporator (50°C, 60 rpm). The 
obtained extract was stored in an airtight container in the refrigerator (2-8 °C) 
until further use.  
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Preparation of blank NE (B-NE), YW methanol extract-containing NE 
(YW-ME-NE) and NE-B-G formulations (B-NE-B-G and YW-ME-NE-B-G) 

B-NE (without YW extract) and YW-ME-NE formulations were prepared 
using ethyl oleate (5%), Span 80 (1%), Tween 80 (1%), Pluronic F68 (1%), 
DMSO (1%) and ultrapure water. First, the oil phase (ethyl oleate and Span 80) 
and the aqueous phase (Tween 80, Pluronic F68 and ultrapure water) were 
prepared separately. Then, YW-ME (10 mg) dissolved in DMSO was added to 
the oil phase. For preparation of the coarse emulsion, the aqueous phase was 
added to the oil phase containing YW-ME under magnetic stirring (750 rpm). 
The obtained coarse emulsion was first homogenized with a high-speed mixer 
(Ultraturrax; 25000 rpm, 5 min) and then ultrasonication (45% power, 15 min) to 
reduce the size of droplets to nano-scale. The same procedure was used without 
the addition of the extract to obtain the B-NE formulation.  

For the preparation of NE-B-G formulations (B-NE-B-G or YW-ME-NE-B-
G), 1% Protasan UP G213 was added to the NE formulations (B-NE or YW-ME-
NE) and mixed on a magnetic stirrer (600 rpm) overnight. 

 
In vitro characterization studies for NE and NE-B-G formulations 
Centrifugation test for NE formulations 
The centrifugation test was carried out to observe the stability of the NE 

formulations. NE formulation samples (5 g each) were centrifuged for 15 minutes 
(3500 rpm). After centrifugation, the NE samples were macroscopically 
evaluated for phase separation. 

 
The morphology, droplet size (DS), polydispersity index (PDI) and zeta 

potential (ZP) of the NE formulations 
For the morphological analysis of YW-ME-NE formulation, the image was 

obtained using a “Hitachi HT7700 Transmission Electron Microscope (TEM)” 
(Hitachi HighTech, Japan).  

Zetasizer Nano ZSP (Malvern, UK) was used to determine the DS, PDI, and 
ZP values of YW-ME-NE and B-NE formulations. 

 
pH and viscosity values of the NE and NE-B-G formulations  
A pH meter (“Thermo Scientific, Orion 3 StarTM, USA”) and a viscometer 

(Brookfield RV DV2T, USA) were used for the pH and viscosity measurements 
of the NE and NE-B-G formulations.  
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FT-IR analysis of the YW-ME and the prepared formulations 
FT-IR spectra (4000-400 cm-1) of YW-ME and the prepared formulations (B-

NE, YW-ME-NE, B-NE-B-G and YW-ME-NE-B-G) were taken using Shimadzu 
IRSpirit-T (Japan). 

 
Statistical Analysis  
The statistical evaluation of the results was carried out with SPSS Statistics 

22.0 (“SPSS Inc., Chicago, USA”). The “Independent-t” test was used to compare 
the results obtained (the difference was considered significant when p<0.05).  

 
RESULTS AND DISCUSSION 
An ideal drug delivery system is expected to minimize toxicity while 

maximizing the therapeutic effect. To achieve this goal, novel drug delivery 
systems such as NEs have been developed (20). NEs have long lasting stability 
(compared to conventional emulsion), and ability to encapsulate both lipophilic 
and hydrophilic compounds, allow active compounds to pass through biological 
membranes more easily and increase their therapeutic efficacy (21). The 
disruption of the normal skin integrity by physical injury is defined as a wound. 
Wound healing, a process in which different cell types contribute, is one of the 
most complex physiological processes. This process involves several steps, 
including inflammation, proliferation, and collagen fibers remodeling, all 
completed on different timescales [from minutes (such as coagulation following 
the first clotting) to months or years]. Nano-sized formulations represent an 
alternative for the topical use of plant extracts/natural active compounds for 
wound healing. NEs may allow the active compounds to be transported into 
deeper skin layers during wound healing (22). NEs and NEs-based gels have been 
the focus of attention as a better and more effective dosage forms for topical 
application in the treatment of wounds.  These dosage forms offer advantages 
such as ease of administration and improved patient compliance (21–23).  Ahmad 
et al. (22) prepared a NE formulation containing curcumin and evaluated its 
wound healing and anti-inflammatory effects. Curcumin was chosen because of 
its antioxidant activity, which can play an important role in the treatment of 
wounds.  They reported that the NE formulation containing curcumin was 
effective in wound healing and exhibited highly effective anti-inflammatory 
activity.  

In our study, NE and NE-based gel formulations containing YW-ME, which 
is known to be beneficial in wound healing, were successfully prepared and in 
vitro characterization studies were carried out.  As a result of the centrifugation 
test performed, no creaming or phase separation was observed in the prepared NE 
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formulations. The DS, PDI, and ZP values of the B-NE and YW-ME-NE 
formulations are given in Table 1. Although the DS values of the B-NE and YW-
ME-NE formulations were close to each other, there was a statistically significant 
difference between their droplet sizes (p<0.05). The PDI values of the NE 
formulations were found to be <0.3 and the difference between their PDI values 
was not significant (p>0.05) (Table 1). The results show that their droplet size 
distributions are within a narrow range and are acceptable (12). The ZP 
measurement is significant for evaluating the stability of colloidal dispersions. 
ZP values of more negative than -30 mV or more positive than +30 mV provide 
good stability for emulsion formulations (12). The difference between the ZP 
values of the B-NE (-32.22±2.48 mV) and YW-ME-NE (-31.80±2.14 mV) 
formulations was not significant (p>0.05; Table 1). As a result, physically stable 
NE formulations were prepared in our study.  

The pH values of the NE and NE-B-G formulations are given in Table 2. The pH 
of the formulations prepared for application to the skin is significant. Formulations 
with very high or too low pH values irritate the skin when the formulations are 
applied topically. Skin's pH is generally acidic, but it can vary range pH 4.0 and 7.0 
(24).  The pH values obtained in our study were 5.50±0.08 for B-NE, 4.25±0.02 for 
YW-ME-NE, 5.81±0.01 for B-NE-B-G, and 5.01±0.01 for YW-ME-NE-B-G (Table 
2). The difference between pH values of the prepared formulations (between B-NE 
and YW-ME-NE or B-NE-B-G and YW-ME-NE-B-G or B-NE and B-NE-B-G or 
YW-ME-NE and YW-ME-NE-B-G) was significant (p<0.05). Their pH values were 
appropriate for application to the skin. 

 
Table 1. DS, PDI, and ZP values of NE formulations (X±SD; n=9). 

Formulation DS 
(nm) 

PDI 
 

ZP (mV) 

B-NE 146.96±2.22 0.177±0.027 -32.22±2.48 
YW-ME-NE 144.64±1.61 0.162±0.011 -31.80±2.14 

          X: mean; SD: standard deviation 
 

Table 2. The pH values of NE and NE-B-G formulations (X±SD; n=9). 
Formulation pH 

B-NE 5.50±0.08 
YW-ME-NE 4.25±0.02 

B-NE-B-G 5.81±0.01 

YW-ME-NE-B-G 5.01±0.01 

                                  X: mean; SD: standard deviation 
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In addition, the TEM image of the YW-ME-NE formulation obtained in our 
study is in Figure 1. 

 

 
Figure 1. The TEM image of YW-ME-NE formulation. 

 
The FT-IR spectra of the extract (YW-ME), NE and NE-B-G formulations 

obtained as a result of FT-IR analysis are shown in Figure 2-A and 2-B. In the 
FT-IR spectrum of YW-ME, there were O-H stretching vibrations at 3293 cm-1, 
C-H stretching vibrations at 2924 cm-1 and 2854 cm-1, C=O stretching vibrations 
at 1717 cm-1, C-O-C stretching vibrations at 1046 cm-1 (Figure 2-A and 2-B). 
These results are compatible with the literature (25). In the FT-IR spectra given 
in Figure 2-B, the B-NE, YW-ME-NE, B-NE-B-G and YW-ME-NE-B-G 
formulations had similar FT-IR spectra, and YW-ME-related peaks were not seen 
in the spectra of YW-ME-NE and YW-ME-NE-B-G formulations. Therefore, it 
was concluded that there was no interaction between the formulation components 
with the YW-ME, and the extract was dispersed in the formulation at the 
molecular level (12).  
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 Figure 2. FT-IR spectrum of YW-ME (A) and FT-IR spectra of the extract 

(YW-ME), NE, and NE-B-G formulations (B). 
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Rheograms and viscosity values of the NE formulations are in Figure 3-A and 
Table 3, respectively. The difference between the viscosity values of the B-NE 
and YW-ME-NE formulations was not significant (p>0.05). The viscosity of NEs 
is a function of the formulation components (oil, water and surfactant/s) and their 
concentrations such as decreasing the content of surfactant(s) in the formulation 
results in an increase in viscosity of NE formulation, while increasing the water 
content results in a decrease in its viscosity. In general, the O/W (oil-in-water) 
NE formulation has a lower apparent viscosity than W/O (water-in-oil) NE 
formulation. Viscosity is important for the stability of NE formulation and its 
application on the skin surface (26).  Figure 3-B and Table 3 show the rheograms 
and viscosity values of the NE-B-G formulations, respectively.  The difference 
between the viscosities of B-NE-B-G and YW-ME-NE-B-G was not significant 
(Table 3; p>0.05). The NE-B-G formulations had much higher viscosity values 
than the NE formulations (Table 3), which is significant for proper consistency 
for skin surface retention.  

Besides, the “power-law index/flow behavior index” (n), which describes the 
rheology of the fluid, was calculated for the formulations.  n=1 represents 
Newtonian behavior while n<1 indicates pseudoplastic behavior (27). The “n” 
values were 1.0359 for B-NE, 1.0309 for YW-ME-NE, 0.8883 for B-NE-B-G, 
and 0.8879 for YW-ME-NE-B-G. According to these results, NE formulations 
showed Newtonian behavior while NE-B-G formulations exhibited the behavior 
of pseudoplastic flow (shear-thinning flow). Pseudoplastic flow is important for 
comfortable application (the NE-B-G to spread smoothly on the skin as a result 
of thinning under shear stress) of NE-B-G formulations to the skin (28,29).  
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Figure 3. Rheograms of NE formulations (A) and NE-B-G formulations (B) 

(X±SD; n=3). 
 

Table 3. Viscosity values of NE and NE-B-G formulations (X±SD; n=3). 
Formulation Viscosity (cP) 

B-NE 1.73±0.05 
YW-ME-NE 1.71±0.01 
B-NE-B-G  66.87±2.53 

YW-ME-NE-B-G  65.76±1.11 

             *at shear rate: 1500 s-1;  at shear rate: 300 s-1 
 
CONCLUSION 
In our study, the NE and NE-B-G formulations for topical application were 

prepared successfully and appropriate in vitro characterization results were 
obtained for the NE and NE-B-G formulations. 
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Introduction  
SIRT1 is a member of a highly conserved sirtuin family of NAD+-dependent 

histone deacetylases which regulates gene expression and protein activity in 
response to alterations in nutrient and stress [1]. SIRT1 is commonly expressed 
in the hypothalamus, which regulates energy homeostasis, nutrient intake, and 
body weight, and also expressed in the heart, kidney, lung, pancreas, skeletal 
muscle, spleen and white adipose [2]. The substrates of SIRT1 are histone 
proteins, cofactors, and transcription factors. SIRT1 orchestrates these substrates 
by epigenetic and posttranslational modifications by acting like a metabolic 
sensor [3]. SIRT1 has a role in hepatic lipid metabolism, fat cell accumulation 
and maturation, central nutrient sensing, systemic inflammatory status, and the 
circadian clock. [4]. Mice expressing excess SIRT1 have a longer lifespan, 
additionally, low cholesterol, blood sugar and insulin levels. [5]. 

The deacetylation performed by SIRT1 typically silences gene transcription, 
and it is suggested that this kind of modifications adapt cellular metabolic status 
to environmental signals. [3]. NAD+ is the indicator of the nutritional state of the 
cell. NAD+ levels are increased during exercise, calorie restriction (CR) and 
fasting in muscle, liver and white adipose tissue. These factors increase the 
expression of the SIRT1 gene, allowing the organism to adapt to environmental 
conditions [6].    

Resveratrol (3,5,4'-trans-trihydroxystilbene) is a phenolic compound and a 
member of the stilbene family [7]. It has been the subject of research since 2003, 
and become a remarkable molecule in obesity studies [8]. It is a powerful 
antioxidant, anti-inflammatory and anticarcinogenic polyphenol [9].  

Resveratrol affects sirtuin-mediated responses in various cell types, including 
adipocytes [10]. Resveratrol demonstrates its ability to mimic CR through 
indirect activation of AMP-activated protein kinase (AMPK) and SIRT1. There 
are still controversies regarding the mechanism by which resveratrol activates 
SIRT1. Resveratrol is known to be an ATP synthase inhibitor. The energy stress 
created by ATP synthase activates AMPK, the elevation in NAD+ level stimulates 
SIRT1. Thus, SIRT1 activates mitochondrial biogenesis and lipid oxidation 
pathways by deactivating its targets in these pathways [11].  

Adrenomedullin is an autocrine and paracrine regulatory peptide with many 
functions. It was first isolated from pheochromocytoma tissue by a group of 
Japanese scientists in 1993 [12]. AdM has different functions in many organs. It 
acts as a vasodilator, bronchodilator, hormone secretion regulator, 
neurotransmitter, antimicrobial agent, and diuretic effect controller [13]. 
Adipocytes [14] and adipose tissue [15] have also been shown to produce and 
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secrete AdM. The most important role of AdM in the brain is that it is responsible 
for the regulation of the hypothalamus-pituitary-adrenal axis [16].  

Adipose tissue is the largest endocrine organ that synthesizes molecules such 
as adipokines, steroid hormones and free fatty acids that have important roles in 
energy metabolism, lipid and glucose metabolism, cell viability, nutrition control, 
reproduction, thermogenesis, immunity, neuroendocrine and cardiovascular 
function [17]. One of the adipose tissues found in the body, white adipose tissue 
(WAT) acts as an energy store in the body [18]. Besides, it is a large endocrine 
organ that produces hormones that regulate hunger and satiety [19]. WAT 
provides thermal insulation and mechanical support [19, 20]. Brown adipose 
tissue (BAT) is a highly specialized tissue that converts chemical energy into heat 
energy to protect against cold and overfeeding. [21]. The most important 
difference that distinguishes BAT from WAT is that it expresses uncoupling 
protein 1 (UCP1) [19]. It is thought that BAT begins to shrink after birth and 
disappears one year after birth in humans. However, positron emission 
tomography (PET) has been proven to be stimulated by cold exposure and 
sympathetic nervous system activation [22]. Large amounts of mitochondria give 
the characteristic brown colour to BAT [23]. WAT may transform into BAT 
when exposed to chronic cold, and a diet that causes obesity may cause BAT to 
turn into WAT [17, 22]. 

Obesity is defined as excessive fat accumulation in the body [24] and the result 
of variable and complex interactions between genetic structure and environment 
[20]. It is one of the leading public health problems and a common disease in 
some countries [25]. Obesity increases the risk ratio in cardiovascular disease, 
type 2 diabetes and certain cancers [26]. Studies have shown that overweight and 
obese people have lower BAT activity than lean people [27]. It has been observed 
that high rates of BAT are protective against obesity developed in later ages [28]. 
Increasing the function of BAT or stimulation of brown adipocyte-like genes in 
WAT is compatible with resistance to obesity [23]. 

The calorie intake can be measured; however, it is difficult to measure the 
body's response to changes in energy intake or expenditure [19]. Energy 
homeostasis is commonly arranged to avoid weight gain [29]. Therefore, 
excessive energy activates thermogenesis. Many factors such as cultural and 
physiological factors, neural inputs and hormones have a role in energy balance. 
However, in today's modern and sedentary conditions increase the number of 
obese individuals in the world. Additionally, losing weight is difficult, because, 
voluntary restrictions in the energy cause unintentional less energy expenditure 
in the body [30]. Therefore, it is very difficult to develop antiobesity strategies. 
This study aims to increase SIRT1 with treatments of resveratrol and AdM to 
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regulate energy homeostasis by activating thermogenesis in BAT, and regressing 
adipogenesis and activating lipolysis in WAT for the treatment of obesity. 

 
Methods 
This study was conducted according to the protocol in our former study 

published elsewhere [31], and briefly described below. All chemicals used were 
analytical grade or higher. 

 
Animals 
Rats (two-month-old female Sprague dawley, weighing 130-170 g, ethical 

approval protocol no: 2014/A-07, Inonu University, School of Medicine, The 
Ethics Committee of Experimental Animals, Malatya, Turkey) were randomly 
assigned to two groups (n = 8/group). The control group was fed standard chow, 
and the high-fat diet (HFD) group was fed an HFD (TestDiet, DIO Rodent 
Purified Diet w/60% Energy from Fat–Blue). The rats were weighed once in a 
week. Moderate obesity is considered a 10-25% elevation in weight than the 
control in the literature [32]. Twenty-one point six percent increase was provided 
after three months in obese groups than control groups (213 ± 7 vs. 259 ± 6, p < 
0.05). Then, resveratrol (10 mg/kg, Sigma-Aldrich), AdM (2.5 nmol/kg, Alfa 
Aesar Adrenomedullin 1-50 Rat), AdM + resveratrol (2.5 nmol/kg AdM + 10 
mg/kg resveratrol) were treated to rats (n = 2/treatment) every other day for four 
weeks intraperitoneally (i.p.).  

The rats were anaesthetized (1500 µL/kg ketamine, 500 µL/kg xylazine) and 
euthanased by discarding heart. Then, WAT (retroperitoneal) and the BAT 
(interscapular) were harvested. All applicable international, national, and/or 
institutional guidelines for the care and use of animals were followed. 

 
RNA and protein isolation 
RNeasy Lipid Tissue Mini Kit (Qiagen) was used to isolate RNA, and protein 

was isolated by a method including urea/DTT solution developed by kit’s users. 
Protein was isolated from the DNA/protein mixture removed during the RNA 
isolation procedure.  

 
Semi-quantitative PCR 
PrimeScript 1st Strand cDNA Synthesis Kit (TaKaRa Bio) was used to 

synthesize cDNA. SIRT1  and Beta-actin  primers were obtained from Sentromer 
DNA Techniques and checked by the Primer3 program [33]. 

PCR master mix (0.5 U Taq polymerase, 0.8 mM dNTP mix, 1 Taq 
polymerase buffer, 1.75 mM MgCl2, Thermo Fisher Scientific, 20 nmol forward 
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and reverse primers) was prepared to amplify SIRT1 and Beta-actin cDNA. The 
SIRT1 primers as follows: forward 5’-CAGTGTCATGGTTCCTTTGC-3’, 
reverse 5’-CACCGAGGAACTACCTGAT-3’ [34] and for Beta-actin; forward 
5’-GGAAATCGTGCGTGACATTA-3’, reverse 5’-
AGGAAGGAAGGCTGGAAGAG-3’ [35]. The PCR steps were as follows: 95 
°C for 5 minutes (initial denaturation); 35 cycles at 94 °C for 45 s (denaturation), 
for beta-actin at 52 °C and SIRT1 at 58.8 °C for 45 s (annealing), and 72 °C for 
45 s (elongation), finally completed at 72 °C for 5 min (final elongation) (T100™ 
Thermal Cycler, Bio-Rad Laboratories). The samples were visualised by 
electrophoresis on a 1.5% agarose gel with ethidium bromide staining (Quantum 
ST4, Vilber Lourmat), and band intensities were measured by Image J (NIH).  

 
Western Blotting 
Thirty µg of protein samples were added to 6 Laemmli buffer and heated at 

95 °C for 20 min. Then, the proteins were loaded to 12% Tris/Glycine/SDS 
PAGE (Mini-Protean II, Bio-Rad Laboratories). The proteins within the gel were 
transferred to a polyvinylidene difluoride (PVDF) membrane at 4 °C for 
overnight (Bio-Rad Mini Trans-Blot Cell). The membrane was blocked and Beta-
actin (sc-130656, Santa Cruz Biotechnology) and SIRT1 (sc-74465, Santa Cruz 
Biotechnology) antibodies were diluated to 1:3000, and 1:500, respectively, with 
blocking buffer. The PVDF membrane was blotted at 4 °C for overnight, then, 
washed with TBS-T for 7 times for 5 min, and incubated with 1:1000 HRP-
conjugated seconder antibody (sc-2004 for beta-actin, sc-2005 for SIRT1, Santa Cruz 
Biotechnology) for 1 h at room temperature. The blotted membrane was washed with 
TBS-T for 7 times for 5 min. The chemoluminescence substrate was applied to the 
membrane, and the membrane was visualized by ChemiDoc™ MP Imaging System 
(Bio-Rad Laboratories). Band densities were measured by Image J.  

 
Statistical Analysis 
The use of fewer animals is acceptable if the study has high power. 

Additionally, an important response can be obtained by treatment of a high dose 
[36]. The significant effects of AdM and resveratrol in obesity were detected in 
former studies [8, 37] that support this study has high power. The doses of 2.5 
nmol/kg AdM and 10 mg/kg resveratrol every other day for four weeks are 
relatively sufficient for a large response according to the former studies [38, 39] 
Furthermore, the number of animals can be reduced in factorial and randomised 
block designs [36].  This study is two factors (diet type  treatment) experimental 
design that needs fewer animals for obtaining significantly difference. The 
animals were randomly assigned and blocked into HFD and standard chow feed 
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Statistical Analysis 
The use of fewer animals is acceptable if the study has high power. 

Additionally, an important response can be obtained by treatment of a high dose 
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groups to provide homogeneity. The animals used in this study were homogenous 
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high power with ƞp

2
 between 0.845 and 0.99. Consequently, the experimental 

design and the number of animals are sufficient in this study and have high power. 
Initial variations in sample concentrations were normalized by beta-actin used for 
internal control. The control group was fixed as 100%. The results were expressed 
as means (Ms) ± SD. The values were fixed in two levels; diet type (control and 
HFD) as factor 1, and treatment (untreated, AdM, resveratrol and AdM + 
resveratrol) as factor 2. The interaction between diet type and treatment, their 
effects over SIRT1 expression and protein levels and differences between the 
groups were calculated by two-way ANOVA (IBM SPSS Statistics Version 24). 
Then, the differences between groups were calculated by the posthoc LSD test. 
The values of p < 0.05 were considered to be statistically significant. 

 
Results 
For observing the sensitivity of SIRT1 gene expression to calorie intake, the 

effect of the HFD over SIRT1 was analyzed with two-way analysis of variance. 
Analyses indicated a main effect for diet type on SIRT1 expression in WAT (p = 
0.000001, Table 2), and a significant difference between control and HFD (Table 
1). However, such an effect was not observed in BAT (p = 0.578, Table 2). HFD 
increased the SIRT1 expression in this study. Furthermore, the effect of diet type 
over SIRT1 protein levels was significant in WAT (1.7  10-7) and BAT (p = 6.3 
 10-9, Table 4).  
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Table 1. Mean (± SD) SIRT1 gene expressions of WAT and BAT. Control 
group was set as 100% 

 
Diet Type Treatment N WAT BAT 

Control 

Untreated 2 100.00 ± 0.00 100.00 ± 0.00 
AdM 2 44.19 ± 3.48 106.80 ± 3.28 
Resveratrol 2 114.73 ± 3.38 159.12 ± 9.56 
AdM + Resveratrol 2 87.04 ± 6.11 242.35 ± 39.00 
Total 8 86.49 ± 28.29 152.07 ± 62.73 

HFD 

Untreated 2 137.01 ± 5.63 160.27 ± 5.41 
AdM 2 105.02 ± 4.43 140.59 ± 4.31 

Resveratrol 2 166.59 ± 13.39 202.57 ± 6.82 
AdM + Resveratrol 2 99.91 ± 4.55 121.85 ± 1.62 
Total 8 127.13 ± 29.33 156.32 ± 32.25 

Total 

Untreated 4 118.50 ± 21.61 130.13 ± 34.93 
AdM 4 74.60 ± 35.27 123.69 ± 19.76 
Resveratrol 4 140.66 ± 30.99 180.84 ± 25.99 
AdM + Resveratrol 4 93.47 ± 8.64 182.10 ± 73.13 

 
The treatments of AdM and/or resveratrol resulted different SIRT1 

expressions (WAT, p = 0.000002; BAT, p = 0.001; Table 2) and protein levels 
(WAT, p = 2.6  10-7; BAT, p = 0.000003, Table 4) in both tissues. Additionally, 
the interaction of diet type and treatment influenced SIRT1 expressions (WAT, p 
= 0.003; BAT, p = 0.000076; Table 2) and protein levels (WAT, p = 0.006; BAT, 
p = 0.000007, Fig 1, Table 4) in WAT and BAT. 

 
Table 2. Two-way ANOVA results on SIRT1 gene expressions as groups and 

treatment method in WAT and BAT 
 Tissue df MS F p ƞp2 

Diet Type 
WAT 1 6607.536 169.315 0.000001 0.955 
BAT 1 72.361 0.337 0.578 0.040 

Treatment 
WAT 3 3330.450 85.341 0.000002 0.970 
BAT 3 3997.471 18.616 0.001 0.875 

Diet Type  Treatment 
WAT 3 439.197 11.254 0.003 0.808 
BAT 3 7037.012 32.771 0.000076 0.925 

Within 
WAT 8 39.025    
BAT 8 214.735    

df, degrees of freedom; MS, mean square; ƞp2, partial eta squared, p < 0.05 
 
Resveratrol is the only known polyphenol that mimics CR [1]. It prevents 

proliferation and adipogenic differentiation in human preadipocytes in a SIRT1 
dependent way [40]. In our study, resveratrol boosted SIRT1 expression in WAT 
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Diet Type 
WAT 1 6607.536 169.315 0.000001 0.955 
BAT 1 72.361 0.337 0.578 0.040 

Treatment 
WAT 3 3330.450 85.341 0.000002 0.970 
BAT 3 3997.471 18.616 0.001 0.875 

Diet Type  Treatment 
WAT 3 439.197 11.254 0.003 0.808 
BAT 3 7037.012 32.771 0.000076 0.925 

Within 
WAT 8 39.025    
BAT 8 214.735    

df, degrees of freedom; MS, mean square; ƞp2, partial eta squared, p < 0.05 
 
Resveratrol is the only known polyphenol that mimics CR [1]. It prevents 

proliferation and adipogenic differentiation in human preadipocytes in a SIRT1 
dependent way [40]. In our study, resveratrol boosted SIRT1 expression in WAT 

of rats fed HFD (1.67-fold, p = 0.000005). There is an increase in the control 
group (1.14-fold, p = 0.046), however, lower than HFD group (Fig 1). Resveratrol 
regresses 144 of the 153 alterations in expression caused by a high-fat diet, and 
these alterations are occurred by epigenetic effects [41]. 

 
Fig. 1 Relative SIRT1 expressions of control (a), HFD (b) groups of WAT; 

and control (c), HFD (d) groups of BAT, (e) gel images of semi-quantitative PCR 
(n = 2/treatment). Beta-actin was used as an internal control. Untreated levels 
were set as 100%. SIRT1, 104 bp; beta-actin, 183 bp. “*” indicates significant 
differences between untreated group (p < 0.05) 

 
We treated AdM to the experiment groups in addition to elevations in AdM 

levels due to HFD or obesity, thus, this enabled to observe the effect of higher 
levels of AdM in the expression and protein level of SIRT1. The treatment of 
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AdM significantly repressed the expression of SIRT1 in the control group 
(55.81% decrease, p = 0.000020). Although HFD elevated SIRT1 expression in 
the untreated group (1.37-fold, p = 0.000352), the expression remained the same 
as the control group after the AdM treatment in the HFD group (p = 0.445). The 
treatment of AdM and resveratrol together had no effect on expression in control 
(p = 0.072) and HFD (p = 0.989) groups (Fig 1).  

AdM and resveratrol treatment interestingly increased SIRT1 expression in the 
control group (2.42-fold, p = 0.000011), as for the BAT. AdM treatment in 
control group (p = 0.655), and AdM and resveratrol treatment in HFD group (p = 
0.174) did not affect the expression. The expression was elevated in control (1.59-
fold, p = 0.004) and as expected HFD (2.03-fold, p = 0.000113) groups, when 
resveratrol treated alone. AdM treatment increased SIRT1 expression in HFD 
group (1.42-fold, p = 0.024, Fig 1). 

The SIRT1 protein levels in WAT significantly increased after treatments in 
both groups (2.21-fold after AdM treatment, p = 0.000008; 1.65-fold after 
resveratrol treatment, p = 0.001; 2.12-fold after AdM and resveratrol treatment, 
p = 0.000015 in control group; 3.50-fold after AdM treatment, p = 3.08  10-8; 
2.42-fold after resveratrol treatment, p = 0.000002; 3.46-fold after AdM and 
resveratrol treatment, p = 3.05  10-8 in HFD group). The protein level increased 
with HFD regardless of treatment (1.62-fold, p = 0.001, Fig 2, Table 3). 

 
Table 3. Mean (± SD) SIRT1 protein levels of WAT and BAT. Control group 

was set as 100% 
Diet Type Treatment N WAT BAT 

Control 

Untreated 2 100.00 ± 0.00 100.00 ± 0.00 
AdM 2 220.92 ± 6.61 109.37 ± 1.54 
Resveratrol 2 164.25 ± 11.67 92.00 ± 9.90 
AdM + Resveratrol 2 211.82 ± 18.71 68.50 ± 3.54 
Total 8 174.25 ± 52.01 92.47 ± 16.68 

HFD 

Untreated 2 161.94 ± 15.54 157.02 ± 12.12 
AdM 2 350.02 ± 11.38 176.30 ± 13.30 
Resveratrol 2 242.11 ± 13.28 277.35 ± 3.19 
AdM + Resveratrol 2 345.85 ± 9.36 145.29 ± 4.09 
Total 8 274.98 ± 84.23 188.99 ± 56.25 

Total 

Untreated 4 130.97 ± 36.87 128.51 ± 33.66 
AdM 4 285.47 ± 74.92 142.84 ± 39.40 
Resveratrol 4 203.18 ± 46.11 184.67 ± 107.18 
AdM + Resveratrol 4 278.84 ± 78.32 106.89 ± 44.44 
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Fig. 2 Relative SIRT1 protein levels of control (a), HFD (b) groups of WAT; 

and control (c), HFD (d) groups of BAT, (e) Western blotting membrane images 
(n = 2/treatment). Beta-actin was used as an internal control. Untreated levels 
were set as 100%. Beta-actin, 43 kDa; SIRT1, 120 kDa. “*” indicates significant 
differences between untreated group (p < 0.05) 
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Table 4. Two-way ANOVA results on SIRT1 protein levels as groups and 
treatment method in WAT and BAT 

 Tissue df MS F p ƞp2 

Diet Type 
WAT 1 40588.650 278.800 1.7  10-7 0.972 
BAT 1 37264.924 643.28 6.3  10-9 0.988 

Treatment 
WAT 3 21163.360 145.369 2.6  10-7 0.982 
BAT 3 4306.345 74.338 0.000003 0.965 

Diet Type  Treatment 
WAT 3 1313.686 9.024 0.006 0.772 
BAT 3 3571.947 61.660 0.000007 0.959 

Within 
WAT 8 145.583    
BAT 8 57.930    

df, degrees of freedom; MS, mean square; ƞp2, partial eta squared, p < 0.05 
 
The AdM and/or resveratrol treatments had no significant effect on body 

weight. The details can be found elsewhere [31]. AdM and resveratrol treatment 
in BAT increased SIRT1 protein level in HFD group (1.45-fold, p = 0.000342), 
contrarily, decreased in control group (31.5% decrease, p = 0.003). The AdM or 
resveratrol treatments revealed distinct effects between groups. After AdM or 
resveratrol treatments, the levels remain unchanged in control group (AdM, p = 
0.253; resveratrol, p = 0.324), while elevated in HFD group (1.76-fold after AdM 
treatment, p = 0.000008; 2.77-fold after resveratrol treatment, p = 1.22  10-8, Fig 
2, Table 3). 

 
Discussion and conclusion 
Inducing SIRT1 in adipose tissue is a promising strategy in reducing the 

obesity and health problems caused by obesity. WAT as an endocrine organ 
secretes adipokines which accumulate inflammatory macrophages that can give 
rise to insulin resistance and metabolic disease in obese individuals [42]. SIRT1 
has a role in inflammation by repressing these macrophages [43]. Over-
expression of SIRT1 in adipose tissue causes a delay in adipogenesis and increase 
in lipolysis [44]. Although SIRT1 expression is prevented by HFD [6], HFD 
increased the expression in WAT in this study. The highest elevations observed 
after the treatments of AdM with a 3.5-fold and AdM + resveratrol with a 3.46-
fold in WAT, indicating that SIRT1 could be upregulated by AdM and 
resveratrol. AdM act as a protective molecule against obesity, thus, we 
investigated if AdM performed a protective effect by activating SIRT1. Although 
AdM increased SIRT1 in WAT and BAT, interestingly, AdM does not affect 
SIRT1 expression. This notion can be interpreted that AdM has a role in the 
stability of the SIRT1 mRNA. 
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Discussion and conclusion 
Inducing SIRT1 in adipose tissue is a promising strategy in reducing the 

obesity and health problems caused by obesity. WAT as an endocrine organ 
secretes adipokines which accumulate inflammatory macrophages that can give 
rise to insulin resistance and metabolic disease in obese individuals [42]. SIRT1 
has a role in inflammation by repressing these macrophages [43]. Over-
expression of SIRT1 in adipose tissue causes a delay in adipogenesis and increase 
in lipolysis [44]. Although SIRT1 expression is prevented by HFD [6], HFD 
increased the expression in WAT in this study. The highest elevations observed 
after the treatments of AdM with a 3.5-fold and AdM + resveratrol with a 3.46-
fold in WAT, indicating that SIRT1 could be upregulated by AdM and 
resveratrol. AdM act as a protective molecule against obesity, thus, we 
investigated if AdM performed a protective effect by activating SIRT1. Although 
AdM increased SIRT1 in WAT and BAT, interestingly, AdM does not affect 
SIRT1 expression. This notion can be interpreted that AdM has a role in the 
stability of the SIRT1 mRNA. 

CR alone increases SIRT1 expression, and resveratrol mimics CR and reduces 
the pathological consequences of a high-calorie diet [45]. Resveratrol, with its 
proven effect on SIRT1, is the most appropriate molecule to be included in this 
study. Resveratrol increases lipolysis in mature adipocytes and decreases 
lipogenesis. It provides this function by reducing adipocyte-specific transcription 
factors, enzymes and genes that regulate mitochondrial function [8]. Our study 
proved that resveratrol induces SIRT1 expression and protein in WAT and BAT 
with HFD.  

BAT is effective in the regulation of energy metabolism [17]. Therefore, 
activating BAT in the obesity, the conversion of nutrients into energy instead of 
gaining weight, molecules involved in adipogenesis and possible agents that 
stimulate the transformation of white fat cells into brown fat cells are of great 
interest to combat against obesity. Turning the energy balance into negative by 
increasing the amount and activity of BAT can result in weight loss in overweight 
and obesity. Increasing the function of BAT or stimulation of brown adipocyte-
like genes in WAT is compatible with resistance to obesity [23]. Many gene loci 
related to Ucp1 replication levels are found in WAT however not in BAT. This 
indicates that there are mechanisms that provide Ucp1 gene control between 
WAT and BAT [46]. As distinct from WAT, the HFD does not lead accumulation 
of proinflammatory macrophages in BAT. It is suggested that a large number of 
mitochondria in the tissue enables free fatty acids to be metabolized [47]. 

Pheochromocytoma is a tumour that originates in the adrenal medulla and 
secretes noradrenaline. It has been observed that BAT is active in people with 
this tumour [23]. As mentioned before, AdM was first isolated from 
pheochromocytoma. We assumed that AdM might activate BAT. AdM stimulates 
lipolysis and increases UCP1 level in BAT. Therefore, it has been suggested that 
it can increase thermogenesis by increasing the availability of free fatty acid 
substrates and the level of UCP1 in the mitochondrial membrane [48]. Timmons 
et. al. showed that SIRT1 may induce peroxisome proliferator-activated receptor 
gamma coactivator 1 (PGC1) and repress MyoD resulting in the 
differentiation of preadipocytes to brown adipocytes [49]. 

AdM and resveratrol increase UCP1 in BAT. Studies have shown that there 
are two types of UCP1-positive cells in rodents and rats. One of these is the 
classic brown adipocytes found in BAT, and the other is beige or brite cells that 
are in WAT periodically. These two cell types differ from separate developmental 
origins [20]. Beige cells resemble brown adipocytes by expressing multilocular 
lipid droplets, excess mitochondria, and Ucp1 [21]. Understanding the role of 
SIRT1 in the differentiation of white adipocyte to brown adipocyte (browning) 
and expansion of BAT provides insights into developing new anti-obesity 
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strategies. A study showed that SIRT1 of proopiomelanocortin (POMC) neurons 
directs the browning of perigonadal WAT of female mice [50]. SIRT1 may 
induce the coactivator PGC1 [49] which interacts with peroxisome proliferator-
activated receptor γ (PPARγ). We suggest that the elevated SIRT1 protein levels 
in HFD after AdM and/or resveratrol treatments might induce PPARγ resulting 
the differentiation of WAT cells to brite cells, thus, SIRT1 may have a role in 
browning of WAT. Beige cells are stimulated by chronic cold, β-adrenergic 
stimulation, PPARγ or resistance training [21]. PPARγ is the factor that initiates 
adipogenesis and expressed in fibroblasts or mesenchymal cells [19, 21].  Studies 
show that beige cells can transform into both brown and white adipocytes 
according to the body's needs and can be target cells in the fight against obesity.  

The female rats were used in this study for the concerns about sexual 
dimorphism. It is suggested that females are more affected by diminished BAT 
in perigonadal WAT than males, the energy balance is disrupted in females, 
however not in males  [50]. Furthermore, in adult obesity, female rats are better 
models than male rats [32].  

Our study arises new interests about the effect of AdM on SIRT1 mRNA; the 
AdM-resveratrol interactions and effects of longevity and healthy ageing in WAT 
and BAT of rats fed HFD; the roles of AdM, resveratrol and SIRT1 in browning 
of WAT, the expansion, activation of BAT and UCP1. Consequently, a regulatory 
molecule, SIRT1 could be induced by AdM and resveratrol in HFD, and 
ameliorate obesity and related diseased by allowing SIRT1 to act over its 
substrates.   
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The female rats were used in this study for the concerns about sexual 
dimorphism. It is suggested that females are more affected by diminished BAT 
in perigonadal WAT than males, the energy balance is disrupted in females, 
however not in males  [50]. Furthermore, in adult obesity, female rats are better 
models than male rats [32].  

Our study arises new interests about the effect of AdM on SIRT1 mRNA; the 
AdM-resveratrol interactions and effects of longevity and healthy ageing in WAT 
and BAT of rats fed HFD; the roles of AdM, resveratrol and SIRT1 in browning 
of WAT, the expansion, activation of BAT and UCP1. Consequently, a regulatory 
molecule, SIRT1 could be induced by AdM and resveratrol in HFD, and 
ameliorate obesity and related diseased by allowing SIRT1 to act over its 
substrates.   
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INTRODUCTION 
The learning-memory process is a complex phenomenon that requires the 

coordination of many brain regions. The diencephalon is a subcortical region that 
includes the hypothalamus and thalamus. The diencephalon is known as the 
connection region in the memory mechanism. There are connections between the 
hippocampus, striatum, amygdala, and thalamus. These brain regions are significant 
for different memory types. Experimental models in the learning-memory field are 
obtained by damaging these regions (1). 

Animal models are experimental constructs created on a species to investigate the 
phenomenon that has occurred.It helps determine treatment options for a disease (2). 
Animal models of the disease should reflect similar symptoms to this disease and 
these models should contribute to the development of drug treatments (3). 

Experimental models are frequently used to understand the physiopathological 
basis of neurodegenerative diseases like Alzheimer's disease (AD). Models in the 
learning-memory field have led to an understanding of normal and damaged brain 
functioning (1). Animal models of AD provide a better evaluation of cognitive 
outcomes with behavioral characterization (4). Behavior and memory tests are used 
to evaluate learning-memory processes.These include tests such as various maze 
tests, passive avoidance and active avoidance (1). 

 
1. Passive Avoidance Test 
Passive avoidance testing is widely used to investigate learning-memory 

processes in rodents. It is self-conscious avoidance of an unpleasant stimulus without 
generating a specific response, often used in memory experiments.It allows the 
examination of different memory stages(retrieval, acquisition and consolidation) as 
well as different memory durations(long-term and short-term memory), depending 
on the procedure used (5). Passive avoidance test is one of the fastest tests among 
memory tests (6). There are two ways: step down-stepthrough passive avoidance. 

 
1.1. StepDown Passive Avoidance Test 
Passive avoidance is used to test long-term memory based on negative 

influence.The experimental animal is placed on platform above the ground.An 
electric shock is given for 15 seconds when the animal presses on the grill floor with 
all its feet.The time elapsed until the animal takes all of its feet off the platform and 
steps onto the grid floor is recorded.The second test is started 90 minutes after the 
first test. If the experimental animals descend to the grid floor before 60 seconds, an 
electric shock is given for 15 seconds.Animals that do not go down to the grid floor 
for 60 seconds are placed in their cages. After 24 hours, a similar test is performed 
without giving an electric shock. Each animal is left on the platform and the time 
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taken until the grid hits the ground is recorded. The test is terminated after 300 
seconds (1). 

 

 
Figure 1. Step-down passive avoidance test 

 
1.2. Step Through Passive Avoidance Test 
Step-through passive avoidance test, it is realized by a mechanism with two 

compartments on one side of which is dark and the other side is bright, the floor part 
of which is separated by a grille and a passage door.Normally, the experimental 
animal prefers the dark section after being placed in the light section. The animal is 
first left in the bright area and waited for 5 minutes to get used to it.After a 5 minute 
acclimatization period, the door between the light and dark zone is opened.When the 
animal enters dark area, the door is closed and an electric shock is applied for 1 
second.The transition time of the animals to the dark room is recorded for further 
tests. The duration of the test is 300 seconds (6). After 24 hours of this training, it is 
accepted as passive avoidance that the animal spends time preferring the lighted 
compartment instead of the electric shock compartment (1). 

 
Figure 2. Passive avoidance test 
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2. Active Avoidance Test 
Active avoidance test is a laboratory method designed to investigate 

pharmacological and physiological interventions in learning-memory 
processes.Active avoidance testing is performed with a device called a shuttle box. 
The shuttle box consists of two compartments with metal mesh floors separated by a 
pass door.The floor is designed in such a way that it can give a programmed electric 
shock to the foot of the experimental animal. The electric current is cut off when the 
subject passes to the other compartment by using the passage tunnel by means of the 
photosensors placed parallel to the ground.At the same time, before the electric 
current (unconditional stimulus) is supplied to the floor with a computer program, a 
light and sound source located at the top of the system can send a light and sound 
warning (conditional stimulus)with an adjustable intensity (7, 8). 

For the adaptation of the experimental animal to the system, on the first day of the 
experiment, the animal is left freely in one of the compartments for 10 minutes. On 
the second day of the experiment, the animal is released for 1 minute before starting 
the experiments. Light and sound are considered as conditioned stimuli, and the 
electric shock applied to the subject's feet is considered to be the unconditioned 
stimulus (1). Electric shock is applied by following the audible or visual warning. 
The electric shock is automatically cut off as soon as the subject passes into the other 
compartment by using the passage tunnel between them.Thus, the subject learns to 
pass to the other compartment before the shock comes, by following the light or 
sound warning. By following the light or sound stimulus of the experimental animal, 
the transition time to the shock-free compartment before or after the shock or the 
number of transitions in a certain period of time is evaluated (6). 

 

 
Figure 3. Active avoidance test 

 
3. T Maze Test 
T maze is a maze with 3 arms of certain length and width. There are removable 

doors at the beginning of the maze and at the ends of its arms. These doors are to 
prevent the rat from seeing the handle with food in it. The test consists of habituation, 
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one-arm adaptation, modification trial, and delayed response trials.In the habituation 
phase, the rats are allowed to recognize the environment and find the food placed at 
the ends of the 2 arms. In the single-arm adaptation stage, the bait is placed on a single 
arm and the rat is taught to learn this arm. The replacement phase consists of two 
parts. In the first of these stages, the information acquisition stage, it is ensured that 
the rat can freely find the arm that is the food. In the second stage, which is the 
selection stage, the rat is placed in the starter box right after the information 
acquisition stage, and this time the bait is placed in the arm that the rat has not entered 
before. This phase continues until 75% of the rats find the right arm for 2 consecutive 
days.In the delayed response trials, which are the last stage, the rat is kept in another 
cage for 30, 60 or 90 seconds between the information acquisition and selection 
stages in the previous stage.With this test, it is aimed to measure the working memory 
performance of rats by measuring delayed response parameters (9). 

 

 
Figure 4. T maze test 

 
4. Elevated Plus Maze Test 
Elevated plus maze (EPM) was originally used for assessment of anxiety in rats 

(10)and mice(11).It was soon used to assess memory in mice and rats (12,13). 
The open and closed arms of the apparatus used in the experiments are 40 cm 

high, 50 cm long and 10 cm wide. The central area between the arms is designed in 
a square shape and measures 10x10 cm2 (14, 15). The design of the test is based on 
the rodents' avoidance of open space and heights. Animals prefer closed and 
protected areas of the maze. The test procedure takes 2 days. In the training session 
on the first day of the experiment, the experimental animal is left in the far corner of 
one of the open arms.If the experimental animal could not pass into closed arm within 
90 seconds,  it is removed from the experiment. On the second day of the experiment 
(24 hours after the training session), during the test phase, the animals are placed in 
the open arm again and the time the animals switch to the closed arm is recorded. The 
shortening of the transition period indicates that the animal can learn (16). 
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one-arm adaptation, modification trial, and delayed response trials.In the habituation 
phase, the rats are allowed to recognize the environment and find the food placed at 
the ends of the 2 arms. In the single-arm adaptation stage, the bait is placed on a single 
arm and the rat is taught to learn this arm. The replacement phase consists of two 
parts. In the first of these stages, the information acquisition stage, it is ensured that 
the rat can freely find the arm that is the food. In the second stage, which is the 
selection stage, the rat is placed in the starter box right after the information 
acquisition stage, and this time the bait is placed in the arm that the rat has not entered 
before. This phase continues until 75% of the rats find the right arm for 2 consecutive 
days.In the delayed response trials, which are the last stage, the rat is kept in another 
cage for 30, 60 or 90 seconds between the information acquisition and selection 
stages in the previous stage.With this test, it is aimed to measure the working memory 
performance of rats by measuring delayed response parameters (9). 

 

 
Figure 4. T maze test 

 
4. Elevated Plus Maze Test 
Elevated plus maze (EPM) was originally used for assessment of anxiety in rats 

(10)and mice(11).It was soon used to assess memory in mice and rats (12,13). 
The open and closed arms of the apparatus used in the experiments are 40 cm 

high, 50 cm long and 10 cm wide. The central area between the arms is designed in 
a square shape and measures 10x10 cm2 (14, 15). The design of the test is based on 
the rodents' avoidance of open space and heights. Animals prefer closed and 
protected areas of the maze. The test procedure takes 2 days. In the training session 
on the first day of the experiment, the experimental animal is left in the far corner of 
one of the open arms.If the experimental animal could not pass into closed arm within 
90 seconds,  it is removed from the experiment. On the second day of the experiment 
(24 hours after the training session), during the test phase, the animals are placed in 
the open arm again and the time the animals switch to the closed arm is recorded. The 
shortening of the transition period indicates that the animal can learn (16). 

 

 
Figure 5. Elevated plus maze test 

 
5. Morris Water Maze Test 
Morris water maze test (MWM) was proposed by Morris in 1984. It is a method 

frequently used by researchers to test spatial memory (17). The MWM consists of a 
circular water tank with a diameter of 150 cm, height of 45 cm and a platform in this 
tank. On the test day, the inside of the tank is filled with water at room temperature 
(1). In the MWM experiment, the tank is divided into four equal quadrants. The 
platform is placed at the midpoint of one of these quadrants. During the experiment, 
it is aimed that the animal learns the location of the platform more easily with visual 
cues (18). 

In MWM, the effects of the researcher are mainly the effect of animal use and 
visibility. Animal use conditions are generally the same in all behavioral studies.The 
position of the researcher can take different forms; 1) During the test, the researcher 
can leave the room, 2) Can stand behind a visible barrier, 3) It can stand still without 
changing its position. The third option is more preferred. 

The experimental protocol is usually 6 days. On the first day of the experiment, 
the water level is adjusted so that the platform is visible and the practice session 
(preparation) is performed. The training session is held 4 days after the practice 
session.During the training session, the water level is raised so that the platform is 
not visible, and the color of the water is darkened so that the animals cannot see the 
platform (hidden platform). In the training session, experiments are performed with 
4 trials every day and a different quadrant starting point in each trial.Each trial in the 
training session lasts 60 seconds. In the test session on the last day of the experiment, 
the platform is completely removed from the tank and the animal is expected to look 
for platform in the target quadrant where the platform was previously located for 60 
seconds (17). 

In the MWM test, the experimental animal tries to reach the platform in a short 
time and by covering a short distance. A software program and video recording 
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system are generally used during the experiment.In this way, the path followed and 
the time spent by the experimental animal can be determined by the researchers. With 
trials in the training session, rodents begin to find the hidden platform or target 
quadrant in less time (19). 

 

 
Figure 6. Morris water maze test 

 
6. New Object Recognition Test 
New object recognition test (NORT) is a test setup based on the tendency of 

animals to spend more time searching for a new object than a familiar object. It is a 
widely used behavioral test to evaluate hippocampus-related recognition memory 
(20). When testing recognition, experimental animals are placed in an empty box (40 
x 50 x 50 cm) to acclimate the day before testing. On the first day of testing 
(recognition phase), the experimental animals are given 5 minutes to explore two 
identical objects. On the 2nd day (24 hours later, testing phase), the experimental 
animals are placed in the box with two objects. The first object is the one discovered 
during the familiarization phase. The second object is a new object.At this stage, each 
animal is given 5 minutes to freely explore the two objects. Time spent exploring 
objects through a video surveillance software program is recorded. The 
discrimination index formula: Discrimination index(time spent on new objects / total 
time spent exploring both objects) × 100%. Discovery of an object has been defined 
as placing the nose of the animal within 2 cm of the site of the object (21). 

 
Figure 7. New object recognition test: A. Recognition phase. B. Test phase 
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7. Radial Arm Maze Test 
Radial arm maze test (RAM) was designed by Olton and Samuelson in 1976 to 

measure spatial learning-memory in rats(1).The RAM consists of a platform 
equipped with a varying number of arms extending from the centre. After the rodent 
is released into one of the arms, it uses spatial cues in the room to reach food or 
water.Such studies require both a working memory that retains information for a 
short period of time and a reference memory that retains information for a long period 
of time. RAM was considered to be less sensitive in detecting research strategy than 
MWM.Because rodents go all the way to the end, picking a branch and waiting to 
find the reward. Another difference between RAM and MWM has to do with time.As 
a matter of fact, spatial learning can be achieved in about 6-10 runs in MWM. 
However, protocols ranging from 2 days to 3-4 weeks can be applied in RAM (22). 

RAM; it is a labyrinth with 8 equal-sized arms coming out of a central region. At 
the ends of the arms are containers for food. During the experiment, food is left in 
three of the arms. Animals fasted for 24 hours are subjected to 5 trials. Wait 1 minute 
between each trial.The experiment is started by placing the animal in the central area. 
Entry into the arms of the labyrinth and return times to the central area are 
determined. 180 seconds are given for trials. The arms with nutrients are kept 
constant in the trials.Five attempts are considered one session. The experiment can 
be modified by changing the arms with food between sessions (23). 

 

 
Figure 8.Radial-arm maze test 

 
8. Radial Arm Water Maze Test 
Radial arm water maze test (RAWM) was designed as a combination of RAM 

and MWM to measure spatial learning-memory performance in rodents. 
RAWM attachments are the same as described for MWM, except that the arms 

are off-center and equidistant. Apparatus; it consists of 6 (or 8) arms with a length of 
50 cm, made of aluminum in a circular pool. Each of these arms is fixed at an angle 
of 60 degrees to each other. Each arm is 35 cm long and the central free zone is 40 
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cm in diameter. Each swimming passage is 25 cm wide.The parts of the pool that the 
animal cannot see are marked 1 to 6 as clues. Pool; 25 cm of the arms are filled with 
water, 25 cm out of the water. Non-toxic paint can be used to increase the opacity of 
the water. 

As with MWM, rodents are tested individually. The purpose of the experimental 
animal; is to escape from the water by finding a hidden platform in the water that 
ends at the end of one of the arms. Long or short protocol can be applied for RAWM. 

Long RAWM protocol, it takes 3 weeks. 4 attempts are made each day. In each 
trial, the test is started from a randomly selected different arm, provided that the 
platform remains in the same place.Experimental animals try to find the position of 
the platform based on the spatial cues found in the room and their short-term memory. 
Each trial lasts 60 seconds. Errors made by the animal, such as going to the wrong 
lever, are counted manually.The rodent hovers or floats in the central area without 
choosing an arm. An additional 15 seconds is given for the animal to make a decision. 
After each fault, the rodent returns to its starting arm. After 4 consecutive trials, 
rodents are placed in their own cages for 30 min.After 30 minutes of rest, the 
experimental animal is brought back to the maze and the 5th trial is performed, which 
will be an indicator of short-term memory. 

Short RAWM protocol, it takes 2 days. Although the starting arm is different, the 
target arm is kept fixed for each trial. This protocol can provide learning in just 2 
days. A total of 15 attempts are made in one day. On the first day, an attempt is made 
to find the position of the platform from the target arm through a visible platform 
from the 1st to the 11th attempt. The last 4 runs (from 12th to 15th trials) only used 
the hidden platform.On the second day, the same procedure is applied in all trials, 
using only the hidden platform. Entry into a non-platform arm, spending more than 
15 seconds selecting the arm is counted as an error and the animal is brought back to 
the starting arm.Each run lasts 60 s and at the end of each run the animal is kept on 
the platform for 15 s. Number of errors and the time to complete the run are recorded. 
The target platform position is changed for each mouse. This procedure was found to 
quickly test short-term memory. In the long RAWM protocol; The experimental 
animal needs to learn the platform, which is held in same position in each trial, but 
moved to a different arm each day, in one day. In the short RAWM protocol, target 
arm does not change from day to day (22). 
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Figure 9.Radialarm water maze test 

 
9. Barnes Maze Test 
Barnes maze is aextensively used test that examines hippocampal-dependent 

spatial learning-memory in animals(20).Barnes maze consists of a circular platform 
with 18 holes and a black escape box, hidden under one of these holes, where the 
animal can hide.In the experiment, there is an overhead light shining on the platform 
surface. In this test, the animals instinctively seek the hole that leads into the escape 
box to escape disturbing stimuli in a loud (60 dB) repetitive tone. The Barnes maze 
task includes 3-minute training trials once a day for 3 days, followed by a single 90-
second test on day 4.During training trials, experimental animals are allowed up to 3 
minutes to find and enter the escape box. The time it takes for the animal to find and 
enter the escape box is defined as the escape time. If an animal cannot find the escape 
box within 3 minutes, the researcher gently guides it to locate the box.When animal 
enters the escape box, the hole is closed and the animal is left in the box for 30 
seconds to acclimate. The training phase lasts for 3 days, with 1 trial per day. On the 
test day, after 3 days of training, the escape box is removed and the relevant hole is 
closed. Escape delay/time spent are recorded in target quadrant where the target box 
is located (21). 

 

 
Figure 10. Barnes maze 
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CONCLUSION 
Diseases such as Alzheimer's disease that cause learning and memory damage are 

becoming important health problems. Animal models are frequently used in studies 
for the diagnosis and treatment of neurodegenerative diseases.Learning and memory 
tests are used in experimental animal models to clarify the pathophysiology of 
Alzheimer's disease. Through these tests, different therapeutic agents can be tried for 
the treatment of cognitive impairment. In this section, the methods of application of 
frequently used learning and memory tests have been tried to be explained.  As a 
result; experimental studies in animal models for Alzheimer's disease, which is very 
common among neurodegenerative diseases, need to develop effective treatment 
strategies. 
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INTRODUCTION 
Intestinal microbiota consists of various microorganisms such as bacteria, 

viruses, fungi and archaea that are localized in various parts of the body and live 
in commensal relationship with host cells (Grice and Segre, 2012). Synbiotics, 
which are made up of probiotics, prebiotics, and the combination of these two 
elements, are crucial for preserving the homeostasis of the microbiota. In contrast 
to probiotics, prebiotics, and synbiotics, the idea of postbiotics is a novel one that 
has been evolving in recent years (Malashree et al.,2019). Postbiotics are 
metabolic products such as enzymes, peptides, teichoic acid, short-chain fatty 
acids (SCFA), exopolysaccharides, bacteriocins, cell surface proteins and organic 
acids secreted by live bacteria or after bacterial lysis. According to Aguilar-Toalá 
et al. (2018), postbiotics have anti-infective, antibacterial, and antioxidant 
capabilities that include regulating intestinal microbiota and epithelial barrier 
function, modifying immune cell response, and acting as an inhibitory role 
against pathogens. 

This review was written to examine the types, properties and health effects of 
postbiotics, which are an important component of intestinal microbiota, in the 
light of current information. 
 

  
Figure 1. Methods of acquisition of postbiotics 
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Classes of Postbiotic 
Cell-Free Supernatants 
Cell-free supernatant (Cell Free Supernatant; CFS) is obtained from bacterial 

and yeast cultures after the incubation period, by centrifuging the culture 
removing the pellet and filtering the supernatant. A variety of metabolic products 
are released into CFS, including enzymes, proteins, SCFA (Short-chain fatty 
acid), vitamins, surfactants, amino acids, peptides, and organic acids (Mariam et 
al., 2014). Supernatants generated from cultures of different microorganisms 
showed varying characteristics. Most of the time, it's made up of a combination 
of high molecular weight bacteriocins, reuterine, organic acids, carbon dioxide, 
diacetylene, low molecular weight hydrogen peroxide, and bacteriocin-like 
compounds (Pellegrini et al., 2020). By preventing enteroinvasive E. coli strains 
from invading enterocytes in vitro, recent investigations have shown that CFS 
made from bacterial cultures of the genera Lactobacillus and Bifidobacterium is 
effective against bacteria (Khodaii et al., 2017). CFS derived from Lactobacillus 
salivarius, Lactobacillus casei 431 and Lactobacillus acidophilus contains 
metabolic products such as SCFA, organic acids, hydrocarbons, phenol, amino 
acids, benzoic acids, alcohol, sugars, peptides. It showed antimicrobial and 
antibiofilm properties against Listeria monocytogenes (Yazgan et al., 2021). 
Lactobacillus rhamnosus antioxidant activity against 1,1-diphenyl-2-
picrylhydrazil free radicals, superoxide anion, and hydroxyl radicals was 
demonstrated by SHA111, SHA112, and SHA113 CFS of human milk origin, as 
well as anticarcinogenic action on cervical cancer cells (Rajoka et al., 2019). A 
biofluid made of lactic acid bacteria called CFS lessens pathogen attachment to 
biotic and abiotic surfaces and lessens biofilm development. Additionally, this 
technique offers an option for the management of foodborne infections as an 
antibacterial and biofilm inhibitor (Marrez et al., 2019). 

 
Exopolysaccharides 
Exopolysaccharide (EPS) are extracellular metabolites synthesized or secreted 

by microorganisms (lactic acid bacteria, bifidobacteria and propionibacterium) 
during their growth. EPSs are now employed as stabilizing, emulsifying, and 
water-binding agents in the food sector (Korcz et al., 2021). In addiaiton, they are 
useful in technical method because of enhancing the mouthfeel and viscosity of 
fermented milks and to be like as fat substitutes. Morover, it plays a role in a wide 
variety of biological functions, including prevention of bacterial desiccation, 
protection from environmental stresses, adhesion, and pathogenesis (Moradi et 
al., 2021). EPS may regulate the immune response by interacting with dendritic 
cells and macrophages and increasing T and NK lymphocyte proliferation 
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epithelium, -glucans increase the efficiency of probiotics (Vetvicka & 
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Enzymes 
Probiotics produce enzymes including lipase, esterase, and amylase that carry 

out a range of metabolic tasks. Reactive oxygen species (ROS) may harm lipids, 
proteins, carbohydrates, and nucleic acids, which has prompted microbes to 
develop defense mechanisms. Particularly important in the battle against ROS are 
the antioxidant enzymes catalase, glutathione peroxidase (GPx), peroxide 
dismutase (SOD), and NADH-oxidase (Hoffmann et al., 2021). Additionally, it 
was shown that two L. fermentum strains with high GPx contents also exhibited 
considerable in vitro antioxidant properties (Kim et al., 2006). Another study 
examined the antioxidative properties of intact cells or intracellular cell-free 
extracts of Lactobacillus acidophilus and Bifidobacterium longum. Both forms 
showed a range of 38% to 48% suppression of linoleic acid peroxidation, proving 
the potency of Lactobacillus acidophilus and Bifidobacterium longum as potent 
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Cell Wall Compounds 
Numerous bacterial cell wall constituents are immunogenic and cause a 

particular immune response. Teichoic acids (TA), a component of the cell walls 
of Gram-positive bacteria, combine with phosphodiester-linked polyol repeating 
units of peptidoglycans to generate anionic glycopolymers (ribitol). These 
substances are necessary for host-bacterial interactions, pathogenicity, regulation 
of cell division, antibiotic resistance, and other critical biochemical and metabolic 
aspects of cell physiology. TA comes in two different forms: 2 lipoteichoic acids 
(LTAs), which have glycolipid fixed in the bacterial membrane and can 
spontaneously release themselves into the microenvironment, and 1 wall teichoic 
acids (WTAs), which have a major chain polymer made of phosphodiester-linked 
polyol repeated units and a disaccharide linkage unit and are covalently linked to 
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the peptidoglycan (Kiewicz et al., 2020). The gram-positive bacteria's cell walls 
contain LTA, which can be released outside the cell and trigger the production of 
cytokines. Probiotic cell surface proteins include S-layer, mucus-binding, 
fibronectin-binding, sortase-associated binder and collagen-binding proteins 
(Dörr et al., 2019). The complex protein set (proteosurfaceome) on the bacterial 
surface is directly involved in the dynamic communication between the bacteria 
and the host and constitutes the first line of contact during potential interaction 
with the host. It was noted in a research that S layer proteins from Lactobacillus 
johnsonii F0421 were effective in inhibiting Shigella sonnei from sticking to HT-
29 cells that L. johnsonii F0421 might serve as a possible novel and effective 
probiotic for use in the food industry (Yang et al., 2020). 

 
Short-Chain Fatty Acids (SCFA) 
SCFA are metabolic products formed as a result of fermentation of dietary 

carbohydrates by bacteria in the gastrointestinal tract. Thanks to these properties, 
they show postbiotic properties. The main source of energy for the bacteria 
involved in its synthesis is carbohydrates. The amount of SCFA produced varies 
based on a number of variables, including the location of the fermentation, the 
food, the length of time spent in the gastrointestinal system, and the type of 
bacteria (Markowiak-Kopeć and Śliżewska, 2020). The well-known SCFAs 
acetic, propionic, and butyric acids can create the corresponding fatty acid salts 
(acetate, propionate, and butyrate) (Gill et al., 2018). The colonic epithelium 
receives its energy from butyrate, whereas peripheral tissues receive it from 
acetate and propionate. Because it aids in the regeneration of the intestinal 
epithelium and can affect gene expression by ineffectively inhibiting histone 
deacetylases, butyrate is a crucial source of energy for enterocytes. Additionally, 
butyrate possesses immunosuppressive qualities (Hsu et al., 2021). In a mouse 
model of atherosclerosis, intestinal colonization with the butyrate-producing 
Roseburia intestinalis was found to decrease atherogenesis (Kasahara et al., 
2018). Propionate is another SCFA that is a significant substrate for 
gluconeogenesis in the liver. Similar to statins, propionate suppresses the 
cholesterol synthesis pathway while also playing a role in glucose metabolism 
(Park et al., 2018). 

 
Bacterial Lysates 
Bacterial lysates are created by the chemical or mechanical degradation of 

Gram-positive and Gram-negative bacteria, which are often encountered in the 
environment (BLs). Both their therapeutic and clinical applications are based on 
the concept of the gut-lung axis, which defines the functional relationship 
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2018). Propionate is another SCFA that is a significant substrate for 
gluconeogenesis in the liver. Similar to statins, propionate suppresses the 
cholesterol synthesis pathway while also playing a role in glucose metabolism 
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Bacterial lysates are created by the chemical or mechanical degradation of 

Gram-positive and Gram-negative bacteria, which are often encountered in the 
environment (BLs). Both their therapeutic and clinical applications are based on 
the concept of the gut-lung axis, which defines the functional relationship 

between the immune system of the intestine and the respiratory system 
(Jurkiewicz and Zielnik-Jurkiewicz, 2018). Chemical or mechanical processing 
is used to produce lyophilized bacterial lysates from a single strain or from 
multiple different species. Due to the fact that mechanical lysis prevents protein 
denaturation, it is believed to produce more immunogenic lysate components 
(Pardee, 2018). Bacterial lysates are not believed to work by directly altering 
colonization patterns, in contrast to the application of live bacteria. Increases in 
immunoglobulin A (IgA) levels are the most significant immunomodulatory 
action of bacterial lysates, according to clinical trials and animal research 
(Rönnmark et al., 2002)). It has been reported that the potential probiotic S. 
cerevisiae IFST 062013 lysate showed better antimicrobial activity than yeast 
itself (Fakruddin et al., 2017). In another studyy found that individuals with 
irritable bowel syndrome were treated with E. coli DSM 17252 and Enterococcus 
faecalis DSM 16440 lysates, patients' typical symptoms were reduced (Enck et 
al., 2008). Although lysate preparations are widely used in medicine, not used in 
the food industry yet. More scientific studies are needed on this issue. 

 
Vitamins 
One of the many functional traits connected to probiotics and the gut 

microbiota is the synthesis of vitamins. Vitamins including folate (B9), cobalamin 
(B12), menaquinone (K2), riboflavin (B2), and thiamine (B1) are known to be 
produced by lactic acid bacteria (LeBlanc et al., 2015). L. rhamnosus GG, 
isolated from the gastrointestinal tract of a healthy human, can synthesize 
vitamins B1, B2 and B9. The use of these cultures in fermentation potentially 
transmits microorganisms to the intestine, allowing for the in vivo synthesis of 
vitamins (Voland et al., 2022). Fermented products such as yoghurt, sauerkraut, 
pickled vegetables and kombucha that are rich in postbiotics; It is also rich in 
organic acids, vitamins and polyphenols. Bifidobacterium animalis subsp. 
animalis lactis HNO19 supplementation resulted in a considerable rise in vitamin 
B6 and B12 blood concentrations in the second and third trimesters of pregnant 
women. As a result, the importance of fermented food in preventing 
micronutrient deficit was emphasized (Bardosono et al., 2019). 

 
Effects of Postbiotics on Health 
Postbiotics positively affect host health by improving certain physiological 

functions. Studies have shown that postbiotics have anti-microbial, anti-
inflammatory, anti-obesogenic, anti-hypertensive, hypocholesterolemic, anti-
proliferative, antioxidant, and immunomodulatory properties, even though the 
mechanisms underlying their positive effects on health have not yet been fully 
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elucidated. These traits have been demonstrated to have favorable effects on 
physiological, immunological, metabolic, and microbial homeostasis responses 
(Aguilar-Toala et al., 2018; Sharma and Shukla, 2016). 

 
Effects of Postbiotics on Host-Microbiota Interaction 
Postbiotics have various effects on the composition and functioning of the gut 

microbiota. While the ability to maintain its viability from the gastrointestinal 
tract until reaching the intestines is considered a basic prerequisite for probiotics, 
this situation is not important for postbiotics. The effectiveness of postbiotics 
depends on microbial metabolites, protein, lipid and carbohydrates, vitamins, 
organic acids, cell wall components and other complex molecules (Wegh et al., 
2019). 

The composition of postbiotics can be affected by food processing methods 
such as heat, sonication, irradiation and high pressure application; and, 
microorganisms involved in the fermentation process may show different 
responses (de Almada et al., 2016). Therefore, the composition of postbiotics 
varies depending on host response and nutrient production processes (Taverniti 
and Guglielmetti, 2011). 

It has been reported that postbiotics produce bacteriocins that compete with 
pathogenic bacteria by showing bacteriostatic or bactericidal effects, thus 
contributing to intestinal homeostasis (Mosca et al., 2019). Other postbiotic 
components such as enzymes, small molecules and organic acids have also been 
shown to inhibit pathogen growth (Cicenia et al., 2014). 

Reuterin is a potent antipathogenic molecule produced by L. reuteri, and it has 
been reported to positively affect the intestinal microbiota by inhibiting bacterial 
growth that causes oxidative stress in cells (Cicenia et al., 2014; Schaefer et al., 
2010). 

 
Effects of Postbiotics on Intestinal Barrier Function and Homeostasis 
The intestinal barrier is the main defense mechanism responsible for 

protecting the integrity of the gut and the organism against adverse environmental 
conditions (Bermudez-Brito et al., 2012). Its multilayered structure includes an 
epithelial cell layer and a mucus layer produced by goblet cells (Turner, 2009). 
According to König et al. (2016), the immune system and gut microbiota are 
crucial elements of the barrier function. Pathogens, allergies, and poisons can 
penetrate the epithelium layer and disseminate to the circulation and other organs 
when the barrier function deteriorates. Numerous gut-related disorders, including 
irritable bowel syndrome, inflammatory bowel diseases, and acute liver failure, 
are mostly caused by this mechanism. As a result, methods designed to reinforce 



63

elucidated. These traits have been demonstrated to have favorable effects on 
physiological, immunological, metabolic, and microbial homeostasis responses 
(Aguilar-Toala et al., 2018; Sharma and Shukla, 2016). 

 
Effects of Postbiotics on Host-Microbiota Interaction 
Postbiotics have various effects on the composition and functioning of the gut 

microbiota. While the ability to maintain its viability from the gastrointestinal 
tract until reaching the intestines is considered a basic prerequisite for probiotics, 
this situation is not important for postbiotics. The effectiveness of postbiotics 
depends on microbial metabolites, protein, lipid and carbohydrates, vitamins, 
organic acids, cell wall components and other complex molecules (Wegh et al., 
2019). 

The composition of postbiotics can be affected by food processing methods 
such as heat, sonication, irradiation and high pressure application; and, 
microorganisms involved in the fermentation process may show different 
responses (de Almada et al., 2016). Therefore, the composition of postbiotics 
varies depending on host response and nutrient production processes (Taverniti 
and Guglielmetti, 2011). 

It has been reported that postbiotics produce bacteriocins that compete with 
pathogenic bacteria by showing bacteriostatic or bactericidal effects, thus 
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components such as enzymes, small molecules and organic acids have also been 
shown to inhibit pathogen growth (Cicenia et al., 2014). 

Reuterin is a potent antipathogenic molecule produced by L. reuteri, and it has 
been reported to positively affect the intestinal microbiota by inhibiting bacterial 
growth that causes oxidative stress in cells (Cicenia et al., 2014; Schaefer et al., 
2010). 

 
Effects of Postbiotics on Intestinal Barrier Function and Homeostasis 
The intestinal barrier is the main defense mechanism responsible for 

protecting the integrity of the gut and the organism against adverse environmental 
conditions (Bermudez-Brito et al., 2012). Its multilayered structure includes an 
epithelial cell layer and a mucus layer produced by goblet cells (Turner, 2009). 
According to König et al. (2016), the immune system and gut microbiota are 
crucial elements of the barrier function. Pathogens, allergies, and poisons can 
penetrate the epithelium layer and disseminate to the circulation and other organs 
when the barrier function deteriorates. Numerous gut-related disorders, including 
irritable bowel syndrome, inflammatory bowel diseases, and acute liver failure, 
are mostly caused by this mechanism. As a result, methods designed to reinforce 

the intestinal barrier become more therapeutic in the prevention and management 
of various illnesses (Gao et al., 2019). 

In recent studies, it has been reported that postbiotics, which are probiotic 
bacterial components, have protective properties of intestinal barrier functions, 
similar to probiotics (Quévrain et al., 2016; Lebeer et al., 2018). 

L. rhamnosus GG (LGG), a gram-positive bacterium isolated from the healthy 
human gut, is a strain of probiotic used in animal models and clinical studies 
(Segers and Lebeer, 2014). It has shown protective effects on barrier function 
with properties such as immune modulation and preservation of intestinal 
integrity. It has been reported that it achieves this protective effect by preventing 
the harmful effects of proinflammatory cytokines on tight junction (TJ) proteins 
and inhibiting epithelial cell apoptosis (Karczewski et al., 2010). De Almada et 
al. (2016) reported that L. rhamnosus strain GG HM0539 can protect the 
intestinal epithelium against injury caused by lipopolysaccharide or TNF-α. 

 
Effects of Postbiotics on Immune System 
The immune response and immunological system of the host are positively 

affected by inactivated probiotics or postbiotic components. Exopolysaccharide, 
peptidoglycan, and S-layer proteins are examples of structural elements that 
stimulate the immune system (Malagón-Rojas et al., 2020). Postbiotics, such as 
lipoteichoic acid, have an anti-inflammatory impact that enhances IL-4, IL-6, and 
IL-10 production while reducing the formation of reactive oxygen species and 
IL-2 (Kim et al., 2017). 

The immunostimulating activity of bacterial strains has been shown to be 
associated with components such as lipoteichoic acid and peptidoglycan in their 
cell walls. It has been suggested that the mechanism by which these bacteria 
perform their immunomodulation activities is to increase Th1-related cytokine 
levels from T helper cells and to decrease Th2-related cytokines. However, it has 
been reported that further clinical studies are needed to elucidate the possible 
effects of these cell wall components on immunostimulating activity after heat 
treatment (Ou et al., 2011). 

According to Tsilingiri et al. (2012), postbiotics may be useful in the treatment 
of inflammatory bowel disease. It has been demonstrated that the L. paracasei 
B21060 strain can inhibit proinflammatory pathways that contribute to the 
development of inflammatory bowel disease and protects against Salmonella 
invasion by lowering nuclear factor kappa B activation. 

Like acetate and butyrate, SCFA has been reported to exert anti-inflammatory 
effects on myeloid cells and intestinal epithelial cells (Iraporda et al., 2015). 
Through inhibition of histone deacetylase, butyrate regulates intestinal 
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macrophage function, while acetate promotes Th17 cell growth (Chang et al., 
2014). 

 
Effects of Postbiotics on Antioxidant Activity 
Antioxidant properties are provided by intracellular bacterial enzymes such 

glutathione peroxidase (GPx), superoxide dismutase, nicotinamide adenine 
dinucleotide (NADH)-oxidase, and NADH-peroxidase. According to studies, 
GPx and glutathione reductase are two crucial antioxidant enzymes that guard 
against oxidative damage to cells by limiting the production of reactive oxygen 
species (Li et al., 2012). 

In a study conducted by Xu et al. (2011) it was reported that EPS produced by 
Bifidobacterium animalis RH strain showed antioxidant activity by inhibiting 
lipid peroxidation and radical formation in vitro. In another study conducted by 
Sharma et al. (2011) it was determined that postbiotics increased glutathione 
levels and it was stated that they reduced the levels of oxidative stress biomarkers. 

 
Effects of Postbiotics on Cancer 
The second-leading cause of cancer-related death is colorectal cancer, which 

is the third most prevalent kind of cancer affecting the colon and rectum in both 
men and women (Braithwaite et al., 2016). Due to increasing systemic toxicity 
and resistance, it is intended to create alternative treatment strategies even when 
it is treated with surgical procedures, radiation, or chemotherapy. Probiotics, 
prebiotics, synbiotics, and postbiotics were among those thought to be promising 
(Sharma and Shukla, 2016). 

By lowering levels of dangerous enzymes like nitroreductase, -glucuronidase, 
and -glucosidase, postbiotic substances encourage good bacterial growth that 
prevents the conversion of procarcinogens to carcinogens and maintains intestinal 
homeostasis (Verma and Shukla, 2015). According to studies, postbiotics prevent 
the growth of colon cancer cells and control the immune response by triggering 
the pathways through which proapoptotic cells die (Tiptiri-Kourpeti et al., 2016). 
Postbiotics from Lactobacillus strains have been shown to decrease 
metalloproteinase-9 activity, which prevents colon cancer invasion (Escamilla et 
al., 2012). 

SCFA, one of the postbiotic varieties, protects the morphological and 
functional integrity of the intestinal epithelium by increasing mineral absorption, 
blood circulation and motility, and prevents the formation of colitis that may lead 
to cancer (Lupton, 2000). Butyrate functions as an energy source for colonocytes 
and has anti-inflammatory and anticarcinogenic effects on colon health (Hijova 
and Chmelarova, 2007). 
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metalloproteinase-9 activity, which prevents colon cancer invasion (Escamilla et 
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SCFA, one of the postbiotic varieties, protects the morphological and 
functional integrity of the intestinal epithelium by increasing mineral absorption, 
blood circulation and motility, and prevents the formation of colitis that may lead 
to cancer (Lupton, 2000). Butyrate functions as an energy source for colonocytes 
and has anti-inflammatory and anticarcinogenic effects on colon health (Hijova 
and Chmelarova, 2007). 

Various strains of L. plantarum produce postbiotic metabolites such as lactic 
acid, acetic acid, and bacteriocin (Choe et al., 2013). It has been reported that the 
exopolysaccharide produced by L. plantarum 70180 strain has antitumor activity 
against colon carcinoma cells (Wang et al., 2014). As a result, it has been reported 
that these postbiotic metabolites produced by L. plantarum show anticarcinogenic 
effects on various cancer cells in a dose and time-dependent manner, without 
causing any toxic effects or hemolysis on normal cells, and have the potential to 
be an alternative treatment method against cancer (Chuah et al., 2019). 

 
Effects of Postbiotics on Psychology 
Various evidences from animal and human studies have shown that the gut 

microbiota can alter the activities of the autonomic nervous system and alter gut 
function, serotonin biosynthesis and mental health status. The live 
microorganisms used for these treatments are called “psychobiotics” (Sampson 
and Mazmanian, 2015; Obata and Pachnis, 2016). 

In a study, "Lb. paracasei PS23" killed in live form or by heat application was 
examined for its antidepressant-like effects. There have been theories that PS23, 
a paraprobiotic and living organism, has the ability to treat depression by 
reversing anxiety and depressive-like symptoms (Wei et al. 2019). 

According to Warda et al. (2019), using the paraprobiotic product (ADR-159) 
including the strains of L. fermentum and L. delbrueckii reduced corticosterone 
levels and improved animal social behavior. Similar studies revealed that 
paraprobiotics had effects similar to those of anxiolytics or antidepressants in 
mice with subchronic and moderate social defeat stress scenarios (Maehata et al., 
2019). According to Varian et al. (2017), postbiotics caused mice to heal skin 
wounds more quickly and to have lower levels of corticosterone and oxytocin. 

Nishida et al. (2017a), it was concluded that postbiotics regulate stress 
responses. Similarly, in another study, it was determined that paraprobiotics were 
added to beverages and given to individuals under exam stress for 12 weeks, and 
as a result, sleep quality increased significantly, and intestinal habits were 
normalized under stressful conditions in addition to the improvement in 
parasympathetic nerve activity (Nishida et al., 2017b). In a study of athletes under 
physical and mental stress, athletes consumed prepared specially beverages 
containing inactivated Lb. gasseri for 12 weeks. As a result of the study, the 
fatigue of the participants was significantly decreased, anxiety and depressive 
moods were alleviated (Sawada et al., 2019). 
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Use of Postbiotics in the Food Industry 
EPS produced by lactic acid bacteria and bifidobacteria is one of the postbiotic 

varieties frequently used in the food industry. It is used as an emulsifier, stabilizer 
and thickener in the dairy industry. It has been reported that yoghurt and cheese 
positively affect product yield by increasing their viscosity and water holding 
capacity (Han et al., 2016; Lluis-Arroyo et al., 2014). In addition to its industrial 
applications, EPS has been reported to increase bread volume and moisture 
content and extend shelf life by preventing starch retrogradation (Lynch et al., 
2018; Rühmkorf et al., 2012). Nisin is a type of bacteriocin produced by 
Lactococcus lactis strains and used as a preservative in foods. It has been reported 
to be used in the food industry in areas such as canned soups, baby foods, bakery 
products, mayonnaise and dairy products (And and Hoover, 2003). 

Apart from its beneficial effects, EPS also has some harmful effects in the 
industrial field. Alcoholic beverages such as beer and wine have been reported to 
be degraded by exopolysaccharide-producing lactic acid bacteria (Martínez-
Viedma et al., 2008). β-glucan produced by the L. brevis TMW 1.2112 strain is 
the main factor in beer spoilage (Fraunhofer et al., 2018). 

 
Conclusion 
Microbiota is a complex and dynamic system consisting of various 

microorganisms found in the digestive system, skin, urogenital system and 
respiratory system. Probiotics, prebiotics and synbiotics are also components that 
affect the composition of the microbiota. The concept of postbiotic is a new 
concept compared to these components, and the number of studies on intestinal 
microbiota and postbiotics has been increasing in recent years. Postbiotics are 
metabolites such as exopolysaccharide, organic acid, SCFA, lipoteichoic acid, 
cell surface proteins and bacteriocin produced as a result of metabolic activities 
of probiotic bacteria. It has anti-infective, antibacterial and antioxidant properties 
such as regulation of intestinal microbiota and epithelial barrier function, 
modulation of immune cell response and inhibitory role against pathogens, 
positively affecting host health and frequently used in the food industry. 

In the light of the data obtained from the current studies in the current 
literature, an adequate and balanced diet should be adopted in terms of energy 
and nutrients in order to have a healthy microbiota, and probiotics, prebiotics and 
postbiotics should be included in the diet. 
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In the light of the data obtained from the current studies in the current 
literature, an adequate and balanced diet should be adopted in terms of energy 
and nutrients in order to have a healthy microbiota, and probiotics, prebiotics and 
postbiotics should be included in the diet. 
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The Use of Social Cognitive Theory and Breastfeeding Self-Efficacy 
Theory in Breastfeeding Education 

Nursing discipline consists of three basic elements: theory, practice and 
research (Mckenna, 1997). In order for a discipline to be effective, these 
elements, each of which is as important as the other, must interact. Debates on 
the connections between research, theory and practice for years have contributed 
to the development of the nursing discipline (Bunkers, 2010). The word theory 
comes from the Greek word “theoria” meaning “sight”. The dictionary meaning 
of the theory is “general principles explaining the phenomena”. Theories are a 
systematic that gives meaning to the concepts, makes them think multi-
dimensionally and establishes relationships between them (Şengün, 2013). 

Nurses will progress faster in the professionalization process by using 
approaches based on systematic knowledge and theories in solving problems. It 
is necessary to use maintenance initiatives based on systematic knowledge, 
theory and models instead of traditional maintenance practices in solving 
problems in order to present effective solutions (Tokat, 2008). 

One of the problems that nurses frequently encounter in the field of Obstetrics 
and Gynecology and Pediatrics is breastfeeding. In order to support 
breastfeeding, it is stated by WHO that babies should be fed only with breast milk 
in the first 6 months and "full breastfeeding" should be provided. Full 
breastfeeding is defined as the situation where the baby does not take any 
additional product (water, fruit juice, tea, milk other than breast milk, formula, 
etc.) apart from products such as vitamins and drug therapy. According to the 
data of Turkey Population and Health Surveys (TNSA 2008), 68.9% of babies in 
0-1 months of life, 2-3. 42% per month, 4-5. 21.9% are fully breastfed per month. 

Babies and children are exposed to nutritional deficiencies due to social, 
economic and cultural reasons in many countries of the world. Inadequate and 
unbalanced nutrition causes growth and development retardation and death in 
children (Eker and Yurdakul 2006). It is known that breastfeeding is superior 
to all other forms of nutrition in providing children with the best start in life, 
having a protective effect in the prevention of diseases, reducing infant mortality 
and morbidity rates, and ensuring proper nutrition, growth and development of 
infants (Haider et al., 2000, Hannon et al. et al 2000; Özerdoğan ve Doğan, 
2014). 

It is necessary to know the factors affecting breastfeeding in order to ensure 
effective and adequate sucking of babies. Factors affecting breastfeeding; factors 
belonging to the baby, factors belonging to the mother and environmental / social 
factors can be grouped as (Şimşek 2001). 
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Objective of the Theory 
It is to explain how nurses who play different roles in the prenatal, birth and 

postnatal periods in promoting, supporting and protecting breastfeeding will 
approach this process based on theory and how they will implement a care plan. 

 
Social Cognitive Theory 
Albert Bandura created the "Social Learning Theory" (1977) in the first stage 

of his theory development process. The basic principle of Social Learning Theory 
is: “People can learn by observing the behavior of others and drawing conclusions 
from them” (Bandura, 1977). Bandura realized the importance of the cognitive 
process in learning in 1986 and created "Social Cognitive Theory" inspired by 
the Social Learning Theory that he had previously developed. Social Cognitive 
Theory argues that cognitive behaviors are shaped not only by internal 
psychological forces but also by the social environment. Bandura evaluates the 
learning concepts put forward before him in a social environment and argues that 
the most important learning occurs by observing others (Gözüm, 2010). 

According to Bandura, learning by observation includes four basic processes. 
These are attention, remembering, motivation (motivation) and reproduction 
(Process of Behavior Formation) (Malone, 2002). 

 
The Concept of Self-Efficiency 
The concept of self-efficacy was first defined by Bandura. Bandura (1986) 

defined self-efficacy as “people's judgments about their ability to organize and 
exhibit actions that will enable them to achieve a certain performance” (Bandura, 
1986). Self-efficacy beliefs determine how individuals think, feel, act, and 
motivate themselves. People with high efficacy beliefs are much more 
determined to reach their goals. 

According to Bandura, in order for an individual to perform a behavior, it must 
be affected by both cognitive and environmental factors. One of the cognitive 
factors is the individual's perceived self-efficacy regarding his behavior 
(Bandura 1998). 

Perception of self-efficacy is people's beliefs about their ability to control 
events that affect their lives. It is the main determinant of the motivation that an 
individual will feel for an activity (Bandura 1998). High self-efficacy perception 
increases achievement and personal satisfaction. People with a high sense of self-
efficacy are very determined to reach their goals. They can very quickly restore 
their sense of self-efficacy after mistakes or defeats. Individuals who do not have 
a strong perception avoid doing difficult tasks that they see as a threat to 
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efficacy are very determined to reach their goals. They can very quickly restore 
their sense of self-efficacy after mistakes or defeats. Individuals who do not have 
a strong perception avoid doing difficult tasks that they see as a threat to 

themselves and tend to give up immediately by not making an effort (Bandura 
1998, Bandura 2004, Akkoyunlu et al 2005). 

There are various factors that are the source of individuals' self-efficacy 
beliefs. Sources of self-efficacy perception; It is the previous experiences of the 
individual who is specific to the behavior, witnessing the experiences of other 
individuals regarding this behavior, the support of the environment related to the 
behavior, and the psychological state of the individual specific to this behavior 
(Locke & Latham, 1990). 

 
Breastfeeding Self-Efficiency Theory 
Breastfeeding self-efficacy refers to the mother's perceived ability and self-

confidence to breastfeed her baby. Perception of breastfeeding self-efficacy; It 
determines whether the mother will breastfeed, how much effort she will put into 
it, her thoughts on breastfeeding, and her ability to cope emotionally with the 
difficulties she will face during the breastfeeding process (Dennis, 1999). 
According to Dennis, the mother's perception of breastfeeding self-efficacy; 

1. Whether the mother will breastfeed, 
2. How much effort he will put into it, 
3. His thoughts on breastfeeding, 
4. It shows that he can cope with the difficulties he will encounter during the 

breastfeeding process emotionally. 
Mother's self-acquired breastfeeding proficiency status; It depends on whether 

the mother chooses to breastfeed, knows the methods of breastfeeding, how long 
she will spend on it, and how she emotionally responds to breastfeeding 
difficulties. It is important for mothers to believe in themselves and have self-
confidence in transforming the knowledge they have acquired about 
breastfeeding into behavior (Blyth et al 2002). 

Mothers with high self-efficacy encourage themselves in the face of 
difficulties they face and try to solve events by thinking positively. These mothers 
prefer to breastfeed more, are more courageous, and behave positively when 
faced with difficulties (Dennis 1999). Influenced by Bandura's definition of the 
concept of self-efficacy, Dennis (1999) developed the "Breastfeeding Self-
Efficacy Theory" by defining the sources and influencing factors of the 
Perception of Breastfeeding Self-Efficacy. 

 
The Use of Social Cognitive Theory and Breastfeeding Self-Efficacy 

Theory in Breastfeeding Education 
One of the modifiable factors affecting breastfeeding is the perception of 

breastfeeding self-efficacy. Mothers' perception of breastfeeding self-efficacy 
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and the negative factors affecting it can only be changed with education and 
supportive measures starting from the prenatal period by targeting breastfeeding 
self-efficacy resources (Tokat, 2013). Based on Bandura's Social Cognitive 
Theory and Dennis' Breastfeeding Self-Efficacy Theory; Initiatives to Improve 
Self-Efficacy Resources that nurses can implement on how to manage this 
process in order to protect, encourage and support breastfeeding (McQueen, 
2009). (Table 1) was prepared (McQueen and Dennis, 2008). This plan is based 
on initiatives on information sources that affect self-efficacy that Bandura and 
Dennis defined in their theory. 

A content has been created that aims not only at the technical and skill aspects 
of breastfeeding, but also at the development of the mother's cognitive, sensory 
and psychomotor skills for breastfeeding. From the relevant tables, it can be 
prepared as a program for the mother, or supportive nursing care can be provided 
in the form of training in cooperation with health personnel. 

 
Tablo 1: Initiatives to Develop Self-Efficacy Resources (Şahin ve 

Özerdoğan,2014). 

According to Bandura 
Self-Efficacy 

Sources 

According to Dennis 
Breast-feeding 
Self-sufficiency 

Sources 

Self-Efficacy Nursing 
Initiatives 

Performance 
Successful 

Previous for Breastfeeding 
Experiences 

To draw attention to the 
successes and benefits of 

breastfeeding 
To provide positive support 
and suggestions to improve 
breastfeeding performance 

and success. 
To provide forward-looking 

guidance on the difficulties it 
may face, especially in the 

early stages. 
Reinforce past and present 

achievements by identifying 
them. 

Experiences of Others 
Seen by Others 

Examples 

Using visual material to show 
the pregnant/mother 

breastfeeding skills that she 
cannot observe. To provide 
written material to support 

learning. 
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and success. 
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may face, especially in the 

early stages. 
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achievements by identifying 
them. 

Experiences of Others 
Seen by Others 

Examples 

Using visual material to show 
the pregnant/mother 

breastfeeding skills that she 
cannot observe. To provide 
written material to support 

learning. 

Verbal Persuasion Support of the Environment 

Providing positive feedback 
that strengthens individual 

abilities 
Correcting misconceptions 
about performance success 

Emotional State 
Psychological Status of the 

Mother 

Explaining and providing 
guidance that breastfeeding 
will be difficult in situations 

such as pain, anxiety and 
fatigue. Correcting 

misinterpretations about 
bodily states. 

 
Conclusion 
Nurses affect mothers' breastfeeding behaviors by taking on different roles in 

the prenatal, natal and postnatal periods. 
The nurse should evaluate the physiological, psychological and socio-cultural 

characteristics of the mother that may affect the breastfeeding status of the mother 
together with the mother. A expectant mother with physiologically collapsed 
nipples may have more problems with breastfeeding, therefore she may need 
more support. Psychologically, factors such as whether the mother has fears and 
concerns about breastfeeding, whether she is willing, how ready and how 
adequate she feels should be evaluated. As socio-cultural factors such as the 
mother's education, the attitude of her environment towards breastfeeding, and 
social support affect breastfeeding success, these factors should be taken into 
consideration. 

Nurses' adoption of nursing interventions based on theory and model, 
supported by scientific data, instead of routine and standard care interventions, 
and their widespread use in practice will contribute significantly to the 
professionalization of the profession. 
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Preoperative evaluation includes the anesthesia method to be applied to the 
patient and preparation for it, determination of the anesthesia risk, and physical 
and psychological evaluation of the patients. Preoperative evaluation; It reduces 
perioperative morbidity and cost of care, and helps the patient return to their 
desired functions as quickly as possible. For this purpose, the patient's medical 
history should be taken, the patient's perioperative risk should be evaluated, and 
a plan should be made for the necessary clinical optimization. In the preoperative 
evaluation, the patient should be informed about the anesthesia method to be 
applied, and their fears and concerns should be eliminated. 

 
1. CLINICAL EVALUATION 
Age: Patient age is considered a minor component of preoperative coronary 

risk. With advancing age, the risk of death increases to 11% in the 80-89 age 
group [3]. Age is also an independent risk factor for postoperative pulmonary 
complications. Much of the age-related risk comes from the increasing number 
of comorbidities that may include cognitive impairment, functional impairment, 
malnutrition. 

Exercise capacity: All patients should be asked about their exercise capacity 
as part of the preoperative evaluation. Exercise capacity is an important 
determinant of overall perioperative risk. Patients with good exercise tolerance 
are generally at low risk. The American College of Cardiology/American Heart 
Association guidelines for preoperative cardiac assessment recommend not 
testing in patients with good exercise capacity (at least 4 metabolic equivalents 
[MET]), regardless of the risk of planned surgery. 

Medication use: A history of drug use should be taken for all patients before 
surgery, and especially over-the-counter, complementary and alternative drugs 
should be questioned. 

Obesity: Contrary to what is known, obesity in non-cardiac surgery is not a 
risk factor for most major adverse postoperative outcomes, with the exception of 
pulmonary embolism. However, in cardiac surgery, increased hospital stays for 
obese patients can result in higher complication rates, including wound 
infections, prolonged mechanical ventilation, and atrial arrhythmias. 

Obstructive sleep apnea: Given the potential for increased perioperative 
morbidity risks and altered anesthetic management, patients should be screened 
for obstructive sleep apnea (OSA) prior to surgery. OSA increases the risk of 
postoperative medical complications, including hypoxemia, respiratory failure, 
reintubation, and intensive care unit (ICU) transfer. 
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Alcohol consumption: Regular alcohol consumption increases the risk of 
postoperative complications in patients. Although the preoperative abstinence 
period is unknown, at least four weeks of abstinence is required. 

Illicit drug use: It is helpful to ask patients about illicit drug use to provide 
appropriate perioperative care . Tolerance may be developed in patients with 
chronic opioid use and higher doses may be required intraoperatively and 
postoperatively. 

Smoking: Since the risk of postoperative complications is high in smokers, 
questioning smoking and giving advice on quitting can reduce postoperative 
morbidity and mortality. Quitting smoking before surgery can reduce the risk of 
post-operative complications, and longer smoking cessation times are even more 
effective. 

Allergy history: It should be questioned whether allergy has developed 
against any drug or product before, and the history of allergy in the previous 
anesthesia application. 

Personal or family history of anesthesia complications: Malignant 
hyperthermia is a rare complication of anesthesia administration inherited in an 
autosomal dominant manner. Because of the morbidity and potential mortality 
associated with this condition, preoperative history, personal or family history of 
anesthesia complications should be questioned. 

 
2. PHYSICAL EXAMINATION 
A physical examination of the systems should be performed. Blood pressure 

measurement in both arms, chest movements, examination of pulse, carotid and 
jugular beats, lung auscultation, observation of the patient's gait for neurological 
evaluation, evaluation of abnormal movements in the eyes, jaundice of the skin 
for signs of cyanosis and dehydration, evaluation of gait endurance and strength, 
and extremity examination Abnormal findings should be recorded. 

 
2.1. Difficult airway 
The role of the information obtained by physical examination in predicting the 

presence of a difficult airway has been proven. 
Indicators for difficult mask ventilation: The patient is 55 years or older, 

BMI>26, absence of teeth, beard, and a history of snoring. 
Markers for a difficult airway: Obstructive sleep apnea syndrome, history 

of snoring, obesity, wide neck circumference, thyromental distance less than 7 
cm with head extended, high Mallampati scores, large tongue, inability to 
protrude the mandible or inability of the lower teeth to protrude from the level of 
the upper teeth , face and neck deformity from previous surgery, head and neck 
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If two or more of the difficult airway markers are present, it should be 
considered as a potential difficult airway and the patient should be informed about 
this. 

 
2.1.1. Preoperative tests 
Thyromental distance (Patill sign): It is the distance between the lowest 

point of the chin and the thyroid prominence when the head is in full extension. 
If it is <6 cm, it is difficult, 6-6.5 cm is doubtful, and more than 6.5 cm is 
interpreted as easy. 

Sternomental distance: Difficult intubation should be considered if the 
distance between the lowest point of the chin and the sternum of the mandible is 
less than 12.5 cm when the head is in full extension. 

Modified mallampati test: While the patient is sitting upright, he opens his 
mouth as much as possible and the doctor evaluates the appearance of the oral 
structures directly in front of him. 

Class 1; Soft palate, uvula, piles can be seen 
Class II; The soft palate and uvula are visible. 
Class III; Soft palate, base of uvula visible 
Class IV; The soft palate cannot be seen. 
Difficult ventilation and difficult intubation should be expected in Mallampati 

class IV. 
 
3. LABORATORY EVALUATION 
It supports a selective approach to preoperative laboratory testing. The 

American Society of Anesthesiologists (ASA) does not recommend routine 
preoperative laboratory testing in the absence of clinical indications. 

Laboratory tests: When preoperative laboratory tests are considered 
necessary, test results found to be normal in the previous four months may be 
used, unless there is a temporary change in the patient's clinical condition. 

Although preoperative laboratory testing is not routinely indicated, selective 
testing should be performed in certain situations, including patients with known 
underlying diseases or risk factors that may affect or increase the risk of operative 
management, and specific high-risk surgical procedures. Specific laboratory 
studies commonly requested for preoperative evaluation include complete blood 
count, electrolytes, kidney function, blood glucose, liver function tests, 
hemostasis evaluation, and urinalysis. Pregnancy testing is recommended for all 
women of reproductive age before surgery. In areas with high prevalence, 
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screening and testing for COVID-19 is recommended prior to non-emergency 
surgery. 

Electrocardiogram: An electrocardiogram (ECG) is not recommended for 
asymptomatic patients undergoing low-risk surgical procedures. Preoperative 
resting 12-lead ECG is recommended for patients with known coronary artery 
disease, arrhythmia, peripheral artery disease, cerebrovascular disease, or other 
significant structural heart disease. Preoperative resting ECG may also be 
considered for asymptomatic patients undergoing high-risk surgery. 

Chest X-ray: Although routine preoperative chest radiographs are not 
indicated, chest radiographs are recommended in patients older than 50 years of 
age with cardiopulmonary disease and undergoing abdominal aortic aneurysm 
surgery or upper abdominal/thoracic surgery. 

Pulmonary function tests: Routine pulmonary function tests are not 
indicated for healthy patients before surgery. These tests are generally 
recommended for patients with unexplained shortness of breath after careful 
clinical evaluation. 

 
4. PATIENT RISK ASSESSMENT 
While determining the anesthetic risk, which is one of the most important 

issues for the anesthesiologist to make a decision and evaluation, the experience 
of the anesthesia and surgical team, equipment and drug possibilities, the urgency 
and quality of the surgery to be performed should be evaluated together as well 
as the characteristics of the patient. Various evaluations and scorings are made in 
the evaluation of anesthesia risk, and the classification of the American Society 
of Anesthesiology is used most frequently. 

 
4.1.ASA (American Society of Anesthesiologists) CLASSIFICATION 
It is a useful evaluation system for preoperatively classifying the patient and 

determining the anesthetic approach and especially the monitoring methods 
accordingly. 

ASA 1. A healthy person with no disease or systemic problem other than 
normal, surgical pathology that does not cause a systemic disorder. 

ASA 2. Person who has a mild systemic disorder due to a cause requiring 
surgical intervention or another disease (such as mild anemia, chronic bronchitis, 
hypertension, emphysema, obesity, diabetes). 

ASA 3. Person with a disease that limits but does not debilitate activity (such 
as hypovolemia, latent heart failure, previous myocardial infarction, advanced 
diabetes, limited lung function). 
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completely and poses a constant threat to his life. 

ASA 5. A dying person who is not expected to live more than 24 hours, with 
or without surgery, and for whom surgery is the last hope. 

ASA 6. This group was added to the above 5 groups later. This group includes 
patients with brain death who are suitable for organ harvesting. When emergency 
surgical intervention is required, the letter "E" is added after the classification 
number of the patient. Like ASA IE. 

 Mortality rates: 
 ASA 1: 0.06-0.08% 
 ASA 2: 0.27-0.4% 
 ASA 3: 1.8-4.3% 
 ASA 4: 7.8-23% 
 ASA 5: 9.4-51% 
 
5. SELECTION OF ANESTHETIC TECHNIQUE 
There are many factors in deciding the type of anesthesia to be applied in 

surgical interventions. These; Age, concomitant disease, surgical intervention 
site, type, duration, the position to be given to the patient may vary depending on 
many factors such as the skills, habits and experiences of the anesthetist and 
surgeon, the patient's request, technical and personnel possibilities. 

 
6. PREOPERATİVE FASTİNG  PERIODS 
One of the most frightening complications of anesthesia is aspiration of gastric 

contents into the lungs. Therefore, oral intake should be restricted in the 
preoperative period. Although there is no definite rule about the duration, it is 
recommended to limit clear liquids for 2 hours for all patients. In newborns and 
infants; Restrictions should be made for 4 hours after breastfeeding and 6 hours 
after formula and solid food. Adults should be restricted for 6 hours after light 
food and 8 hours for greasy and fried foods. 

 
7. PREMEDICATION 
It is the preparation of patients for the operation using drugs. Premedication; 

Reducing anxiety, reducing secretions, reducing various autonomic reflex 
responses, providing amnesia, providing analgesia, sedation, antiemetic effect, 
reducing the need for anesthetic by reducing metabolic activity, facilitating 
anesthesia induction, reducing gastric fluid volume and increased pH, providing 
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prophylaxis against allergic reactions and localizing. It is used to increase the 
anesthetic effect. 

In premedication, the patient's age, physical condition, co-morbidities, state 
of consciousness should be evaluated at the time of administration, and drug 
dosage and selection should be made according to these. 

Drugs used in premedication: Sedative and hypnotics, tranquilizers, narcotic 
analgesics, anticholinergics, drugs that reduce the risk of aspiration, antiemetics. 
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Introduction 
Plants are an important food source for living things. Until today, a wide 

variety of plants have been discovered, studied, and tried to be used. These 
discovered plants were used not only for nutritional purposes, but also for flavor, 
odor or to contribute to the treatment of diseases. The use of a plant for 
therapeutic purposes in modern medicine and traditional medicine is called a 
medicinal plant  (Baytop, 1999; Baydar, 2007; Njume et al., 2009; Yaman et al., 
2018).  

Essential oils, which can be obtained from flowers, leaves, roots, or seeds of 
plants can remain in liquid form at room temperature and can also be colorless, 
and have a distinctive odor and taste (Şengezer and Güngör, 2008; Tekce and 
Gül; 2016). Essential oils are defined as complex structures formed as a result of 
the combination of different concentrations and chemical structures of some 
components (Al-Kassie, 2009; Tekce and Gül; 2016). Among the essential oils, 
it is divided into two structures as terpene, low molecular weight aliphatic 
hydrocarbon or in other words phenylpropane. The carvacrol component in 
thyme is also in the phenylpropane group (Yıldız, 2007; Brenesa and Roura, 
2010; Tekce and Gül, 2016). 

The main reason for the use of plants called medicinal plants is the essential 
oils they contain. Thyme is among these plants. This plant is used as a medicinal 
plant and is included in the Lamiaceae family. It can be grown widely in most 
regions. Thanks to the thymol and carvacrol compounds in the plant, thyme has 
been suitable for medicinal use (Yaman et al., 2018). It is expected that thyme, 
which will be used medicinally, needs to contain 1%-2% essential oil and a 
minimum of 20% carvacrol and thymol components. It has been stated that the 
essential oil ratio in thyme in Turkey is 2%-7%, and the ratio of carvacrol and 
thymol is up to 85% (Meriçli, 2010; Üstü and Uğurlu, 2018). In addition, it is 
known that the content of thyme varies according to environmental conditions, 
origin, and harvest time of the plant (Markovic et al., 2011; Şener et al., 2021). 

Thyme essential oils have anti-inflammatory, antipyretic, antimicrobial, 
analgesic, or immunostimulating effects. It has been reported that especially 
thymol or carvacrol components have antimicrobial effects (Sağlam et al., 2022). 
Acetylcholinesterase inhibitor, angiogenic, antigenotoxic, antispasmodic, 
antiplatelet, antitumor, anti-elastase, antiparasitic, insecticidal, antihepatotoxic, 
antimutagenic, hepatoprotective activities were also reported in a study. Apart 
from these, it has been reported that it has stimulating and performance-
enhancing effects on the digestive system during the consumption of feed used 
for animal feeding (Platel and Srinivasan, 2000; Baser, 2008; Tekce and Gül, 
2016). In addition, carvacrol is known to have a free radical scavenging activity 
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and good antioxidant power due to its hydrogen donor ability (Aristatile et al., 
2015, Yıldız and Turan, 2021). 

The components that give the plant its odor are thymol and carvacrol. 
Carvacrol and thymol are the main components of thyme essential oil (Tanker 
and Tanker, 1990; Bozdemir, 2019). 

 
Structure of Carvacrol  
Carvacrol is a phenolic monoterpene. It is an essential oil of Thymus vulgar, 

Nigella sativa, Origanum vulgare, Zataria multiflora, and some other plants. It 
can also be synthesized by chemical methods. Its chemical formula C10H14O (2-
Methyl-5-(propan-2-yl)phenol) is shown in Figure 1 (Yadav and  Kamble, 2009; 
Gilling et al., 2014; Suntres et al., 2015; Kamalabadi et al., 2018; Marinelli 
et al., 2019; Kumar et al., 2021; Khazdair et al., 2022; National Center for 
Biotechnology Information, 2022). It is a lipophilic phenol with a density of 
0.976 g/mL at room temperature at 25°C, insoluble in water but highly soluble in 
acetone, ethanol, and diethyl ether (Sharifi-Rad et al., 2018; Yıldız and Turan, 
2021).  

 

 
Figure 1. Carvacrol 

 
Uses of Thyme Essential Oils and Carvacrol 
It has been stated that the essential oil obtained by distillation method from 

the parts of the plant such as leaves and dried flowers, can be used in the treatment 
of burns, bruises, and wounds, and is also effective against diseases such as gout, 
rheumatism, and headache. Besides these; it also has antifungal and antiseptic 
properties. It has also been reported to have worm-reducing and bile-increasing 
properties. Since thymol has a crystallization feature, it can be used in the 
pharmaceutical industry and it also has an antimicrobial effect. However, it is 
known that the use of carvacrol in the pharmaceutical industry is limited because 
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properties. Since thymol has a crystallization feature, it can be used in the 
pharmaceutical industry and it also has an antimicrobial effect. However, it is 
known that the use of carvacrol in the pharmaceutical industry is limited because 

it does not have crystallization properties (Tanker and Tanker, 1990; Bozdemir, 
2019). 

It was previously proposed, but the fact that carvacrol is an anticarcinogen has 
not yet been demonstrated by clinical trials. Thanks to its antifungal and 
antibacterial properties, carvacrol is known to prolong the shelf life of foods by 
preventing spoilage (especially against Aspergillus fungus, which produces 
aflatoxin). Again, other proven benefits of carvacrol are as follows; insecticidal 
effect, antihistamine effect, antioxidant effect, and ecological weed control by 
affecting the growth of plants (Koparal and Zeytinoğlu, 2003; Bozdemir, 2019). 
As a result of a study about broiler chickens, the use of carvacrol has a similar 
effect to synthetic antioxidants in that antioxidant enzyme activity increases, 
improves the activity of digestive enzymes, strengthens the broiler immune 
system, prevents fat oxidation, reduces barbituric acid in the liver. Also, it has 
been reported that it increases the amount of vitamin E and vitamin A in serum 
and liver (Luna et al., 2010; Tavárez et al., 2011; Hashemipour et al., 2013, Tekce 
and Gül, 2016). 

 
Antimicrobial Effect Mechanism of Essential Oils 
Essential oil components are hydrophobic, which disrupts the structure of 

bacterial cell membranes and mitochondria and makes them more permeable. 
Essential oils interact with lipids in the cell membrane and easily pass through 
the cytoplasm due to their lipophilic structure. Gram-positive bacterial cell wall 
structure facilitates the penetration of hydrophobic molecules into the cell. 
Therefore, since the cell wall structure of gram-positive bacteria is simpler than 
gram-negative bacteria, they are allowed to interact with essential oil 
components. In gram-negative bacteria, the cell membrane structure is like a 
barrier through which the passage of essential oils is more difficult. Essential oil 
components have various mechanisms of action on microorganisms. These 
mechanisms of action can occur as follows: Cell wall destruction, decrease in 
ATP synthesis, hydrolysis of ATP, decrease in ATP pool, cytoplasmic membrane 
damage, membrane protein damage, coagulation of cytoplasm, decrease in 
protein motility, increased permeability and leakage of cell contents. The 
antimicrobial action mechanism of essential oils is given in Figure 2 (Covan, 
1999; Ferdes, 2018, Khorshidian et al., 2018; Sağlam et al., 2022). 

 
 



100

 
Figure 2. Antimicrobial action mechanism of essential oils 

 
Biological Activities of Carvacrol 
The carvacrol component can interact with the cell membrane by changing the 

permeability of small cations. Although very high amounts of carvacrol are 
known to have a high antimicrobial effect, it has been reported that it interferes 
with membrane functions, increases lipid membrane permeability and cellular 
ATP, resulting in cell death, and binds to sterols in the membranes of Candida 
albicans strains (Ultee et al., 1999; Lima et al., 2013; Sağlam et al., 2022). 

Özel et al (2022) observed the effects of the carvacrol combined with 
tetracycline, gentamicin, linezolid, and tigecycline antibiotics on methicillin-
resistant Staphylococcus aureus, methicillin-sensitive S. aureus, Pseudomonas 
aeruginosa, and Escherichia coli strains. They stated that it has a synergistic 
effect with antibiotics and thus an antimicrobial effect against strains.  

Friedman et al. (2002) stated that carvacrol is an active ingredient causing a 
bactericidal effect as a result of an in vitro study in which they observed its 
biological activity against Salmonella enterica, E. coli, and Listeria 
monocytogenes strains (Sağlam et al., 2022).  

As a result of another research; it has been reported that a mixture of carvacrol 
and thymol has an antibacterial effect on Clostridium perfringens strain. In 
addition, as a result of a study conducted in broilers, it was determined that the 
mixture of carvacrol and ginger stopped the proliferation of C. perfringens, 
resulting in an increase in villus length and weight in broilers. An in vitro study 
against Eimeria oocytes, it has been observed that the active substance carvacrol 
has an effect on parasitic oocysts at low doses (Mitsch et al., 2004; Jerzsele et al., 
2012; Remmal et al., 2013; Tekce and Gül, 2016). 
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On the other hand, the effects of carvacrol on asthma, lung fibrosis, chronic 
bronchitis, lung cancer, lung infection, and its effects on allergy were also 
investigated and positive results were obtained. According to experimental 
studies, it has been found that carvacrol has positive therapeutic effects on nitrite 
and nitric oxide levels, white blood cell (WBC), cytokine level, lung pathological 
changes, tracheal responsiveness, and lung inflammatory disorders in asthma 
studies. In a study on lung fibrosis, it was stated that carvacrol had a protective 
effect by reducing inflammatory cells due to its anti-inflammatory properties. In 
vitro and in vivo studies have shown that carvacrol has a protective effect on lung 
infection and lung cancer. It has been stated that carvacrol has a prophylactic 
effect and may be an immunomodulatory agent for allergic disorders (Khazdair 
et al., 2022). 

In addition, it has been proposed it can be investigated whether carvacrol 
affects minimizing the harmful effects of Covid-19. Because it has been 
previously reported by many authors that carvacrol has a strong suppressive 
effect on COX-2 expression, minimizing the acute inflammatory process and 
reducing the release of pro-inflammatory mediators such as IL-1β, TNF-α, and 
PGE2 (de Carvalho et al., 2021). 

In vitro studies have confirmed the antiviral effects of carvacrol on retrovirus, 
herpes simplex virus type 1, and human respiratory syncytial virus. The Mpro 
protein has been shown to be very important for the inhibition of Covid-19. In 
the study, besides using carvacrol as a potential inhibitor for Mpro protein, ursolic 
acid, and oleanolic acid components were also used. According to the molecular 
docking analysis, it has been determined that the carvacrol molecule can have an 
effect but has less binding energy than the other two molecules, and it also 
complies with ADME parameters and Lipinski rules. Thus, it is thought that 
phytochemical-based therapeutics against Covid-19 can be developed with the 
data obtained from the study (Kamalabadi et al., 2018; Kumar et al., 2021).  

 
Safety Evaluation of Carvacrol 
The food and Drug Administration (FDA) has confirmed that carvacrol can 

be added to foods in low concentrations. Potential toxic effects of carvacrol have 
also been reported to be tested. According to the phase I clinical study, the 
tolerable effects of carvacrol were evaluated in healthy subjects and it was 
reported that it did not cause any critical side effects in hematological, 
biochemical, hormonal tests as well as liver and kidney function tests (De 
Vincenzi et al., 2004; LLana-Ruiz-Cabello et al,. 2014; Suntres et al., 2015; 
Ghorani et al., 2021; Khazdair et al., 2022).  
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It is known that the midwifery profession has an important responsibility such 
as providing health education and counseling to the family and society. 
Midwives, who constitute the most important health workforce in the 
development and protection of maternal and child health, which covers an 
important part of health services, and in the provision of prenatal, birth and 
postnatal care; They play a key role in reducing maternal and infant mortality 
(Öncel 2001; Arslan 2005; Öztürk 1998). Failure to strengthen these services will 
result in a serious deterioration in the quality of health services and the failure to 
meet national and international health targets. The World Health Organization 
(WHO); It has been decided that it will not be possible to reach the health goal 
for everyone without the active participation of the midwife in health services 
(International Confederation of Midwives, 2016). It is an inevitable fact that this 
professional group, which is so important for public health, should receive 
academic education and that students should gain critical thinking skills within 
the scope of this education (Hunter &Lops 1994). In the midwifery profession, 
which is in direct interaction with women and children, who are the indicators of 
the development level of societies, and has the privilege of reaching even the 
most  extreme segment of the society, critical thinking skills are becoming 
increasingly important in solving both the problems in the field of work and 
professional problems (Carter et al., 2015). critical thinking; It is a mental activity 
that can be used and developed in problem solving and decision making stages, 
daily life and midwifery process(Zhang 2003). The importance of critical 
thinking skills of health professionals is emphasized by national and international 
midwifery/nursing organizations and health managers (Mahmoud & Mohamed 
2017) Fundamental changes in the health care system; It requires 
midwives/nurses to be open to innovations and to grasp new knowledge and 
practices (Akça & Taşçı 2009). Critical thinking skills are an important 
component of planning and implementing quality midwifery/nursing care 
(Mahmoud & Mohamed 2017). For this reason, it is very important for 
midwives/nurses to have critical thinking skills in order to make fast and correct 
decisions in the constantly developing and changing health care system (Demir 
Dikmen &Yıldırım Usta 2013). Identifying alternative approaches and sustaining 
professional development in midwifery/nursing care and practices is only 
possible if midwives/nurses use their critical thinking skills (Mahmoud & 
Mohamed 2017, Akça & Taşçı 2009). Critical thinking individuals examine the 
situations they encounter and deal with existing problems in different dimensions 
(Sarıtaş & Yıldırım201). They try to prevent wrong practices by establishing a 
cause-effect relationship. Developing and using critical thinking skills enables 
midwives to become professionals who question their profession, constantly 
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research, base their practices on theory, use their mental and emotional skills and 
base their practices on evidence. It is reported that as the level of critical thinking 
of the midwives increases, the rates of individualized care delivery increase 
together with the quality of the service provided. Health problems experienced in 
society may differ from individual to individual. The disease usually develops 
under the influence of the individual's physical health, lifestyle, culture, 
relationship with family and friends, the environment and experiences of the 
individual. For this reason, it is very important to have a different perspective and 
to criticize the current situation in order to solve the health problems of the 
individual. In this direction, midwives should be able to diagnose complex 
clinical events very well and produce appropriate solutions (Potter et.al.,2013). 

 
Critical Thinking Concept 
Criticism is a word that came from the Greek words “critic”, “kritike”, passed 

into Latin as “criticus” and started to be used as the “art of judgment” in different 
languages (Şenşekerci &  Bilgin 2008). The foundation of critical thinking It 
dates back to Socrates, who discovered the method of questioning the mind in 
600 BC. Socrates focused on meaningful questions that lead people to think and 
opened the way for individuals to question with the in-depth questions she asked 
(Şahinel 2007). When the literature is examined, it can be seen that different 
definitions of critical thinking are made by researchers with different worldviews. 
Dewey (1938), reflective thinking; Logan (1987), scientific process including 
analysis, synthesis, inference; Scriven & Paul (2007) defined it as reaching 
conclusions based on observation and knowledge. Judith et al. (2016) critical 
thinking; is the art of thinking. When the literature is examined, it can be seen 
that there is no single definition of critical thinking. Critical thinking is the art of 
thinking that involves accepting the existence of a critical problem, analyzing the 
information about the subject, evaluating the information and drawing 
conclusions (Potter et.al., 2013, Judith et. al., 2016). Critical thinking in line with 
the results of the project published in 1990; It is defined as “interpretation, 
analysis, evaluation, interpretation, decision making with purposeful self-control 
and thinking based on the conceptual criteria on which this decision is based”( 
Lipe & Beasley 2004). Critical thinking in Midwifery; It can be defined as the 
ability to systematically and logically think about problems and apply the 
reasoning process to provide quality care with safe midwifery practices (Judith et 
al., 2016). Handling the events with a critical perspective and making the right 
decision is a cognitive skill, but it is necessary for mental development (Çıtak & 
Uysal 2012). Critical thinking in Midwifery includes emotional components and 
requires the application of cognitive skills. Information about the patient is 
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collected while planning midwifery/nursing care. It is determined by considering 
the actions that can be taken to solve the problem (Lipe &  Beasley 2004). 
Cognitive components; includes analyzing, applying standards, discerning, 
seeking information, reasoning, predicting, and transforming information (Lipe 
&Beasley 2004). Emotional components (critical thinking attitudes) refer to the 
emotions and characteristics of the mind. Emotional components; expresses 
confidence, contextual perspective, creativity, flexibility, curiosity, intellectual 
integrity, intuition, open-mindedness, fair view, and reflection. Individuals who 
do not have a critical attitude tend to consider their own interests rather than 
others (Lipe & Beasley 2004). They are often biased towards people and events. 
Midwives use the nursing process at all stages of care, clinical decision making, 
problem solving and clinical judgment. The Midwifery process is a systematic 
approach that includes data collection, analysis, planning, implementation and 
evaluation. The clinical reasoning used in this process is a form of critical 
thinking. The use of critical thinking in midwifery practice distinguishes between 
effective practice and ineffective practice. It also helps midwives to look for 
answers to the problems they encounter in the clinic and to produce alternative 
ideas. With the quality of the care provided, the self-confidence and motivation 
of the midwives increase (Mahmoud & Mohamed 2017). At the same time, 
possible mistakes in midwifery practices can be avoided by using systematic and 
logical reasoning skills. On the other hand, it provides the opportunity for 
midwives to realize themselves and strengthens nursing, which is a professional 
profession (Abbas et al., 2019). It is very important for Midwives to be critical 
thinkers. Because midwives may face many unexpected situations in the working 
environment. The condition of the patient who is given care can change in a very 
short time. It may not be enough for the midwife to know the routine in order to 
make a decision about the clinical condition of the patient. In particular, the stress 
of a midwife may increase the need to use the critical thinking skills necessary to 
give an appropriate response to the patient (Judith et al., 2016). Providing care in 
line with a critical approach can increase patient satisfaction by reducing the 
length of stay of patients in the clinic. It also helps to provide individualized care 
to the healthy/sick individual. Individual differences such as illness and age 
prevent the same interventions from being applied to all patients. Because every 
person is unique. On the other hand, cultural beliefs affect how individuals 
complete the disease, what kind of health care they expect and the treatment they 
receive. Critical thinking assists the midwife  in assessing the patient's and 
family's cultural beliefs and differences. It is very important that midwifery care 
is presented in a culturally sensitive and needs-responsive manner (Judith et al., 
2016). Lack of critical thinking skills can negatively affect the quality, 
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effectiveness and competence of the service provided, professional independence 
and power. Therefore, as the rate of using critical thinking skills of midwives 
increases, it is predicted that the rate of protecting and improving public health 
and improving the quality of life will increase at the same level (Demir 2014). To 
develop critical thinking skills, it is important to know how to apply knowledge 
and theory to practice. In this direction, strategies such as reflective diary writing, 
interviewing colleagues, and concept maps can be used (Potter et al., 2013). 

Reflective Thinking: Reflecting involves recalling a preoccupying situation 
and honestly reviewing everything remembered. Critical thinking becomes 
clearer through reflection. Because it helps to remember previous thoughts or 
experiences in order to make the right decisions about the future. Reflective 
journal writing is a tool used to improve critical thinking and reflection by 
clarifying concepts. This practise offers midwives the opportunity to describe and 
express their clinical experience in their own words. The midwife who keeps a 
diary of each of her clinical experiences can discover her personal perceptions or 
understand her experiences (Potter et al., 2013). In their studies with student 
nurses, Naber and Wyatt (2014) and Raterink (2016) determined that reflective 
diary writing is an extremely useful tool that can be used to develop critical 
thinking skills (Naber & Wyattb 2014;  Raterink,2016). 

Interviewing Colleagues: Another way to develop critical thinking skills is to 
meet with colleagues regularly to discuss and review their work experience. 
Discussing the expected and unexpected consequences of any clinical situation 
can help develop expertise and increase knowledge. Midwives have the 
opportunity to listen to different perspectives in environments where experiences 
are discussed. They learn a lot about the experiences and perspectives of others 
through reflective critical thinking (Potter et al., 2013). 

Concept Map: A concept map is a diagram that shows the interrelationships 
of patient problems and interventions. The main purpose of the concept map is to 
better evaluate and synthesize the data. A concept map involves organizing and 
relating information effectively. With the concept map, information about the 
patient begins to form meaningful concepts. It also helps to look at the patient 
from a holistic perspective (Potter et al., 2013; Erdem et al., 2017) and Yue et al. 
(2017) found that the use of concept mapping method positively affected 
individuals' problem solving and critical thinking skills (Erdem et al., 2017; Yue 
et al., 2017). In order for midwifery to be a science-based, evidence-based and 
research profession, it is necessary to develop critical thinking skills more. In this 
direction, the gap between practice and theory will be reduced, and the most 
accurate and most effective clinical decisions will be made about the patient 
(Yıldırım & Taşcı 2013). Clinical decision-making is an important dimension of 
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midwifery practices, and it includes choosing the most appropriate option among 
the existing options for the solution of the problem and transferring it to practice 
(Yıldırım & Taşcı 2013).  

It is reported that at the basic level of critical thinking, midwives should make 
more efforts to practice critical thinking, as they are generally work-oriented and 
try to learn how to organize their care activities. A complex critical thinker begins 
to separate herself from those who are at the basic level of critical thinking. 
Analyzes and examines choices more independently. Learns that contradictory 
problems and alternative solutions exist. Thanks to critical thinking, the midwife 
predicts when a choice will be made without help from others and takes 
responsibility for the decisions made. At this level, a midwife does more than 
consider the complex alternatives a problem creates. Taking responsibility for the 
decision, it considers its consequences and also determines whether the decision 
is appropriate (Potter et al., 2013). Midwives, who spend the longest time with 
the patient among health professionals and have the opportunity to determine the 
first changes in the individual, play a very important role in the decision-making 
process. Midwives should be able to predict which evidence they should use in 
which patient by using their knowledge and experience in the clinical decision-
making process. However, each clinical decision should be based on the best 
available evidence. It is extremely important to consider all options in order to 
make the right decisions about the patient. 

 
Result 
Today, with the development of technology, the use of complex treatment 

methods and the complexity of disease processes require midwives to keep their 
knowledge up-to-date and to use their critical thinking skills at the highest level. 
The critical thinking skills of midwives strengthen the change in midwifery care 
and practices. It also helps the midwife to recognize their own knowledge and 
limits. Studies on this subject in our country indicate that midwives do not use 
their critical thinking skills sufficiently. In this direction, it is recommended to 
provide in-service training on critical thinking and to use teaching methods and 
techniques that support critical thinking in midwifery education curricula in order 
to increase the quality of care provided to the patient and to make the best 
decisions about the patient. 
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INTRODUCTION 
Side effects that develop during transfusion or within the first 24 hours are 

defined as acute transfusion reactions. Acute transfusion complications are 
divided into immunological and non-immunological. 

Immunological transfusion reactions occur when transfused erythrocytes, 
leukocytes, platelets and plasma proteins stimulate antibody production in the 
recipient. 

Non-immunological reactions occur due to the physical and chemical 
properties of the transfused blood product  (1). 

 
IMMUNOLOGICAL TRANSFUSION REACTIONS 
I- Acute Hemolytic Transfusion Reaction (AHTR): 
It is usually caused by an error in the blood bank's registration system or by 

mistakenly giving another patient's blood to the patient. Although rare, 
administration of inappropriate fluids such as 5% dextrose and ringer lactate with 
transfusion may also cause AHTR. It occurs as a result of the reaction of any 
antigen in the donor's erythrocytes with the antibody against this antigen in the 
recipient. Anti-ABO is the leading antibody that causes intravascular hemolysis. 

Antigen-antibody coupling causes complement activation, and complement 
activation causes intravascular hemolysis by causing destruction of the 
erythrocyte membrane by the membrane attack complex (2,3). Symptoms begin 
immediately or within a few hours of starting a transfusion of inappropriate 
blood. It is clinically dramatic. Restlessness, fever, chills, nausea, vomiting, chest 
and back pain, tachycardia, dyspnea are the main symptoms, but oliguria, 
hemoglobinuria, arterial hypotension, jaundice, cyanosis, hypothermia may also 
be seen. Shock, disseminated intravascular hemolysis and acute renal failure 
(ARF) may occur. Bleeding during the operation is one of the findings that 
require alertness in terms of AHTR. There is a linear relationship between the 
clinic and the amount of blood given. 

The mortality rate in AHTR varies between 25-40%. Widespread hemolysis, 
life-threatening ARF, disseminated intravascular coagulation, and shock are 
among the most important causes of mortality. (3,4). The first thing to do in the 
treatment is to stop the transfusion immediately. 

To determine the presence of hemolysis, hemoglobin level, platelet count, 
lactate dehydrogenase (LDH), bilirubin levels, haptoglobin, Coombs test, 
hemoglobinuria, aPTT, prothombin time, fibrinogen level, D-Dimer (may be 
normal in the early period) should be performed. In AHTR, the patient's direct 
Coombs test is positive. Laboratory findings of intravascular hemolysis such as 
high LDH level, low serum haptoglobin level, hemosiderinuria, hemoglobinuria 
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and indirect bilirubin are detected. Intravenous 0.9% sodium chloride solution 
should be started to the patient and the urine volume should be kept above 100 
ml/hour. For this purpose, furosemide (40-120 mg) and/or mannitol infusion 
(20% mannitol 30-60 min, 100 ml/m2 followed by 30 ml/m2/hour in 12 hours) 
can be used. Making the urine alkaline (urine pH=7.0 above) by giving 40-70 
mEq/hour bicarbonate prevents the precipitation of hemoglobin into the distal 
tubule in the form of acid hematin. In severe cases, high-dose steroids, oxygen 
inhalation, adrenaline or dopamine may be required to maintain cardiac output. 
When renal failure develops, hemodialysis can be life-saving in patients (5). 

 
II- Febrile Non-Hemolytic Transfusion Reactions (FNHTR) 
It is one of the most common transfusion reactions. It develops within the first 

30 minutes to a few hours after the start of transfusion. The most important 
findings are an increase in body temperature of more than 1 °C and headache, 
regardless of any other reason. It develops due to immune reactions against 
platelet, leukocyte antigens and plasma proteins (such as cytokine increase; TNF-
α, IL-1). Therefore, previously transfused patients and multiparous women are at 
greater risk for FNHTR. 

In the treatment, it is sufficient to control the fever with antipyretics and after 
the fever subsides, the transfusion can be continued with the same product. Since 
there is no histamine release in FNHTR, antihistamine administration has no 
place in the treatment. However, it is often used unnecessarily in clinical practice. 
Since cytokines secreted from leukocytes can also cause febrile transfusion 
reaction, leukocyte removal must be done before the blood is stored. 

Antipyretic (acetaminophen) or corticosteroid can be administered to patients 
with recurrent febrile transfusion reactions despite all these precautions (5). 

 
III- Transfusion- Related Acute Lung Injury (TRALI) 
Life-threatening clinical symptoms characterized by tachycardia, tachypnea, 

dyspnea, cyanosis and fever occurring within the first 6 hours after transfusion, 
and hypotension may accompany the clinic in some patients. Its frequency is 
reported as 1/5,000. The patient's cardiac functions are normal, but bilateral 
pulmonary edema is present. In the physical examination; on auscultation, 
decreased lung sounds and/or diffuse crepitation are heard in both lungs. The 
patient develops deep hypoxemia. PaO2/FiO2 ratio is below 300 mmHg. 
Pulmonary artery wedge pressure is below 18 mmHg. 

Bilateral infiltration is observed on chest radiograph (6-8). Small aggregates 
formed by the reaction of donor leukocyte antibodies with recipient leukocyte 
antigens lead to plugs in the pulmonary microcirculation (7). There is no specific 
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and hypotension may accompany the clinic in some patients. Its frequency is 
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pulmonary edema is present. In the physical examination; on auscultation, 
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formed by the reaction of donor leukocyte antibodies with recipient leukocyte 
antigens lead to plugs in the pulmonary microcirculation (7). There is no specific 

treatment for the disease. First of all, a distinction should be made between 
cardiogenic edema and pulmonary edema. Causes such as hypervolemia, 
anaphylactic reactions, bacterial contamination and hemolytic transfusion 
reactions should be kept in mind in the differential diagnosis. Its clinical course 
is more benign than acute respiratory distress syndrome. Mechanical ventilation 
may be effective in the presence of severe hypoxemia. Diuretic therapy is usually 
not effective. Diuretics may aggravate symptoms, especially when the patient is 
hypotensive. There are no controlled studies on the effectiveness of 
corticosteroids (8,9). 

 
IV- Allergic Transfusion Reactions 
Its incidence is 1-2%. Serious symptoms ranging from simple findings such 

as itching and urticaria to bronchospasm, angioneurotic edema, and anaphylactic 
reaction can be observed (10,11). The incidence of anaphylactic reaction is 
1/150,000. Antibodies against proteins in donor plasma cause an allergic 
transfusion reaction. An allergic transfusion reaction can occur with any blood 
product. However, it is more common in whole blood, plasma and thrombocyte 
suspension. 

An anaphylactic reaction may occur if a blood product from a donor with a 
normal Ig A level is transfused to a patient with Ig A deficiency. Because these 
patients have anti-IgA antibodies (12). Mild cases can be controlled with 
antihistamine therapy, there is no need to interrupt transfusion. Clofeniramine 
(antihistamine) 10-20 mg IV/IM can be administered to these cases. However, in 
severe allergic transfusion reactions such as bronchospasm, angioneurotic edema 
or anaphylactic reaction; transfusion should be stopped immediately and 
anaphylaxis should be treated. 

In patients who develop frequent allergic reactions, antihistamine can be 
administered as a premedication 30 minutes before the transfusion. Washed 
erythrocyte or platelet suspensions should be administered to patients with a 
history of such frequent allergic reactions. If the patient's Ig A level is low, it is 
recommended to obtain a blood product from a donor with a low Ig A level (1,7). 

 
NON-IMMUNOLOGICAL TRANSFUSION COMPLICATIONS 
I- Hypervolemia 
Transfusion may cause acute pulmonary edema due to volume overload. 

Hypervolemia should be considered if signs of dyspnea, orthopnea, cyanosis, 
hypertension, and congestive heart failure develop during or immediately after 
transfusion. Recognition of the imbalance between the fluid ingested and 
excreted by the patient is diagnostic. 



124

In volume-loaded patients, symptoms usually resolve when the infusion is 
stopped and placed in a sitting position. It is useful to administer 40 mg IV 
furosemide and keep the transfusion rate at 13 ml/kg/hour when starting the 
transfusion in these patients. Diuretics and oxygen therapy are often used in 
treatment. (13,14). 

 
II- Septic Shock 
It is a rare complication and develops due to the presence of bacteria in the 

transfused blood product. It is manifested by nausea, vomiting, high fever and 
hypotension immediately after transfusion of infected blood. This is followed by 
disseminated intravascular hemolysis, renal failure, and shock. When septic 
shock is suspected, IV antibiotic therapy is started. 

Microbiological tests such as gram staining and culture should be performed 
from the blood taken from the patient and the transfused blood product. 

In order to prevent the development of septic shock, the donor should be 
questioned very well, blood should be taken by providing appropriate asepsis 
conditions, transfusion should be done by filtration and transfusion should be 
started within 30 minutes after removing the blood product from the refrigerator. 
(13,14). 

 
CONCLUSION 
If the decision of transfusion of a blood component is to be made; the benefit 

to the patient must far outweigh the potential risks and complications of the blood 
component. The physician who makes the decision of transfusion should know 
very well the complications that can be seen during and after the transfusion. 
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INTRODUCTION 
Though urinary incontinence (UI) is not a life-threatening disease, it causes 

many psychosocial problems and deterioration in their lives. At the same time, 
living activities and lives of those who have incontinence problems are also 
affected (Topuz, 2015). In the study of Bakarman and Al-Ghamdi (2016) with 
1200 women, it was determined that the quality of life of women was negatively 
affected in all areas, including physical, social, personal and spiritual (Bakarman 
& Al-Ghamdi, 2016). Fernandes et al. (2015) in the study of 305 women in 
Portugal, it was determined that physiological limitations due to UI or 
psychological problems caused by social isolation affect women's quality of life 
(Fernandes et al., 2015). 

One of the most significant factors affecting the quality of life is the severity 
of incontinence. As the amount, frequency and severity of urinary incontinence 
increase, the quality of life decreases (Guvenc et al., 2016; Barbosa et al., 2018). 
In the study of Abrams et al (2015), it was found that as UI symptom severity 
increases, it causes more negative effects on women's lives such as home and 
work lives, personal relationships, social activities and mental welfare (Abrams 
et al., 2015).  

Although UI causes many physical, social and psychological problems, 
studies have shown that only 25-30% of women seek solutions to their problems 
and apply to the hospital (Demir & Beji, 2015; Felde et al., 2012). It has been 
determined that women spend an average of nine years before applying to a health 
institution for reasons such as perceiving UI as a natural consequence of aging, 
lack of knowledge, ignoring complaints, being ashamed/feared of the 
examination, and not finding time for examination (Topuz, 2015, Liu et al., 2014, 
Elbiss et al.,2013). This situation both impairs the psychosocial health of the 
patient and increases the cost of treatment (Topuz, 2015). 

 
1. DEFINITION OF URINARY INCONTINENCE 
The International Continence Society defines UI as any type of urinary 

incontinence complaint. According to another definition, UI is the involuntary 
leakage of drops or more urine with loss of bladder control (Abrams, 2003). 
While it is more common in women than in men, this rate increases in both sexes 
with advancing age. The incidence of UI increases to 15-20% in young women, 
20-30% in middle-aged women, and 50% in advanced ages. It is more common 
during menopause and in women who have given birth multiple times. UI can be 
acute or chronic. Acute type develops mostly due to urinary system infections, 
fecal pressure due to constipation, drugs and some acute diseases. The chronic 
type is classified by the ICS according to the underlying causes 
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(pathophysiology) (Karadakovan & Kaymakçı, 2013; Eryılmaz, 2015). Stress 
urinary incontinence (SUI) is defined as the involuntary loss of urine during 
activities that increase intra-abdominal pressure, such as laughing, coughing, 
sneezing, and exercising, which is seen in most women. SUI is generally due to 
insufficiency of urethral functions (Eryılmaz, 2015). In urge incontinence (UI), 
which occurs due to excessive activity of the bladder muscles, there is urinary 
incontinence before reaching the toilet when the need to go to the toilet is felt 
(Hazar, 2015). The coexistence of stress incontinence and urge incontinence is 
named mixed type urinary incontinence (MUI) (Terzi, 2013).  Overflow 
incontinence is urinary incontinence in the form of frequent or continuous drips 
without detrusor contraction and urination, caused by the excess of urine 
exceeding the bladder capacity and overstretching the bladder (Hazar, 2015). 
Bypass incontinence/continuous incontinence is the loss of urine due to 
abnormal anatomical differences that develop from routes other than the urethra 
(Eryılmaz, 2015). This incontinence is often similar to other forms of UI, but 
unlike other types of incontinence, the patient says that she does not realize that 
she is leaking urine and that her underwear is always wet (Yalçın, 2004). 
Functional/temporary incontinence is a condition that occurs as a result of 
people not being able to reach the toilet on time beyond their control. All factors 
related to deterioration of physical health, cognitive function, medication, 
systemic diseases, and bowel function can contribute to incontinence. It is more 
common in the elderly population, especially since there is an increase in these 
problems in elderly patients (Karadakovan & Kaymakçı, 2013). 

 
2. URINARY INCONTINENCE RISK FACTORS 
UI affects the female gender more and its prevalence varies between 20% and 

50%. In various studies, it has been determined that the risk of incontinence in 
women aged 40-50 within 3 years is 8%, and approximately 28% for those over 
the age of 65, and it has been stated that age is an important risk factor (Abrams, 
2003). When we look at the other main risk factors, we can list them as follows: 

Number of Pregnancy and Birth: Urinary incontinence may occur in the last 
trimester of pregnancy due to physiological changes, but these often resolve after 
delivery. Pelvic floor and soft tissue injuries that may occur during childbirth may 
predispose to stress incontinence in the future (Franco, 2014).  

Estrogen Deficiency: Endocrine changes that occur with menopause can 
affect the pelvic floor muscle and connective tissues. Although there are studies 
associating menopause with UI, the data are insufficient (Tosun, 2015). 

Obesity: With obesity, the load on the pelvic floor increases and causes 
relaxation in the pelvic floor muscles and connective tissues (Vaughan, 2013). 
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common in the elderly population, especially since there is an increase in these 
problems in elderly patients (Karadakovan & Kaymakçı, 2013). 

 
2. URINARY INCONTINENCE RISK FACTORS 
UI affects the female gender more and its prevalence varies between 20% and 

50%. In various studies, it has been determined that the risk of incontinence in 
women aged 40-50 within 3 years is 8%, and approximately 28% for those over 
the age of 65, and it has been stated that age is an important risk factor (Abrams, 
2003). When we look at the other main risk factors, we can list them as follows: 

Number of Pregnancy and Birth: Urinary incontinence may occur in the last 
trimester of pregnancy due to physiological changes, but these often resolve after 
delivery. Pelvic floor and soft tissue injuries that may occur during childbirth may 
predispose to stress incontinence in the future (Franco, 2014).  

Estrogen Deficiency: Endocrine changes that occur with menopause can 
affect the pelvic floor muscle and connective tissues. Although there are studies 
associating menopause with UI, the data are insufficient (Tosun, 2015). 

Obesity: With obesity, the load on the pelvic floor increases and causes 
relaxation in the pelvic floor muscles and connective tissues (Vaughan, 2013). 

Constipation: It poses a risk for pelvic organ prolapse and UI with increased 
intra-abdominal pressure, especially in those with chronic constipation (Franco, 
2014).  

Physical Activity: It may pose a risk for UI due to increased intra-abdominal 
pressure (Franco, 2014).  

Hysterectomy: Injury of pelvic nerves and tissues during the procedure 
increases the risk of UI in women (Kudish, 2014). 

The risk factors according to the level of evidence are as follows: (Franco, 
2014): 

• Level of Evidence 1: vaginal delivery, obesity 
• Level of Evidence 2: difficult labor, physical activity that increases intra-

abdominal pressure, menopause, hysterectomy, advanced age, heredity 
• Level of Evidence 3: Constipation, smoking, diet, depression 
 
3. TREATMENT OF URINARY INCONTINENCE 
Urinary incontinence treatment is divided into three as behavioral and 

conservative, pharmacological and surgical treatment methods. A treatment plan 
is made according to the type, degree and patient profile of incontinence. 
Pharmacological and surgical treatment methods have disadvantages such as not 
being tolerated or causing various complications. For this reason, conservative 
and behavioral treatments are a good alternative, especially for patients whose 
symptoms are not severe, who do not want surgical treatment, who wish to 
become pregnant in the future, who have other urogynecological problems that 
may affect surgical treatment, and who are not suitable for 
surgical/pharmacological treatment due to some accompanying diseases 
(Coşkun, 2015; Friedman, 2012).  

 
3.1 Behavioral Treatment Methods in the Management of Urinary 

Incontinence 
The purpose of behavioral therapy; It is to increase the capacity efficiency of 

the bladder and to gain bladder control. Major behavioral treatment methods; 
lifestyle changes (regulation of diet, weight loss, avoidance of caffeinated and 
carbonated alcoholic beverages, quitting smoking, avoiding excessive fluid 
consumption, evening fluid restriction for those with nighttime incontinence, 
etc.), bladder training, and pelvic floor muscle training (PFMT) (Coşkun & 
Kadıhasanoğlu, 2015; Hazar, 2015; Karadakovan & Kaymakçı, 2013). 
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3.1.1. Lifestyle Changes 
Lifestyle is habits that are made unconsciously every day and that affect our 

health positively or negatively. Healthy lifestyle practices; are the primary 
behaviors recommended for the prevention of diseases, safeguard and healing of 
health.  

The purpose of the primary treatment of UI; “To alleviate the symptoms of UI 
with minimal intervention without harming the patient and to increase the quality 
of life by gaining healthy lifestyle practices” (Nicholas & Hextall, 2007). 
Although there are not enough studies on the effect of lifestyle practices on UI, it 
is recommended by healthcare professionals to patients with urinary 
incontinence, as it plays an important role in reducing symptoms at the beginning 
or after UI (Lucas et al, 2013). Although studies show that behavioral intervention 
is effective, more research is needed for evidence-based results (Imamura et al., 
2015; Wyman et al., 2009). In the guide published by the European Urology 
Association, the effect of lifestyle practices on UI symptoms and the level of 
evidence are included (Tablo 1).  

 These applications are; 
• Regulation of diet, 
• Losing weight, 
• Regulation of excessive/insufficient fluid intake, 
• Avoiding caffeinated beverages, 
• Reducing alcohol consumption, 
• Restriction of heavy activities that cause excessive stretching of the 

pelvic floor muscles, 
• Quitting smoking, 
• Gaining bowel habit (prevention of constipation) (European 

Association of Urology Guidelines, 2020).  
 

3.1.1.1. Diet and Its Components 
It is known that many foodstuffs play an important role in initiating or 

increasing bladder irritation in incontinence (especially urge incontinence). 
Patients with UI are generally advised to prefer fibrous foods to prevent the risk 
of constipation, and to avoid tomatoes, honey, carbonated/acidic drinks, spicy 
and sugary foods as they may trigger bladder irritation. However, studies 
investigating the positive/negative effects of nutrients (macro/micro) on UI 
symptoms are very limited. Determining the etiology of nutrients on the onset of 
UI may contribute to the change of dietary habits and the development of new 
nutritional strategies during the treatment process (Robinson, Giarenis & 



133

3.1.1. Lifestyle Changes 
Lifestyle is habits that are made unconsciously every day and that affect our 

health positively or negatively. Healthy lifestyle practices; are the primary 
behaviors recommended for the prevention of diseases, safeguard and healing of 
health.  

The purpose of the primary treatment of UI; “To alleviate the symptoms of UI 
with minimal intervention without harming the patient and to increase the quality 
of life by gaining healthy lifestyle practices” (Nicholas & Hextall, 2007). 
Although there are not enough studies on the effect of lifestyle practices on UI, it 
is recommended by healthcare professionals to patients with urinary 
incontinence, as it plays an important role in reducing symptoms at the beginning 
or after UI (Lucas et al, 2013). Although studies show that behavioral intervention 
is effective, more research is needed for evidence-based results (Imamura et al., 
2015; Wyman et al., 2009). In the guide published by the European Urology 
Association, the effect of lifestyle practices on UI symptoms and the level of 
evidence are included (Tablo 1).  

 These applications are; 
• Regulation of diet, 
• Losing weight, 
• Regulation of excessive/insufficient fluid intake, 
• Avoiding caffeinated beverages, 
• Reducing alcohol consumption, 
• Restriction of heavy activities that cause excessive stretching of the 

pelvic floor muscles, 
• Quitting smoking, 
• Gaining bowel habit (prevention of constipation) (European 

Association of Urology Guidelines, 2020).  
 

3.1.1.1. Diet and Its Components 
It is known that many foodstuffs play an important role in initiating or 

increasing bladder irritation in incontinence (especially urge incontinence). 
Patients with UI are generally advised to prefer fibrous foods to prevent the risk 
of constipation, and to avoid tomatoes, honey, carbonated/acidic drinks, spicy 
and sugary foods as they may trigger bladder irritation. However, studies 
investigating the positive/negative effects of nutrients (macro/micro) on UI 
symptoms are very limited. Determining the etiology of nutrients on the onset of 
UI may contribute to the change of dietary habits and the development of new 
nutritional strategies during the treatment process (Robinson, Giarenis & 

Cardozo, 2014). In a large cohort study of 5816 middle-aged women with one-
year follow-up, chicken and vegetables were found to reduce the risk of new-
onset overactive bladder (OAB), while bread reduced the risk of new-onset OAB 
and SUI. It has been stated that carbonated beverages increase the risk of OAB 
symptoms, and foods containing fat and cholesterol predispose to urinary 
incontinence (Dallosso, McGrother & Matthews, 2013). A study of 
postmenopausal women found a higher risk of urge incontinence in women on a 
high-protein diet (Bauer et al., 2021). In another study, the incidence of OAB 
symptoms was found to be significantly lower in those fed with a diet rich in 
Vitamin D, protein and potassium (Dallosso, McGrother, Matthews & 
Donaldson, 2014). There is also evidence that Vitamin D is associated with pelvic 
floor muscle dysfunction. At the end of a one-year follow-up with 20244 middle-
aged (40±) women by the same researchers; It was found that total fat 
consumption (saturated and unsaturated fat) increased the risk of onset of SUI, 
and a positive correlation was found between those taking zinc and vitamin B12 
and the risk of starting SUI (Dallosso, McGrother, Matthews & Donaldson, 
2014). In a cross-sectional health study conducted with 2060 women aged 30-79 
years in the USA in 2011, the relationship between vitamins and minerals and UI 
was investigated. A positive correlation was found between Vitamin C and 
Calcium consumption and urine storage/incontinence. However, a negative 
correlation was found between the consumption of vitamin C and beta 
critoxanthin (orange, watermelon, corn, coriander, avocado, etc.) and voiding 
symptoms. The patient's urine storage, voiding and incontinence symptoms were 
questioned and it was stated that the recommended vitamins and minerals may 
contribute to lower urinary system symptoms depending on the dosage and usage 
form (Maserejian et al., 2011). In conclusion, more evidence-based studies are 
needed because of the inconsistent and small number of studies on nutrition and 
diet regulation, which is an important step in the treatment of UI. 

 
3.1.1.2. Body Mass Index (BMI) – Weight Loss 
Obesity and increased BMI are risk factors for incontinence, especially stress 

incontinence. Women with a BMI greater than 30 kg/m2 who were followed 
prospectively for one year were more likely to develop symptoms of overactive 
bladder (OAB) or urinary incontinence (Nicholas & Hextall, 2007). In the study 
of Thubert et al., the relative risk of urinary incontinence in morbidly obese 
women was five times higher than in women of normal weight, 10% weight loss 
reduced the frequency of urinary incontinence by 50% (Thubert et al, 2012). In a 
population-based study conducted in our country, in which 1023 women 
participated, it was determined that the incidence of incontinence increased in 
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women over 50 years of age with a BMI over 25 kg/m2 (Işıklı & Kalyoncu, 2011). 
In the RCT performed by Wing et al., it was determined that weight loss, the 
incidence of SUI decreased for 12 months and increased patient satisfaction. 
Weight loss may provide long-term benefits in incontinence (Wing et al., 2010). 
In the RCT conducted by Phelan et al. in 2012 with 2739 people, diabetes support 
and education were applied with a one-year intensive lifestyle weight loss 
intervention. Urinary incontinence rates were reported to be lower in the 
intervention group with intensive lifestyle weight loss compared to the group that 
received diabetes support and education. It has been observed that every 1 kg lost 
provides a 3% reduction in urinary incontinence rates and 5-10% weight loss 
reduces these rates by 47%. Weight loss interventions should be considered for 
the prevention of UI in women with diabetes and overweight/obese (Phelan et al., 
2012). In the systematic review of the American Urogynecology Association, it 
was stated that surgical or behavioral weight loss of obese women contributed to 
reducing the risk of incontinence, but more studies at the level of evidence are 
needed (Yazdany et al., 2020). In the European Association of Urology and 
American College of Physicians guidelines, the evidence for the recommendation 
for weight loss is A-level (European Association of Urology Guidelines, 2020; 
Qaseem et al, 2014).  

 
3.1.1.3. Regulation of Fluid Intake 
Evidence for changing hydration is conflicting and evidence for reducing 

hydration is C-level (European Association of Urology Guidelines, 2020). While 
excessive fluid intake can increase the symptoms of UI and OAB, fluid restriction 
can cause dehydration, constipation, and increased urine concentration. This 
increase in urine concentration can trigger bladder mucosal irritation and 
urgency, frequent urination, and urinary tract infections. For this reason; When 
advising women with insufficient or excessive fluid intake, adequate fluid intake 
history should be taken with the help of a personalized intake-extraction diary, 
and BMI, exercise levels, diet and weather conditions should be taken into 
account. General rule for women; 24 milliliters (ml) of fluid should be taken for 
each kilogram of body weight (per kilogram) every 24 hours. In a study, it was 
reported that increased fluid intake increased urgency conditions in women with 
detrusor overactivity, and decreased fluid intake for three weeks decreased 
frequency, urgency, and urinary incontinence (Swithinbank, Hashim & Abrams, 
2005). On the other hand, in a cohort study conducted with 65,179 women aged 
35-79 years, no significant relationship was found between total fluid intake and 
the incidence of incontinence. In line with the data obtained, it has been suggested 
that fluid intake should not be restricted in order to prevent the development of 
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women over 50 years of age with a BMI over 25 kg/m2 (Işıklı & Kalyoncu, 2011). 
In the RCT performed by Wing et al., it was determined that weight loss, the 
incidence of SUI decreased for 12 months and increased patient satisfaction. 
Weight loss may provide long-term benefits in incontinence (Wing et al., 2010). 
In the RCT conducted by Phelan et al. in 2012 with 2739 people, diabetes support 
and education were applied with a one-year intensive lifestyle weight loss 
intervention. Urinary incontinence rates were reported to be lower in the 
intervention group with intensive lifestyle weight loss compared to the group that 
received diabetes support and education. It has been observed that every 1 kg lost 
provides a 3% reduction in urinary incontinence rates and 5-10% weight loss 
reduces these rates by 47%. Weight loss interventions should be considered for 
the prevention of UI in women with diabetes and overweight/obese (Phelan et al., 
2012). In the systematic review of the American Urogynecology Association, it 
was stated that surgical or behavioral weight loss of obese women contributed to 
reducing the risk of incontinence, but more studies at the level of evidence are 
needed (Yazdany et al., 2020). In the European Association of Urology and 
American College of Physicians guidelines, the evidence for the recommendation 
for weight loss is A-level (European Association of Urology Guidelines, 2020; 
Qaseem et al, 2014).  

 
3.1.1.3. Regulation of Fluid Intake 
Evidence for changing hydration is conflicting and evidence for reducing 

hydration is C-level (European Association of Urology Guidelines, 2020). While 
excessive fluid intake can increase the symptoms of UI and OAB, fluid restriction 
can cause dehydration, constipation, and increased urine concentration. This 
increase in urine concentration can trigger bladder mucosal irritation and 
urgency, frequent urination, and urinary tract infections. For this reason; When 
advising women with insufficient or excessive fluid intake, adequate fluid intake 
history should be taken with the help of a personalized intake-extraction diary, 
and BMI, exercise levels, diet and weather conditions should be taken into 
account. General rule for women; 24 milliliters (ml) of fluid should be taken for 
each kilogram of body weight (per kilogram) every 24 hours. In a study, it was 
reported that increased fluid intake increased urgency conditions in women with 
detrusor overactivity, and decreased fluid intake for three weeks decreased 
frequency, urgency, and urinary incontinence (Swithinbank, Hashim & Abrams, 
2005). On the other hand, in a cohort study conducted with 65,179 women aged 
35-79 years, no significant relationship was found between total fluid intake and 
the incidence of incontinence. In line with the data obtained, it has been suggested 
that fluid intake should not be restricted in order to prevent the development of 

urinary incontinence in women (Townsend et al., 2011). In a systematic review 
by Callan et al., it was reported that there is no benefit or harm in drinking 8 
glasses of water, but it is recommended to reduce fluid intake to manage OAB 
symptoms (Callaon et al., 2015). In patients with UI, especially OAB, 
recommendations such as avoiding fluid intake four hours before going to sleep 
at night, emptying the bladder before going to bed, avoiding consumption of juicy 
fruits and vegetables in the evening may be important in terms of coping with UI, 
nocturia, OAB and improving sleep quality. 

 
3.1.1.4. Limiting Caffeine Intake 
Caffeine is a substance found in many foods and beverages in everyday life. 

Due to the stimulant effect of caffeine on detrusor contraction, it is thought to 
affect lower urinary tract symptoms (LUTS) by significantly increasing detrusor 
pressure. Although there are contradictions in studies investigating the effect of 
caffeine intake on UI, many findings have shown that reducing caffeine 
consumption reduces the frequency of urination and urination, but does not have 
a direct effect on UI. The level of evidence in the European Urology Association 
guidelines for reducing caffeine consumption is specified as B (Europen 
Association of Urology Guidelines, 2020). Studies have shown that there is a 
positive relationship between caffeine intake above 100 mg per day and the 
frequency of urinary incontinence. In a cross-sectional study with 2244 women 
in england; ıt has been revealed that the “amount taken” is important in caffeine 
consumption and that there is a positive relationship between the amount of 
caffeine consumption and OAB symptoms. In addition, it was determined that 
OAB symptoms increased as the amount of tea in a glass and the number of coffee 
consumed increased (Juna et all, 2011). In a cross-sectional study of 27.936 
women, coffee intake did not have a significant effect, while tea drinkers were 
found to be slightly more at risk for all types of incontinence (Hannestad, Rortveit 
& Daltveit, 2003). In another study conducted with 3313 people in Japan, the 
effect of caffeine intake on UI was not significant (Saito et al., 2017). In this 
direction; It can be said that the restriction of daily caffeine consumption alone 
does not have an effect on UI, but reduces OAB symptoms, urgency and the 
number of urination.  

 
3.1.1.5.  Limitation of Alcohol Consumption 
Alcohol can cause incontinence due to bladder stimulating effect and diuretic 

properties. Due to bladder-stimulating effect (anecdotal evidence), it is thought 
to play a role especially in OAB symptoms. Considering the available evidence, 
the effect of alcohol intake on lower urinary tract symptoms is conflicting 
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(Robinson et al., 2017). Prospective studies are needed to explain the effects of 
alcohol consumption on UI types or urge.  

 
3.1.1.6. Smoking Cessation 
Previous studies have reported that smoking is associated with urgency and 

urinary incontinence. However, despite the lack of consistent and sufficient 
evidence that smoking will increase UI symptoms, the prevalence of UI in 
smokers may be high (Evidence C) (Nicholas & Hextall, 2007). There is no 
evidence of an effect of smoking cessation on the course of UI symptoms 
(Evidence D) (Lucas et all, 2013 Among the thought effects, smoking increases 
the symptoms of OAB and UI by affecting the bladder irritation and causes SUI 
by increasing the intra-abdominal pressure as a result of chronic cough and 
bronchitis symptoms (Barrie, 2018; Nicholas & Hextall, 2007). UI was found to 
be associated with cigarette consumption (more than 20 cigarettes per day), and 
the need to urinate more and more frequently was determined in women who 
smoked a lot. However, a weak correlation was found between severe UI and 
cigarette consumption (regardless of the number) (Hannestad, Rortveit & 
Daltveit, 2003). In a randomized controlled study by Tähtinen et al. with 3000 
women, it was reported that urgency and frequency in smokers were 
approximately three times more common than in never-smokers, and nocturia and 
SUI were not associated with smoking. These results highlight the diversity in 
the relationship of bladder symptoms to smoking (Tähtinen et al., 2011). 
Prospective studies examining the effect of smoking cessation on urinary 
incontinence or OAB are needed in the literature.  

 
3.1.1.7. Regulation of Bowel Habits (Constipation) 
Straining during defecation with constipation is a risk factor for UI as it causes 

increased pelvic floor and intra-abdominal pressure (Nicholas & Hextall, 2007; 
Lucas et al, 2013). There is a relationship between the risk of developing UI in 
those with a history of constipation (Evidence C) (Lucas et al, 2013). Prevention 
of constipation does not relieve symptoms of UI, but prevention of constipation 
is very important in the treatment of UI (Evidence D) (Lucas et al, 2013). Studies 
have shown it to be associated with prolonged constipation (less than twice a 
week) and straining, urgency, urinary incontinence, overactive bladder (OAB), 
and uterovaginal prolapse. Two different studies found a strong relationship 
between OAB symptoms and chronic constipation (Kaplan et al, 2013; Coyne et 
al, 2011). Accordingly, prevention of constipation accompanying OAB 
symptoms has been recommended as the first approach in treatment (Kaplan et 
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(Robinson et al., 2017). Prospective studies are needed to explain the effects of 
alcohol consumption on UI types or urge.  

 
3.1.1.6. Smoking Cessation 
Previous studies have reported that smoking is associated with urgency and 

urinary incontinence. However, despite the lack of consistent and sufficient 
evidence that smoking will increase UI symptoms, the prevalence of UI in 
smokers may be high (Evidence C) (Nicholas & Hextall, 2007). There is no 
evidence of an effect of smoking cessation on the course of UI symptoms 
(Evidence D) (Lucas et all, 2013 Among the thought effects, smoking increases 
the symptoms of OAB and UI by affecting the bladder irritation and causes SUI 
by increasing the intra-abdominal pressure as a result of chronic cough and 
bronchitis symptoms (Barrie, 2018; Nicholas & Hextall, 2007). UI was found to 
be associated with cigarette consumption (more than 20 cigarettes per day), and 
the need to urinate more and more frequently was determined in women who 
smoked a lot. However, a weak correlation was found between severe UI and 
cigarette consumption (regardless of the number) (Hannestad, Rortveit & 
Daltveit, 2003). In a randomized controlled study by Tähtinen et al. with 3000 
women, it was reported that urgency and frequency in smokers were 
approximately three times more common than in never-smokers, and nocturia and 
SUI were not associated with smoking. These results highlight the diversity in 
the relationship of bladder symptoms to smoking (Tähtinen et al., 2011). 
Prospective studies examining the effect of smoking cessation on urinary 
incontinence or OAB are needed in the literature.  

 
3.1.1.7. Regulation of Bowel Habits (Constipation) 
Straining during defecation with constipation is a risk factor for UI as it causes 

increased pelvic floor and intra-abdominal pressure (Nicholas & Hextall, 2007; 
Lucas et al, 2013). There is a relationship between the risk of developing UI in 
those with a history of constipation (Evidence C) (Lucas et al, 2013). Prevention 
of constipation does not relieve symptoms of UI, but prevention of constipation 
is very important in the treatment of UI (Evidence D) (Lucas et al, 2013). Studies 
have shown it to be associated with prolonged constipation (less than twice a 
week) and straining, urgency, urinary incontinence, overactive bladder (OAB), 
and uterovaginal prolapse. Two different studies found a strong relationship 
between OAB symptoms and chronic constipation (Kaplan et al, 2013; Coyne et 
al, 2011). Accordingly, prevention of constipation accompanying OAB 
symptoms has been recommended as the first approach in treatment (Kaplan et 

al, 2013; Coyne et al, 2011). There is a need for prospective studies examining 
the effect of constipation on lower urinary tract symptoms. 

 
 
Table 1: Recommendations for Lifestyle Practices*  

Recommended Practice Evidence 
Level 

Weight loss of obese women with urinary incontinence A 
Although it does not have an effect on urinary incontinence alone, 

daily caffeine restriction due to increased urination 
B 

Fluid regulation for people who drink excessive or little fluids C 
Recommendation for smoking cessation counseling even though it has 

no definite effect on urinary incontinence  
A 

Treatment of constipation accompanying urinary incontinence 
symptoms  

C 

*European Association of Urology guidelines on assessment and nonsurgical management of 
urinary incontinence (2020) 

 
3.1.2. Bladder Training  
Bladder training was developed specifically for the treatment of urge 

incontinence. Many patients with urge incontinence also have excessive urination 
frequency. Many women with urge incontinence complain of urinating 
excessively. The purpose of bladder training is to create voiding programs to 
increase bladder capacity by reducing voiding frequency and to restore normal 
bladder function. (Dumoulin et al., 2018). 

Instead of going to the toilet when urinating, the patient is taught to urinate at 
predetermined intervals with bladder training. Thus, the act of micturition is 
separated from urgency. To determine the appropriate voiding interval, the 
patient should complete a bladder diary that shows when and how often he or she 
goes to the toilet. After examining the bladder diary with the patient, the most 
appropriate voiding interval for the patient is determined according to the longest 
interval between micturition’s. The patient is then told to go to the bathroom after 
waking up in the morning, whenever the interval has passed, and before going to 
bed at night. As time passes, the voiding interval is increased to a maximum of 
every 3-4 hours. (Dumoulin et al., 2018; Nygaard 2010). 

Extended voiding interval is the most important feature of bladder training. 
However, in order to follow such a program, patients must be able to resist the 
sense of urgency and delay voiding. In this case, it requires patients to manage 
their urge to urinate while waiting for the voiding interval to pass. Techniques 
such as relaxation or distraction with another activity are recommended for 
patients to cope with this situation. Women can take their minds off the bladder 
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by doing a job that is mentally demanding but not physically demanding. 
Examples include reading, making a phone call, or creating a to-do list. In 
addition, self-affirming statements such as “I have control of my bladder” or “I 
can wait” will also be helpful in maintaining self-control. In addition, it should 
also be used frequently to control detrusor contractions while the patient delays 
voiding with repetitive contractions of the pelvic floor muscles. (Wallace, Roe, 
Williams & Palmer, 2009).  

Bladder training has been proven to be effective in different studies. (Wallace, 
Roe, Williams & Palmer, 2009; Roe, Ostaszkiewicz, Milne & Wallace, 2007). 
Studies have shown that bladder training not only reduces incontinence 
associated with excessive detrusor activity, but also reduces incontinence caused 
by sphincter insufficiency. It is thought that the increase in women's awareness 
of bladder function or the fact that they have to delay urination also increase 
pelvic floor muscle activity. The International Continence Society also 
recommends bladder training for women with urinary incontinence as evidence 
level A for the first line of treatment. (Moore et al., 2013).  

 
3.1.2.1.  Other Methods to Achieve Bladder Control 
Habit Training: Periodic micturition, in which the woman is combined with 

the micturition pattern, instead of a program of going to the toilet at fixed 
intervals, is called habit training. A toilet program can be developed using a 
bladder diary, with shorter time intervals than the woman's normal voiding period 
and to prevent possible urinary incontinence. For this reason, the urination 
interval may change during the day, depending on the way the woman goes to the 
toilet. Habit training is primarily used in institutional settings or home-bound 
adults with cognitive and physical disabilities but is also useful for adults without 
a disability who have a consistent pattern of incontinence occurring at 
approximately the same time interval each day or induced by diuretic use (World 
Health Organization, 2017; Ostaszkiewicz, Johnston & Roe, 2004).   

Timed Voiding / Scheduled Toileting: Various names such as timed voiding, 
scheduled toileting, routine toileting and fixed toileting are made in the literature. 
With this program, the patient is taken to the toilet every 2-4 hours during the 
waking hours, whether or not they have a sense of urination. The aim is to keep 
the person dry by creating regular opportunities before the person reaches their 
bladder capacity. Keeping the bladder volume below capacity with objective 
measurements can reduce leakage associated with detrusor contraction and stress 
leakage that can occur with movement (World Health Organization, 2017; 
Ostaszkiewicz, Roe & Johnston, 2005).   
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can wait” will also be helpful in maintaining self-control. In addition, it should 
also be used frequently to control detrusor contractions while the patient delays 
voiding with repetitive contractions of the pelvic floor muscles. (Wallace, Roe, 
Williams & Palmer, 2009).  
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Roe, Williams & Palmer, 2009; Roe, Ostaszkiewicz, Milne & Wallace, 2007). 
Studies have shown that bladder training not only reduces incontinence 
associated with excessive detrusor activity, but also reduces incontinence caused 
by sphincter insufficiency. It is thought that the increase in women's awareness 
of bladder function or the fact that they have to delay urination also increase 
pelvic floor muscle activity. The International Continence Society also 
recommends bladder training for women with urinary incontinence as evidence 
level A for the first line of treatment. (Moore et al., 2013).  

 
3.1.2.1.  Other Methods to Achieve Bladder Control 
Habit Training: Periodic micturition, in which the woman is combined with 

the micturition pattern, instead of a program of going to the toilet at fixed 
intervals, is called habit training. A toilet program can be developed using a 
bladder diary, with shorter time intervals than the woman's normal voiding period 
and to prevent possible urinary incontinence. For this reason, the urination 
interval may change during the day, depending on the way the woman goes to the 
toilet. Habit training is primarily used in institutional settings or home-bound 
adults with cognitive and physical disabilities but is also useful for adults without 
a disability who have a consistent pattern of incontinence occurring at 
approximately the same time interval each day or induced by diuretic use (World 
Health Organization, 2017; Ostaszkiewicz, Johnston & Roe, 2004).   

Timed Voiding / Scheduled Toileting: Various names such as timed voiding, 
scheduled toileting, routine toileting and fixed toileting are made in the literature. 
With this program, the patient is taken to the toilet every 2-4 hours during the 
waking hours, whether or not they have a sense of urination. The aim is to keep 
the person dry by creating regular opportunities before the person reaches their 
bladder capacity. Keeping the bladder volume below capacity with objective 
measurements can reduce leakage associated with detrusor contraction and stress 
leakage that can occur with movement (World Health Organization, 2017; 
Ostaszkiewicz, Roe & Johnston, 2005).   

Delayed voiding: Delayed voiding is another approach that helps patients 
extend the intervals between voids without placing them on a predetermined 
voiding schedule. Even a small sense of urge can trigger some degree of anxiety 
in patients experiencing incontinence (World Health Organization, 2017).  

Delayed voiding with urge suppression encourages patients to use urgency 
suppression techniques and wait for the urge to pass, rather than running to the 
bathroom whenever they want to urinate. In order to develop this ability, it is 
necessary to delay urination by waiting for a short time before going to the toilet 
after the feeling has passed. Most women report that the urgency decreases or 
disappears completely when they initially try a 5-minute delay. Thus, women's 
sense of control can increase and a delay interval of 3-4 hours can be created 
(World Health Organization, 2017). 

 
3.1.3. Pelvic Floor Muscle Training (PFMT) 
PFMT is an exercise program designed to increase the endurance, muscle 

strength and coordination of the muscles in the pelvic floor, including direct 
contraction of these muscles (Dumoulin, 2016). In a meta-analysis study, it was 
shown that PFMT is effective in improving incontinence and improving quality 
of life. The effect of treatment applies to all women with SUI, UUI and MUI, but 
the effect in MUI is less than in women with SUI (Nambiar 2018). A Cochrane 
review of 21 RCTs comparing PFMT treatments concluded that increasing 
treatment intensity improved response and there was no consistent difference 
between group therapy and individual treatment sessions (Hay‐Smith 2011). 
However, it is stated that it is difficult for patients to adhere to treatment for a 
long time and half of the patients prefer surgery (Nambiar 2018). There is no 
conclusive evidence about the effect of bladder training and biofeedback in 
addition to PFMT (Nambiar 2018). In the review in which a total of 16 RCTs 
were examined, PFMT; It is more effective for women with UI than the placebo 
or no treatment group (Level of Evidence: 1) (Dumoulin, 2016). As a result; 
PFMT should be offered as first-line preventive therapy to those with SUI, UUI, 
or MUI. (Level of Recommendation: A). Clinicians should provide the most 
intensive PFMT program possible. Programs taught and supervised by a trained 
health professional provide more benefits than self-administered programs (Level 
of Recommendation: A) (Dumoulin, 2016).  
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3.1.3.1.  PFMT with Biofeedback  
Biofeedback is a technique used to learn to control the patient's body function. 
Clinical-based biofeedback: Studies have shown that there is no statistically 

significant difference in daily urinary incontinence or quality of life between 
PFMT with and without biofeedback (Level of Evidence: 1) (Moore 2013). 

Home biofeedback: An RCT found no statistically significant difference in 
treatment, recovery, and quality of life between PFMT with and without home 
biofeedback (Level of Evidence: 2) (Moore 2013, Dumoulin, 2016). 

Although studies are inconsistent, there does not appear to be a clear benefit 
of adding clinical (Level of Recommendation: A) or home-based biofeedback 
(Level of Recommendation: B) to a PFMT program (Dumoulin, 2016). 

 
3.1.3.2.  Vaginal Cones  
Vaginal cones have been developed to provide progressive muscle overload 

during PFMT. In four RCTs, vaginal cones have been shown to be more effective 
in treatment, recovery and quality of life in SUIs (Level of Evidence: 1) (Moore 
2013, Dumoulin, 2016). For women with SUI who can and are ready to use 
vaginal cones, it may be a first-line treatment (Level of Recommendation: B). 
Evaluation by a trained healthcare professional is recommended (Level of 
Recommendation: D) (Moore 2013, Dumoulin, 2016).  

 
3.1.3.3.  Electrical Stimulation (ES) 
It is used to improve the functioning of severely weakened and/or atrophic 

pelvic floor muscles in women with SUI and to prevent detrusor overactivity in 
women with UUI (Moore 2013, Dumoulin, 2016). Evidence suggests that ES is 
more effective in improving symptoms in women with SUI or UUI than with no 
treatment (Level of Evidence: 2). In rare cases, some patients may experience 
discomfort in the treatment (Moore 2013, Burton 2012). As a result, ES provides 
more benefits in improving symptoms than no treatment at all. Some patients may 
not be able to use ES due to contraindications or difficulties in using it (Level of 
Recommendation: B) (Moore 2013, Dumoulin, 2016). 

 
3.1.3.4.  Magnetic Stimulation 
Although there are no reports of adverse effects (level of Evidence: 1b), there 

is no consistent evidence for the effectiveness of magnetic stimulation for the 
treatment or amelioration of UI (Level of Evidence: 2A). The eight RCTs 
performed were mostly rated as poor quality, as electromagnetic stimulation 
techniques were poorly standardized and included different stimulation 
parameters. (Gilling 2009). 
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more effective in improving symptoms in women with SUI or UUI than with no 
treatment (Level of Evidence: 2). In rare cases, some patients may experience 
discomfort in the treatment (Moore 2013, Burton 2012). As a result, ES provides 
more benefits in improving symptoms than no treatment at all. Some patients may 
not be able to use ES due to contraindications or difficulties in using it (Level of 
Recommendation: B) (Moore 2013, Dumoulin, 2016). 

 
3.1.3.4.  Magnetic Stimulation 
Although there are no reports of adverse effects (level of Evidence: 1b), there 

is no consistent evidence for the effectiveness of magnetic stimulation for the 
treatment or amelioration of UI (Level of Evidence: 2A). The eight RCTs 
performed were mostly rated as poor quality, as electromagnetic stimulation 
techniques were poorly standardized and included different stimulation 
parameters. (Gilling 2009). 

Conclusion 
In the treatment of UI, behavioral treatment applications are required together 

with drug or surgical treatments. However, in the selection and application of 
behavioral treatment, the characteristics of incontinence, the severity of the 
patient's complaints and other personal characteristics should be taken into 
account. Although there are not enough studies on the effect of lifestyle practices 
on UI, it is recommended by healthcare professionals to patients with urinary 
incontinence because it plays an important role in reducing symptoms at the onset 
or after UI. Although studies have shown that behavioral intervention is effective, 
more research is needed for evidence-based conclusions. It has been proven that 
bladder training, PFMT, and vaginal cones can be beneficial as the first step of 
treatment in patients with incontinence complaints. Evidence suggests that ES is 
more effective in relieving symptoms in women than not receiving any treatment 
but may be uncomfortable with treatment in some patients. More studies are 
needed on the effectiveness of magnetic stimulation in the treatment of UI. 

Since UI is still a common and important health problem, it is important to 
evaluate UI findings and risk factors, and to provide consultancy services on 
issues such as prevention and treatment. Thus, it will contribute to the 
improvement of women's quality of life and the prevention of permanent health 
problems. 
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Population-based newborn hearing screening has become the standard of care 
for improving the developmental outcomes of children with permanent hearing 
loss in the developed world (1). Childhood hearing loss is one of the most 
common congenital disorders, affecting 1 to 3 in 1000 live births (2, 3). Hearing 
loss is a well-known risk for speech and language development delay. The 
provision of hearing aids and cochlear implants early in life has proven to help 
many children achieve near-normal speech and language trajectories (2, 4). 
However, the effectiveness of such early interventions is affected by maternal 
education level, daily hearing aid use, and nonverbal intelligence (5).  

Despite significant improvements in speech and language, children with 
hearing loss are still at risk of delays in many cognitive functions, such as working 
memory and executive functions (6-9). These problems have negative long-term 
educational and professional consequences (10, 11). 

In general, working memory is defined as the process in which information is 
temporarily stored in the brain until it is used in the execution of a task, discarded 
after a short time, or transferred to long-term memory (12, 13). Cognitive 
processes in children happen quickly, providing an important foundation for 
lifelong progress. In their first year, healthy developing children progress from 
basic cognitive skills to more complex processes. 

Cognitive development is a multidimensional process associated with 
developing other skills and abilities; difficulty or delay in any skill area can 
negatively affect general cognitive development in children (14). Unfortunately, 
developmental delay in early childhood can have profound and permanent 
consequences (15). One of the critical areas strongly associated with cognitive 
deficits is hearing loss. It has been reported that the lack of experience listening 
to sounds during early development harms cognitive abilities (16). Specifically, 
auditory deprivation has significant effects on neurocognitive development in 
children. It has been suggested that difficulties in cognitive skills may be 
associated with an earlier period of auditory deprivation (17). In fact, it has been 
shown that limited access to the auditory environment is associated with 
cognitive and social development (14, 15). 

In general, a disruption in auditory input experienced by deaf children can 
affect the normal development of cognitive, psychomotor, and behavioral aspects 
and lead to changes in brain programming in later processes (18-20). 

Hearing loss has been shown to harm children's cognitive development. In line 
with these observations, it has been reported that children with hearing 
impairment experience less attention and more behavioral problems than their 
typical hearing peers (20, 21). Mitchell et al. (22) planned a study to examine the 
cognitive processes of healthy children with hearing loss. As a result of the study, 
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it was reported that 71% of deaf children and only 9% of their typically hearing 
peers with similar difficulties scored in the borderline/abnormal range in attention 
tasks. Since this failure also negatively affects academic achievement, it has been 
reported to significantly affect the child's self-esteem and personal autonomy 
(23). 

Early assessment of pediatric cognitive abilities can provide a basic 
understanding of children's differences in school performance and other everyday 
settings. Therefore, early detection of high-risk children increases the chances of 
early intervention, which may provide a greater probability of maintaining 
normal function (24, 25). 

Hearing loss indirectly has adverse effects on children's cognitive functions. 
 
Indirect Effect of Hearing Loss on Speech and Language Development 

and Indirect Effect on Cognitive Development 
Language development is a complex skill in which perceptual, linguistic 

(phonology, grammar, vocabulary), and cognitive abilities interact (26). In 
addition, oral language perception, development, and use are strongly associated 
with the auditory sense. Therefore, the presence of hearing loss, even at a mild 
level, harms speech and language development in hearing-impaired children. 
This effect delays the acquisition of linguistic, social, academic, and sensory 
skills. In addition, since speech and language development is a prerequisite for 
cognitive development, an auditory defect may impair the cognitive ability of a 
hearing-impaired child (27, 28). 

Oral language is a human skill that is gradually acquired over a defined 
process. Language is acquired through daily interactions without training in 
children with normal hearing. Hearing loss hinders this process and causes 
language impairment. Therefore, typical language acquisition in a deaf child 
requires special education according to the degree of hearing loss (29, 30). 

Although there is evidence that language skills and executive functioning are 
highly interrelated, the underlying mechanisms have not been clearly elucidated 
so far. Stephan et al. (31) used the Tower of London game task as a measure of 
complex executive function performance. The findings suggested that using self-
talk with the planning function may be essential in explaining the cognitive 
advantages. In addition, it has been suggested that the preschool child's language 
abilities play a significant role in cognitive performances such as problem-
solving. Stephan et al. deduce that although hearing loss does not directly affect 
the problem-solving ability negatively, it affects cognitive functions as it directly 
affects language development, which directly affects the child's problem-solving 
ability (31).  
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Ikiz et al. (32) applied the verbal memory subscale of the Working Memory 
Scale to children with mild and moderate hearing loss who had the same auditory 
experience and demographic conditions and were using bilateral hearing aids. In 
addition, the children completed the rapid automated naming task and 
standardized language measures. It has been suggested that the results show that 
language, verbal working memory, and rapid naming skills of children with mild 
to moderate hearing loss are closely related. They suggested considering the 
relationship between verbal short-term memory, verbal working memory, rapid 
naming, and language skills in therapeutic and educational settings. 

 
The Relationship of Hearing Loss with Cognitive Executive Functions 
Executive functioning is a top-down set of cognitive skills that includes 

inhibition functions, self-control, working memory, and cognitive plasticity. 
These mental processes provide critical support for learning and development, 
allowing us to retain and process information in our brain, focus our attention, 
filter out distractions, and shift mental gears. Longitudinal studies have 
emphasized that executive functions are central to school performance, emotional 
regulation, and social, moral, and communication skills (33, 34). 

Language plays a fundamental role in the development of executive functions. 
It allows children to share critical elements for elaborating and expanding mental 
images, facilitates adaptation to environmental demands, and ensures inhibition 
of impulsive action (35). Good grammar is necessary to develop working 
memory, the executive function underlying many cognitive operations, because 
it allows children to encode external information that will be processed, stored, 
retained, feedback, and translated into verbal representations later. In addition, 
the internal use of language through self-reflection and self-questioning supports 
constant and changing attention during problem-solving activities, creating rules 
and plans, and behavioral control (36). 

Recently, some authors (37-39), have suggested that hearing loss has 
consequences that extend beyond language development to higher cognitive 
processes. It is pretty consistent in finding that these skills are at risk in children 
with hearing loss, and executive skills are associated with language proficiency 
in children with hearing impairment. However, it has been reported that these 
associations may differ from those in children with hearing loss alone. It has been 
reported that more detailed information requires further research (40). 

Given the relationship between language and executive functions, deaf and 
hearing-impaired children represent an at-risk category for developing these 
skills. Limitations in acquiring auditory information, accessing spoken language, 
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and using language for communicative purposes may adversely affect children's 
participation in daily interactions from birth (41). 

In recent years, most of the studies conducted in the school-age deaf 
population have focused on verbal working memory (42-44), visual sequencing 
(45), verbal rehearsal and fluency speed (46, 47) attention division (48, 49), 
problem-solving and planning abilities (50) underlined a general delay in various 
areas of executive functions. 

Fortunately, like many aspects of cognitive ability, executive functions tend 
to get better the more practiced. While it may seem like fiction, it is an 
encouraging and scientifically realistic possibility that we can improve executive 
function skills through education; but this must be implemented in a way that 
results in lasting and widely applicable benefits (51). While developing the 
executive functions of deaf and hard-of-hearing children should be adapted to the 
therapeutic therapies for hearing and speech difficulties and applied with 
individualized programs. 

 
Adverse Effects of Mild-Severe Hearing Loss on Working Memory in 

Children 
Speech and language skills, especially internalized speech and verbal 

mediation, enhance the development of reasoning skills, self-control, memory, 
and executive functions (52). Because of this interrelationship of sensory 
experience and cognitive development, conditions that affect or alter sensory 
input may have secondary effects on cognitive functioning. 

 It is assumed that the early deprivation of auditory input experienced by 
hearing-impaired children may adversely affect their verbal memory 
development and oral language learning. It is widely accepted that memory 
deficits can have long-term effects on school performance (53). Researchers have 
suspected an association between short-term memory (SSD), working memory 
(WM), and spoken language skills in children with hearing impairment as a 
possible explanation for the significant individual variations in pediatric 
outcomes (54, 55). Lina-Granade et al. (56), in their study with 17 children with 
profound hearing loss aged 7-16 years, suggested that working memory is 
strongly associated with language development and deficiencies in working 
memory are the result of infancy or the hearing impairment itself. In addition, 
researchers acknowledge that there may be a relationship between verbal 
rehearsal, working memory, and linguistic achievement (55). The rehearsal 
process is known to be another accurate way of measuring the effectiveness and 
ability of phonological representations to be retained in short-term memory. Wass 
et al. (57) studied visual memory in 34 children with implants aged 5;7, and 
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rehearsal, working memory, and linguistic achievement (55). The rehearsal 
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ability of phonological representations to be retained in short-term memory. Wass 
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13;14. The study reported that there are memory difficulties in verbal short-term 
memory, but memory difficulties are less in visual working memory. 

The clinical implications of research findings in hearing loss and working 
memory initially focused on verbal short-term memory and training programs to 
strengthen working memory (58). Heinrichs-Graham et al. (59) planned a study 
on the effect of mild-to-severe hearing loss on neural dynamics, which positively 
affects verbal working memory in children. During magnetoencephalography, 
children with and without hearing loss were given a verbal working memory task. 
Neural oscillation responses associated with working memory encoding and 
maintenance were viewed separately and statistically evaluated between deaf and 
hard of hearing and regular hearing patients. While children with hearing loss 
performed as well as those with normal hearing in task execution, they exhibited 
significantly higher alpha-beta activity in the right frontal and precentral cortices 
during encoding. Although it is not known how hearing loss alters the neural 
dynamics that serve working memory, mild to severe hearing loss has been 
reported to cause behavioral delays in language and working memory. 

Kronenberger et al. (60) investigated the feasibility and effectiveness of a 
working memory training program in 9 children with implants over a 5-week 
period; although there was a slight improvement in verbal short-term memory 
during the one-month review, this improvement did not persist beyond the first 
phase of the study. However, it has been reported that sentence repetition 
continued to improve six months after the intervention. By better understanding 
the strengths and weaknesses of children with hearing loss in visual and verbal 
memory, clinicians can better identify the population of children with hearing 
loss who previously had language learning difficulties and provide more 
appropriate intervention programs to meet their needs. 

 
The Effect of Device Use on Cognitive Skills 
The primary function of the hearing aid is to increase the volume to levels well 

above the listener threshold to maximize the amount of speech spectrum available 
to the hearing aid user. In short, it is used to improve speech audibility in the 
individual's daily life. For example, in young children, one of the intended effects 
of using hearing aids is to increase speech and language development. 

Cognitive development is a multidimensional process associated with 
developing other skills and abilities; a difficulty or delay in a skill or ability may 
adversely affect general cognitive development in children (14). For example, it 
has often been emphasized that the lack of experience in listening to sounds 
during early development harms cognitive abilities. Specifically, auditory 
deprivation has been reported to affect neurocognitive development in children 
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significantly. It has even been suggested that difficulties in cognitive skills may 
be associated with an earlier period of auditory deprivation (61). 

In general, extensive research studies have been conducted to understand 
hearing and language development in children with profound hearing loss who 
have had a cochlear implant (CI). However, little is known about cognitive 
developmental changes after implantation (62). 

Cognitive abilities refer to thinking skills that encompass language, memory, 
visualization, attention, reasoning, and executive functions. Examples of 
executive function tasks are working memory representations, high-order 
abstraction, problem-solving, and concept formation (63). It has been stated that 
the earlier the development of hearing loss, the more significant the impact on the 
child's cognitive development. In addition, it has been reported that earlier 
detection and intervention of hearing loss have fewer adverse effects on cognitive 
abilities (64, 65). 

Early exposure to auditory information is crucial for auditory development. 
This early auditory experience is significant as neural plasticity peaks in the first 
few years of life (66).  Since cortical activity reaches its peak at the age of four, 
auditory information is known to contribute significantly to a child's language 
and cognitive development. It has been reported that children who had CI surgery 
before 27 months developed cognitive skills comparable to their healthy peers 
(67). Almomani et al. (23) compared the general cognitive development after CI 
in two groups of children who had earlier (age:4–6 years, N = 22) and later (7–
9 years, N = 16) implants with those of their randomly selected normal-hearing 
peers. Over the 16 months, the cognitive development of 4-6-year-old deaf 
children achieved better than their normal-hearing peers on visualization (5.62 
versus 4.40), reasoning (2.53 versus 2.38), and memory scales. It has been 
reported that attention skills continue to improve in the CI group with increasing 
experience with cochlear implants. In addition, Dye et al. (68) reported that 
improving attention capacity in children after CI may also lead to a general 
improvement in cognitive function. They suggested that this issue should be 
investigated further. 

Many children will likely enroll in auditory rehabilitation therapy after 
implantation. Improvement in cognitive abilities may more accurately reflect the 
cumulative effects of auditory training and speech therapy. Auditory training and 
speech therapy positively affect problem-solving skills and other cognitive 
functions (69). For individuals with hearing loss/impairment, therapists may 
consider the earliest cochlear implantation combined with speech and language 
therapy. This approach can promote faster cognitive development. It has been 
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suggested that more research is needed to maximize the benefits of CI 
rehabilitation in the deaf (23). 

These results show that CI can improve communication skills and cognitive 
functions in deaf and hard-of-hearing children. However, it was stated that the 
extent of improvement was also directly related to the age at the intervention; 
current results show that children who have CI surgery at a younger age have 
better cognitive development. 

 
Indirect Influence of Cognitive Functions in Children with Hearing Loss 
Psychosocial Difficulties: Psychosocial difficulties are seen more frequently 

in children with hearing loss than in children with normal hearing (70). 
Psychosocial difficulties involve both the psychological and social aspects of 
functioning and can lead to cognitive health problems, behavioral problems, and 
problems with relationships with others. Weakness in communication skills, 
problems in adaptation to the social environment, and introversion are among the 
psychosocial difficulties experienced by the child (71). In addition, the child's 
attention, who is channeled to these difficulties, is indirectly affected as he is 
generally busy. 

Family Environment: The family environment includes "the patterns of 
activities, roles and interpersonal relationships experienced by the developing 
child" and can be shown as the closest concentric rings of environmental systems 
in young children (72). The effects of the family on outcomes ranging from 
language to psychosocial adjustment can be affected by hearing loss and 
intervention efforts such as sensory aids and speech-language therapies. The 
degree of hearing loss not only limits the amount of auditory information a 
listener has access to but also influences the social interactions a child 
experiences (73); for example, Moeller et al. (74), suggested that childhood 
hearing loss not only reduces language access but also alters the dynamics of 
communication between children and caregivers. Since children's social 
experiences differ with hearing status and use of sensory devices based on access 
to language and communication, differences in family settings are expected 
between children with normal hearing, deaf and hard of hearing children with 
cochlear implants, and children with mild hearing loss. This difference directly 
affects auditory rehabilitation and speech and social communication processes 
and indirectly affects the cognitive processes associated with these processes. 

Finally, since the family's socioeconomic status is among the factors directly 
related to the difficulties experienced by the child in the treatment processes, it 
also affects the negative cognitive processes experienced by the child due to his 
disability. 
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Hearing Aid Use: Device use is another condition that indirectly affects 
cognitive functions in children with hearing loss. Evidence that hearing aid 
intervention can improve quality of life and increase social participation (75) is 
limited. Valentijn et al. (76) found that sensory intervention did not affect 
cognitive measures six years after baseline. There is currently little evidence that 
hearing aids have a long-term protective effect against cognitive decline (77). If 
hearing aid use has a positive effect on cognitive performance, what impact might 
hearing aid use have on cognition? The mechanism is unknown, although the 
authors suggest that untreated hearing loss may result in increased cognitive 
decline, resulting in prolonged auditory deprivation or impaired auditory input 
(78) Self-efficacy refers to belief in one's ability to perform tasks and achieve 
goals. Hearing loss causes a decrease in self-efficacy (79). 

The effect of hearing aid use on cognitive functions has not been fully 
elucidated in the literature. However, not using a device deprives the child of 
auditory stimuli, thus reducing the child's self-efficacy. Decreased self-efficacy 
in children is a condition that affects cognitive performance. In addition, since 
the correct device selection, placement practices, and the use of the right 
algorithm in the device process is necessary for the child's quality of life and 
communication, they also indirectly affect cognitive processes such as attention 
and memory. 

Child's Additional Disability: Since approximately 40% of children with 
hearing loss have an additional disability (80), Additional disability can be found 
in almost all levels of hearing loss. See—table 1. 

 
Table 1. Rates of additional disability in children with hearing loss and the 

general population (80). 

 
 
Assuming that a child is not making progress due to hearing loss, we miss out 

on opportunities to intervene differently at an early age to improve long-term 



159

Hearing Aid Use: Device use is another condition that indirectly affects 
cognitive functions in children with hearing loss. Evidence that hearing aid 
intervention can improve quality of life and increase social participation (75) is 
limited. Valentijn et al. (76) found that sensory intervention did not affect 
cognitive measures six years after baseline. There is currently little evidence that 
hearing aids have a long-term protective effect against cognitive decline (77). If 
hearing aid use has a positive effect on cognitive performance, what impact might 
hearing aid use have on cognition? The mechanism is unknown, although the 
authors suggest that untreated hearing loss may result in increased cognitive 
decline, resulting in prolonged auditory deprivation or impaired auditory input 
(78) Self-efficacy refers to belief in one's ability to perform tasks and achieve 
goals. Hearing loss causes a decrease in self-efficacy (79). 

The effect of hearing aid use on cognitive functions has not been fully 
elucidated in the literature. However, not using a device deprives the child of 
auditory stimuli, thus reducing the child's self-efficacy. Decreased self-efficacy 
in children is a condition that affects cognitive performance. In addition, since 
the correct device selection, placement practices, and the use of the right 
algorithm in the device process is necessary for the child's quality of life and 
communication, they also indirectly affect cognitive processes such as attention 
and memory. 

Child's Additional Disability: Since approximately 40% of children with 
hearing loss have an additional disability (80), Additional disability can be found 
in almost all levels of hearing loss. See—table 1. 

 
Table 1. Rates of additional disability in children with hearing loss and the 

general population (80). 

 
 
Assuming that a child is not making progress due to hearing loss, we miss out 

on opportunities to intervene differently at an early age to improve long-term 

communication skills. In addition, these children later miss out on the benefits of 
the early detection that their healthy developing peers receive. Therefore, the 
subsequent development in early and educational interventions for children with 
hearing loss should minimize the disparity in language and communication 
outcomes with children with normal hearing. 

To sum up, hearing impairments directly or indirectly affect the cognitive 
skills of deaf and hard-of-hearing children. Therefore, integrating rehabilitation 
methods that activate the child's cognitive processes with the therapy methods 
used for hearing loss is vital in terms of auditory, sensory, and cognitive 
rehabilitation. 
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1. INTRODUCTION 
X-rays were discovered in 1895 by German physicist Wilhelm Conrad 

Roentgen. X-rays began to be used in medicine soon after they were discovered. 
He received the first Nobel Prize in physics for his discovery in 1901. In the same 
years, the Curie couple and H Becqurel made pioneering studies in the field of 
radioactivity. Madame Curie is the only person to win the Nobel Prize twice in 
physics and chemistry. Madame Curie died of aplastic anemia from exposure to 
very intense ionizing radiation. In those years, the harmful effects of ionizing 
radiation were not fully known. One of the most important radiation accidents is 
the harmful effects of radiation on girls who paint watches with radium paint at 
the factory, known as radium girls. The first recorded cancer due to ionizing 
radiation was seen in 1902 in a worker at the factory where the X-ray tube was 
manufactured. The effects seen in people working with radiation are usually local 
effects. During medical applications, people who work with radiation and the 
patients who are applied have been exposed to involuntary radiation. Today, since 
radiation protection measures are taken at a high level in places where radiation 
is used, the harmful effects of radiation on employees and patients are minimized. 

Atomic bomb was developed as a result of studies on nuclear weapons. The 
United States attacked the Japanese city of Hiroshima (August 6, 1945) and 
Nagasaki August 9, 1945) with nuclear weapons. It is estimated that 129 000 and 
226 000 civilians died as a result of the two bombs dropped. It is the first great 
tragedy in human history. Apart from the people who died, many people who 
developed cancer, especially leukemia, died from cancer in people who continued 
their lives. The most important information on the harm of ionizing radiation has 
been obtained from people living in areas exposed to the effects of the Atomic 
Bomb. As a result of the atomic bomb, people's entire bodies were exposed to 
radiation. 

Apart from individual exposure, all bodies of all people living in the region 
are exposed to radiation as a result of Nuclear Accidents. Nuclear Accidents are 
accidents caused directly or indirectly by nuclear events. Nuclear accidents can 
occur at a nuclear power plant or other nuclear facility. The radiation exposure 
dose decreases with distance from the accident site. The intensity of the radiation 
decreases inversely proportional to the square of the distance, as the distance from 
the radiation location. Nuclear accidents are classified according to the 
International Atomic Energy Agency (IAEA) International Nuclear Event Scale 
INES. The INES scale classification is shown in Figure 1. 
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2. INTERNATIONAL NUCLEAR EVENT SCALE (INES) 
The International Nuclear and Radiological Event Scale was introduced in 

1990 by the IAEA to ensure the rapid transmission of important safety 
information in the event of nuclear accidents. The scale is intended to be 
logarithmic. Each increasing level represents an accident approximately ten times 
more severe than the previous level. The severity level of a man-made disaster 
such as a nuclear accident is more open to interpretation when compared to 
earthquakes where the intensity of the event can be quantified. Because of this 
subjectivity, the INES level of an event is determined long after the event. 
According to this classification; 

Level 0: Violation of operational limits in a nuclear facility. 
Level 1: It is the exposure of the  member of public to the dose exceeding the 

legal annual limits. Violation of operational limits in a nuclear facility is an 
example of this situation. 

Level 2: When a member of the public is exposed to more than 10 mSv and a 
radiation worker is exposed to a dose exceeding the legal annual limits. This 
indicates that there are significant errors in the security provisions, but with no 
actual consequences. These accidents;  Atucha, Argentina, 2005 — Overexposure 
of a worker in a power reactor exceeding the annual limit; Cadarache, France, 
1993 — Spread of contamination to an area unexpected by design; Forsmark, 
Sweden, 2006 — Impaired safety functions for common cause failure in 
emergency power supply system at nuclear power plant; USA, 2005 — 
Overexposure of a radiographer exceeding the annual limit for radiation workers; 
France, 1995 — Failure of access control systems at the accelerator plant. 

Level 3: Exposure to workers more than ten times the legal annual limit. Non-
lethal deterministic health effects of radiation (eg burns) are seen. These 
accidents; Sellafield, United Kingdom, 2005 — Release of large amounts of 
radioactive material found in installation; Vandellos, Spain, 1989 — Immediate 
accident caused by fire resulting in loss of safety systems at nuclear power plant; 
Yanango, Peru, 1999 — Radiography-induced incident caused severe radiation 
burns; İkitelli, Turkey, 1999 — Loss of a highly radioactive source of Co-60. 

Level 4: Minor release of radioactive material, which is unlikely to result in 
the implementation of planned countermeasures other than local food controls. 
At least one death from radiation. These accidents;  Tokaimura, Japan, 1999 — 
Fatal overexposure of workers following a critical incident at a nuclear facility; 
Saint Laurent des Eaux, France, 1980 - A conduit in the reactor melts the fuel 
without being released offsite; Fleurus, Belgium, 2006 — Serious health effects 
for a worker working in a commercial irradiation facility as a result of high doses 
of radiationTokaimura, Japan, 1999 — Fatal overexposure of workers following 
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for a worker working in a commercial irradiation facility as a result of high doses 
of radiationTokaimura, Japan, 1999 — Fatal overexposure of workers following 

a critical incident at a nuclear facility; Saint Laurent des Eaux, France, 1980 - A 
conduit in the reactor melts the fuel without being released offsite; Fleurus, 
Belgium, 2006 — Serious health effects for a worker working in a commercial 
irradiation facility as a result of high doses of radiation 

Level 5: Limited release of radioactive material that may require 
implementation of some planned countermeasures. It is the level at which few 
deaths from radiation occur. These accidents;  Windscale Pile, United Kingdom, 
1957 — Release of radioactive material into the environment following a fire in 
a reactor core; Three Mile Island, USA, 1979 — Serious damage to the reactor 
core; Goiânia, Brazil, 1987 — Four people died and six received several Gy doses 
from an abandoned and fragmented highly radioactive source of Cs-137. 

Level 6: Significant release of radioactive material likely to require 
implementation of planned countermeasures. These accidents;  Kyshtym, Russia, 
1957 — Significant release of radioactive material into the environment from the 
explosion of a highly active waste tank. 

Level 7: Massive release of radioactive materials with widespread health and 
environmental effects, requiring the implementation of planned and expanded 
countermeasures. Chernobyl, 1986 — Pervasive health and environmental 
impacts. External release of a significant portion of the reactor core inventory; 
Fukushima: It is an accident that occurred after the 2011 Tōhoku earthquake and 
tsunami. 

Chernobyl - 1986 and Fukushima - 2011 are considered the worst accidents in 
human history and are called major disasters. 
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Figure 1: Classification according to the INES scale 

 
Whole-body radiation exposure can occur as a result of atomic bombing, after 

radiation accidents. The whole body may be exposed to radiation in those who 
work with radiation, this exposure is in the form of very small doses compared to 
others. The effects of whole body irradiation differ from the effects of local 
radiation beams. 

 
3. ACUTE EFFECTS IN WHOLE BODY IRRADIATION  
When the whole body is exposed to ionizing radiation, the effects that occur 

between a few days and a few weeks are called acute effects of radiation. A 
threshold dose is absolutely necessary for acute effects to occur. Acute lethal 
effects depend on the dose, dose rate, and size of the irradiated volume. For 
example, when 1 cm2 area is irradiated with 20 Gy, redness occurs in that area. 
Systemically there is no problem. However, if half of this dose is applied to the 
whole body, the patient may die within 2 weeks. Acute effects of radiation usually 
occur in a few weeks in whole body irradiation. A very short time after the 
irradiation that causes these effects, the first symptoms related to radiation 
appear. This is called prodromal radiation syndrome. The time between the 
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occur in a few weeks in whole body irradiation. A very short time after the 
irradiation that causes these effects, the first symptoms related to radiation 
appear. This is called prodromal radiation syndrome. The time between the 

appearance of these first signs of radiation and the death of the organism depends 
on the radiation dose. Death, which occurs as a result of the acute effect of 
radiation, occurs for 3 reasons. Table 1 shows the death patterns depending on 
the radiation dose. 

• Central nervous system syndrome 
• Gastrointestinal syndrome 
• Hematopoietic syndrome 

 
Table 1: Radiation-related death patterns 

Whole body irradiation 
dose (Gy) 

Mean time from 
irradiation to death 

Cause of death 

> 100 Gy A few minute - 48 hour 

Central nervous system 
syndrome 
(Cerebrovascular 
syndrome) 

10-100  3-5 day 
 
Gastrointestinal 
syndrome 

2-10 10-30 day 
 
Hematopoietic 
syndrome 

 
The time it takes for prodromal syndromes to appear, and the severity and 

duration of these syndromes, depend on the radiation dose exposed. When 
exposed to doses of 100 Gy or more, prodromal syndromes begin 5-15 minutes 
after irradiation, all phases of the syndrome appear. The reactions of the 
syndrome reach their highest level in about 30 minutes. After a day or two, its 
effects gradually decrease, and the syndromes, which are the main cause of death, 
take its place. These syndromes and prodromal syndromes follow each other. 
Although the patient seems to have recovered from time to time, he dies as a 
result of these 3 syndromes. 

 
3.1. Central Nervous System Syndromes (Cerebrovascular syndrome) 
When the whole body is exposed to 100 Gy or higher doses of radiation, it 

dies within 48 hours due to central system syndrome. Animals exposed to doses 
of 1000 Gy or higher die within a few minutes, sometimes during irradiation. The 
main symptoms observed in animals irradiated at such high doses are prodromal 
syndromes, which occur in the form of severe nausea and vomiting within a few 
minutes, followed by central nervous system syndromes incessantly. It is not 
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known whether the central nervous system syndromes arise indirectly by the 
effects of these damages in the nerve cells, or whether the cells are directly 
affected. Central system syndromes are irreversible syndromes. Besides animal 
studies, two human cases have been reported in the literature. 

Case 1; In the nuclear accident that occurred in Los Alomost in 1958, a worker 
received a dose of 39-49 Gy and some parts of the body 120 Gy. Shock picture 
was observed in the patient. In the blood count performed after the accident, it 
was observed that there were no lymphocytes in his blood, and the person died 
after 35 hours. 

Case 2; In 1964, the whole body of a man working with U-235 was exposed 
to a total dose of 88 Gy, 22 Gy of neutrons and 66 Gy of gamma rays, as a result 
of an accident. The patient ran to a building 150 meters away. After a short time, 
nausea, vomiting, abdominal pain, headache, and soon afterwards diarrhea were 
observed. The next day, the patient felt well, but tired. On the second day, his 
condition deteriorated again, and he died 49 hours after exposure to radiation. 

Similar results were observed in both cases and the patient died within two 
days. 

 
3.2.  Gastrointestinal Syndrome 
In mammals exposed to 10-100 Gy whole body irradiation, crypt cells in the 

small intestine are damaged. After irradiation at this dose, their lifespan is 3-10 
days. Prodomal syndromes appear first. Thereafter, improvement is seen for 
several days. As the crypt cells cannot differentiate and renew the villi, symptoms 
of gastrointestinal syndrome (nausea, vomiting, diarrhea) occur. As a result of 
these, fatigue, weakness, loss of water, various bacteria appear in the blood. The 
mitotic activities of crypt cells irradiated at various doses drop to zero half an 
hour after irradiation. Then, at the 2nd and 6th hours, some cells begin to 
regenerate. This increase is thought to mean that not all of the cells die during the 
radiation application, and that some cells remain alive. As the dose increases, the 
damage to the crypt cells increases. Thanks to the crypt cells that regenerate after 
exposure to a dose below 8 Gy, the living thing does not die from the 
Gastrointestinal syndrome. Above 8 Gy, since the crypt cells cannot regenerate, 
the villi cannot be renewed and the living thing dies within 3-10 days. 
Hematopoietic syndromes help with this. Except for the Chernobyl accident, 
there is only one human case in the literature. In 1946, a 32-year-old man was 
accidentally exposed to a dose of 11-20 Gy on his whole body and 30 Gy on his 
hands. The patient had complaints on the first day (nausea, vomiting, heart 
palpitations), the patient went well until the 6th day, then death occurred on the 
9th day as a result of diarrhea and water and electrolyte loss. In the autopsy, 
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disorders were observed in the small intestine, and it was observed that the large 
intestinal epithelium was less affected than the small intestine. 

3.3. Hematopoietic Syndrome 
Studies have shown that hematopoietic syndromes contribute significantly to 

the development of gastrointestinal syndromes. Such syndromes occur when the 
whole body is exposed to a dose of 2-10 Gy. The patient survives death due to 
gastrointestinal syndrome. Within 15-30 days, the bone marrow dies due to the 
defect in the stem cells. These cells in the blood, erythrocytes (protects the 
hemoglobin level), lymphocytes (protects from infections), platelets (provides 
blood clotting), are more resistant to radiation than stem cells in the blood. The 
number decreases after exposure to radiation. After a while, they regenerate and 
their numbers start to increase again. Table 2 summarizes acute radiation 
syndromes in whole body radiation exposure. 

 
Table 2: Acute radiation syndromes in whole body radiation exposure 

Time after 
irradiation 

Central Nervous System 
Syndrome 200 Gy 

Gastrointestinal 
Syndrome 20 Gy 

Hematopoietic 
Syndrome 4 
Gy 

First day 

Nausea - Vomiting - 
Diarrhea 
Headache – Irritability 
Uncontrolled movements 
Lethargy – Exhaustion 
Coma - Convulsions 
Shock - Death 

 
Nausea - Vomiting - 
Diarrhea 

 
Nausea - 
Vomiting - 
Diarrhea 
 

2. week 

 Nausea - Vomiting - 
Diarrhea 
Fever – Weakening 
Exhaustion - Death 

 

3. and 4.  
weeks 

  Slimming -
Exhaustion 
Nausea - 
Vomiting - 
Diarrhea 
Fever – 
Bleeding 
Death or 
Recovery 
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4. CHRONIC EFFECTS ON WHOLE BODY IRADIATION 
They are the effects that occur as a result of events that do not cause the death 

of the cell, but cause irreparable defects in its genetic material. A long period of 
time called the "latent circuit" must pass between the application of radiation and 
its emergence. 

• Genetic Effects of Radiation 
• Carcinogenic Effect of Radiation 
• Life-Shortening Effect of Radiation 
• Effect of Radiation on Aplastic Anemia 
• Effect of Radiation on Cataract Formation 
 
4.1. Genetic Effects of Radiation 
Radiation does not cause entirely new and idiosyncratic changes in genetics. 

It increases the frequency of spontaneous mutations in living things. The genetic 
effect of radiation is evaluated in two separate groups as chromosomes and 
chromatids. Genetic information is transferred from lineage to lineage through 
chromosomes. Chromosomes are sensitive to radiation. Chromosomes are made 
up of DNA and basic proteins rich in lysine and arginine, called histones. If 
radiation is applied before the synthesis phase, chromosomal anomalies occur. 
If radiation is applied after the synthesis phase, chromatid-type anomalies 
occur. 

Chromosome Type Anomalies: With the effect of radiation, fragments may 
break off from the tip or between one arm of the chromosome. As a result, the 
resulting piece takes the form of a ring and this piece is called an acentric ring. In 
Figure 2, end and intermediate breaks (deletions) are seen as an example of 
chromosomal disorders. 

 

 
Figure 2: Chromosomal disorder consisting of end and intermediate breaks 

(DNA S:DNA SYNTHESIS) 
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With the effect of radiation, two different chromosome arms can be broken in 
a cell. As a result, a dicentric and an acentric chromosome are formed. Such 
chromosomal aberrations are called asymmetric intermediate changes. These 
changes are radiation specific. It is used in biological dosimetry to estimate the 
exposure dose in radiation accidents. Figure 3 shows chromosomal disorders that 
lead to decentric formation. 

 

 
Figure 3: Dicentric and acentric chromosomal aberration (DNA S:DNA 

SYNTHESIS) 
 
As a result of the breaking of two different chromosomes in a cell with the 

effect of radiation, symmetrical intermediate changes occur as a result of the 
displacement of the broken parts. Figure 4 shows the symmetrical interchange. 

 

 
Figure 4: Chromosome disorder with symmetric interchange (DNA S: DNA 

SYNTHESIS) 
Chromosomal disorders described above are the most common chromosomal 

disorders. Among them, the dicentric formation is more radiation-specific, so 
these disorders are used in biological dosimetry. 

Chromatid  Type Anomalies:  : End and intermediate fractures may occur 
as a result of breaking off a piece from the end or intermediate region of a single 
chromatid of the chromosome. This piece may adhere or be lost. Figure 5 shows 
an example of chromatid type end and intermediate breaks. 
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Figure 5: Chromatid type end and intermediate breaks 
 
Mutation: Changes in genetic information are called mutations. It is 

examined in two groups as chromosome and gene mutations. An increase in the 
amount of ionizing radiation humans are exposed to increases the likelihood of 
mutations. Chromosome mutations often cause syndromes that cause mental 
retardation. Down syndrome has three, when the 21st chromosome should be 
double. A threshold dose is not needed for gene mutations to occur. It can be seen 
even at doses of 5 cGy. It increases with dose. 

 
4.2. Carcinogenic Effect of Radiation 
It has been observed that the rate of cancer increases in people who have 

worked with radiation for many years. After the atomic bomb in Hiroshima, the 
increase in the first leukemia cases occurred within 1.5 years and reached its 
maximum 10-15 years later. The mechanism of the carcinogenic effect of 
radiation is not fully known. Some researchers argue that it may be the result of 
mutation in somatic cells. Some researchers argue that radiation has an indirect 
effect and causes cancer by making changes in the cell mechanism. Figure 6 
shows the relationship between dose and malignancy. 

 
Figure 6: Relationship between radiation dose and malignancy 



179

 
Figure 5: Chromatid type end and intermediate breaks 
 
Mutation: Changes in genetic information are called mutations. It is 

examined in two groups as chromosome and gene mutations. An increase in the 
amount of ionizing radiation humans are exposed to increases the likelihood of 
mutations. Chromosome mutations often cause syndromes that cause mental 
retardation. Down syndrome has three, when the 21st chromosome should be 
double. A threshold dose is not needed for gene mutations to occur. It can be seen 
even at doses of 5 cGy. It increases with dose. 

 
4.2. Carcinogenic Effect of Radiation 
It has been observed that the rate of cancer increases in people who have 

worked with radiation for many years. After the atomic bomb in Hiroshima, the 
increase in the first leukemia cases occurred within 1.5 years and reached its 
maximum 10-15 years later. The mechanism of the carcinogenic effect of 
radiation is not fully known. Some researchers argue that it may be the result of 
mutation in somatic cells. Some researchers argue that radiation has an indirect 
effect and causes cancer by making changes in the cell mechanism. Figure 6 
shows the relationship between dose and malignancy. 

 
Figure 6: Relationship between radiation dose and malignancy 

There is always a long latent phase between irradiation and the appearance of 
the tumor. Leukemias are the tumors with the shortest latent stage compared to 
other cancers. It has a minimum of 4-5 years, an average of 8 years latent phase. 
It is seen that the average latent stage of some tumors observed after irradiation 
for treatment purposes is 15-30 years. 

There are multiple methods for calculating radiation-induced cancer risks. 
Many researchers evaluated the results between 1958 and 2009 after the atomic 
bomb. Grant and colleagues analyzed the results of the Life Span Chort study of 
solid tumors for the third time. In this analysis, they applied updated dose 
estimates. 105444 people participated in the study. 80205 subjects were dosed. 
25299 subjects were not in that area when the atomic bomb was dropped. They 
estimated risk using Excess Relative Risk and Exess Absolute Risk methods per 
Gy. Follow-up was 1958–2009. Cases were identified by liaising with the 
population-based Hiroshima and Nagasaki Cancer Registries. People who were 
exposed to radiation at age 30, now 70, have been reported. In this study, 992 side 
solid tumors were detected from 22,538 people. Cancer occurrence differed 
between men and women. Findings from the current analysis on dose-response 
pattern were not fully consistent with those previously reported and raised 
unresolved questions. Findings from the current analysis on dose-response mode 
were fully consistent with those previously reported They said that studies should 
be continued to fully understand the nature of radiation-induced cancer risk and 
its importance for public health. 

 
4.3. The Life-Shortening Effect of Radiation 
It is not possible to prove with human experiments that radiation has a life-

shortening effect. However, experimental studies with animals have revealed that 
my exposure to whole body radiation has a life-shortening effect. In the studies, 
experimental animals were exposed to low doses of radiation. Although the 
emerging symptoms disappeared over time, the animals in the irradiated group 
had a shorter lifespan than the control group. 

 
4.4. Effect of Radiation on Aplastic Anemia 
The word aplastic means a developmental disorder. Aplastic anemia is a 

condition of anemia, a decrease in the production of all cells in the bone marrow. 
Cases of aplastic anemia have been observed after radiotherapy applications in 
man. The disease is treated by giving the necessary treatments to improve the 
blood values. 
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4.5. Effect of Radiation on Cataract Formation 
The lens of the eye is the most sensitive structure to radiation. The lens of the 

eye is more resistant in mammals and humans than in other species. In the 
irradiated eye lens, the deterioration of the normal transparency of the eye lens at 
the end of a latent phase following the irradiation is cataract. The latent stage of 
cataract formation ranges from 6 months to 35 years. The average duration was 
found to be 8 years. 

 
CONCLUSION 
The risk of cancer and the possibility of exposure to genetic disorders increase 

depending on the radiation they receive. Generally, the person is exposed to 
radiation locally in diagnostic and therapeutic radiation applications. The dose is 
high in therapeutic radiation exposures. The effects of high-dose radiation are 
well known. Persons exposed to radiological applications are exposed to low 
doses. The effects of low-dose radiation are not as precise as high-dose radiation 
exposure. The expected risk increases are determined by making risk 
calculations. People who work with radiation are usually exposed to the whole 
body of radiation. The probability of the occurrence of stochastic effects such as 
cancer formation and genetic disorder in people working with radiation increases 
according to the dose they are exposed to. 

As a result of radiation accidents, the whole body is exposed to radiation. In 
this case, early and late effects are seen. 
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4.5. Effect of Radiation on Cataract Formation 
The lens of the eye is the most sensitive structure to radiation. The lens of the 

eye is more resistant in mammals and humans than in other species. In the 
irradiated eye lens, the deterioration of the normal transparency of the eye lens at 
the end of a latent phase following the irradiation is cataract. The latent stage of 
cataract formation ranges from 6 months to 35 years. The average duration was 
found to be 8 years. 

 
CONCLUSION 
The risk of cancer and the possibility of exposure to genetic disorders increase 

depending on the radiation they receive. Generally, the person is exposed to 
radiation locally in diagnostic and therapeutic radiation applications. The dose is 
high in therapeutic radiation exposures. The effects of high-dose radiation are 
well known. Persons exposed to radiological applications are exposed to low 
doses. The effects of low-dose radiation are not as precise as high-dose radiation 
exposure. The expected risk increases are determined by making risk 
calculations. People who work with radiation are usually exposed to the whole 
body of radiation. The probability of the occurrence of stochastic effects such as 
cancer formation and genetic disorder in people working with radiation increases 
according to the dose they are exposed to. 

As a result of radiation accidents, the whole body is exposed to radiation. In 
this case, early and late effects are seen. 
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INTRODUCTION 
The behavior of individuals is directly and indirectly affected by social and 

economic groups, the physical environment, public and private services and policies. 
Changes in family or environmental conditions can interfere with the behavior of 
individuals. Evaluating the conditions affecting the lives of individuals in changing 
the nutritional behavior and making changes in these areas are important for effective 
results (1). 

How to influence children's eating habits in the desired way is now given a lot of 
attention. Concerns about the growth in childhood obesity and underweight and its 
effects on long-term health are the cause of this from the standpoint of public health 
(2).  

Behavior change in childhood is easier than in adulthood. For this reason, it is of 
great importance to guide children in the right way during the school period and to 
gain healthy eating behavior  (3).  

 There are many factors that affect feeding behavior in children. Successful results 
can be obtained with environmental and family education. In childhood, educational 
activities should be structured according to age periods, and changes should be made 
specific to the age group. It is necessary to determine the factors that affect children's 
behavior in order to establish these programs (4). 

Children's eating habits can be positively or badly impacted by the strategies that 
governments, schools, parents, and other stakeholders undertake, whether on purpose 
or accidentally (5). 

There are many methods recommended for the development of feeding behavior 
in childhood. Some of these are parent and peer modelling, rewarding, meal 
preparation programs, creation of school gardens, sensory education and tasting 
classes, making accessible and promoting, differentiation of preparation and 
presentation, branding, food packaging, and use of cartoon characters. 

 
Parent Modeling 
Early on, parents have a major influence on how their children behave when 

eating. They choose what foods to purchase for the family and serve as role models 
for their eating habits (6).  

Parents frequently employ a variety of tactics to regulate their child's food 
intake. These tactics include actions like restricting access to certain foods, such 
preferred foods, limiting access to food consumption, and restricting food intake. 
Additionally, parents may act by pressuring kids to eat particular meals or to eat 
more food overall (7). 

There are data showing that behaviors such as restraint and pressure applied by 
parents negatively affect children's eating behavior and weight control. Likewise, it 
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has been shown that the choice of food, the amount of consumption and the 
preference of the food that is encouraged to consume affect negatively (8). 

In addition to the nutrition education given during the school period, it is very 
important that the parents guide the children's nutritional behavior in the family 
correctly. It may be an appropriate method to include parents in the nutrition 
programs organized by the schools. While educating children on nutritional behavior, 
educating the family through a similar channel is important for the sustainability of 
proper nutrition behavior (9).    

 
Conferment 
It is a typical technique used to manage kids' eating habits and consumption of 

food. There are many benefits associated with eating a particular meal or a certain 
quantity. A reward can be given to the child by the choice or consumption of the food 
that is considered healthy. It can be used in family or school conditions. The tool used 
in the reward method can be a nutrient or non-nutrient reward (10).  

According to the most recent research, it is not appropriate to reward someone for 
eating one food with another. A decrease in the intake of the desired meal may result 
in an increase in the consumption of the food offered as a reward if another food is 
supplied as a reward in exchange for the requested food. Children's consumption of 
simple sugars may increase, especially if the food supplied as a reward includes 
sweets, confectionery, and other such items (11). 

Stickers, badges, and other non-food rewards are said to be particularly useful for 
kids who are just becoming used to new foods. It is stated that this method should be 
used carefully, even with non-nutritional rewards, and if the child does not have a 
nutritional disorder such as food rejection, it should be preferred and its frequency 
should be reduced (12). 

 
Peer Modeling 
Teachers and peers are central to the child's social environment. The role of this 

group is indisputably important in shaping nutritional behavior as well as in social 
behavior change (13).  

Nutritional behaviors of role models affect children's food preferences, tastes, 
food consumption amount and food rejection behaviors positively and negatively. 
Studies show that peer modeling affects food preference and quantity, and correct 
consumption habits (14). 

Modeling has a greater impact on younger children than on older ones. Younger 
children are more influenced by parents and adults, but older kids may be more likely 
to copy their friends' eating habits (15).  
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Nutritional behaviors of role models affect children's food preferences, tastes, 
food consumption amount and food rejection behaviors positively and negatively. 
Studies show that peer modeling affects food preference and quantity, and correct 
consumption habits (14). 

Modeling has a greater impact on younger children than on older ones. Younger 
children are more influenced by parents and adults, but older kids may be more likely 
to copy their friends' eating habits (15).  

According to research, peer modeling has a multifaceted impact on youngsters, 
who can influence one another through both positive and negative actions. Peer 
modeling can help people eat more of their favorite and widely accepted meals (16). 
Peer influences include the social modeling of unhealthy eating and the rejection of 
specific foods, though. Depending on whether the modeled food is "healthy" and if 
the target food is being modeled in a good or negative way, peer modeling may or 
may not have a positive impact on children's eating habits. It should be highlighted 
that healthy food modeling exists to counteract the peer modeling impact, and that it 
should be supervised by adults like parents or instructors (17). 

 
Meal Preparation Programs 
Children are frequently encouraged to cook and prepare meals through meal 

preparation programs, which take a hands-on approach. Studies investigate how 
children's eating habits and desire to try new foods can be influenced by the times 
that meals are prepared (18).  

Cooking classes allegedly have a good influence on vegetable consumption, 
preferences, and the exploration of new fruits and vegetables. The advantages of 
cooking lessons extend beyond the selection or consumption of vegetables and 
include the development of self-efficacy and culinary abilities. It is advised to use it 
in secondary and high school because it takes a particular degree of knowledge and 
skills (19). 

 
Gardening in Schools 
Schoolyards frequently form a significant component of a larger public health 

strategy and offer numerous advantages for kids, the environment, and bettering 
eating habits. Some school garden initiatives have specific objectives that are meant 
to improve students' understanding of nutrition, health, and fruit and vegetable intake. 
Some initiatives attempt to help kids develop their own abilities and help with food 
production (20).  

School gardens have been demonstrated to improve eating habits and dietary 
choices, as well as "working in groups" and "self-understanding." Since 2004, the 
usage of schoolyards for nutrition education has persisted in the United States (21).  

The execution of horticultural programs along with tasting and culinary lessons is 
said to increase the content and feeding behavior. It has been demonstrated that 
school gardening initiatives have a positive impact, particularly on the consumption 
and liking of fruits and vegetables. It is further noted that the impact of applied 
programs on dietary preferences goes beyond simple nutrition instruction. Children 
may recognize food and consume the food they produce by having direct touch with 
it (22).  
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Sensory Education-Tasting Lessons 
Initially, using sensory impressions, tasting lessons were used to teach kids about 

understanding the differences between foods and their attributes. Today's Sensory 
Education-Tasting Lessons Programs educate kids about the variety of foods by raising 
their food awareness through sensory-focused activities that pique their attention (23). 
Although it is stated that sensory education courses have little effect on food 
preferences, it has been shown that it can reduce food rejection in the short term (24). 

Although studies on the effect of courses on behavior change are not sufficient, it is 
stated that practical training has an effect on food selection and nutritional status (25).  

 
Making Accessible- Promoting 
Children's preference for healthy foods is, of course, closely correlated with their 

ability to access and identify them. The term "nutrient availability" refers to a nutrient's 
accessibility to children. However, the concept of accessibility does not simply entail 
the availability of food. The availability of the suggested food in a setting or format that 
makes it easy to consume is also crucial (for example, pre-cut fruit and vegetables are 
available where children can easily access them) (26).  

Availability of food in schools is important. At the same time, schools are one of 
the most suitable environments for children to recognize food. Food recognition can be 
possible with educational materials as well as with practices such as a school garden. 
With easier access to the recommended food, higher consumption was determined in 
children. The fact that the child knows the food is shown to be beneficial in terms of 
encouraging its consumption. However, recognizing the food correctly and with the 
right method is indispensable for obtaining positive results (27).  

Free fruit and vegetable distribution to students in schools appears to be a 
successful marketing and accessibility tactic. As a result, a significant step will be 
made toward raising kids' consumption of fruits and vegetables. It is claimed that 
frequent exposure to different fruits and vegetables has a real, long-lasting impact 
on eating behavior and actually boosts consumption, even after youngsters are no 
longer given free meals (28). Similarly, it is aimed to increase milk consumption 
and gain healthy snack behaviors by providing milk to students free of charge in 
schools (29). 

 
Preparation and Presentation Differentiation 
Although access to healthy foods is possible, preparing these foods for children's 

preferences and making them ready for consumption with different presentation 
styles is shown as an effective way to change food preferences (30). 

Children's food intake and taste are influenced by a variety of factors, including 
preparation technique, serving presentation, and portion size. The presentation of 
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longer given free meals (28). Similarly, it is aimed to increase milk consumption 
and gain healthy snack behaviors by providing milk to students free of charge in 
schools (29). 

 
Preparation and Presentation Differentiation 
Although access to healthy foods is possible, preparing these foods for children's 

preferences and making them ready for consumption with different presentation 
styles is shown as an effective way to change food preferences (30). 

Children's food intake and taste are influenced by a variety of factors, including 
preparation technique, serving presentation, and portion size. The presentation of 

foods that are interesting, similar to the characters that children can love, and that 
they can easily consume affects the amount of consumption and their preferences. It 
is stated that menu planning and serving in school canteens and cafeterias, taking into 
account appropriate food preparation methods, will be effective in changing 
consumption behaviors in schools (31). 

 
Branding, Food Packaging and Cartoon Characters 
Food businesses use branding to develop names and pictures that help consumers 

recognize their products. A mascot or a licensed character from a well-known 
children's television program is used to brand the goods. This circumstance might 
influence not just the selection of a specific food but also how healthy that food is 
viewed to be (32). 

Children's food preferences can be influenced by packaging, which can be just as 
significant as branding (33). According to recent studies, introducing kids to 
nutritious meals through popular television characters can be a really effective tactic 
(34). In fact, as part of the Raisin Program, which has been introduced in our nation, 
popular cartoon characters are used to teach kids about making healthy snack choices 
(35). 

Although it seems that these techniques work better with harmful items, they have 
been found to be effective in modifying kids' choices for good foods. Additionally, 
parents and educators can simply implement strategies by putting fruits and 
vegetables in appealing packaging with stickers or images of popular characters (36). 

 
  



190

REFERENCES  
(1) United States Agency International Development (USAID) (2014). Multi-

Sectoral Nutrition Strategy 2014–2025 Technical Guidance Brief. Effective 
At-Scale Nutrition Social and Behavior Change Communication. 1-14. 

(2) Laureati M, Bergamaschi V and Pagliarini E. School-based intervention with 
children. Peer-modeling, reward and repeated exposure reduce food 
neophobia and increase liking of fruits and vegetables. Appetite, 2014; 83, 26-
32. 

(3) Lin, M., Pan, L.P., Han, J., et.al.  Behavioral intervention reduces unhealthy 
eating behaviors in preschool children via a behavior card approach. Journal 
of Huazhong University of Science and Technology, 2016; 36(6), 895-903. 

(4) Diep, CS, Chen, TA, Davies, VF, et al. Influence of behavioral theory on fruit 
and vegetable intervention effectiveness among children: a meta-analysis. 
Journal of Nutrition Education and Behavior, 2014; 46(6), 506-546. 

(5) Baranowski T, Diep C. and Baranowski J. Influences on children's dietary 
behavior, and innovative attempts to change it. Annals of Nutrition and 
Metabolism, 2013; 62 (3):38-46. 

(6) Draxten M, Fulkerson JA, Friend S, et.al. Parental role modeling of fruits and 
vegetables at meals and snacks is associated with children's adequate 
consumption. Appetite, 2014; 78, 1-7. 

(7) Palfreyman Z, Haycraft E. and Meyer C. Development of the Parental 
Modelling of Eating Behaviours Scale (PARM): links with food intake among 
children and their mothers. Maternal & Child Nutrition, 2014;10(4), 617-629. 

(8) Jelalian E, Hadley W, Sato A, et al. Adolescent weight control: an intervention 
targeting parent communication and modeling compared with minimal 
parental involvement. Journal of Pediatric Psychology, 2015; 40(2), 203-213. 

(9) Natale RA, Messiah SE, Asfour L, et. al. Role modeling as an early childhood 
obesity prevention strategy: effect of parents and teachers on preschool 
children's healthy lifestyle habits. Journal of Developmental & Behavioral 
Pediatrics, 2014; 35(6), 378-387. 

(10) Lu J, Xiong S, Arora N. et.al. Using food as reinforcer to shape children's 
non-food behavior: The adverse nutritional effect doubly moderated by reward 
sensitivity and gender. Eating Behaviors, 2015; 19, 94-97. 

(11) Grubliauskiene A, Verhoeven M. and Dewitte S. The joint effect of tangible 
and non-tangible rewards on healthy food choices in children. Appetite, 2012; 
59(2), 403-408. 

(12) Turner L, Chriqui JF and Chaloupka FJ. Food as a reward in the classroom: 
school district policies are associated with practices in US public elementary 



191

REFERENCES  
(1) United States Agency International Development (USAID) (2014). Multi-

Sectoral Nutrition Strategy 2014–2025 Technical Guidance Brief. Effective 
At-Scale Nutrition Social and Behavior Change Communication. 1-14. 

(2) Laureati M, Bergamaschi V and Pagliarini E. School-based intervention with 
children. Peer-modeling, reward and repeated exposure reduce food 
neophobia and increase liking of fruits and vegetables. Appetite, 2014; 83, 26-
32. 

(3) Lin, M., Pan, L.P., Han, J., et.al.  Behavioral intervention reduces unhealthy 
eating behaviors in preschool children via a behavior card approach. Journal 
of Huazhong University of Science and Technology, 2016; 36(6), 895-903. 

(4) Diep, CS, Chen, TA, Davies, VF, et al. Influence of behavioral theory on fruit 
and vegetable intervention effectiveness among children: a meta-analysis. 
Journal of Nutrition Education and Behavior, 2014; 46(6), 506-546. 

(5) Baranowski T, Diep C. and Baranowski J. Influences on children's dietary 
behavior, and innovative attempts to change it. Annals of Nutrition and 
Metabolism, 2013; 62 (3):38-46. 

(6) Draxten M, Fulkerson JA, Friend S, et.al. Parental role modeling of fruits and 
vegetables at meals and snacks is associated with children's adequate 
consumption. Appetite, 2014; 78, 1-7. 

(7) Palfreyman Z, Haycraft E. and Meyer C. Development of the Parental 
Modelling of Eating Behaviours Scale (PARM): links with food intake among 
children and their mothers. Maternal & Child Nutrition, 2014;10(4), 617-629. 

(8) Jelalian E, Hadley W, Sato A, et al. Adolescent weight control: an intervention 
targeting parent communication and modeling compared with minimal 
parental involvement. Journal of Pediatric Psychology, 2015; 40(2), 203-213. 

(9) Natale RA, Messiah SE, Asfour L, et. al. Role modeling as an early childhood 
obesity prevention strategy: effect of parents and teachers on preschool 
children's healthy lifestyle habits. Journal of Developmental & Behavioral 
Pediatrics, 2014; 35(6), 378-387. 

(10) Lu J, Xiong S, Arora N. et.al. Using food as reinforcer to shape children's 
non-food behavior: The adverse nutritional effect doubly moderated by reward 
sensitivity and gender. Eating Behaviors, 2015; 19, 94-97. 

(11) Grubliauskiene A, Verhoeven M. and Dewitte S. The joint effect of tangible 
and non-tangible rewards on healthy food choices in children. Appetite, 2012; 
59(2), 403-408. 

(12) Turner L, Chriqui JF and Chaloupka FJ. Food as a reward in the classroom: 
school district policies are associated with practices in US public elementary 

schools. Journal of the Academy of Nutrition and Dietetics, 2012; 112(9), 
1436-1442. 

(13) Fitzgerald A, Heary C, Kelly C, et. al. Self-efficacy for healthy eating and 
peer support for unhealthy eating are associated with adolescents' food intake 
patterns. Appetite, 2013; 63, 48-58. 

(14) Staiano AE, Marker AM, Frelier JM, et al. Influence of Screen-Based Peer 
Modeling on Preschool Children's Vegetable Consumption and Preferences. 
Journal of Nutrition Education and Behavior, 2016; 48(5), 331-335. 

(15) Te Velde SJ, ChinaPaw MJ, De Bourdeaudhuij I, et.al. Parents and friends 
both matter: simultaneous and interactive influences of parents and friends on 
European schoolchildren's energy balance-related behaviours - the ENERGY 
cross-sectional study. International Journal of Behavioral Nutrition and 
Physical Activity, 2014; 8(11), 71- 82. 

(16) Hendy HM. Effectiveness of trained peer models to encourage food 
acceptance in preschool children. Appetite, 2002; 39(3), 217-225. 

(17) Lowe CF, Horne PJ, Tapper K, et al.  Effects of a peer modelling and 
rewards-based intervention to increase fruit and vegetable consumption in 
children. European Journal of Clinical Nutrition, 2004, 58(3), 510-522. 

(18) Hersch D, Perdue L, Ambroz T. et.al. The impact of cooking classes on food-
related preferences, attitudes, and behaviors of school-aged children: a 
systematic review of the evidence, 2003-2014. Preventing Chronic Disease, 
2014; 6 (11), 193-201. 

(19) Woodruff SJ and Kirby AR. The associations among family meal frequency, 
food preparation frequency, self-efficacy for cooking, and food preparation 
techniques in children and adolescents. Journal of Nutrition Education and 
Behavior, 2013, 45(4), 296-303. 

(20) Nicholson L, Turner L, Schneider L, et.al. State farm-to-school laws 
influence the availability of fruits and vegetables in school lunches at US 
public elementary schools. Journal of School Health, 2014; 84(5), 310-316. 

(21) Bontrager Yoder AB, Liebhart JL, McCarty DJ, et. al. Farm to elementary 
school programming increases access to fruits and vegetables and increases 
their consumption among those with low intake. Journal of Nutrition 
Education and Behavior, 2014; 46(5), 341-349. 

(22) Moss A, Smith S, Null D, et. al. Farm to School and Nutrition Education: 
Positively Affecting Elementary School-Aged Children's Nutrition 
Knowledge and Consumption Behavior. Childhood Obesity, 2013; 9(1), 51-
56. 



192

(23) Kim MH and Chung HK, Sensory education program development, 
application and its therapeutic effect in children. Nutrition Research and 
Practice, 2014; 8(1), 112-119. 

(24) Reverdy C, Chesnel F, Schlich P, et. al. Effect of sensory education on 
willingness to taste novel food in children. Appetite, 2008;  51(1), 156-165. 

(25) Kähkönen K, Rönkä A, Hujo M, et. al. Sensory-based food education in early 
childhood education and care, willingness to choose and eat fruit and 
vegetables, and the moderating role of maternal education and food 
neophobia. Public Health Nutrition, 2018; 8, 1-11. 

(26) Reinaerts E, de Nooijer J, Candel M. et. al. Explaining school children's fruit 
and vegetable consumption: the contributions of availability, accessibility, 
exposure, parental consumption and habit in addition to psychosocial factors. 
Appetite, 2007; 48(2), 248-258. 

(27) Terry-McElrath YM, O'Malley PM and Johnston LD. Accessibility over 
availability: associations between the school food environment and student 
fruit and green vegetable consumption. Childhood Obesity, 2014; 10(3), 241-
250. 

(28) Cullen KW, Baranowski T, Owens E, et. al. Availability, accessibility, and 
preferences for fruit, 100% fruit juice, and vegetables influence children's 
dietary behavior. Health Education & Behavior, 2003; 30(5), 615-626. 

(29) School Milk Program Application Guide (Retrieved from 
https://www.Tarim.Gov.Tr/Haygem/Belgeler/Projeler//Okulsütüuygulamare
hberi.Pdf. on 06.08.2022.) 

(30) Zampollo F, Kniffin KM, Wansink B. et. al. Food plating preferences of 
children: the importance of presentation on desire for diversity. Acta 
Paediatrica, 2012; 101(1), 61-66. 

(31) Correia DC, O'Connell M, Irwin ML et. al. Pairing vegetables with a liked 
food and visually appealing presentation: promising strategies for increasing 
vegetable consumption among preschoolers. Childhood Obesity, 2014; 10(1), 
72-76. 

(32) Boyland EJ and Halford JC. Television advertising and branding. Effects on 
eating behaviour and food preferences in children. Appetite, 2013; 62(6), 236-
241. 

(33) Letona P, Chacon V, Roberto C. et. al. A qualitative study of children's snack 
food packaging perceptions and preferences. BMC Public Health, 2014; 15 
(14), 1261-1274. 

(34) Kraak VI and Story M. Influence of food companies' brand mascots and 
entertainment companies' cartoon media characters on children's diet and 



193

(23) Kim MH and Chung HK, Sensory education program development, 
application and its therapeutic effect in children. Nutrition Research and 
Practice, 2014; 8(1), 112-119. 

(24) Reverdy C, Chesnel F, Schlich P, et. al. Effect of sensory education on 
willingness to taste novel food in children. Appetite, 2008;  51(1), 156-165. 

(25) Kähkönen K, Rönkä A, Hujo M, et. al. Sensory-based food education in early 
childhood education and care, willingness to choose and eat fruit and 
vegetables, and the moderating role of maternal education and food 
neophobia. Public Health Nutrition, 2018; 8, 1-11. 

(26) Reinaerts E, de Nooijer J, Candel M. et. al. Explaining school children's fruit 
and vegetable consumption: the contributions of availability, accessibility, 
exposure, parental consumption and habit in addition to psychosocial factors. 
Appetite, 2007; 48(2), 248-258. 

(27) Terry-McElrath YM, O'Malley PM and Johnston LD. Accessibility over 
availability: associations between the school food environment and student 
fruit and green vegetable consumption. Childhood Obesity, 2014; 10(3), 241-
250. 

(28) Cullen KW, Baranowski T, Owens E, et. al. Availability, accessibility, and 
preferences for fruit, 100% fruit juice, and vegetables influence children's 
dietary behavior. Health Education & Behavior, 2003; 30(5), 615-626. 

(29) School Milk Program Application Guide (Retrieved from 
https://www.Tarim.Gov.Tr/Haygem/Belgeler/Projeler//Okulsütüuygulamare
hberi.Pdf. on 06.08.2022.) 

(30) Zampollo F, Kniffin KM, Wansink B. et. al. Food plating preferences of 
children: the importance of presentation on desire for diversity. Acta 
Paediatrica, 2012; 101(1), 61-66. 

(31) Correia DC, O'Connell M, Irwin ML et. al. Pairing vegetables with a liked 
food and visually appealing presentation: promising strategies for increasing 
vegetable consumption among preschoolers. Childhood Obesity, 2014; 10(1), 
72-76. 

(32) Boyland EJ and Halford JC. Television advertising and branding. Effects on 
eating behaviour and food preferences in children. Appetite, 2013; 62(6), 236-
241. 

(33) Letona P, Chacon V, Roberto C. et. al. A qualitative study of children's snack 
food packaging perceptions and preferences. BMC Public Health, 2014; 15 
(14), 1261-1274. 

(34) Kraak VI and Story M. Influence of food companies' brand mascots and 
entertainment companies' cartoon media characters on children's diet and 

health: a systematic review and research needs. Obesity Reviews, 2015; 16(2), 
107-126. 

(35) Rafadan Tayfa School Grape Promotion Spot (Accessed on 06.08.2022 
https://www.youtube.com/watch?v=4yn_5bDMYcA) 

 (36) Uribe R. and Fuentes-García A. The effects of TV unhealthy food brand 
placement on children. Its separate and joint effect with advertising. Appetite. 
2015; 91, 165-172. 





195

Chapter 14

Gallbladder Polyps

Ahmet TOPCU1

Muhammet Fatih KEYİF2

Hüseyin Kerem TOLAN3

1 Op Dr.,Tokat Devlet Hastanesi Genel Cerrahi Kliniği, ORCID ID : 0000-0002-5694-3628 

2 Op Dr.,Tokat Devlet Hastanesi Genel Cerrahi Kliniği, ORCID ID : 0000-0001-7346-1041

3Doç. Dr., SBU ÜMRANİYE SUAM Genel Cerrahi A D, ORCID ID: 0000-0002-0845-8820 





197

 

Gallbladder polyps are defined as lesions that grow from the gallbladder 
mucosa into the lumen. Today, it is encountered during abdominal 
ultrasonography and incidental examinations or scans. When we examine the 
literature, the rate of detection of gallbladder polyps was found to be between 3 
and 7% in people who underwent ultrasonography in outpatient conditions, 
while it was between 2 and 10% in specimens seen during pathological 
examination after the gallbladder surgery (1, 2). 

 
INCIDENCE 
The prevalence of gallbladder polyps has been reported to be between 4.3% 

and 6.9%.  Age and gender are important factors for the incidence of gallbladder 
polyps, and it has been found to be more common in men compared to women 
(3, 4). 

 
RISK FACTORS 
Contrary to known risk factors for gallstones; attempts to identify risk 

factors for the formation of gallbladder polyps have not shown a consistent 
association between polyp formation and conditions such as age, gender, 
obesity or diabetes. According to some literature, it has been suggested that 
there is an inverse relationship between gallstones and gallbladder polyps. It is 
assumed that polyps mechanically impair stone formation or that polyps are 
more difficult to diagnose by examination in the presence of stones (5). 

Conditions that may be at risk of developing gallbladder polyps are as 
follows (5): 

- Hepatitis B 
- Familial Adenomatosis Polyposis (FAP) 
- Peutz Jeghers syndrome 
- Garder's syndrome 
- Gallstones 
- Cholecystitis 
- Cholangitis 
- Age over 50 years 
While the recommended risk factors for malignant gallbladder polyps are; 

being over the age of fifty, presence of gallstones and having primary sclerosing 
cholangitis; the risk factors for polyp are being larger than 5 mm, solitary and 
sessile (5). 
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HISTOPATHOLOGICAL CLASSIFICATION 
Even if the polyps are mostly benign, the presence of malignant polyps 

should not be overlooked. Therefore, early diagnosis and precautions are 
important for curative treatment and long-term survival. A number of changes 
have occurred in the classification and terminology of polypoid lesions in the 
gallbladder over the past few years. 

Polypoid lesions in the gallbladder are primarily divided into benign and 
malignant. Those diagnosed as malignant are accepted as gallbladder cancer. 
Although malignant ones are generally seen as adenocarcinoma; melanoma, 
clear cell tumor or metastatic lesions can also be seen (6). 

 

 
 
About 90-95% of benign polyps are accepted as non-neoplastic lesions. Less 

common neoplastic benign gallbladder polyps carry the risk of malignancy 
(Table 1) (6). 

The most common type of polypoid lesion we encounter in the clinic is 
cholesterol polyps, mostly known as pseudopolyps, but they constitute 
approximately 60% of all polypoid lesions. Cholesterol polyps are formed by 
the accumulation of lipids as a result of phagocytosis by macrophages in the 
gallbladder mucosa. This accumulation is thought to occur as a result of a 
disorder in cholesterol metabolism (6, 7). 
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Cholesterol polyps can be single or multiple. While it is usually smaller than 
1 cm and is located multiple, it can also appear as a stalk. If we see it commonly, 
it is called cholesterolosis (Picture 1). 

No correlation was found with the level of cholesterol in the blood. While it 
generally does not cause clinical symptoms, strawberry appearance with 
papillary protrusions smaller than 1 cm in the mucosa is remarkable in 
cholesterolosis. 

 

 
Picture 1 :  Cholesterolosis – strawberry gallbladder 

 
The most common benign polypoid lesions after cholesterol polyps are 

adenomyomas, which are non-neoplastic hyperplastic lesions that develop from 
the gallbladder wall. They constitute approximately 25% of benign gallbladder 
polypoid lesions. These usually occur as a result of hyperplasia of the mucosa in 
recurrent attacks of gallbladder inflammation without producing an 
inflammatory response. Although it is frequently confused with cancer, it is said 
that they do not carry a risk of malignancy (6). 

Inflammatory polyp, which is another non-neoplastic benign gallbladder 
polyp type, is often seen together with stony sacs characterized by inflammation. 
They occur following an inflammatory local response in the mucosa. They 
constitute approximately 10% of benign gallbladder polypoid lesions. It is a 
polypoid lesion with a stalk and vascularity extending into the lumen without 
the risk of malignancy (6). 

The most common type of neoplastic polyps we encounter is adenomas, 
which constitute approximately 4% of all polypoid lesions. They are defined as 
precancerous lesion. The risk of cancer is higher in those larger than 1 cm, and 
approximately 25% of adenomas become cancer (6). 
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Histopathological classification, which is one of the studies originating in 
Japan and has been divided into neoplastic and non-neoplastic for about 40 
years, is now presented as further expanded and modified in terms of 
information (8). 

When viewed histopathologically with the latest updates; 
Non neoplastic polyps (9, 10, 11, 12, 13, 14) (Figure 1): 
1- Fibromyoglandular polyp 
Broad-based polyp composed of small glandular structures usually 

associated with significant inflammation and associated with gallstones, 
separated by fibroblasts and muscular stroma. 

2- Cholesterol polyp 
A pedunculated polyp of cauliflower-like structure, lined with a single layer 

of normal gallbladder epithelium, usually without glands. 
3- Polypoid pyloric gland metaplasia 
Polypoid mucosa with regenerative change, with a collection of metaplastic 

pyloric glands forming small protrusions. 
4- Inflammatory polyp 
Consisting prominently of granulation tissue / lymphoid aggregates / 

xanthogranulomas. 
 

 
Figure 1 : Non-neoplastic polyps: Fibromyoglandular polyp (A), Cholesterol 

polyp (B), Inflammatory polyp (C), Polypoid pyloric gland metaplasia (D) (14). 
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Neoplastic polyps (10, 11, 14, 15, 16) (Figure 2): 
1- Intracholecystic neoplasm 
All mass-forming intraepithelial preinvasive neoplasms including pyloric 

gland adenomas and intracholecystic papillary neoplasms and intracholecystic 
papillary neoplasms forming polyps larger than 1 cm are evaluated in this 
category by the World Health Organization (WHO). 

2- New onset intracholecystic neoplasm 
Polypoid lesion smaller than 1 cm of intracholecystic neoplasms defined 

above as forming a polypoid lesion composed of dysplastic cells that grow back 
to back and form adenomatous lesions. 

3- Polypoid invasive carcinoma 
It is non-preinvasive developing in polypoid configuration, but the polyp 

component is invasive. 
4-Dysplastic non neoplastic polyp. 
 

 
Figure 2 : Neoplastic polyps: New onset intracholecystic neoplasm (A), 

Intracholecystic neoplasm (B), Polypoid invasive carcinoma 
(C), Dysplastic non neoplastic polyp (D) (14). 

 
SYMPTOMATOLOGY 
The gallbladder polypoid lesions are asymptomatic and unfortunately do not 

have any specific complaints. Therefore, since most of the cases are clinically 
symptomless, they are discovered incidentally during routine examinations for 
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other reasons. However, although it is rare, some patients with gallbladder 
polyps may present with complaints of nausea, vomiting, and intermittent pain 
in the right hypochondrium (17). 

Abdominal ultrasonography; which is sometimes performed for right upper 
quadrant pain, is important in the diagnosis of the disease. In the absence of 
other findings, a gallbladder polyp can be considered as the cause of biliary 
colic. If it causes any symptom, the most common right upper quadrant pain, 
nausea, vomiting, swelling and jaundice are seen. Most of the patients have 
gallstones in the gallbladder, and it remains unclear whether polyps trigger 
symptoms (5). 

There is no difference between benign or malignant polyp in the appearance 
of symptoms. A large retrospective study showed that for cases diagnosed with 
gallbladder polyps by abdominal ultrasonography; approximately 60% of the 
polyps were diagnosed during examination for another disease, approximately 
25% in the presence of an abdominal symptom, and approximately 15% in the 
presence of elevated liver function tests. Cholesterol polyps can break off and 
act like gallstones and may even cause biliary colic, obstruction and pancreatitis. 
In addition, it has been shown in the literature that gallbladder polyps also cause 
hemobilia and calculous cholecystitis (5). 

It should be kept in mind that symptoms such as swelling, right upper 
quadrant pain, impaired comfort, gallstones or cholecystitis may be associated 
with cholesterol polyp, inflammatory polyp or hyperplastic polyp. In addition, 
metabolic syndrome has a close relationship with cholesterol polyp 
development (18). 

 
IMAGING OF THE GALLBLADDER POLYPS 
Abdominal ultrasonography is the best tool for diagnosing the presence of 

gallbladder polyps due to its availability and low cost, as well as its good 
specificity and sensitivity. It has been reported in the literature that the 
sensitivity of ultrasonography for gallbladder polyps is between 30% and 90%. 
However, the dependence of ultrasonography on the person, the lack of a 
specific standard, and the presence of conditions such as obesity, accompanying 
stones, etc. are the most important limiting factors in affecting the accuracy of 
diagnosis (19, 20). 

Polyps in the gallbladder are seen as hyper-echoic, with or without acoustic 
shadow, fixed on the wall protruding into the lumen of the gallbladder (Picture 
2) (17). 

Abdominal ultrasonography sensitivity is superior to oral cholecystography 
and tomography for polyp diagnosis, and is good at differentiating cholesterol 
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polyp from an adenoma or adenocarcinoma. Cholesterol polyp has a gallbladder 
wall-like echogenicity and is seen without acoustic shadow. The distinction 
between benign and malignant cannot be determined by ultrasonography alone. 
A stone embedded in the gallbladder wall can easily be mistaken for a polyp. In 
general, polyps in the gallbladder can only be seen by ultrasonography when 
they reach a size larger than 5 mm (17). 

 

 
Picture 2: Gallbladder polyp appearance on ultrasonography. 

 
Endoscopic ultrasonography (EUS) is the most sensitive diagnostic method 

for gallbladder polypoid lesions. However, EUS and high-resolution 
ultrasonography were compared and it was thought that high-resolution 
ultrasonography is a more important diagnostic tool in the differential diagnosis 
of gallbladder polypoid lesion and early-stage gallbladder cancer compared to 
EUS in terms of the comfort of the patient and not requiring sedation (21). 

Abdominal tomography cannot distinguish low-density lesions and has not 
been found to be as satisfactory when gallbladder polyps are less than 1 cm in 
size. However, helical tomography can be helpful in demonstrating small 
polypoid lesions of the gallbladder and distinguishing neoplastic and non-
neoplastic small polypoid lesions of the gallbladder (22). 

Magnetic resonance imaging has not been widely used to evaluate 
gallbladder disease, which has the disadvantage of contrast resolution. Among 
polypoid lesions, early and long-term contrast enhancement is observed in 
malignant ones. Since high signal intensity can be seen in diffusion-weighted 
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magnetic resonance imaging in malignant lesions, it can help to differentiate 
benign from malignant polypoid gallbladder lesions (23). 

A series of patients with a diagnosis of gallbladder polyp who were 
effectively detected as benign or malignant by scanning with F-18-labeled 
deoxyglucose with positron emission tomography (PET) was also shown (5). 
Although intravenous cholecystography is safe, gallbladder polyps do not 
become sufficiently opaque (17). 

Percutaneous transhepatic fine needle aspiration and percutaneous 
transhepatic cholecystoscopy have an important place in the evaluation of 
gallbladder polyps. However, the technique takes a long time and is not well 
tolerated by patients. In addition, the diagnostic accuracy of endoscopic 
retrograde cholangiopancreatography is not satisfactory (3). 

 
TREATMENT AND MANAGEMENT 
Most polyps do not cause any problems or require treatment. However, it is 

necessary to monitor the polyps to make sure they do not grow too large or 
cause any symptoms. 

Asymptomatic gallbladder polyps that appear as pseudopolyps or cholesterol 
polyps can be followed annually by hepatobiliary ultrasonography. The risk of 
malignancy for these patients is very low. If enlargement of the polyps is seen in 
serial sonographic examination or if the patient develops a symptomatic state, 
the currently recommended treatment is laparoscopic cholecystectomy (24). 

If there are symptoms of chronic cholecystitis, treatment with 
cholecystectomy is usually recommended. Because of the risk of developing 
gallbladder cancer, cholecystectomy should be performed for polyps of 1 cm 
and above. Early surgery is preferred because early-caught gallbladder cancer 
has better cure rates than an advanced, that is, late lesion (24). 

Surgical treatment not only reduces symptoms, but also detects and treats 
potential malignancy risk. 

The most important issue in cases with gallbladder polyps is how to follow 
up and/or treat these cases. Here, we encounter the risk of malignancy of polyps. 
The failure to reveal the risk of malignancy in polyps with preoperative 
examinations highlights surgical treatment. In laparoscopic cholecystectomy, 
which is the gold standard in the treatment of gallbladder diseases, the 
complication rate was reported to be 2%, while the mortality rate was 0.04%. 
Considering all these risks, patient selection becomes important in surgical 
treatment. Some risk factors for malignant gallbladder polyps have been 
reported in the literature (25). 

Risk factors for reported malignant gallbladder polyps include: 



205

 

magnetic resonance imaging in malignant lesions, it can help to differentiate 
benign from malignant polypoid gallbladder lesions (23). 

A series of patients with a diagnosis of gallbladder polyp who were 
effectively detected as benign or malignant by scanning with F-18-labeled 
deoxyglucose with positron emission tomography (PET) was also shown (5). 
Although intravenous cholecystography is safe, gallbladder polyps do not 
become sufficiently opaque (17). 

Percutaneous transhepatic fine needle aspiration and percutaneous 
transhepatic cholecystoscopy have an important place in the evaluation of 
gallbladder polyps. However, the technique takes a long time and is not well 
tolerated by patients. In addition, the diagnostic accuracy of endoscopic 
retrograde cholangiopancreatography is not satisfactory (3). 

 
TREATMENT AND MANAGEMENT 
Most polyps do not cause any problems or require treatment. However, it is 

necessary to monitor the polyps to make sure they do not grow too large or 
cause any symptoms. 

Asymptomatic gallbladder polyps that appear as pseudopolyps or cholesterol 
polyps can be followed annually by hepatobiliary ultrasonography. The risk of 
malignancy for these patients is very low. If enlargement of the polyps is seen in 
serial sonographic examination or if the patient develops a symptomatic state, 
the currently recommended treatment is laparoscopic cholecystectomy (24). 

If there are symptoms of chronic cholecystitis, treatment with 
cholecystectomy is usually recommended. Because of the risk of developing 
gallbladder cancer, cholecystectomy should be performed for polyps of 1 cm 
and above. Early surgery is preferred because early-caught gallbladder cancer 
has better cure rates than an advanced, that is, late lesion (24). 

Surgical treatment not only reduces symptoms, but also detects and treats 
potential malignancy risk. 

The most important issue in cases with gallbladder polyps is how to follow 
up and/or treat these cases. Here, we encounter the risk of malignancy of polyps. 
The failure to reveal the risk of malignancy in polyps with preoperative 
examinations highlights surgical treatment. In laparoscopic cholecystectomy, 
which is the gold standard in the treatment of gallbladder diseases, the 
complication rate was reported to be 2%, while the mortality rate was 0.04%. 
Considering all these risks, patient selection becomes important in surgical 
treatment. Some risk factors for malignant gallbladder polyps have been 
reported in the literature (25). 

Risk factors for reported malignant gallbladder polyps include: 

 

1- Polyp size over 1 cm 
2- Being over 50 years old 
3- Being symptomatic 
4- Presence of solitary or solid polyp 
5- Concomitant gallstones 
Although the reported malignancy rates in gallbladder polyps are between 3 

and 8%, it has been shown that the five-year survival rate in gallbladder cancer 
is less than 5%. Cancers detected in the gallbladder base have a much longer 
life span (26). 

Open cholecystectomy should be preferred in cases with suspected cancer. 
However, local recurrence has been reported in 30-50% of the cases who 
underwent laparoscopic cholecystectomy and were found to have malignancy in 
the pathological specimen examination. In such cases, partial liver resection, 
wedge resection or even right hepatectomy can be planned according to the 
location and characteristics of the lesion. In cases where the lesion is localized, 
partial liver resections containing a 1 cm margin of intact liver tissue are 
generally preferred (27). 

Management and follow-up of gallbladder polyps has been summarized with 
an updated algorithm (28). 

Gallbladder polyps are first evaluated by ultrasonography. 
- If under 10 mm: 
It is checked whether the patient has symptoms related to the gallbladder. 
- If 10 mm and above: 
Cholecystectomy is recommended if the risk of malignancy is high and the 

patient is suitable and accepts surgery. (If cholecystectomy is not deemed 
appropriate, it is followed as follows.) 

- If the patient does not have symptoms related to the gallbladder: 
It is checked whether the patient's gallbladder carries risk factors for 

malignancy. 
Risk factors ; over 50 years old - primary sclerosing cholangitis & Indian 

ethnicity - sessile polyp (including focal gallbladder wall thickening over 4 mm) 
- If the patient has symptoms related to the gallbladder: 
Polypoid lesions of the gallbladder may be indicative of underlying 

gallbladder pathologies such as cholelithiasis or inflammation. 
Cholecystectomy is recommended if there is no alternative cause for the 
symptoms and the patient also accepts surgery if appropriate. (If 
cholecystectomy is not deemed appropriate, it is followed as follows.) 

- If the patient does not carry the risk factors for malignancy of the 
gallbladder: 
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Polyp smaller than 6 mm: 
Follow-up with ultrasonography (1 year, 3 years, 5 years) 
Polyp is between 6 – 9 mm: 
Follow-up with ultrasonography (6 months, 1 year, 2 years, 3 years, 4 years, 

5 years) 
- If the patient has risk factors for gallbladder malignancy: 
Polyp is smaller than 6 mm: 
Follow-up with ultrasonography (6 months, 1 year, 2 years, 3 years, 4 years, 

5 years) 
Polyp is between 6 – 9 mm: 
Cholecystectomy is recommended if the risk of malignancy is high and the 

patient is suitable and accepts surgery. 
(If surgery is not suitable, follow the guidelines for patients without risk 

factors) 
- If the polyp is during follow-up; 
Size increases by 2 mm or more; If the patient is suitable and accepts the 

operation, cholecystectomy is performed. 
If it reaches 10 mm; If the patient is suitable and accepts the operation, 

cholecystectomy is performed. 
If it is lost; follow-up is left. 
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1) Definition, prevalence and classification of mastalgia 
a. Cyclic mastalgis 
b. Non-cyclic mastalgia 
c. Extramammary causes of  breast pain 

2) Etiology and pathogenesis of mastalgia 
a. Endocrine abnormalities  
b. Water retention  
c. Caffeine and Methylxanthine 
d. Psychoneurosis  
e. Miscellaneous factors 

3) Approach to the patient presenting with mastalgia 
a. Reassurance 
b. Lifestyle modification 
c. Medical treatments 

 
1)- Definition, prevalence and classification of mastalgia: 
Mastalgia is a medical term used to describe pain, discomfort and sensation of 

tension arising from breast tissue. It can occur unilaterally or bilaterally, as well 
as focally or diffusely. It can spread to the axilla or the inside of the arm. Sensory 
innervation of the breast occurs through the anterolateral and anteromedial 
branches of the T3-T5 intercostal nerves.  

Mastalgia is very common condition especially among women aged 30 to 50 
and also affects up to 75% of women during their lifetime and it is the reason for 
approximately 50% of all referrals to breast surgeons (1). Although mastalgia is 
thought to be a minor problem, it is a condition that affects normal daily activities 
and causes significant costs. Recent studies have shown that; it adversely affects 
the normal sexual life of 48% of the patients with severe breast pain and 
significantly restrict the physical activity of 36% of the patients, the social 
activity of 13% and the work-school activities of 6%. However, only 15% of 
affected women require treatment. (2). Diagnostic evaluation of mastalgia 
requires a combination of physical examination, mammography and breast 
ultrasonography (3). 

Mastalgia is also a cause for concern for most women that their pain is a sign 
of breast cancer. Most of patients with mastalgia do not seek further medical 
attention for the pain once they are assured that they do not have breast cancer. 
An accurate diagnosis is important to appropriate treatment can be recommended. 
The challenge in managing mastalgia is to strike a safe balance between 
reassurance and treatment after appropriate investigation. 

Mastalgia can be divided into three categories (4): 
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a. Cyclical mastalgia 
b. Non-cyclical mastalgia 

• Diffuse 
• Localized 

c. Extramammary causes of breast pain 
• Chest wall pain 
• Other pains; 

o Cervical/thoracic spondylosis 
o Pulmonary or cardiac pains 
o Gallstone disease, gastritis 
o Thoracic outlet syndrome 

 
1.a. Cyclic Mastalgia 
Cyclic mastalgia has a certain pain pattern and breast pain fluctuates with 

hormone changes from menstrual cycle. It occurs in the luteal phase of the 
menstrual cycle. Usually begins 5-7 days before menstruation and disappears 
with menstruation. It is associated with the ovulatory cycle and ends in pregnancy 
and menopause. It is often bilateral, cannot be clearly localized, and may spread 
to the upper outer quadrant or axilla. Swelling or increased nodularity may be 
detected in the breast. Cyclic mastalgia can be described by patients as a feeling 
of heaviness, deep tenderness, burning, tingling or throbbing (5.) 

Cyclic mastalgia is detected in 11-40% of women in the pre-menopausal 
period. 70% of patients who apply to the outpatient clinic with breast pain are in 
the form of cyclic mastalgia. It is seen in the 3rd and 4th decades, mostly in the 
30s. While this type of mastalgia can continue until menopause in 44% of 
patients, spontaneous recovery can observed in 22% of patients (6). 

Cyclical breast pain is commonly associated with fibrocystic changes, which 
used to be called “fibrocystic breast disease”. Women with bothersome 
fibrocystic changes report dull or aching pain, which tends to peak in their 30s 
and 40s. Upon palpation, breasts may feel lumpy or nodular and patients may 
report tenderness. Patients may report that their breasts change in size and density 
as their menstrual cycles progress (7). 

The Visual Analogue Scale (VAS) score is used for the pain severity within 
at least 2 menstrual cycles. Mastalgia is considered normal if the VAS value is 
<3 and there is pain lasting less than 5 days before the cycle. Cyclic mastalgia 
define as mild, moderate and severe according to VAS score and duration of pain 
(Table-1). Severe cyclic mastalgia occur in only 15% of patients. 
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Table-1. Mastalgia scoring system according to VAS and pain duration (8). 
 <30% 30-70% >70% 
5-8 day Mild Mild Moderate 
8-15 day Mild Moderate Severe 
>15 day Moderate Severe Severe 

 
1.b. Non-cyclic Mastalgia 
Non-cyclic mastalgias are related to internal anatomical changes, like injury, 

surgery, cyst or mass. It constitute 26-30% of breast pain and seen in the 
perimenopausal period, especially in the 4th and 5th decades. They are usually 
unilateral and well localized pain (5). It is generally located in focal areas, often 
in the subareolar or medial breast quadrants (6). Non-cyclic mastalgia patients 
describe the pain as a aching, tender, fearful, burning, pulling, stabbing, pinching 
sensation (Table-2). 

Non-cyclical breast pains do not have a prominent pain pattern. It is not 
associated with the menstrual cycle, but is thought to be of inflammatory origin. 
Specific reason of mastalgia can be found In the vast majority of patients, and it 
is considered idiopathic. Pain can resolve spontaneously in up to 50% of patients. 

Benign or malignant pathologies that may cause focal pain in the breast should 
be ruled out in these patients. Macrocysts, benign masses, periductal mastitis and 
abscesses, ductal ectasia, sclerosing adenosis, diabetic mastopathy, fat necrosis, 
Mondor's disease and malignant masses are pathologies that can cause focal 
mastalgia (9). Breast pain has been reported as a presenting symptom of breast 
cancer in a range of 5–18% of breast cancers (10,11). Some antidepressants 
(selective serotonin re-uptake inhibitors), hormone replacement therapy, oral 
contraceptives and cardiovascular drugs (Aldactone and Digoxin) may also cause 
focal pain in the breast. Cooper's ligaments stretching is also another cause of 
Non-cyclic mastalgia in patients with large breast size. 

 
1.c. Extramammary causes of breast pain  
In some cases pain is felt in breast but orginates from another location or 

tissue. Chest wall pain accounts for 7-10% of all breast pain patients. 
Costochondral junction osteochondritis (Tietze's syndrome) is one of the medial 
chest wall pain. Pectoral or intercostal muscle myalgias and neurogenic pain 
usually causes lateral chest wall pain. 10% of these patients have a history 

 of trauma. 
Non-chest wall pain can arise from diverse causes such as cervical spondilitis, 

herpes zoster, ischemic heart disease, biliary pain, and peptic ulcer (12). 
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Table-2. Classification and distinctive diagnostic features of mastalgia (13) 
Cyclic Mastalgia Starts within 2 weeks before menses - Dull, heavy or 

aching - Bilateral - Poorly localised and extend to axilla 
Non-Cyclic Mastalgia Not related to menstrual cycle - Constant or intermittent 

- Unilateral and variable - Well localised 
Chest wall pain Unilateral and depending on activity - Lateral or medial 

in the breast - Increase by pressure on a specific area of 
chest wall 

 
2)- Etiology and pathogenesis of mastalgia 
Although the etiology of mastalgia has not well understood, there are various 

theories supported or rejected by the literature on this subject. It is possible to 
examine the theories in the etiology of mastalgia under 5 main headings (14);  

a. Endocrine abnormalities  
b. Water retention  
c. Caffeine and Methylxanthine 
d. Psychoneurosis  
e. Miscellaneous factors 

 
2.a.Endocrine Abnormalities 
Three main theories generally accepted among endocrine reasons of 

mastalgia; 
1-Increased estrogen secretion 
2-Defiency in progesterone production 
3-Hyperprolactinemia 
There are conflicting results in the literature about the effect of estrogen and 

progesterone on mastalgia. Although the menstrual cycle, pregnancy, breastfeeding, 
menopause, use of oral contraceptives and hormone replacement therapy affect the 
course of mastalgia in various ways, studies have not shown a consistent abnormality 
between estrogen, progesterone and prolactin levels and the presence of mastalgia 
(15). Cardiff Mastalgia Clinic also reported arise in stimulated prolactin level in 
women with mastalgia (16). Similarly, Peter et al. revealed that patients with 
mastalgia had significantly increased serum prolactin levels (17). It is thought that 
increased prolactin levels causes the water retention in the breast tissue, thus create a 
feeling of tightness and pain in the breast. The reduction in breast tension after 
prolactin suppression therapy supports the theory. 

 
2.b.Water Retention 
Another factor thought to play a role in the etiology of mastalgia is the theory that 

breast pain develops as a result of an increase in total body water in the premenstrual 
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increased prolactin levels causes the water retention in the breast tissue, thus create a 
feeling of tightness and pain in the breast. The reduction in breast tension after 
prolactin suppression therapy supports the theory. 

 
2.b.Water Retention 
Another factor thought to play a role in the etiology of mastalgia is the theory that 

breast pain develops as a result of an increase in total body water in the premenstrual 

period. But Preece at al. did not detect a correlation between mastalgia and total body 
water in their study (18). Similarly Cardiff Mastalgia Clinic showed, there were no 
significant differences in water gain 5th and 25th days of menstrual cycle in mastalgia 
patients compared to controls (16). 

 
2.c. Caffeine and Methylxanthine 
Methylxanthines are xanthine derivatives found in such as cocoa, tea and 

chocolate. Caffeine, theophylline and aminophylline are methylxanthine derivative. 
Minton’s group developed the hypothesis that a reduction in caffeine consumption 
would cause a subsequent reduction in breast pain complaints (19). Increased 
numbers of cyclic nucleotides, such as adenosine monophosphate (c-AMP) and 
guanosine monophosphate (c-GMP) leads to a stimulation of protein kinases and, 
theoretically, increased production of fibrous tissue and cystic fluid that may lead to 
mastalgia. Marshall et al. compared 323 women with benign breast disease with 
1,458 control subjects who had no differences in coffee or tea consumption revealed 
no symptomatic difference between the groups. The authors concluded there was a 
lack of evidence to suggest that coffee or tea intake was related to resolution or 
reduction of mastalgia (20). Society of Obstetricians and Gynaecologist of Canada 
(SOGC) recommends that caffeine intake reduction should not be advised to decrease 
mastalgia (13). 

 
2.d. Psychoneurosis  
Levels of anxiety, depression, and social dysfunction were shown to be 

significantly higher in women with severe mastalgia compared with those who had 
non-severe mastalgia. A randomized controlled study evaluated the effects of 
keeping a pain diary and listening to a relaxation audio tape versus keeping a pain 
diary alone. In 61% of the relaxation therapy patients versus 25% of the control 
patients, there was a complete or substantial response (21). 

 
2.e.Miscellaneous Factors 
Peters et al. observed that breast pain was associated positively with degree of 

ductal dilatation, as demonstrated by ultrasound. The intensity of pain showed a 
significant positive correlation with the width of the milk ducts, suggesting an 
association between duct ectasia and mastalgia. Moreover, the site of pain positively 
correlated with the site of duct dilatation in the noncyclical mastalgia (13). 
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3)- Management of the patient presenting with mastalgia 
3.a. Reassurance 
It was determined that suggestion therapy was beneficial in patients with 

mastalgia that was not due to an organic cause, and 85% of the patients had a 
decrease in pain complaints after reassurance (22). Reassurance performed after 
clinical examination and radiological investigation is the mainstay of 
management of mastalgia. 85% of patients will be satisfied and relieved once 
mastalgia is explained and breast cancer is excluded. Education and reassurance 
is an integral part of the management of mastalgia and should be the first-line 
treatment (13). 

  
3.b. Lifestyle modification 
Although randomized controlled trials (RCT) are lacking, there is evidence 

that a well-fitting bra can provide relief for mastalgia by supporting the breast 
tissue. Two prospective studies in which women wore fitting bra or sports bra 
reported a 75-85% improvement in mastalgia (23).  

Randomized controlled trials showed that vitamin E and/or vitamin B6 intake 
provides no better improvement on mastalgia than placebo (24).Three 
randomized, placebo-controlled, double-blind clinical trials 58-60 have shown no 
efficacy for "evening promise oil" in the treatment of cyclic mastalgia (13). Only 
one small RCT assessed the effect of a low fat diet on severe cyclical mastalgia. 
This study revealed reduced tenderness and nodularity (25). 

Phytoestrogens such as isoflavones and flaxseed have been shown to be 
effective in reducing cyclical mastalgia, therefore Flaxseed should be considered 
as a first-line treatment for cyclical mastalgia according to SOGC Clinical 
Guidline (13).  

It has been shown that pain is a significant complaint in 50-60% of patients 
with depression and depressive symptoms are present in 60% of pain patients 
(26). Research and treatments for depression should also be considered in patients 
whose pain cannot be relieved despite current treatments and lifestyle 
adjustments. 

 
3.c. Medical treatments 
In the treatment of patients with severe mastalgia, 70% success was achieved 

with drugs such as non-steroidal anti-inflammatory drugs (NSAID), 
bromocriptine, danazol and tamoxifen (21). Topical NSAID treatments such as 
diclofenac diethylamonium demonstrated significant improvement for both 
cyclical and non-cyclical mastalgia with minimal side effects. 

Tamoxifen treatment alleviated pain in 71% of patients compared with 38% 
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randomized, placebo-controlled, double-blind clinical trials 58-60 have shown no 
efficacy for "evening promise oil" in the treatment of cyclic mastalgia (13). Only 
one small RCT assessed the effect of a low fat diet on severe cyclical mastalgia. 
This study revealed reduced tenderness and nodularity (25). 

Phytoestrogens such as isoflavones and flaxseed have been shown to be 
effective in reducing cyclical mastalgia, therefore Flaxseed should be considered 
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3.c. Medical treatments 
In the treatment of patients with severe mastalgia, 70% success was achieved 

with drugs such as non-steroidal anti-inflammatory drugs (NSAID), 
bromocriptine, danazol and tamoxifen (21). Topical NSAID treatments such as 
diclofenac diethylamonium demonstrated significant improvement for both 
cyclical and non-cyclical mastalgia with minimal side effects. 

Tamoxifen treatment alleviated pain in 71% of patients compared with 38% 

who received placebo. Response rates were superior in cyclic mastalgia 94% 
versus 56% non-cyclic mastalgia (27). Side effects of tamoxifen commonly 
observed in short-term treatment for mastalgia include hot flashes (10%), 
menstrual irregularity (10%), weight gain, nausea, vaginal dryness, and bloating 
(5% or less).  

Danazol is characterized as a weak androgen, a weak progestogen, and a 
functional antiestrogen. 3-arm RCT showed reduction in mean pain score was 
achieved in 65% of those on Danazol, 72% of those on Tamoxifen and 38% of 
those on placebo (28). Danazol has side effects such as; weight gain (30%), 
menstrual irregularity (50%), hot flashes (10%). Tamosifen or danazol treatments 
can be applied in cases where first-line treatments are insufficient (13) (Table-3). 

Bromocriptine showed significant improvement in mastalgia in a multicentre  
European trial. Bromocriptine was more effective with an absolute 45% reduction 
in mean linear analogue score for pain. Side effects were nausea 32%, dizziness 
12%, vomiting 7%. 11% of patients in Bromocriptine group discontinued 
treatment because of these side effects. (29.).  
 

Table-3: Treatment steps for mastalgia. 
Reassurance and Lifestyle modification Fitting bra, Low-fat diet, Flaxseed 
First-line treatment Evening promise oil, Topical NSAID 
Alternative treatments Tamoxifen, Danazol, Bromocriptine 
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INTRODUCTION 
Violence is defined as resorting to force against those with opposing views 

and extremism in expressing feelings and ideas (Dursun, 2012). It is mentioned 
that the level of knowledge on crisis management is important in cases of 
violence. The characteristics of the physical environment also have a great effect 
on the work motivation of health workers (Uzun, 2001). Violence, which is a 
problem for societies, occurs in health services as it is seen in every field and 
violence against health service providers is gradually increasing. Violence not 
only harms those working in the health sector, but also affects the patients who 
want to receive service badly. Healthcare organisations are becoming 
increasingly risky places for healthcare service providers, so healthcare workers 
do not feel safe while working. The fact that healthcare workers do not feel safe 
negatively affects their work performance. In order to prevent the occurrence of 
factors that may cause violence against health personnel, those who provide the 
service have important duties. The process covering the practices to be done in 
case of violence varies among individuals, institutions and nations and it is seen 
that the cases of violence are generally not reported (Uzun, 2001). 

In this study, it is aimed to reveal the issues related to the concept of violence 
in health, its causes, consequences and how violence in health affects health 
personnel. In the study, firstly, violence is analysed conceptually and the causes 
and types of violence are given. In the following sections, the concept of violence 
in health, the problems caused by violence in health, its consequences and 
solution suggestions are given. 

 
1. VIOLENCE 
The concept of violence is considered within the scope of "harassment, 

harming the body, restricting freedom, not obeying social rules, showing 
contradiction to the rules, preventing their wishes, imposing unnecessary 
restrictions on some habits, distorting the meaning, applying force, emotional 
harassment" (Polat, 2008). 

Violence is the intentional use of brute force or intimidation that may cause 
death, damage to bodily integrity, psychological problems, or psychological 
problems specific to oneself, another individual, or a group (Köknel, 2006). 
Violence includes "excessive emotional state, multiplicity of a phenomenon, 
harshness, rough and rigid behaviour, undesirable use of physical power, 
activities that cause harm to the person and society". 

Violence in the workplace is defined as "abuse, threat or damage to the body 
integrity of the service provider in matters related to his/her profession, openly or 
covertly targeting his/her safety or health". In the workplace, which is one of the 
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environments where violence is more common, employees are in constant 
communication with their teammates, supervisors and the people they serve. This 
excessive relationship and communication leads to undesirable situations such as 
violence in the working environment. Violence is a problem and professional 
problem that is seen in our society and in the working environment, violence and 
physical harm in the working environment is seen as an increasing problem in 
our age and has become an issue that needs attention (Wynne, 1997). 

 
2. TYPES OF VIOLENCE 
2.1. Types of Violence in terms of Perpetrators 
2.1.1. Violence against oneself 
It is a type of violence that an individual inflicts on himself/herself. It includes 

attempts resulting in death such as self-harm, use of harmful and addictive 
substances and suicide (WHO, 2002). It is the attempts that result in harm that 
the person intentionally and targetedly applies to his/her own body integrity. It is 
violence perpetrated by inflicting pain on oneself in various ways. The person 
may resort to behaviours such as cutting himself/herself, pressing cigarettes on 
his/her body, burning his/her body with hot water, plucking his/her hair.  

 
2.1.2. Violence between individuals 
Violence between individuals is seen in two forms: violence between family 

members and social violence. Violence between family members is when one 
family member harms another family member. Social violence, on the other hand, 
is the type of violence that occurs between individuals outside the family who are 
not related to each other by blood or who are not acquaintances (WHO, 2002). In 
domestic violence, the person harms his/her spouse, children and parents at home. 
Social violence, on the other hand, can be perpetrated in environments such as 
streets, schools, workplaces and elderly care homes. In such cases of violence, 
people's anxiety level increases. 

 
2.1.3 Collective violence 
Collective violence is categorised as social, economic and political violence. 

The reason why collective violence differs from other forms of violence is that it 
is perpetrated by large groups. Terrorist crimes, mafia violence, crimes of spite 
can be given as examples (WHO, 2002). Political violence is related to wars and 
political interests. Economic violence consists of attacks by developed 
communities in order to gain material gain. It is the actions taken to deprive 
people of necessary services and to disrupt the economy by causing economic 
disintegration. 
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2.2. Types of Violence According to Implementation Forms 
2.2.1. Physical violence 
It is the first type of violence that comes to mind (Bulut, 2010). Physical violence: 

Behaviours based on controlling, creating pain and anxiety, requiring the use of 
physical force and causing bodily harm to the person (Duğan, 2015). Physical 
violence is an individual's behaviour that consciously causes harm to the other 
individual (Bulut, 2010). It is the use of force to harm, kill or disrupt the tissue 
integrity of the other individual (Bozkurt, 2008). The content of physical violence 
includes might and force. Generally, strong individuals show physical violence to 
individuals who are weaker than themselves (Yavuz, 2014). Individuals who commit 
physical violence are individuals with low honour. They have lost their relatives or 
have been abandoned by their relatives.  They lack empathy. They are individuals 
with personality disorder problems or substance addiction. 

 
2.2.2. Verbal violence 
It is to harm people verbally. It consists of behaviours such as insulting, 

humiliating, intimidating (WHO, 2002). Acts such as insulting, humiliating the 
person, giving nicknames are verbal violence. These are regular behaviours done 
in order to make fun of people's value judgements or to accuse them (Yalçın, 
2012). Verbal violence is not a violence that occurs only through communication. 
Verbal violence is manifested in different ways. It can also be manifested through 
attitudes and behaviours. Body language can be used to humiliate the other 
individual and play with their dreams (Arslan, 2018). It is one of the most 
common forms of violence among the types of violence. It can occur alone or in 
combination with other forms of violence. The reason why the problems caused 
by verbal violence are not immediately recognised is that the individual does not 
realise the damage it causes to his/her personality. 

 
2.2.3. Sexual violence 
Sexual violence includes all unpleasant sexually explicit speech, bad 

behaviour, coercion for intercourse or unsettling attitudes in any environment, 
whether at home or outside (WHO, 2002). Sexual violence includes body 
language, unwanted discourse and all acts up to rape. In most of the acts of sexual 
violence, physical violence is experienced. It is being subjected to sexual assault 
by applying force against the individual's body. Changes are gradually emerging 
in the definition of sexual violence. While women and children were subjected to 
sexual violence in the early days, it is seen that people, including men, are 
subjected to sexual violence in our age (Polat, 2008). Victims of sexual violence 
can be women, children, animals or men.  
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2.2.4. Economic violence 
It is the deprivation of individuals of the material resources necessary for their 

survival. It is the use of materiality for intimidation, sanction and control over the 
individual. Economic violence is not fully compensating the employee for his/her 
rights, preventing him/her economically, confiscating the money he/she deserves. 
Economic violence involves two opposite factors. On the one hand, there is an 
economic violence that does not provide the money it deserves by employing 
women or children. On the other hand, there is a violence that prevents 
individuals who have the potential to work and seizes their economic rights 
(Polat, 2008). Individuals who are subjected to economic violence are 
impoverished. Accordingly, individuals are deprived of their right to education, 
nutrition and healthy life. 

 
2.2.5. Psychological violence 
Psychological violence is a behaviour that regularly destroys an individual's 

self-confidence and self-esteem. Psychological violence is the behaviour or 
verbal behaviours that negatively affect the individual's psychological 
development and self-esteem. It is the rejection, isolation or disapproval by 
depriving the individual of positive behaviours (Bulut, 2010). According to 
another definition, psychological violence is the systematic abuse of an 
individual's emotional needs by using them as a means of threat (Çuvadar, 2017). 
In business life, it is the voluntary and regular subjection of employees to 
unpleasant behaviours by their superiors, subordinates or teammates. Such 
incidents of violence in business life reduce the motivation of individuals and 
negatively affect their productivity (Sağlık-Sen, 2013). 

 
2.2.6. Mobbing 
It is the regular and conscious humiliation and devaluation of an individual by 

an individual or a group in the institution where the individual provides service. 
It is the restriction of access to official documents and records needed by the 
employee, creating a negative environment by backbiting and making the 
personnel uneasy in every way. It is a process that reduces the desire to work and 
leads to resignation (Tengilimlioğlu, 2001). It is the psychological pressure to 
remove the individual from the working environment. It is the sum of behaviours 
that are repeated voluntarily and regularly towards a specific employee, causing 
physical or psychological negativities. In other words, mobbing is the behaviours 
that are repeated regularly to intimidate the person, to prevent the person from 
working, to cause pressure on the individual, to intimidate the person, and to wear 
out the person in various ways. It negatively affects the quality of service by 
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that are repeated regularly to intimidate the person, to prevent the person from 
working, to cause pressure on the individual, to intimidate the person, and to wear 
out the person in various ways. It negatively affects the quality of service by 

reducing the motivation of the person at work. This psychological terror to the 
employee wears down the victim's self-confidence and willingness to work. 

 
2.2.7. Cyber Violence 
In our age, especially with the recent technological developments, electronic 

communication and document sharing have increased excessively. While the 
storage and distribution of documents in these virtual environments has become 
simpler, on the other hand, the term "cyber violence" has emerged. It is the use 
of information technology by a person or a community to deliberately use a 
document, to harass in an imaginary environment, to intimidate or damage the 
individual by sending different things to the individual (Turan, 2016). The most 
prominent feature that makes cyber violence different from other types of 
violence is that it is done by utilising information technologies. Here, violence 
does not take place face to face. This type of violence is very suitable for 
repetition. 

 
2.3. Causes of Violence 
When the word violence is examined, it is clear that violence has a wide and 

complex content that cannot be viewed from only one aspect (Yavuz, 2014). The 
concept of violence should be analysed comprehensively from more than one 
aspect such as psychological, social and cultural aspects and should not be viewed 
from a single dimension. Violence occurs as a result of the interaction of 
environmental, psychological and many factors. Therefore, there are many 
reasons for violence (Yeşildal, 2005). 

 
2.3.1. Biological reasons 
Humans have two basic biological purposes of existence. These two basic 

purposes are to survive and to perpetuate one's lineage. When people are faced 
with danger, they have two options to follow in order to sustain their lives. In 
such situations, they can either flee or stay and resist. The person who has to stay 
and resist may necessarily have to attack the other party. Thus, in case of danger, 
a number of physiological and biological factors caused by fear cause the act of 
violence.  Violence perception is realised in the brain by perceiving and forming 
in the amygdala, prefrontal cortex and hypothalamus. The stimulus that occurs at 
the moment of fear is perceived in the region of the brain called "thalamus" and 
reveals the stimulus. The resulting stimulus is responded in two ways. These 
responses are seen as "flight or fear". The thalamus gland creates a message to 
the cortex and hypothalamus and reveals physiological symptoms and emotions 
that cause violent behaviour (Avcı, 2014). 
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2.3.2. Psychological Reasons 
Studies in the field of psychiatry have revealed that emotions and experiences 

affect violent behaviour. Violence occurs when feelings such as hostility, hunger 
and sexual desire are not satisfied. It is stated that individuals are not obliged to 
listen to their instinctive feelings and that these feelings can be controlled with 
moral values. J.J.Rousseau, on the other hand, states that individuals are innately 
good, but they become inclined to aggression due to some prohibitions imposed 
by the society (Köknel, 2006). Violent behaviours are based on "frustration". The 
person experiences a feeling of dissatisfaction as a result of frustration. As a result 
of this feeling, violence will be inevitable (Arslan, 2018). Research in the field of 
psychology shows that violence is "the consequences of a bad childhood". Poorly 
experienced or traumatic early childhood leads to negative effects on the 
individual's self-realisation, obsessive and deviations, violent tendencies; in 
short, it is revealed that growing up in bad conditions or growing up in an 
oppressive society has a great effect on the occurrence of violent behaviours 
(Gümüş, 2006). 

 
2.3.3. Environmental reasons 
Chemical outputs and stench, which started to be seen with the industrial 

revolution, have an important effect on violent behaviour. Weather conditions are 
also very important factors in the emergence of violence. The closed and muffled 
air has a negative effect on individuals (Arslan, 2018). In addition, environmental 
reasons that are effective in the emergence of aggression behaviour include air 
pollution, excessive noise, crowded environments, unplanned urbanisation, and 
excessive traffic (Tokgöz, 2019). In addition, large shopping centres in cities 
create an over-electrified environment for individuals and cause them to receive 
negative energy. Such factors also cause individuals to show negative behaviours 
(Kılıç, 2019). 

 
2.3.4. Socio-cultural reasons  
There is an important link between social and cultural factors in the occurrence 

of violent behaviour (Arslan, 2018). According to social learning theory, violent 
behaviour is not innate but acquired. Rewards or punishments given in cases of 
aggression as a result of emulation cause violent behaviours to decrease or 
increase. The fact that violence is an accepted value judgement in the community 
and that it comes from the past to the present is seen as a social reason. In groups 
that care about violence, even a small warning from the environment brings out 
violent behaviours. In such groups, violence appears as an expression of valour. 
Some of the social reasons for violence are individuals' underdeveloped 
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communication skills, expressing their feelings and ideas in provocative ways, 
and wrong ideas about the concept of honour. Violence has gained a socio-
cultural identity due to poverty, showing provocative behaviours to reach desires 
by using illegal ways (Duğan, 2015). 

 
3. VIOLENCE IN HEALTH 
Violence is frequently seen in our living and working life and is accepted as a 

frightening element in working life. Violence in the health sector workplace can 
be perpetrated by those waiting for service, relatives of those waiting for service 
or teammates. Violence that poses a danger to those who serve in the health sector 
can occur in the form of intimidation, verbal harassment, material deprivation of 
rights, damage and sexual assault. Health institutions where health personnel 
perform their professions have been one of the institutions where violent 
incidents have been seen too much. It is seen that employees serving in health 
institutions are frequently subjected to violence in their work areas. Violence 
incidents, which are increasingly recognised by the increasing media news across 
the country, and the perception that the security measures taken especially in 
hospitals are deficient, cause employees to feel insecure. If the concept of 
violence is considered normal in a society, it is considered legitimate. The fact 
that brute force is regarded as a normal action in a place makes it inevitable that 
it becomes a part of people's lives. Thus, resorting to violence in societies, on the 
contrary to being seen as a problem, appears as the first method used to solve 
problems. 

 
3.1. Characteristics of Health Workers Subjected to Violence 
According to the researches, it is revealed that women who provide services 

in health institutions face more acts of violence than men (Ayrancı, 1999). 
Violence against employees in health institutions is generally more common in 
women who are physically petite and have a tense appearance (Winstanley, 
2002). According to the working groups in health institutions, nurses, doctors and 
other health workers who are new to the profession, especially nurses, face more 
violence. In terms of the working time of health workers, it was observed that the 
incidence of violence was higher among those who served between five and ten 
years than those who served for more years, while the incidence was much higher 
among those who were in the first five years of their profession (Ayranci, 2002). 

 
3.2. Characteristics of the Environment in which Violence Occurs 
When we look at the places where violence occurs in institutions providing 

health care services, it is revealed that it is mostly seen in emergencies and then 
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in psychiatry wards. According to the results of studies conducted in our country 
and in foreign countries, it was determined that it was much higher in surgical 
and internal medicine wards (Ayranci, 2002). Although it is mostly seen in 
emergency services in health institutions, other units should not be considered as 
completely risk-free and safe areas. Studies show that aggression occurs most 
frequently between sixteen and twenty hours. Generally, it is shown that violence 
occurs more frequently in the evening shifts than in the morning shifts. The act 
of violence is mostly seen within one hour when service users apply to health 
institutions (Volavka ,1999). 

 
3.3. Frequency and Characteristics of Violence in Health 
More than one research has been conducted in our country and in other 

countries regarding the violence experienced by service providers in healthcare 
institutions. The main result of the researches is that violence in health institutions 
is recorded at a considerably higher rate than in other institutions and at a lower 
rate than in other institutions (Barrett, 1997). Since there are obstacles and 
deficiencies in the reporting of the occurrence of violence in health institutions, 
it is seen that the correct number is not known and remains only with the 
notifications. Studies indicate that the companions of the service applicants as 
well as the service applicants inflict violence on health service providers and it 
has been revealed that verbal assault is more common than physical assault 
(Warshaw, 1996). The proportion of health workers who are verbally abused is 
high (Chen et al, 2008). In our country, while there is an increase in the incidence 
of violence against health personnel, it has been stated that negative behaviours 
are seen in emergency departments in a high number such as seventy-nine percent 
and the frequency of verbal assault is seen as ninety-one percent within this 
percentage (Adas, 2008). It has been observed that among the health personnel 
serving in the private sector in our country, doctors who are new to the profession 
are exposed to more verbal violence (Aydın, 2009). 

 
3.4. Consequences of Violence in Health 
In the personnel exposed to violence in health institutions; grief, self-guilt, 

depression, irritability, feeling insecure, anxiety disorder, callousness, addiction, 
helplessness, lack of self-confidence, inability to cope with stress, various fears, 
scepticism, weakness, reluctance to work, decrease in professional productivity, 
some diseases, sleep disorders, headaches, inability to cope with stress and 
tendency to addictive substances (Hoag-Apel , 1998). 

In a study, it was observed that thirty-eight per cent of those who were 
subjected to violence in emergency departments thought of switching to a 
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helplessness, lack of self-confidence, inability to cope with stress, various fears, 
scepticism, weakness, reluctance to work, decrease in professional productivity, 
some diseases, sleep disorders, headaches, inability to cope with stress and 
tendency to addictive substances (Hoag-Apel , 1998). 

In a study, it was observed that thirty-eight per cent of those who were 
subjected to violence in emergency departments thought of switching to a 

profession other than their own profession, eighteen per cent did not think of 
doing their profession in the emergency department, and another group resigned 
from their profession (Fernandes, 1999).  

In the studies conducted, many effects were observed in the psychology of 
individuals exposed to violence. It has been stated that different feelings such as 
anxiety, anger, helplessness, burnout syndrome, post-traumatic stress disorder 
and feeling insecure occur (Hoag-Apel, 1998). Another situation concluded in the 
studies is that the efficiency of the service provided by the personnel exposed to 
violence to other individuals waiting for service is negatively affected and 
decreased (Levin, 1998). In general, there are no detailed sources on the 
psychiatric conditions of health personnel exposed to violence now and in the 
following periods. Violence in health institutions also causes financial and 
working day losses. It is difficult to know how much the financial losses that 
occur in health institutions are. Because in both developed and developing 
societies, cases of violence are not reported due to reasons such as the way 
violence is perceived, not filing a complaint, fear of the person causing violence, 
and fear of the administration. The financial value of the loss of working days in 
health services in one year alone is more than thirty-five million dollars 
(Özdemir, 2013). 

 
3.5. Prevention of Violence in Health 
In the primary prevention of measures to be taken against incidents of 

violence, first of all, it is necessary to create an environment in which violence is 
not welcomed, violence occurring in working life should be seen as a crime 
regardless of the type of violence, and the necessary legal infrastructure should 
be established for this. Recently, due to the increase in violence against health 
service providers, some studies have been carried out in our country. Adaptation 
and in-service training programmes are provided to prevent violence in hospitals. 
Anger control and effective communication techniques are included in the 
content of the trainings. The Ministry of Health and some non-governmental 
organisations advocate the approach of "respect for labour and zero tolerance to 
violence in health". 

On 14 January 2013, the Grand National Assembly of Turkey (TGNA) 
established a "Parliamentary Investigation Commission" to investigate the 
increasing incidents of violence against healthcare workers and to determine the 
measures to be taken, leading to the publication of a 66-article report on violence 
prevention. 

The report includes measures to be taken to prevent violence against 
healthcare workers. The white code application determined by the Ministry has 
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emerged from hospital service quality standards. With the white code, which is 
given when there is violence, harassment and threats against health personnel, 
security personnel come to the place where the incident occurs and the prevention 
attempt is made and the information of the incident is recorded and documented. 
The white code is given by dialling 1111 from the hospital phone. It is necessary 
to ensure that health institutions become better equipped against violence, to 
inform health service providers about their rights, existing laws, behaviours that 
fit the act of violence, and what they can do when they encounter an act of 
violence. All kinds of support should be provided to health personnel who are 
exposed to violence, to prevent the recurrence of bad situations and acts of 
violence by identifying the personnel exposed to violence in the early period, to 
report all violence, to investigate the cause of the occurrence of acts of violence, 
and to provide all kinds of support to health personnel exposed to violence. Issues 
such as making guidelines available for early identification of violent incidents 
are among the measures that can be taken institutionally. 

Violence increases the anxiety and stress level of healthcare providers and 
decreases the patient-staff relationship.  Verbal and non-verbal skills training of 
healthcare providers in interpersonal relations reduces the negative emotional 
impact. Clear monitoring of the symptoms before the emergence of violence is 
among the most important measures. Some measures can be taken to calm a 
belligerent individual. Firstly, it is tried to calm the individual, while 
communicating, especially before the violent incident, the anxiety of the patient 
and the companions is tried to be eliminated, it is recommended not to speak too 
hopeful and definite. In health services, treatment cannot be guaranteed.  While 
communicating at this stage, it should be done in a calm and soft voice by making 
eye contact. Afterwards, if the person is alone with the person, the use of force 
should be avoided. If aggression is observed, necessary security measures should 
be taken in hospitals and necessary security personnel should be available. 

 
CONCLUSIONS AND RECOMMENDATIONS 
Acts of violence against service providers in health institutions have been on 

the rise recently. As employees are exposed to violence for many reasons, the 
dimensions and situations of being affected by violence also differ.  

Especially emergency services are service units where cases requiring rapid 
intervention, injuries and patients with high risk are applied or brought. For this 
reason, there is a tense environment for both health service providers and those 
waiting for service and accompanying patients. Concerned patients and 
accompanying persons may consider the time elapsed due to the necessary 
examinations and consultations and the prolongation of treatment as a delay in 
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CONCLUSIONS AND RECOMMENDATIONS 
Acts of violence against service providers in health institutions have been on 

the rise recently. As employees are exposed to violence for many reasons, the 
dimensions and situations of being affected by violence also differ.  

Especially emergency services are service units where cases requiring rapid 
intervention, injuries and patients with high risk are applied or brought. For this 
reason, there is a tense environment for both health service providers and those 
waiting for service and accompanying patients. Concerned patients and 
accompanying persons may consider the time elapsed due to the necessary 
examinations and consultations and the prolongation of treatment as a delay in 

the intervention. Therefore, they may hold healthcare providers responsible and 
show aggressive behaviour. The reason for the end of life in places where 
emergency health services are provided is perceived as inadequate service by the 
relatives of the patients and increases their tendency to become aggressive. 
Discussions, disagreements, inappropriate words, tensions that occur during 
health service delivery may provoke both the patient and the emergency health 
service providers. 

In emergency services, mostly people who have just started their career are 
working. Inadequate experience of service providers may increase the risk of 
being subjected to violence. Working conditions, working hours and workload of 
healthcare providers in emergency services can be counted as other issues that 
increase stress and tension. High work intensity and exhausting shifts deplete the 
energy of service providers and reduce their ability and tolerance to empathise. 
Stressed health workers also expect understanding from others. Healthcare 
workers should also understand and empathise with patients and their relatives.  

As ways to minimise the risk of violence; ensuring adequate security in the 
work environment and removing patient relatives from the emergency response 
environment should be prioritised. In order to prevent violence in health, it is 
necessary to ensure a standard in the number of security and employees, the 
suitability of physical conditions, communication, training, and deterrent legal 
regulations and studies should also be carried out for violence. 

It is necessary to implement the legal regulations on the criminal sanctions of 
violence as required, to provide the necessary legal and psychological support to 
healthcare professionals who are victims of violence, to make use of different 
communication tools to raise public awareness about how selflessly healthcare 
professionals work, and to announce the incidents of violence against healthcare 
professionals to the public from a two-way perspective using the media and other 
communication tools.  

In addition, in order to reduce or prevent violence in the health sector; the role 
ambiguity experienced by health professionals should be eliminated and each 
team member should not be held responsible for work outside their job 
descriptions, they should be informed with in-service trainings on issues such as 
preventing acts of violence and self-control, and the incident of violence they are 
exposed to should be recorded. It is also important to inform and raise awareness 
of health service users and their relatives about the rules and regulations to be 
followed in the hospital.  
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1. Introduction 
Obesity is one of the most important health problems of today, and it has become 

a public health issue that needs to be tackled in terms of being seen as a factor that 
causes many diseases and at the same time reducing the quality of life of individuals. 
Compared to the past, individuals' more limited physical activity levels, high sedative 
living standards and the increasing proportion of processed foods in nutrition reveal 
that obesity is an issue that needs to be tackled in public rather than from individual 
sources. For this reason, various methods and action plans are being developed in the 
fight against obesity nationally and internationally.  

The weight loss processes of individuals first start with nutrition regulation and 
then continue with physical activity and sports. In this process, it is aimed that 
individuals are not exposed to medical support or surgical intervention as much as 
possible. However, in this process, due to the unsuccessful efforts, individuals turn 
to medical methods in the treatment of obesity.  

Medication is one of the leading medical methods. At this point, there are drugs 
accepted by various health authorities in the world, as well as many alternative 
medicine products, especially the internet and the media. The main purpose of all 
these methods of combating obesity is to stop individuals from gaining weight and 
to get rid of their excess weight. As a result of the failure of the medicated treatment 
process, or due to the urgent comorbid health problems of the individuals, it may be 
necessary to undergo surgical intervention in obesity. Today, it has become quite 
common to fight obesity through surgical methods, especially with Gastric Bypass 
and Gastric Sleeve (Tube Stomach).  

Although it is not desirable to solve obesity with surgical intervention, individuals' 
trying other methods to lose weight, some weight gain-related hormone disorders, 
various health conditions that may cause weight-related advanced health problems 
make bariatric surgery inevitable. For this, many international authorities, especially 
the World Health Organization, prepare guidelines and guidelines on bariatric 
surgery. Although patient selection criteria, treatment methods and stages in bariatric 
surgery have been determined successfully and in detail in these guidelines, it should 
be noted that literature studies on the management of side effects are not sufficient. 
In this section, a review of literature studies on the management of side effects in the 
surgical treatment of obesity is included.  

 
2. Overview of Bariatric Surgery Methods 
Currently, basically four bariatric surgeries are widely performed. Of these, the 

Roux-en-Y gastric anastomosis was one of the first bariatric procedures to be 
developed. The second is sleeve gastrectomy, also known as sleeve gastrectomy. 
Sleeve gastrectomy is the most commonly performed bariatric surgery worldwide. 
The third method is the adjustable gastric banding method. The gastric band was 
approved in the USA in 2001. However, since the development of sleeve gastrectomy 



242

surgery, the use of the gastric band method has gradually decreased. Finally, 
biliopancreatic diversion with duodenal switching has entered the literature and 
practice as a method performed in only a small number of patients (Nguyen and 
Varela, 2017). Although bariatric surgery or bariatric surgery methods vary, basically 
the purpose of all of them is to minimize the daily energy intake of individuals. At 
this point, the balance between energy intake and daily energy needs should be well 
evaluated and the appropriate bariatric method should be selected accordingly.  

The advantages and disadvantages of the Roux-en-Y gastric bypass method are 
as follows (Nguyen ve Varela, 2017):  

 
Advantages 
− Provides visible, long-term weight loss 
− Through a small gastric pouch, it limits the amount of food eaten and reduces 

calorie intake. 
− It causes positive changes in hormones that reduce appetite 
− Causes positive changes in insulin sensitivity, resulting in an increased 

frequency of remission of type 2 diabetes in patients undergoing the procedure 
compared to those who did not undergo bariatric surgery. 

 
Disadvantages 
− Unlike Gastric Band and Tube stomach methods, it changes the intestinal tract. 
− May cause long-term vitamin and mineral deficiencies. 
− Longer hospital stay. Compared to Gastric Band and Gastric Sleeve, 

perioperative complication rate is higher. 
− It may cause postoperative complications such as marginal ulcer, 

gastrointestinal fistula, small intestine obstruction, internal hernia. 
Advantages and disadvantages of sleeve gastrectomy method are as follows 

(Nguyen ve Varela, 2017):  
 
Advantages 
− Since duodenum remains in place, it does not cause vitamin, calcium and iron 

deficiencies. 
− Weight loss is faster and more pronounced than the Gastric Bypass method. 
− It does not contain foreign objects such as adjustable stomach band. 
− It causes beneficial changes in the gastrointestinal system that controls 

appetite. 
− It can be used as a first step procedure before Gastric Bypass or Biliopancreatic 

diversion methods. 
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− It causes beneficial changes in the gastrointestinal system that controls 
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− It can be used as a first step procedure before Gastric Bypass or Biliopancreatic 

diversion methods. 
 
 
 

Disadvantages 
− It has a higher early complication rate than the gastric band method and more 

serious complications such as gastric leakage, which can be difficult to 
manage. 

− May lead to late complications such as chronic obstructive symptoms 
requiring Gastric Bypass. 

− The stomach may expand over time and cause weight gain again. 
− Associated with an increased risk of postoperative Gastroesophageal reflux 

disease. 
The advantages and disadvantages of the gastric band method are as follows 

(Nguyen ve Varela, 2017):  
 
Advantages 
− Does not require surgical separation of the stomach. 
− The operation time is short and can usually be performed on an outpatient 

basis. 
− Reversible and adjustable 
− There is no duodenal bypass and therefore the risk of vitamin and/or mineral 

malabsorption is low. It has low mortality and perioperative complications 
compared to other bariatric procedures. 

 
Disadvantages 
− High rate of late reoperations for occlusion, ring slippage or erosion 
− Lower weight loss than other bariatric procedures 
− The strip, tube and connection point may break over time. 
− Obstruction of the cord can lead to progressive dilatation of the esophagus 
 
Another important point in the selection of bariatric surgery methods is the 

suitability of the patient's conditions. When choosing the most ideal bariatric surgery 
method, each method has its own advantages and disadvantages. In general terms, 
the most appropriate bariatric surgery model is to choose the method that gives the 
highest advantage and has the lowest disadvantage according to the clinical picture, 
history and needs of the patient.  

In short, any of the bariatric surgery methods used in the fight against obesity is 
not much superior to the others. Each method has its own advantages and 
disadvantages. For this reason, the surgeon's decision by evaluating the patient is of 
vital importance in the selection of the most ideal bariatric surgery method.  

 
3. Side Effects and Complications in Bariatric Surgery 
Bariatric operations are generally safe and effective, but if not treated promptly, 

some complications can be associated with devastating complications that can be 
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fatal. Bariatric surgical procedures include sleeve gastrectomy, Roux-en-Y gastric 
bypass, and gastric balloon. Early complications include leakage, stenosis, bleeding, 
and venous thromboembolic events. These principles also apply to less frequently 
performed bariatric surgeries such as mini gastric bypass, single anastomosis 
duodenal iliac bypass, and sleeve gastrectomy and duodenal switching, also known 
as biliopancreatic diversion (Lim et al, 2018). Therefore, complications should be 
followed closely and intervened immediately if necessary. Although side effects are 
less risky compared to complications, if not intervened, they can cause serious health 
problems in the advanced stages.  

Chang et al (2018) in their meta-analysis of studies between 2003 and 2012, 
reported that gastric bypass method was more effective in weight loss, but was 
associated with more complications. Although the adjustable gastric band method 
has lower mortality and complication rates, the rate of reoperation is higher and 
weight loss is lower than with gastric bypass. It has been reported that sleeve 
gastrectomy surgery is more effective than adjustable gastric banding in weight loss 
and is comparable to gastric bypass. However, these data are based on data up to 
2012.  

After 2012, significant advances were made in both the materials and methods 
used in bariatric surgery, and laparoscopic methods began to be more effective. These 
developments, on the one hand, reduce the complication rates, on the other hand, aim 
to increase the number of operations in bariatric surgery.  

In the literature, 0.28% cumulative mortality in the first 30 days after surgery for 
bariatric surgery and 0.35% cumulative mortality for two years after surgery has been 
reported. The prevalence of serious adverse outcomes, including death within the first 
30 days after surgery, venous thromboembolism, reintervention, or non-hospital 
discharge within the first 30 days, was reported as 4.1%. However, long-term follow-
ups for mortality and long-term adverse effects have rarely been reported. Among 
the reported long-term complications, incisional hernia, internal hernia, deficiencies 
of vitamins or micronutrients leading to anemia, mainly iron and B12, reoperations 
mostly due to unsuccessful weight loss, and psychological problems such as 
depression and suicide are the most reported side effects and complications (Martínez 
-Núñez et al, 2017). Although these rates have decreased and complications and side 
effects have decreased in studies conducted in the following years, complications and 
side effects still continue today, especially due to the incompatibility between the 
patient and the selection of the right bariatric surgery method.  

Perioperative and postoperative complications after bariatric surgery include 
(Bozkurt, 2016):  

− Fistula or Leakage 
− Hernia and bowel obstruction 
− Bleeding 
− Stenosis 
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Perioperative and postoperative complications after bariatric surgery include 
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− Fistula or Leakage 
− Hernia and bowel obstruction 
− Bleeding 
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− Wound infections 
− Pulmonary embolisms 
− Anastomotic ulcer 
− Rhabdomyolysis 
− Abdominal wall complications 
Although these complications are decreasing due to increasing sensitivity and 

method improvements, they still have an important place in bariatric surgery 
operations.  

In a study conducted on a group of patients who underwent gastric sleeve in 2017; 
Compared to the preoperative period, a significant increase in erectile and orgasmic 
function, sexual life and general satisfaction with life, and physical and mental health 
indicators were reported in the postoperative period. Although there was no 
statistically significant difference between the mean sex drive values between the two 
periods, a significant decrease was found in depression levels in the postoperative 
period (Aras et al, 2017). These findings reveal that while the side effects of bariatric 
surgery operations are taken into account, this level of improvement in psychological 
health should also be taken into account.  

 
4. Management of Side Effects and Complications in Bariatric Surgery 
It is medically incorrect to use bariatric surgical procedures solely for glycemic 

and lipid control or to reduce the risk of cardiovascular disease, regardless of BMI 
level. On the other hand, it is important for the physician to evaluate the surgical 
operation in patients over 65 and under 18 years of age due to the severity of co-
morbidities. Although it has been reported that there is no upper age limit for surgical 
contraindications in some studies, there is a general opinion that both surgical 
complications can be serious and there is no adequate response in older patients 
(Şişman et al, 2018). Therefore, the first step in the management of complications 
and side effects in bariatric surgery methods, the rationale for the operation, the 
evaluation of side or comorbid disease, the current clinical picture and the benefits 
and harms of the surgical intervention should be together.  

In order to manage surgical complications in general and for the patient to get 
through this process more comfortably, first of all, in a full-fledged health institution, 
a more detailed pre-examination of the operations and the general health status of the 
patient, as well as his daily life and nutritional level should be evaluated together. In 
the control of side effects, more communication should be established with the patient 
and more weight should be given to the feedback from the patients. The following 
points should be considered in the follow-up of side effects (Şişman et al, 2018): 

− Observations during hospitalization, 
− Nutritional support, 
− Protein and vitamin support and measurements, 
− Glycemic index tracking, 



246

− Analgesic follow-up 
− Anticoagulation monitoring, 
− Follow-up of smoking and alcohol use, 
− Fatty liver independent of alcohol, 
− Hyperlipidemia, 
− Bone health, 
− Hypertension 
 
In fact, after bariatric surgery, since the whole body will attain a new proportion 

and size, it can be stated that a different order prevails in all organs from the old order. 
This change can cause some complications and side effects that are not only related 
to weight gain and loss or not only to the digestive system, but also to all other 
systems. For this reason, it is necessary to closely monitor the weight loss process of 
the patients and the process until they reach new body arrangements.  

 
5. Conclusion 
It might be argued that there is insufficient knowledge and experience on the 

management of side effects in research in the literature, clinical settings, and before 
and after bariatric surgery. In actuality, after bariatric surgery, both the side effects of 
the physical changes that will take place in the patients' bodies as well as the altering 
body image perception and the changing many values in persons' new lifestyles are 
very essential difficulties. Patients may have major concerns regarding bariatric 
surgery because many results, from hair loss to vitamin shortage, from lower appetite 
to changes in body image, are now mistaken for side effects. However, bariatric 
surgery may become necessary as some disease states and clinical developments 
progress.  

To better comprehend the disease-related parameters and the changes that result 
after bariatric surgery, to better comprehend the causes and effects of the side effects 
that patients may encounter, and to take preventative measures against them, more 
clinical research and data are required. Bariatric surgery is currently a very important 
area of medical tourism in the field of health due to the shift of patients under the 
cover of medical tourism, particularly from developed to developing nations. In 
addition to surgery, swallowable balloons and comparable techniques are now a 
significant source of money for several nations. For this reason, insufficient time is 
set aside for additional research on the financial and medical aspects of medical 
tourism, as well as for scientific and academic assessment of the data of incoming 
patients.  
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MICROBIOTA 
Microorganisms Living in Our Body 
The microbiota of the microorganism community with which we have a 

symbiotic-pathogenic relationship in our body, and the whole of the environment 
in which this community of microorganisms interact with the gene structure 
constitutes the microbiome (1). The microbiota is responsible for trillions of 
microbes such as bacteria, archaea, viruses and fungi living in the human body, 
of which 95% colonize the intestines (2). 

The intestines, which have a large surface area of approximately 250 m2, 
contain rich nutrients for microorganisms and host a greater variety of 
microorganisms than other parts of the body. It is estimated that there are 10 times 
more microorganisms than the number of cells in the human body (3, 4). In other 
words, 10 trillion human cells correspond to 100 trillion microbial cells, 
according to this ratio. Microbial genome sequences also contain approximately 
3 x 106 genes, 150 times the length of the human genome. In addition, the 
mammalian gut is home to a microbial community of approximately 1,000-1,500 
bacterial species. In healthy adults, the microbiota consists of five major bacterial 
phyla: Firmicutes (79.4%), Bacteroidetes (16.9%), Actinobacteria (2.5%), 
Proteobacteria (1%), and Verrucomicrobia (0.1%) (5, 6, 7). 

The microbiota, which begins to form by settling in the human body naturally, 
is modified by factors such as genetic factors, birth type and age, diet and 
geographical region (8).  First, the bacteria settled in the host are recognized by 
the immune system, so that the composition of the intestinal bacterial microbiota 
that will occur throughout human life is determined. If the balance of beneficial 
microorganisms in the intestine changes in favor of harmful microorganisms, the 
ideal balance is disrupted and this imbalance is associated with many acute and 
chronic diseases. These diseases include irritable bowel syndrome, inflammatory 
bowel diseases, allergy, obesity, depression, anxiety, atherosclerosis, and colon 
cancer (9). Intestinal microbiota is important in epithelial cell growth and 
differentiation, immune system development and homeostasis, basic metabolic 
functions such as digestion and nutrition, and protective functions like pathogen 
invasion prevention (10). 

 
Shaping the Microbiota in the Early Stage of Life 
The basis of microbial colonization, which starts from the mother's womb and 

continues to occur intensively with the passage through the vaginal canal during 
birth, is formed in the first 1000 days of life (11-13). During the first 1000 days, 
the most important source of microbial composition is the maternal microbiome. 
Therefore, in order for the baby to start with fetal life and continue its growth and 
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development until childhood (up to the age of two), the mother should be fed 
optimally during pregnancy, birth, postpartum and breastfeeding stages, which 
are critical for her own health (12, 14, 15). Because, it has been stated that during 
the first 1000 days, the mother's pre-pregnancy period, pregnancy period, mode 
of delivery, breastfeeding with breast milk and other factors related to the infant's 
nutrition cause temporary or permanent changes in microbial colonization (12, 
14, 16, 17). 

Epigenetic transfer, mother's body mass index, nutrition of the mother before 
and during pregnancy, gestational age and mode of delivery, postnatal 
environmental exposures, clinical infections, diseases, use of antibiotics or anti-
inflammatory drugs, inflammatory-immune response affect the development of 
the baby's microbiome that starts in the womb (18). 

When microbial colonization was evaluated by placental transmission during 
pregnancy, it was found that the intestinal microbial composition during the first 
trimester of pregnancy was similar to that of healthy non-pregnant women (19, 20). 
The microbiome composition of the mother, mode of delivery, genetics, and other 
perinatal factors affect the colonization from pregnancy to birth (21, 22). The effect 
of mode of delivery on the microbial colonization of the newborn begins with its 
influence on the oral microbiome (23). In fact, babies born vaginally inherit microbes 
that are similar to the mother's vaginal microbiome, and these microbes, which are 
particularly rich in Lactobacillus, include bacteria found in the mother's gut (10, 24, 
25). In babies born by cesarean section, the microbes on the mother's skin are more 
colonized. They are relatively similar to the maternal skin microbiota and oral 
microbiota dominated by Streptococcus. It has been found that there is low bacterial 
diversity in these infants in the first two years of life and that the diversity achieved 
by vaginal delivery cannot be replicated (23, 26-29). 

The colonization process begins in the womb, intensifies with birth, and shows 
change and diversity. In the postpartum period, different factors such as the mode of 
delivery, contact with the mother (skin to skin contact), the content of the diet and the 
use of pharmacological agents, especially antibiotics, affect the formation of 
colonization (30, 31). The microbiota species diversity of the infant gut microbiome 
after birth is quite low. This state, which increases until the age of three, lasts until it 
stabilizes (32). The fact that breast milk, which is one of the important factors 
affecting the early period microbiota, is specific to each baby (for example, the age 
of the baby, suckling time), affects the structure of microbial colonization, including 
environmental, genetic and immune factors, and breast milk content. Breast milk 
microbes and breast milk oligosaccharides contribute to the composition and 
diversity of the infant's gut microbiome. Colonization of a healthy or diseased 
population occurs with the infant's first gut microorganisms. During critical immune 
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development, population types, different immune phenotypes, and metabolic 
changes are induced that result in long-term health outcomes (33). 

 
Change in Gut Microbiota with Age 
The microbiota, which undergoes major changes in its composition and metabolic 

functions in the first 2-3 years of life, shows similarity to adults at the end of this 
period, while its stability and diversity in terms of microbial species increase. Since 
the gut microbiota, which is shaped in the first three years of life and is unique to the 
individual, is stable, it is called the core microbiota (34, 35). Every person with a 
different genetic structure has a different core microbiota. This difference in the core 
microbiota is due to bacteria whose characteristic features are encoded in their genes 
(36). 

While Bifidobacterium are dominant in the intestinal microbiota of breastfed 
infants, microbial diversity begins to increase during the transition to solid foods. At 
the end of the age of two, it is reported that it resembles the adult intestinal microbiota. 
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microbial taxa diversity. It is stated that the decrease in the proportion of 
Bifidobacterium and the increase in the ratio of Bacteriodes group bacteria with aging 
significantly change the intestinal microbiota content (37, 38) (Figure 1). The 
alteration of physiological functions with the aging process causes a decrease in the 
variety and number of beneficial species in the intestinal microbiota (34, 39, 40). 

 

 
Figure 1. Changes in gut microbiota composition at different life periods (38) 
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Metabolic Functions of the Gut Microbiota 
In the gastrointestinal tract, 85% of carbohydrates and 66-95% of proteins are 

digested, while all fats are digested. Resistant starch, non-starch polysaccharides, 
fructooligosaccharides (FOS), and galactooligosaccharides (GOS) in the diet 
reach the colon without being digested. As the bacteria in the colon ferment these 
indigestible complex sugars, gases such as methane, hydrogen and carbon dioxide 
are released; short-chain fatty acids (SCFA) such as acetate, propionate, butyrate 
are synthesized. Roseburia spp., Eubacterium rectale, Faecalibacterium 
prausnitzii, Clostridium group IV, and Clostridium group XIV bacteria produce 
SCFAs that meet 10% of the body's energy needs (45). While acetate and 
propionate are involved in lipogenesis and cholesterol synthesis in the liver, 
butyrate stimulates enteroendocrine cells, resulting in leptin secretion from 
adipocytes and glucagon-like peptide-1 (GLP-1) secretion from L cells. 

With the breakdown of indigestible proteins in the colon, neuroactive 
compounds such as nitric oxide, tryptamine and phenylamine, metabolites such 
as H2S with sulfide, SCFA from branched-chain amino acids such as isobutyrate, 
2-methylbutyrate and isovalerate, and ammonia are formed. As a result of protein 
catabolism, Lactobacillus spp., Bifidobacterium spp., and Lactococcus lactis 
spp., bacteria produce GABA (γ-aminobutyric acid), Escherichia spp. and 
Bacillus spp. bacteria produce norepinephrine, Bacillus spp. bacteria produce 
dopamine, Streptococcus spp., Escherichia spp., Enterococcus spp., produce 
histamine, and serotonin (41). 

The gut microbiota, which is involved in the regulation of the activity of distal 
organs, including the brain, produces metabolites such as vitamins, amino acids, 
SCFA, conjugated linoleic acid, etc. With these products, microorganisms affect 
metabolic processes such as regulating hunger-satiety signals. It is defined as a 
metabolic/endocrine organ because the occurrence of many chemical reactions is 
associated with energy homeostasis and maintenance of host immunity. It has 
been associated with many diseases such as metabolic syndrome, chronic 
gastrointestinal diseases, and obesity (42-45). 

 
Protective Functions of the Gut Microbiota 
Barrier mucus, antimicrobial peptides and secretory immunoglobulin A (IgA) 

create innate immunity. The prevention of direct contact of the intestinal 
epithelial cell surface with the microbiota is by the immune system and its 
mechanisms. Commensal bacteria help with functions such as competing with 
pathogenic bacteria for nutrients, strengthening the intestinal barrier, activating 
innate and adaptive immunity, and playing a role in the secretion of antimicrobial 
compounds (41). 
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Protective Functions of the Gut Microbiota 
Barrier mucus, antimicrobial peptides and secretory immunoglobulin A (IgA) 

create innate immunity. The prevention of direct contact of the intestinal 
epithelial cell surface with the microbiota is by the immune system and its 
mechanisms. Commensal bacteria help with functions such as competing with 
pathogenic bacteria for nutrients, strengthening the intestinal barrier, activating 
innate and adaptive immunity, and playing a role in the secretion of antimicrobial 
compounds (41). 

Structural functions of the Gut Microbiota 
The toll-like receptor 2 (TLR2)-related pathway induced by microbial cell 

wall peptidoglycans is effective in maintaining tight junction continuity. 
Different strains of Lactobacillus strengthen tight junctions between epithelial 
cells and reduce epithelial permeability, while Akkermansia muciniphila 
increases endocannabinoid levels, which reduce metabolic endotoxemia and 
control intestinal barrier functions (46). 

 
Relation between Gut Microbiota and Immune System 
The intestinal microbiota contributes to intestinal immunomodulation together 

with the innate and adaptive immune systems. This includes cells that make up 
the intestinal immune system, gut-associated lymphoid tissues (GALT), effector 
and regulatory T cells, IgA-producing B (plasma) cells, group 3 innate lymphoid 
cells (ILC3), macrophages and dendritic cells in the lamina propria, and cells that 
make up the intestinal immune system. Th1 responses are mediated by Th1 and 
Th17 cells, intestinal commensal bacteria are involved in the formation of 
interleukin-17 (IL-17) via TLR-MyD88 signal-related IL-1β activation. Intestinal 
microbiota is also needed for the normal development and functions of T-reg 
cells. Endogenous polysaccharide A in Bacterioides bacteria and butyrate 
produced by commensal bacteria produce an anti-inflammatory response 
involving IL-10 and TGF-β by induction of T-reg cells. Plasma cells stimulated 
by dendritic cells produce secretory IgA. Innate lymphoid cells (ILC), which 
respond rapidly to cytokine signals originating from the intestinal epithelium, T-
helper cells, especially Th17, etc. play a role in cytokine expression. However, 
they differ with the stimulation of microbial structures (47). Commensal bacteria 
stimulate the production of IL-1β and IL-10 against pathogen invasion (48). 

 
Brain-Gut-Microbiota Axis 
The neural network of the gut microbiota, called the enteric nervous system 

(ESS), located in the intestinal wall, consists of approximately 100 million 
neurons (49, 50). Because the ESS has millions of neurons and functions 
independently of the central nervous system (CNS), it is also defined as the 
second brain. It consists of the brain-gut-microbiota axis, CNS, neuroendocrine 
and neuroimmune systems, sympathetic and parasympathetic branches of the 
autonomic nervous system (OSS), ESS, hypothalamo-pituitary-adrenal axis 
(HPA) and gut microbiota. The gut interacts with the brain in two ways. One of 
these ways is the exchange of information between the OSS and vagus nerve in 
the spinal cord and the gut and brain directly. The other way is through a bilateral 
communication between the gut and the brain, via communication between the 
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intestinal ESS and the spinal cord with the OSS and vagus nerve (51). Molecules 
such as neuropeptides, neurohormones, neurotransmitters, chemokines, 
cytokines and growth factors contribute to the two-way communication between 
the brain and the gut, called the brain-gut axis (52). Information on the brain-gut-
microbiome axis is carried from the gut to the brain via some information carriers. 
These include vagal and spinal afferent neurons, immune mediators such as 
cytokines, and molecules originating from the gut microbiota (53).  

As the gut microbiota can affect the brain with many neural, hormonal and 
immunological-like mechanisms occurring between the brain and the gut, the 
brain can also change the microbial composition and behavior via the OSS (54). 
Brain OSS affects the intestinal microbiota structure and functions; regional 
intestinal motility is changed. Microbial gene expression is directly modulated 
after the intestinal transit times of nutrients, secretion, intestinal permeability, and 
potentially the secretion of hormones into the lumen are affected (Figure 2) (55). 

 

 
Figure 2. Biological model of brain-gut-microbiota interactions (55) 
 
The sympathetic and parasympathetic branches of the ESS and OSS have 

critical functions for communication with this axis. Any disruption in this axis 
leads to stress, response, and behavioral changes that can lead to various types of 
CNS disorders such as Alzheimer's disease, Parkinson's disease, stroke, anxiety, 
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critical functions for communication with this axis. Any disruption in this axis 
leads to stress, response, and behavioral changes that can lead to various types of 
CNS disorders such as Alzheimer's disease, Parkinson's disease, stroke, anxiety, 

depression and autism (50, 55-59). High activity of the main stress disorder, HPA, 
manifested by increased cortisol levels and negative feedback is often associated 
with depression. This suggests that HPA axis activity, which interacts with 
intestinal epithelial cells via the vagus nerve, can be influenced by the gut 
microbiota (60). 

 
THE RELATIONSHIP OF MICROBIOTA WITH NUTRITION 
Effects of Nutrition Patterns on Gut Microbiota 
In terms of the effects of nutrition models on microbiota, most studies are 

related to Western-style nutrition. In the Western diet, large amounts of fat and 
refined sugar are consumed, while fiber intake is limited (10, 61). 

Firmicutes and Proteobacteria were dominant in the microbiota of Italian 
children, while Prevotella, Xylanibacter and Treponema species were dominant 
in African children (61). In addition, Wu et al. reported that long-term 
consumption of a diet rich in animal protein and saturated fat was associated with 
Bacteroides species (enterotype 1), and long-term consumption of a diet rich in 
complex carbohydrates was associated with Prevotella species (enterotype 2) 
(62). 

In addition to Western diet, the effects on the microbiota with Mediterranean, 
vegetarian or gluten-free diets are also examined. In the studies conducted by De 
Fillippis et al., it was reported that the rates of Prevotella, Lactobacillus and 
Bifidobacterium bacteria and the level of fecal SCFA were high in those with 
high adherence to the Mediterranean diet (63). In the gluten-free diet type, due to 
the limitation of the polysaccharide intake, the carbohydrate component reaching 
the colon is also limited, and as a result, saccharolytic fermentation does not 
occur. Therefore, although SCFAs are not formed, probiotic bacteria known to 
produce butyrate such as Bifidobacterium and Lactobacillus decrease, and 
pathogenic bacteria such as E. coli and Enterobacteriaceae increase (64). 

 
Effects of Dietary Carbohydrates on the Gut Microbiota 
The absorption of SCFAs, which occur with the fermentation of indigestible 

carbohydrates, takes place in the colon; colon epithelial cells use butyrate as a 
source of energy. In addition, SCFA control colonic gene expression by inhibiting 
the histone deacetylase enzyme and metabolic regulation by signaling G-protein 
coupled receptors. With these activities, SCFAs affect health through their anti-
inflammatory, anti-carcinogenic and immunomodulatory effects (65). 

Low-carbohydrate diets (approximately 20 g/day) have also been reported to 
reduce butyrate production, which significantly reduced butyrate-producing 
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bacteria colonization such as Roseburia, Eubacterium rectale, and 
Bifidobacterium (66–68). 

 
Effects of Dietary Proteins on Gut Microbiota 
Observational studies examining the effects of long-term dietary habits on 

microbiota have shown that high-protein diets are associated with the Bacteroides 
enterotype (61, 62). In a study investigating the effects of dietary protein content 
on microbiota and comparing the period when red meat was consumed 
excessively with the period when it was not consumed, a decrease in the number 
of Bifidobacterium adolescentis and an increase in the number of Bacteroides and 
Clostridia were observed (69). It has also been shown that proteolytic 
fermentation in the colon increases with high protein diet intake, and the 
metabolites released as a result of this proteolytic fermentation cause 
inflammation and the risk of colorectal cancer (70). 

 
Effects of Dietary Fats on Gut Microbiota 
As with the Western diet, high-fat/high-protein diets have been reported to be 

associated with the Bacteroides enterotype (10, 61, 62). In short-term 
intervention studies, there was a rapid change in the microbiota with a high-fat 
diet; it has been reported that the microbial diversity decreased and the bacteria 
Alistipes, Bilophila and Bacteroides increased (62, 71). Compared to low-fat 
diets, high-fat diets showed significant reductions in fecal SCFA concentration 
and Bifidobacteria count (71, 72). 

 
Effects of Dietary Phytochemicals on Gut Microbiota 
Polyphenols and glucosinolates are the main phytochemicals associated with 

the gut microbiota. In human studies, it has been determined that the rates of 
Lactobacillus and Bifidobacterium bacteria, which have probiotic properties in 
the intestinal microbiota, increase with regular intake of foods rich in polyphenols 
such as green tea, black tea, coffee, apple, grape seed, blueberry, whole grains, 
soy and wine. It has been reported that the rates of Clostridium species with 
pathogenic properties and Staphylococcus aureus decrease (73, 74). However, in 
animal studies, it has been reported that the number of Firmicutes species 
increased, the ratio of Bacteroidetes species and Bacteroidetes/Firmicutes 
decreased, and the colonization of Eubacterium rectale and Faecalibacterium 
prausnitzii changed with the addition of cruciferous vegetables such as broccoli, 
cauliflower, cabbage, and brussels sprouts to the diet for 2-12 weeks (75, 76). 
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Effects of Vitamins on Gut Microbiota 
Bacteria in the gut can synthesize vitamin K and some of the B group vitamins 

(biotin, cobalamin, folate, nicotinic acid, pyridoxine, riboflavin, thiamine) (77). 
Germ-free mice that were not supplemented with vitamin K had decreased 
prothrombin levels, whereas mice with normal gut microbiota without vitamin K 
had normal prothrombin levels and coagulation activity (78). Bacteroidetes, 
Fusobacteria and Proteobacteria bacteria can synthesize riboflavin and biotin, 
which are B group vitamins, while Firmicutes and Actinobacteria bacteria can 
synthesize B group vitamins to a lesser extent (79). 

 
Effects of Probiotics on Gut Microbiota 
Probiotics regulate the intestinal microbiota besides their anti-toxicogenic, 

anti-microbial, anti-inflammatory effects. As a result of direct enzymatic and 
metabolic effects such as immune system modulation, there are improvements on 
metabolic parameters. Those with type 2 diabetes who took probiotic yogurt 
containing L. acidophilus and Bifidobacterium lactis at 300 g/day for six weeks 
had significantly reduced fasting blood glucose and HbA1c levels (80). 

It has been reported that weight loss increased, hyperglycemia-like metabolic 
parameters and adipose tissue inflammation improved in mice given A. 
muciniphila, which is oppositely associated with obesity and type 2 diabetes, and 
the concentration of A. muciniphila increased with the intake of metformin, an 
antidiabetic drug (81). It has been reported that probiotic foods such as cheese, 
yoghurt, fermented milk, and soy milk show angiotensin-converting enzyme 
(ACE) inhibition activity (82). In addition, choline and TMAO levels in the urine 
decrease with cheese and milk consumption, and acetate, propionate and lipid 
excretion in faeces increase (83). 

 
Effects of Prebiotics on Intestinal Microbiota 
The majority of prebiotic dietary components, on which probiotics are fed, are 

carbohydrates. Natural prebiotic sources are bananas, apples, strawberries, 
artichokes, asparagus, soybeans, whole wheat, barley, flax seeds, almonds, and 
walnuts, with the most known FOSs, GOS, and inulin (77). An increase in the 
amount of Bifidobacterium has been reported with the addition of FOS to the diet 
(84). The beneficial effects of prebiotics on immune and metabolic functions in 
the intestine are demonstrated by increasing SCFA production and enhancing 
GALT obtained from the fermentation of indigestible parts (85). 
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MICROBIOTA AND DISEASES 
Our health is closely related to the homeostatic balance between the 

microbiota and our body. In short, when the microbial composition and activities 
change from normal and beneficial to abnormal and potentially harmful to our 
health, a condition called dysbiosis occurs. Many factors such as malnutrition, 
antibiotic use, and stress play a role in the formation of dysbiosis (86). The 
microbial dysbiosis process, which occurs with the deteriorated 
beneficial/harmful bacteria ratio, has been associated with gastrointestinal 
diseases such as inflammatory bowel disease, ulcerative colitis, irritable bowel 
syndrome (IBS), and colorectal cancer. It is also associated with autoimmune 
diseases such as autism, asthma, celiac, rheumatoid arthritis, multiple sclerosis 
(MS), and neurodegenerative diseases such as Alzheimer's, Parkinson's disease, 
autistic spectrum disorder (ASD), and metabolic diseases such as obesity, 
diabetes, metabolic syndrome, non-alcoholic liver disease (NAFLD), and 
cardiovascular diseases such as atherosclerosis, or hypertension (87). 

 
Gastrointestinal Diseases 
It was determined that there was an increase in Proteobacteria and 

Actinobacteria genera in the microbiota of patients with inflammatory bowel 
disease, in which a decrease in Firmicutes and Bacteroidetes bacterial groups was 
observed. Chronic inflammation and mucosal damage caused by a decrease in 
butyrate level are the main causes of the disease (88). In addition, it was 
determined that the amounts of Faecalibacterium prausnitzii, Blautia faecis, 
Roseburia inulinivorans and Clostridium lavalense, which are known to produce 
butyrate and have anti-inflammatory properties, decreased, and the amount of 
Proteobacteria group bacteria, primarily Eschericha coli, increased (89). 

It was determined that Lactobacilli and Bifidobacteria group bacteria 
decreased and the ratio of aerobic bacteria to anaerobic bacteria increased in the 
microbiota of patients with irritable bowel syndrome (IBS) with symptoms such 
as abdominal pain and bloating. However, it has been reported that the amounts 
of Dorea, Ruminococcus and Clostridium increased, and the density of 
Bifidobacterium, Faecalibacterium and methanogens decreased (90, 91). 

 
Cardiovascular Diseases 
With a diet rich in fat, mucosal integrity is impaired, and there is an increase 

in plasma lipopolysaccharide (LPS) levels with the wall permeability of intestinal 
cells. Increased plasma LPS levels influence the conditions that lead to increased 
basal inflammation and the occurrence of many metabolic diseases (92). 
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cardiovascular diseases such as atherosclerosis, or hypertension (87). 
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Proteobacteria group bacteria, primarily Eschericha coli, increased (89). 

It was determined that Lactobacilli and Bifidobacteria group bacteria 
decreased and the ratio of aerobic bacteria to anaerobic bacteria increased in the 
microbiota of patients with irritable bowel syndrome (IBS) with symptoms such 
as abdominal pain and bloating. However, it has been reported that the amounts 
of Dorea, Ruminococcus and Clostridium increased, and the density of 
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Cardiovascular Diseases 
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in plasma lipopolysaccharide (LPS) levels with the wall permeability of intestinal 
cells. Increased plasma LPS levels influence the conditions that lead to increased 
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trimethylamine oxide (TMAO) by the flavin monooxygenase-3 (FMO-3) enzyme 
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involved in beta-oxidation, is suppressed. In this way, the occurrence of 
metabolic diseases such as obesity and diabetes is accelerated (96). 

In the microbiota of obese people, where Firmicutes and Actinobacteria group 
bacteria increase, Bacterioidetes group bacteria, Lactobacillus and 
Bifidobacterium bacteria decrease. In obesity, which is associated with increased 
plasma bacterial LPS levels, energy intake, especially with a fat-rich diet, 
increases intestinal permeability and plasma LPS levels by 2-3 times. This 
condition, defined as 'metabolic endotoxemia', is closely related to a decrease in 
the amount of intestinal Bifidobacterium, which increases the mucosal barrier 
function against bacterial antigens (97, 98). In obese patients, bacteria that pass 
into the organism from the intestinal lumen along with the bacterial products are 
also increased. An increase in gram (-) bacteria and especially E. coli DNA was 
detected in the intestinal lumen, ileal mucosa, blood, and mesenteric adipose 
tissue of mice fed a diet rich in fat (99). 

Studies in Europe and China revealed that Lactobacillus group bacteria 
increased and Rosuberia group bacteria decreased in the microbiota of type 2 
diabetes mellitus (T2DM) patients (100). While the increase in gram (+) bacteria, 
which are known to produce butyrate and metabolize bile acids, causes insulin 
sensitivity, opportunistic bacteria increase in those with T2DM (101). 
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Neurodegenerative Diseases 
In the microbiota of those with autism spectrum disorders, Bacterioides 

bacterial species decrease, while Clostridium bacterial species increase. It was 
determined that Bacterioides species decreased and Clostridium species 
increased in the microbiota of this group of patients. However, it was determined 
that the amounts of Bifidobacterium, Lactobacillus, Sutterella, Prevotella and 
Ruminococcus species in the stool samples of children with autism increased. 
Different animal studies have reported that proprionic acid-associated SCFAs 
produced by bacteria such as Bacteroidetes, Clostridia, and Desulfovibrio cause 
neurochemical changes and behavioral disability associated with autism (102). 

With the entry of tryptophan into the kynurenine pathway in the liver, the pro-
inflammatory and anti-inflammatory immune response and barrier function are 
affected. Since the metabolism of kynurenine is carried out by enzymes related 
to vitamins B2 and B6, immune system and non-communicable diseases and 
chronic diseases are affected by interaction disorders which      cause 
neurodegenerative diseases such as Huntington's, Alzheimer's and Parkinson's 
(103, 104). In Alzheimer's patients with cerebral deposition of amyloid-β, a 
decrease in Firmicutes and Bifidobacterium group bacterial species and an 
increase in Bacterioidetes group bacteria species were found together with a 
decrease in microbial diversity (105). It has been reported that the amounts of 
Blautia, Coprococcus and Roseburia bacteria, which are known to produce 
butyrate with anti-inflammatory properties, are decreased in patients with 
Parkinson's, and the amounts of Ralstonia bacteria with pro-inflammatory 
properties are increased (106). 

 
Autoimmune Diseases 
It has been reported that patients with type 1 diabetes mellitus (T1DM), which 

develops due to autoimmune damage of pancreatic islet cells known to produce 
insulin, have less variation and less stability in their intestinal microbiota than 
healthy controls, and change from Firmicutes to Bacteriodetes (107-110). It was 
determined that there was a higher amount of Bacterodetes in prediabetic children 
compared to the control group (109). It has also been reported that the bacterial 
species, Faecalibacterium prausnitzii, which is known to produce butyrate, is 
reduced in children with a high number of diabetes-related autoantibodies (111). 

Animal experiments have shown that germ free mice have a lower risk of 
experimental autoimmune encephalomyelitis due to the delay in Th-17 and 
autoreactive B cell responses. MS and experimental autoimmune 
encephalomyelitis are precipitated by stress, and with it the gut microbiota 
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changes. Changes in the gut microbiota caused by stress also affect brain and 
behavioral functions (112-115). 

Asthma, a chronic inflammatory disease, is defined by airway 
hypersensitivity, tissue remodeling, and bronchial obstruction caused by Th2-
mediated immune response to inhaled allergens. Recurrent cough, which 
develops with increased mucus, mucosal thickening and bronchoconstriction, 
occurs in the form of shortness of breath and wheezing attacks. It is accepted that 
microbial products induce T-reg and Th1 development via TLR4 and other 
receptors, and the Th1/Th2 ratio is changed in favor of Th2 (116). 
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Child Abuse 
Child maltreatment is defined as the physical, mental, and sexual harm done to a 

child as a result of acts or omissions, conscious or unconscious, by those responsible 
for the child's care. It is recognized worldwide as a major public health problem.[1] 
Since 1962, when it was first described by Kempe [2] the number of cases has 
increased with awareness. Each of these forms of child maltreatment may stand alone 
or several may occur simultaneously. It is undisputed that abuse, which occurs in all 
developed and developing countries, is a problem that can affect children, families, 
and society as a whole. Not only the aggressors, but also every individual in the 
society where these incidents occur is responsible for the abuse of children, with 
medical professionals leading the way. Physicians are obligated to diagnose abuse, 
but physicians' lack of knowledge on the subject is the most important problem that 
complicates diagnosis. A 2012 study found that 70.9% of physicians did not know 
how to proceed when confronted with a case or suspicion of child abuse.[3]  

The World Health Organization (WHO) reports that 5-20% of children are 
sexually abused and 25-50% are physically abused,[1] while in our country these 
rates are 43% and 3%, respectively,[4] but many cases go unreported. A meta-
analysis also found that physical abuse is 75 times more common than officially 
reported.[5] For this reason, it is even more important to identify and prevent risk 
factors before child maltreatment occurs, and the importance of these factors 
becomes even greater in extraordinary situations such as pandemics.[1] Admission 
to different hospitals after maltreatment, change of the first physician, and disability 
of the child are considered factors that prevent a correct diagnosis of maltreatment.[6] 
Carelessness in reporting is another reason. The most typical example of this is that 
only 0.1% of secondary head trauma cases of maltreatment, which are among the 
most severe forms of child maltreatment, are given the correct ICD-10 diagnosis 
code.[5,7.8] 

Child maltreatment is the most difficult form of violence to detect. One of the 
ways to disclose abuse is to disclose the incident, but the child's feelings of guilt and 
shame, threat from the perpetrator, fear of exclusion from the community, and the 
child's age and gender are the main barriers to disclosure of abuse.[9,10] Another 
barrier is that the perpetrator is usually from the family or is someone known to the 
family,[11] which is based on the prejudice that relatives will not harm the children. 
As a result, any undetected event can lead to children being subjected to repeated 
abuse and eventually dying.[12,13] According to WHO, 31,000 children under the 
age of 15 die each year worldwide as a result of child abuse.[14] Another report from 
WHO states that 13% of deaths under the age of 15 from injuries worldwide are due 
to abuse.[15]  
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COVID-19 Pandemic 
The 2019 coronavirus pandemic (COVID -19) is one of the most serious health 

problems facing humanity. Despite global precautions and quarantine efforts, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is spreading 
rapidly throughout the world. By June 2022, SARS-CoV-2 virus had caused 
521,920,560 cases and 6,274,323 deaths worldwide.[16] SARS-CoV-2 infection has 
led to increased morbidity and mortality, especially among individuals with chronic 
diseases.[17,18] One of the best methods to protect against epidemics is isolation. In 
this way, chronically ill patients were kept away from hospitals where the likelihood 
of SARS-CoV-2 infection was high, but this also resulted in these patients postponing 
their routine checkups.[17] Strict quarantine was maintained until vaccines against 
the disease were deployed.[19] The COVID -19 pandemic impacted the lives of all 
children, including children with chronic diseases. In this study, we aim to examine 
the impact of the COVID -19 pandemic on child abuse. 

 
Impact of the COVID -19 pandemic on child abuse 
WHO declared SARS-CoV-2 infection a pandemic on March 11, 2020, after 

which all countries implemented quarantine measures and social restrictions to 
prevent the spread of SARS-CoV-2 virus, but the impact of these measures on 
children has been small. was a concern because isolation is considered an important 
risk factor for abuse.[20] The quarantine imposed during the pandemic COVID -19 
has shown that the sleeping habits and daily activity balance of parents and children 
have changed; the decrease in physical activities and outdoor activities has led to 
increased use of electronic devices such as TV, cell phones, and tablets,[21] so that 
individuals use the Internet and social media. This situation brought a new danger: 
survey studies showed that 45% of children were affected by cyberbullying during 
this period and 29% were exposed to violence and sexual content.[22]  

On the other hand, the lack of treatment of the pandemic COVID -19 and the 
increasing number of cases and deaths have led to a deterioration of the psychological 
situation of people. During the pandemic, social life has changed in many ways, and 
families, which are the cornerstone of society, have been significantly affected by 
this change. The quarantine has brought many negative changes in the social, 
professional, academic, and health spheres. The places where children are safest are 
their families, but these places are also considered the most at risk for children living 
in abusive relationships. Factors such as a child's disability, a parent with depression 
or substance abuse, domestic violence, poverty, and abuse by caregivers during 
childhood are risk factors for child abuse.[1] With this in mind, WHO has cautioned 
that more attention should be paid to maltreatment during the quarantine period.[23] 
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or substance abuse, domestic violence, poverty, and abuse by caregivers during 
childhood are risk factors for child abuse.[1] With this in mind, WHO has cautioned 
that more attention should be paid to maltreatment during the quarantine period.[23] 

Concerns have been raised that pandemic prevention measures could trigger a new 
pandemic by increasing the incidence of child abuse.[24,25]  

Reports of child abuse are made by health and nonhealth workers, although the 
number of reports is much lower than expected,[26] In their study, Gilbert et al.[27] 
cited reasons for nonhealthcare workers not reporting child maltreatment as not 
knowing or being aware of the signs of child maltreatment, not knowing where and 
how to report maltreatment, and fearing that reporting would cause more harm to the 
child. The low number of reports was also attributable to health workers, as the stress 
faced by the health system during the pandemic meant that frontline health workers 
did not spend enough time on the already hidden but frequent maltreatment.[28]  

During the 2014-2016 Ebola epidemic in West Africa, an increase in child abuse 
cases was noted in affected countries.[29] While children are confined to 
environments where they are exposed to maltreatment during the quarantine period, 
they also stay away from schools, kindergartens, and nurseries, which are places 
where maltreatment can be noticed by nonhealthcare workers.[28] Risso-Gill et 
al.[30] reported that child abuse increased in Sierra Leone compared with the pre-
Ebola era and that school closures were a key factor in this outcome. On this basis, 
WHO has warned that the COVID -19 pandemic could have a similar outcome, but 
initial published reports were contradictory. There are publications stating that child 
abuse is less detected, especially in the early part of the pandemic,[31,32] and in some 
of the studies finding that rates are decreasing, the severity of abuse has 
increased.[33,34], On the other hand, studies have also been published showing that 
abuse rates increase during the pandemic.[35,36] The expected increase in abuse 
cases is due to the fact that stressful factors such as social isolation, poverty, 
unemployment, and fear of illness increased significantly during this period.[37] 
Szabo et al.[38] drew attention to another problem, noting in their study that they 
predicted an increase in abuse cases in the COVID -19 pandemic, which would put 
2.5 million girls at risk of child marriage and 1 million adolescents at risk of 
pregnancy. 

Field studies conducted in our country have shown that cases of violence against 
women increase during the pandemic period,[39],[40] and this violence usually 
occurs within the family. Child abuse is also frequently associated with this violence 
between partners.[41,42,43] One of the targets of perpetrators seeking to increase 
their control over their families is children.[32] Studies have shown that children 
living in households with this type of violence are 60 times more likely to be abused 
than others.[44] In a study conducted in our country, 19.3% of all children were 
exposed to violence during the pandemic period.[45] 

Another important risk group for child maltreatment is children from divorced 
families. The stressful situations that occurred during the pandemic also led to an 
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increase in divorce rates in our country. In the report published by Akbas[46] in 2020, 
the reasons for divorce were beating/maltreatment (19.5%), alcohol consumption 
(13.2%), child maltreatment in the family (5.9%), and substance abuse (2.5%). The 
reason for one out of three divorces in our country is economic problems, which 
highlights the link between divorce and poverty. On the other hand, one out of five 
divorces is due to physical violence and abuse. The victims of these situations are not 
only women, but also children who are exposed to or witness physical violence and 
abuse.[46] It should be emphasized that there are not enough scientific studies on the 
impact of the pandemic COVID -19 on the abuse patterns of children in our country. 

In our country, a decrease in the number of sexual abuse cases has been observed, 
in accordance with the literature, as reported by Bağ et al.[47,48] Despite the increase 
in risk factors during the pandemic period in our country, the decrease in the number 
of child sexual abuse cases was also demonstrated by Aslan et al.[49] in his study. 

On the Ebola epidemic, Kostelny et al. [29] in fact, the expected increase in cases 
of child abuse in the COVID -19 pandemic was the increase in cases of child abuse, 
WHO warned all countries that there was an increase in cases during this period,[23] 
countries except France generally reported a decrease in the number of 
cases.[50],[51],[52] It was noted that the main reasons for the decrease in the number 
of reports of abuse are the short assessment period and the difficulty in accessing the 
protective services that victims need.[48] Fear of contracting SARS-CoV-2 and 
quarantine have led to a significant decrease in hospitalizations, which may have 
reduced the chances of detecting child abuse.[53] The suspension of face-to-face 
instruction in schools may also explain this change, especially since the fact that 
schools have switched to distance education as part of restrictions has also reduced 
the frequency of abuse reports by peers and counselors.[54]  

Children may continue to exhibit problematic emotional and behavioral responses 
such as sleep disturbances, unusual anger and irritability, introversion, and attention 
and concentration difficulties long after abuse.[55] For this reason, clinicians are 
advised to carefully examine such changes in the behavior of children who come for 
examination during these periods, as they are a picture of abuse that is not noticed 
until late. 

 
Conclusion 
As a result, there are conflicting publications on the impact of the pandemic 

COVID -19 on child maltreatment. The main reasons for this are the shortness of the 
assessment period, the decrease in reporting, and the difficulty in accessing protective 
services for victims. 
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Introduction 
Nitric oxide (NO), which has long been a topic in the agenda, is known as a toxic 

gas, a component of cigarette smoke and air pollution, and a byproduct of microbial 
metabolism. Though recently, it has been defined as a product of mammalian cells 
(1). Although being a potentially toxic molecule, NO is also involved in a variety of 
biological functions. However, details of its biochemistry are not fully understood 
(2). NO is an ephemeral and endogenously produced signaling molecule with a 
crucial role in mammal physiology (3, 4). As a signaling molecule, NO takes place 
in basic physiological processes such as gene regulation, platelet aggregation, 
vasorelaxation, vascular permeability, bronchodilation, neuronal communication, 
inflammation, gastrointestinal mobility, hormone secretion, wound healing, and 
angiogenesis. Insufficient production of NO is associated with various pathological 
processes. As a result, a wide variety of NO donors have become potential 
therapeutics for conditions such as cancer, cardiovascular and respiratory diseases, 
immune responses to infections, and wound healing (3). Cell types that are exposed 
and produce NO, NO's chemical outcome, and the produced NO amount defines 
whether NO is beneficial or harmful (5). Biochemical pathways of those processes 
share two features: the production of NO by enzymatic means from L-arginine and 
the development of iron-nitrosyl complex in target heme protein to elicit functional 
responses (2). 

 
Physical properties of NO 
NO is a colorless gas. NO with a high concentration is very stable in an anaerobic 

environment and dissolves in water, while NO with a low concentration is also stable 
even in the presence of oxygen (6). NO is a highly active compound that can easily 
pass-through cell membranes. NO, which is a diatomic free radical, can get into 
reaction using its unpaired electron and act as a weak oxidant or a reducing agent 
(7,8). Its short half-life of 6 to 30 seconds prevents it from reaching long distances 
(7,9). However, NO which is small and hydrophobic can remain in vivo for only a 
few seconds, therefore can only spread from the synthesis site to a few cell diameters 
(5). 

NO is one of the few nitrogen oxide series. The most well-known is nitrous oxide 
(N2O) with anesthetic attributes and is widely known as the laughing gas. Another 
one is nitrogen dioxide (NO2) which is well-known in the atmosphere and unlike 
colorless NO or N2O, easily turns brown when nitric acid is applied to metals. NO is 
a free radical which reacts with other free radicals, such as molecular oxygen, to form 
free radicals such as NO2 (4). This molecule has one unpaired electron and can easily 
react with O2, superoxide radicals (O2

.-), or transition metals such as iron, copper, 
cobalt, or manganese. NO is a gas that is slightly water-soluble. The half-life of NO 
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in tissue is short but can reach up to 4 minutes when there is oxygen and no tissue. 
Its reactivity depends on how fast it is removed or destroyed. In contrast, N2O is a 
stable compound that is not metabolized. Nitric oxide is not a hormone because it is 
rapidly converted to nitrate by its reaction to oxyhemoglobin (10). NO rapidly 
oxidizes and turns into nitrite (NO2

-) and nitrate (NO3
-) in solutions. In human body, 

NO becomes inactive when it binds to hemoglobin (11). 
 
NOS isoforms 
NO is an endogenously produced gas that can be synthesized in almost all cell 

types, organs, and tissues in the human body (12). Recently, information on the 
biochemistry, enzymatic activity, and molecular properties of NO synthase (NOS) 
and NO synthesis has been generated rapidly. Molecular cloning experiments opened 
the way to the identification of three NOS genes (1). NO can be produced by three 
NOS isoforms of NO synthases (NOS) that are neuronal (nNOS or NOS1 (12.13), 
EC 1.14.13.39 (14)), inducible (iNOS or NOS2 (12.13), EC 1.14.13.39 (14)), and 
endothelial (eNOS or NOS3 (12,13), EC 1.14.13.39 (14)) (12,13). 

nNOS is also known as brain (b) NOS. It is structurally expressed in the cytoplasm 
of central and peripheral neurons and in the cytoplasm of other cell types such as 
kidney macula densa cells, pancreatic β cells, epithelial cells lining the skeletal 
muscle, and airways, stomach, and uterus. eNOS is associated with membranes and 
can be structurally expressed in endothelial cells. iNOS is induced in immune cells 
in response to infection (lipopolysaccharide) or cytokines and glia cells of the central 
nervous system. Based on the calcium requirements for their activation, these 
enzymes are classified as calcium-dependent (nNOS and eNOS) and calcium-
independent (iNOS) (15). The cytosol and membranes contain the structural forms 
of nNOS and eNOS. They are reliant on the amount of Ca2

+/calmodulin, which is 
essential for controlling physiological activities. The pathological isoforms of iNOS, 
which can be synthesized in cells after being induced by cytokines or bacterial 
endotoxins and are independent of Ca2

+/calmodulin concentration, are known as 
inducible forms (16). 

 
Mechanism of action 
NO is a lipophilic gas and a secondary messenger (17,18). Cellular signaling by 

NO includes highly regulated NO synthesis by NOS and guanylate cyclase activation 
which results in the production of second messenger cyclic guanosine 
monophosphate (cGMP) (19). Unlike most small signal molecules, NO’s biological 
effects are determined not by conventional protein receptor-ligand interactions but 
by chemical reactions like binding to the regulatory heme protein found in the 
structure of soluble guanylate cyclase (20). However, all effects observed by NO 
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which can be synthesized in cells after being induced by cytokines or bacterial 
endotoxins and are independent of Ca2

+/calmodulin concentration, are known as 
inducible forms (16). 

 
Mechanism of action 
NO is a lipophilic gas and a secondary messenger (17,18). Cellular signaling by 

NO includes highly regulated NO synthesis by NOS and guanylate cyclase activation 
which results in the production of second messenger cyclic guanosine 
monophosphate (cGMP) (19). Unlike most small signal molecules, NO’s biological 
effects are determined not by conventional protein receptor-ligand interactions but 
by chemical reactions like binding to the regulatory heme protein found in the 
structure of soluble guanylate cyclase (20). However, all effects observed by NO 

cannot be described using this single mechanism. The researchers also demonstrated 
NO’s ability for modulating mitochondrial O2 consumption which is achieved 
through NO’s competitive cytochrome oxidase inhibition (19). 

The NOS enzyme is stimulated in two ways. The activities of eNOS and nNOS 
isoforms are regulated by the binding of Ca2

+, calmodulin. In structural NOS 
isoforms, Ca2

+ and calmodulin binding is achieved by intracellular Ca2
+ increase (21). 

In the structural type, the messenger molecule adheres to the receptor on the 
endothelial cell, and with this impulse, Ca ion channels open and the intracellular Ca 
level rises (22). When the intracellular Ca2

+ level rises, eNOS activity increases 
noticeably because it produces NO in a pulsatile way.  Calmodulin binds to the 
enzyme when Ca2

+ is present. Other proteins that interact with eNOS and control its 
activity are present in the meantime. However, stimuli that do not continuously 
increase intracellular Ca2

+ but still cause prolonged NO release can also activate 
eNOS. Shear stress is the type of stimulus with the best scientific foundation. The 
phosphorylation of the enzyme serves as a conduit for this activation (23). Under 
normal physiological conditions, NO produced by eNOS can rapidly diffuse into 
smooth muscle cells across the endothelial cell membrane, activates soluble 
guanylate cyclase, and induces a variety of cellular signaling pathways involved in 
vascular smooth muscle relaxation (21). Also, nNOS, another structural enzyme, is 
stimulated by the same mechanism. (22). nNOS is structurally expressed in specific 
brain neurons. Brain nNOS is present in cells in specific and soluble forms, and its 
diverse functions may be influenced by its localization in different subcellular 
locations. Like eNOS, calmodulin which is activated by Ca2

+ is crucial for the 
regulation of nNOS activity. Inducible NOS is typically not expressed in cells, but 
bacterial lipopolysaccharide, cytokines, and other substances can cause it to be 
expressed. Nearly any cell or tissue can express the enzyme when given the proper 
inducing agents (23). Once expressed, iNOS remains consistently active and is not 
regulated by intracellular Ca2

+ concentrations (21,23). The amino acid structure is 
different for Ca2

+ and calmodulin binding in iNOS; therefore, it binds Ca2
+ and 

calmodulin at extremely low intracellular Ca2
+ concentrations. Also, once expressed, 

iNOS remains consistently active (21). The enzyme is induced transcriptionally by 
stimulants and produced NO performs its function (22). 

In many cases, NO activates the soluble isoform of guanylate cyclase and 
increases cGMP synthesis from GTP. cGMP can activate cGMP-dependent protein 
kinase and cause relaxed blood vessels and smooth muscles, decreased platelet 
aggregation, and altered neuron functions respectively. Those effects help lower 
blood pressure, reduce blood clotting, alter memory and behaviors, and increase the 
blood flow to tissues. The number of NO's effects that are not dependent on cGMP 
synthesis is also rapidly expanding. For example, O2, O2

.-, other free radicals, thiol 
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groups, unsaturated fatty acids, and other molecules can all interact with NO. We can 
also add transition metals (e.g., iron) to this list. While part of these reactions ends 
with NO's oxidation to NO2 and NO3 to stop the effect, others may result in 
modifications to catalytic capacity, function or structure of proteins. Those effects 
possibly control tissue inflammation, bacterial infections, tumor growth, and other 
diseases. Those effects, whether cGMP-dependent or -independent, have the power 
to influence and control a wide range of critical physiological processes involved in 
function and regulation of cells. NO can have effects at distant locations by acting as 
an antacoid, a neurotransmitter, an intracellular messenger, a paracrine substance, or 
a hormone. Consequently, it is a special molecule with a variety of signaling 
capabilities (24). 

 
Biochemical synthesis of NO 
NO is synthesized from L-arginine which is an amino acid found in cells, blood, 

and extracellular fluid in high concentrations. The overall reaction is triggered by 
NOS enzyme; however the process is caused by a series of oxido/reducing events 
containing multiple cofactors with certain binding sites on the enzyme (4). For this 
reaction, O2 and some other cofactors [flavin adenine dinucleotide (FAD), 
nicotinamide adenine dinucleotide phosphate (NADPH), flavin mononucleotide 
(FMN), calmodulin, and tetrahydrobiopterin (BH4)] must be present (12). 

L-arginine is used by NOS isoforms as substrates, while O2 and NADPH as co-
substrates. FAD, FMN and BH4 are cofactors of all isozymes. Electrons from 
NADPH are transferred by NOS through FMN and FAD that is present in the 
carboxy-terminal reductase domain to heme in the amino-terminal oxygenase 
domain. The crucial cofactor BH4, molecular oxygen, and substrate L-arginine are 
also bound by the oxygenase domain. Oxygen is activated by electrons in the heme 
domain, and L-arginine is converted to L-citrulline and NO. There are two stages 
NOS enzyme needs to go through for NO synthesis. First, L-arginine is hydroxylated 
by NOS, to Nω -hydroxy-L-arginine (that largely stays bounded to enzyme). 
Secondly, Nω -hydroxy-L-arginine is oxidized by NOS, to L-citrulline and to NO (23, 
25). 2 moles of oxygen and 1.5 moles of NADPH are consumed for each mole of L-
citrulline produced (25).  

Even though all NOS isoforms catalyze the same reactions, they all have different 
localizations and structures. These characteristics determine the distinctions between 
activation methods and also the inhibitor specificity. The characteristics of NO and 
distinct functions of NOS isoforms define NO’s role in regulating numerous 
pathophysiological and physiological processes (16). 
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Biochemical effects of NO 
Chemically, NO is a free radical that has an unpaired electron on nitrogen atom. 

NO’s chemical reactivity towards biomolecules is low compared to other free 
radicals and therefore has a longer half-life. This makes NO's biological adaptability 
and selectivity easier. NO can react with several proteins and enzymes (12). 
Biological effects of NO depend on its reactions with target molecules in cells, 
membranes, and the extracellular environment (15). NO has two important 
physiological functions: activation of soluble guanylate cyclase and the post-
translational modification of cysteine residues which is called S-nitrosylation (12). 

There are three main forms of nitrogen monoxide (collectively called NO): the 
nitrosonium ion (NO+), the neutral free radical (NO.) and the nitroxyl ion (NO-) (15), 
all of which have different properties and biological reactivity (15). One reactive 
molecule that exhibits both cytoprotective and cytotoxic qualities is the free radical 
NO. The formation of reactive nitrogen oxide species, which cause cell death, is 
thought to be the cause of NO-mediated toxicity, while antioxidant mechanisms are 
thought to be the source of protective effects. Potential reactions are divided into two 
categories by NO’s chemical biology: Direct and indirect. Chemical processes 
known as direct effects of NO take place fast enough for NO to interact directly with 
a biological target molecule (20). It is best-characterized example of the direct 
binding of different proteins to metal complexes to form metal nitrosyl complexes 
that regulate the biological activities of NO (3). However, indirect effects require NO 
to react with O or O2

.- to form reactive nitrogen oxide species. These species then 
react with biological targets. An important advantage of dividing NO chemistry into 
two categories is that indirect effects take place at higher concentrations while direct 
effects take place at low concentrations. (20). 

NO itself is relatively non-reactive at physiological concentrations (uncertain, but 
possibly 0.1-100 nM). Majority of its physiological effects are carried out when NO 
binds to Fe2

+ which is located soluble guanylate cyclase’s heme resulting in activation 
(at around 1nM NO) and production of cGMP. NO can also be converted to reactive 
nitrogen species that are a group of more reactive derivatives (26). In order to form 
new metabolites and molecules, NO is converted and processed through diverse 
metabolic pathways. NO’s unpaired electron in its outer orbit makes it a free radical 
thus making it both highly reactive and paramagnetic. Because of its unpaired 
electron, NO can quickly react with other free radicals (e.g., nitrogen, O2) and carbon-
centered radicals. NO can also react with alkyl hydroperoxyl and alkoxyl radicals and 
these reactions are involved in modulating enzyme- or metal-catalyzed lipid 
peroxidation (27). NO’s reactions with various biological components (e.g., thiols, 
metals, O2 and O2

−) results in forming various byproducts ranging from harmless 
oxidized components (NO2

− and NO3−) to reactive nitrogen intermediates 
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peroxynitrite (ONOO−), nitrosonium (NO+), nitrosothiols (RSNO), dinitrogen 
trioxide (N2O3), nitroxyl anion (NO−), and nitrogen dioxide (NO2). These reactive 
nitrogen species along with NO, can cause  protein modification (e.g., cysteine and 
tyrosine residue), lipid oxidation, regulation of enzyme activity and DNA damage by 
base modification through interactions with biomolecules (28). Since both O2 and NO 
are hydrophobic, they accumulate in lipid membranes (5). At high concentrations or 
within membranes, NO directly reacts with O2 producing NO2

– that quickly reacts 
with another NO to produce Dinitrogen Trioxide (N2O3). Some molecules (incl. 
tyrosine) can be nitrated (adding an NO2+ group) or oxidized by NO. Amines or 
thiols can be nitrosated/nitrosylated by N2O3 (adding a NO+ group). NO reacts with 
O2.- to form peroxynitrite (ONOO-). ONOO- can nitrate or oxidize other molecules, 
even decompose to form harmful species (e.g., NO2, hydroxyl radical (OH.)) (26). It 
is known that the OH. radical is a highly reactive and biologically destructive 
molecule (7). In the organism ONOO- transforms into hydroxynitrite (HOONO) 
which acts as an OH. radical. However, ONOO- which has high toxicity - is one of 
the important factors triggering cell death (13). 

NO, as free gas, can easily interact with the heme moiety of some proteins, while 
forming relatively stable covalent interactions with free thiol protein groups as well 
as thiol-containing free amino acids (e.g., cysteine). There are still so many 
discussions on these compounds regarding their biological significance and if they 
only occur in pathological conditions or are considered as a stable NO form (4). NO 
reacts with sulfhydryl groups to form S-nitrosothiols (RS-NO). It is considered that 
they have a mediating role in cellular metabolism and act as NO transporters (7). 
These nitrosothiols (e.g., S-nitrosoglutathione, S-nitrosocysteine, or S-
nitrosoalbumin) can release their NO on cell contact and exhibit properties similar to 
NO itself (4). NO can also form complexes with transitional metals. It specifically 
affects the functions of biologically active proteins as a result of the complexes it 
makes with the iron in the heme molecule (7). 

NO's reaction with heme group of guanylyl cyclase results in cGMP production, 
thus mediating NO’s known physiological effects (5). NO directly binds to and 
inhibits heme proteins (5,28) of some other enzymes (e.g., catalase, cytochrome P-
450, cytochrome oxidase) reacting with iron in-vivo to produce iron-nitrosyl 
complexes. Additionally, iron-sulfur proteins are particularly susceptible to NO 
damage. It is probably caused by the formation of ONOO− which is a harmful NO 
derivative (5). 

In summary, production of NO2
- as a result of NO and O2 reaction is relatively 

slow at physiological O2 concentrations. NO quickly reacts with O2 to produce the 
potent oxidant ONOO− which is a bactericidal agent and a cytotoxic modulator (5). 
Those reactive species take the role of strong nitrating and oxidizing agents that cause 
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O2.- to form peroxynitrite (ONOO-). ONOO- can nitrate or oxidize other molecules, 
even decompose to form harmful species (e.g., NO2, hydroxyl radical (OH.)) (26). It 
is known that the OH. radical is a highly reactive and biologically destructive 
molecule (7). In the organism ONOO- transforms into hydroxynitrite (HOONO) 
which acts as an OH. radical. However, ONOO- which has high toxicity - is one of 
the important factors triggering cell death (13). 

NO, as free gas, can easily interact with the heme moiety of some proteins, while 
forming relatively stable covalent interactions with free thiol protein groups as well 
as thiol-containing free amino acids (e.g., cysteine). There are still so many 
discussions on these compounds regarding their biological significance and if they 
only occur in pathological conditions or are considered as a stable NO form (4). NO 
reacts with sulfhydryl groups to form S-nitrosothiols (RS-NO). It is considered that 
they have a mediating role in cellular metabolism and act as NO transporters (7). 
These nitrosothiols (e.g., S-nitrosoglutathione, S-nitrosocysteine, or S-
nitrosoalbumin) can release their NO on cell contact and exhibit properties similar to 
NO itself (4). NO can also form complexes with transitional metals. It specifically 
affects the functions of biologically active proteins as a result of the complexes it 
makes with the iron in the heme molecule (7). 

NO's reaction with heme group of guanylyl cyclase results in cGMP production, 
thus mediating NO’s known physiological effects (5). NO directly binds to and 
inhibits heme proteins (5,28) of some other enzymes (e.g., catalase, cytochrome P-
450, cytochrome oxidase) reacting with iron in-vivo to produce iron-nitrosyl 
complexes. Additionally, iron-sulfur proteins are particularly susceptible to NO 
damage. It is probably caused by the formation of ONOO− which is a harmful NO 
derivative (5). 

In summary, production of NO2
- as a result of NO and O2 reaction is relatively 

slow at physiological O2 concentrations. NO quickly reacts with O2 to produce the 
potent oxidant ONOO− which is a bactericidal agent and a cytotoxic modulator (5). 
Those reactive species take the role of strong nitrating and oxidizing agents that cause 

changes in DNA, lipid peroxidation, and protein modifications through nitration, 
nitrosative, and oxidative reactions (3). ONOO−, despite not being a free radical, is a 
strong oxidant as it is a reactive nitrogen and oxygen species. At physiological pH, 
protonated form of peroxynitrite decomposes easily to produce extremely reactive 
NO2 and OH. radicals (4). NO can interact with various heme-containing proteins 
(28). Additionally, NO can produce NO3 through interactions with the heme iron of 
myoglobin and hemoglobin (5,28). High hemoglobin concentration in the blood and 
the high speed of this reaction together with rapid diffusion of NO make NO3

- main 
result of in-vivo NO metabolism. Additionally, perpendicular NO concentration 
gradient (from tissues to blood) decreases NO concentrations in tissue by reducing 
re-entry of NO leaving the cell (5). 

NO's biological role is of significant interest as it can act as a potential antioxidant, 
a toxin, a signaling molecule, and a pro-oxidant (29). Therefore, NO is generally 
considered a toxic species. On the other hand, NO has demonstrated to reduce 
oxidative damage in various biological systems (30). It is stated that NO has both 
oxidant and antioxidant properties depending on the physiological conditions (31). It 
was suggested that NO acts as a pro-oxidant at high concentrations (29). NO’s 
antioxidant effects are mainly the result of direct effects at low NO concentrations. A 
chemical that inhibits the development of oxidants or removes oxidants created as a 
result of oxidative stress is known as an antioxidant (30). Additionally, NO can 
prevent oxidation; terminate chain reactions during lipid peroxidation as seen in low-
density lipoprotein oxidation, cells and NO model lipid systems. NO is a chain-
breaking antioxidant effective in free radical-mediated lipid oxidation (29). In lipid 
peroxidation, during propagation phase, peroxyl and alkoxyl radicals react with 
unsaturated lipids causing the production of other radicals. NO terminates the radical 
generation chain by reacting with peroxyl and alkoxyl, thus causing inhibition of lipid 
peroxidation. Additionally, NO has been demonstrated to inhibit cytotoxicity by 
scavenging reactive oxygen species (e.g., O2 and hydrogen peroxide (H2O2)). Acting 
as an antioxidant, NO can also prevent conversion of myoglobin to ferryl myoglobin 
with H2O2 and subsequent initiation of lipid peroxidation. Instead, metmyoglobin is 
formed, which slightly affects lipid peroxidation (27). 

 
Conclusions 
NO has numerous potential reactions that greatly affect various physiological and 

pathophysiological processes. Knowing the reactions of NO and reactive nitrogen 
oxide species as well as their effects can help in detecting and controlling the 
pathologies that may develop accordingly. In humans, it is important to understand 
the biochemical effects and cellular signaling functions of NO to improve the 
therapeutic possibilities. 
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Chronic cough can occur due to many different etiological reasons and it is a 
condition that has a significant adverse effect on the quality of life of patients. Its 
global prevalence in the general adult population is up to 9.6%. Chronic cough can 
cause serious physical, psychological and social morbidities. One of the diseases in 
which the complaint of chronic cough is at the forefront is idiopathic pulmonary 
fibrosis (IPF). The most prominent presenting complaint in most undiagnosed IPF 
patients is cough. Approximately 73-86% of patients complain of an annoying cough. 
Treatment for IPF aims to slow or stop disease progression, increase survival, reduce 
symptoms, and improve quality of life. Cough is considered as one of the most 
important parameters in this regard (1-4). 

The pathophysiology of chronic cough in IPF is still unknown. This issue is 
further complicated by the common comorbidities in the IPF patient population. 
Different concepts have been proposed regarding the possible mechanisms of cough 
in IPF. There is some evidence that cough reflex sensitivity is increased in patients 
with IPF, suggesting upregulation of sensory fibers in the lungs (3, 5). Assuming that 
increased cough reflex sensitivity may play a role in at least a portion of the IPF 
population, the question of what causes this increased sensitivity remains unclear. 
One possible explanation for this question is the idea that mechanical disruption of 
the lung caused by fibrosis directly affects nerve fibers. Since slow and fast adapting 
receptors are sensitive to such mechanical changes, they may be affected by the 
traction forces of fibrosis (6, 7). On the other hand, the nerves that prevent coughing 
can also be destroyed by fibrosis. This mechanism may explain the finding of 
increased cough reflex sensitivity to mechanical stimulation of the chest wall in IPF 
patients compared to controls. In particular, an increased sensitivity was found 
following low-frequency stimulation of the posterior basal lung floor, the area where 
lung fibrosis is typically most common in IPF. This mechanism may also explain the 
higher incidence of cough in advanced IPF. Moreover, this mechanism is compatible 
with the fact that patients usually start coughing while talking or cannot stop 
coughing after it starts (7, 8). Vibratory transmission caused by speaking or even 
coughing itself can lead to increased mechanical stimulation of sensory receptors, 
driving more coughing and more vibrational cycles. Another explanation for the 
increased cough sensitivity may be the higher neurotrophin levels in the sputum of 
patients with IPF compared to controls (9, 10). Neurotrophins induce the survival and 
development of different subsets of sensory neurons and also increase the cough 
reflex by causing increased sensitivity to capsaicin. Immunohistochemical studies 
have shown that non-neuronal cell types such as bronchial and alveolar epithelial 
cells, mesenchymal cells, lymphocytes and macrophages can express neurotrophins. 
In patients with idiopathic interstitial pneumonia, increased expression of 
neurotrophins in the lung has been demonstrated by previous studies. It is thought 
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that increased neurotrophin levels could potentially modulate sensory nerve 
proliferation and neuroplasticity. Immunoblots revealed higher neurotrophin 
expression in IPF patients compared to patients with other idiopathic interstitial 
pneumonia (11). In general, increased inflammation is known to be the trigger of 
neurotrophin expression, but the factors underlying the increased neurotrophin 
expression in IPF, where inflammation is weak, are not fully known. 

In IPF patients, cough is an independent predictor of disease progression, and the 
amount of cough was not clearly associated with measures of pulmonary function. 
Leslie et al. (12) suggested that repetitive strain injury from pressure changes during 
breathing may explain the question of why fibrosis in IPF typically begins in the 
peripheral basal part of the lung. In this hypothesis, it has been suggested that traction 
forces and alveolar collapse are greatest in the peripheral basal areas of the lung 
parenchyma, leading to tension-induced lung injury and activation of fibrotic 
cascades. It is known that mechanical ventilation is a risk factor for acute 
exacerbations in IPF patients (13). This clinical situation can also be explained by 
this hypothesis. If pressure differences are considered to be the trigger in the 
pathogenesis of IPF, it can be predicted that pressure differences caused by cough 
may affect disease progression. In the light of all these ideas, the prevailing opinion 
is; cough is not only a symptom in IPF and may contribute to the progression of the 
disease with the activation of profibrotic mechanisms. 

The central nervous system also plays an important role in the pathogenesis of 
cough. Cough can also be centrally induced via cortical effects. The cough urge 
induced by capsaicin inhalation activates multiple areas of the cerebral cortex. 
Administration of a placebo prior to the capsaicin challenge test has been shown to 
reduce activity in certain brain regions. This suggests that treatment expectations in 
the individual may affect the central processing of peripheral sensory input. 
Suppression of cough by cortical effects may also explain why IPF patients cough 
less during sleep (14, 15). 

Two different antifibrotic molecules are still used in IPF patients all over the 
world and it is predicted that they will have a great long-term positive effect on the 
progression and survival of the patients. Of course, increasing patient motivation in 
long-term treatments that will be used for life is a big key to adherence to treatment. 
Although the expected effect of antifibrotic treatments is a slowdown in pulmonary 
fibrosis and a decrease in respiratory function losses, the fact that they can have a 
positive effect on the patient's symptoms can reinforce the perception that the patient 
benefits from the treatment and increase compliance. Being able to improve the 
patient's quality of life can be accepted as a satisfactory development and benefit by 
the patient. Reducing cough, which has the most significant negative effect on the 
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Suppression of cough by cortical effects may also explain why IPF patients cough 
less during sleep (14, 15). 
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world and it is predicted that they will have a great long-term positive effect on the 
progression and survival of the patients. Of course, increasing patient motivation in 
long-term treatments that will be used for life is a big key to adherence to treatment. 
Although the expected effect of antifibrotic treatments is a slowdown in pulmonary 
fibrosis and a decrease in respiratory function losses, the fact that they can have a 
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quality of life in IPF patients, is a great gain for both the physician and the patient at 
this point. 

Several measurement techniques have been used in clinical practice and studies 
to evaluate cough. These measures include subjective assessments such as cough 
questionnaires or visual assessment scales, as well as objective assessments such as 
cough recorders and cough provocation tests. The Cough Symptom Score (CSS) is a 
two-part questionnaire on cough symptoms focusing on cough frequency and the 
overall impact on daily life. However, it is not easy for CSS to distinguish different 
score levels based on cough counts and there is little clinical experience. Existing 
cough-specific health status measures such as the Leicester Cough Questionnaire 
(LCQ) and the Cough-Specific Quality of Life Questionnaire (CQLQ) are reliable, 
valid, and widely used in clinical trials, but it takes more than 5 minutes to complete 
and calculate the 28-item CQLQ score in 6 different domains. Scoring algorithms are 
needed to calculate the scores for each domain and the 19-item LCQ total score for 
the three domains, which makes these surveys time-consuming. Although it does not 
address the relationship of cough with disease progression, the Visual Analogue 
Scale (VAS) can be easily administered and recorded at each clinical visit as a brief 
subjective assessment of cough severity (Figure 1). There are also clinical studies 
indicating that VAS may be an appropriate evaluation in IPF patients (16-19). In our 
clinic, we mainly record VAS scores in the cough follow-ups of IPF patients. With 
this questioning, the patient has the opportunity to review their initial complaints and 
compare their current state. As our clinical observation, we can state that patients 
with a decrease in their complaints have higher adherence to treatment and a higher 
hope of survival. 

Currently, two different antifibrotic molecules are used in IPF patients all over the 
world, Pirfenidone and Nintedanib. Both antifibrotics have been shown to have 
positive effects on annual loss of FVC, disease progression and clinical findings in 
IPF patients. However, it would not be wrong to say that the general expectation in 
these treatments, which are predicted to continue for life, is not improvement of the 
disease, but reduction of clinical worsening. This creates a challenging situation in 
terms of patients' compliance and adherence to treatment. At this point, the positive 
changes that the patient will feel in himself will increase his motivation and therefore 
his compliance with the treatment. Considering that cough is one of the most 
disturbing symptoms for IPF patients, the effect of antifibrotics on cough can 
reinforce the perception that the patient benefits from the treatment and increase 
compliance. 

There are data in the literature on the effects of the pirfenidone molecule on cough. 
In the study of Okazaki et al. (20) in which they created airway irritation with an 
aerosolized antigen in actively sensitized guinea pigs, pirfenidone was administered 
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intraperitoneally. Cough reflex sensitivity was measured at 48 hours in guinea pigs. 
In addition, bronchoalveolar lavage (BAL) was performed and tracheal tissue 
sampling was taken to examine inflammatory findings. In the results of this study, it 
was experimentally shown that pirfenidone suppresses the increase in capsaicin-
induced cough reflex sensitivity in a dose-dependent manner. In addition, increased 
levels of prostaglandin E2, substance P, and leukotriene B4 were dose-dependently 
suppressed by pirfenidone, while histamine did not increase in BAL fluid. The 
decrease in neutral endopeptidase activity in tracheal tissue was also attenuated by 
pirfenidone treatment. These results were interpreted as pirfenidone ameliorating 
isolated cough associated with increased cough reflex sensitivity associated with 
allergic airway diseases and has potential to alleviate chronic cough in IPF patients, 
often with increased cough reflex sensitivity. 

There are also clinical studies on the effects of pirfenidone on cough. Mannene et 
al. (21) evaluated the effect of pirfenidone on cough and cough-related quality of life 
(QoL) in patients with IPF. All patients had an initial 24-hour cough recording with 
the LCQ before starting pirfenidone and then after 4 and 12 weeks of treatment. After 
12 weeks of treatment, 74% of patients reported subjective improvement in cough, 
with an objective 24-hour cough reduction of 34%. Azuma et al. (22) demonstrated 
that pirfenidone reduced cough in a subgroup analysis of the Pirfenidone phase 3 
study in Japan, including patients with force vital capacity (FVC) >70% and arterial 
oxygen saturation <90% as measured by pulse oximetry. A Dutch group scoring 
cough pain points from 1 to 10 also reported that they observed a decrease in cough 
with the use of pirfenidone (23). 

There are some studies and results on the effects of nintedanib on cough. The 
INBUILD study examined the effect of Nintedanib on cough in non-IPF progressive 
fibrosing lung diseases. Cough symptom score was found to be significantly lower 
than placebo in patients using Nintedanib (24). The INREAL study 
(ClinicalTrials.gov Identifier: NCT04702893), an observational study aiming to 
reveal the effects of nintedanib on FVC, dyspnea and cough, is still ongoing. The 
study, in which real-life data will be presented, is expected to end in 2023 (25). 

In conclusion, cough complaint in many IPF cases can be considered as an 
important factor on quality of life and a marker for disease progression. It can be 
considered in the light of current findings that antifibrotics have positive effects on 
cough complaints in IPF patients. Clinical improvement in cough can also increase 
the patient's trust and satisfaction with the physician and treatment. Evaluation and 
recording of cough symptoms at each visit with easily applicable scales such as VAS 
in IPF patients will guide real-life data in this regard.  
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Figure 1. Visual Analogue Scale (VAS) applied to the patient. The question 
“Which best describes your cough severity?” is asked to the patient. 
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Cancer is a broad collection of illnesses that can begin in practically any organ 
or tissue of the body. These illnesses are brought on when abnormal cells grow 
out of control, cross their normal boundaries to infect nearby body parts and/or 
spread to other organs (1). One of the main causes of mortality in the world, 
cancer is becoming more common. In 2020, there were about 10.0 million cancer 
deaths and an anticipated 19.3 million new cancer cases worldwide (2). The 
factors contributing to the onset of cancer are thought to be 5% genetic and 95% 
environmental factors (3). Tobacco use, alcohol consumption, unhealthy diet, 
physical inactivity and air pollution are environmental risk factors for cancer (4). 
According to the American Cancer Research Institute, diet is responsible for 
30%-35% of these environmental factors (5).  

 
1. Energy Balance, Physical Activity, Body Weight and Cancer 
Chronic positive energy balance resulting from high energy intake and 

insufficient physical activity results in obesity. In case of obesity, high insulin, 
IGF-1 and cytokine levels and high leptin: adiponectin ratios are seen in the body. 
This combined with increased growth factor signaling, microenvironmental 
disturbances, and inflammation increases cancer risk and progression (6,7). In 
line with excess energy intake, excess fat intake and cancer-promoting substances 
enter the body. Obese men have a higher incidence of colon, rectum, and prostate 
cancer, whereas obese women have a higher incidence of breast, gallbladder, and 
ovarian cancer (8). In a cohort study examining the relationship between obesity 
and cervical cancer incidence and mortality, it was observed that the risk of 
cervical cancer increased with higher BMI. About 20% of cervical cancers have 
been attributed to the diagnosis of obesity (7). In a meta-analysis study examining 
the relationship between energy intake and endometrial cancer risk, no 
relationship was found between total energy intake and endometrial cancer. 
Analyzing macronutrients, it was observed that high fat energy intake was 
associated with an increased risk of endometrial cancer (9). In a study examining 
the relationship between energy intake and breast cancer risk, a positive 
correlation was observed between total energy intake and breast cancer risk. High 
energy intake among sisters was found to increase the risk of breast cancer, 
independent of physical activity and BMI (10). In a case-control study examining 
the relationship between physical inactivity, energy intake, obesity and rectal 
cancer risk, it was found that high energy intake, high BMI and low physical 
activity were associated with rectal cancer risk. Evidence was found for a possible 
synergistic effect between the 3 risk factors (11). Avoiding weight gain in 
adulthood, keeping body weight in a healthy range, and being physically active 
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(150-300 minutes of moderate intensity or 75-150 minutes of vigorous intensity 
activity each week) may reduce the risk of developing or dying of cancer (12). 

 
2. Carbohydrates and Cancer 
Insulin and IGF-1 accelerate the progression of a mutated cell to malignancy. 

Additionally, insulin and IGF-1 trigger the proliferation of malignant cells (13). 
The main carbohydrates found in foods are starch, sugar and fiber. Evidence of 
the effect of sugar and starch on cancer is limited. High sugar and starch 
consumption is thought to cause obesity and trigger the development of cancer 
(14). High fructose consumption may increase the risk of cancer by increasing 
endotoxin and proinflammatory cytokine release, causing DNA damage, 
stimulating cellular stress and uncontrolled cell growth (15). However, high 
dietary fiber consumption positively affects the intestinal flora, shortens the 
transit time of harmful components, prevents the conversion of bile acids into 
carcinogenic substances and obesity. Due to these effects, dietary fiber is thought 
to reduce the risk of cancer (16). According to studies conducted on the EPIC 
cohort, it was determined that especially grain-derived fiber consumption 
significantly reduced the risk of colorectal cancer development (17). A diet with 
a high glycemic load may contribute to the development of breast cancer in a 
Mediterranean community known for its customarily high and diverse 
carbohydrate intake, according to the EPIC cohort research (18). In a case-control 
study with a large sample conducted in China, it was reported that consumption 
of foods with a high glycemic index may increase the risk of endometrial cancer. 
In particular, a positive relationship was found between rice consumption and 
endometrial cancer (19). High total sugar and glycemic load are associated with 
ovarian cancer risk in a study of African-American women (20). Sugar-
sweetened beverage intake was associated with an increased risk of colon cancer 
recurrence and mortality. This effect was higher in obese and physically inactive 
patients (21). In a study examining the relationship between dietary glycemic load 
and gastric cancer risk in Italy, it was determined that starchy foods increase the 
risk of stomach cancer (22). In a case-control study, consumption of white bread 
and biscuits was positively associated with breast cancer risk, while consumption 
of fiber-rich breads and legumes was negatively associated (23). In line with the 
recommendations of the World Health Organization, daily added sugar intake 
should not exceed 10% of the daily total energy and a diet rich in dietary fiber 
(whole plant foods, such as vegetables, fruits, whole grains, legumes, nuts and 
seeds) can reduce the risk and progression of various types of cancer. 
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Proteins and Cancer 
While it is thought that the consumption of lean animal protein is not 

associated with cancer, various types of cancer are more common in countries 
where fatty animal protein sources are frequently consume (5). When the role of 
dietary factors in the prevention and progression of breast cancer is examined, it 
was seen that the consumption of well-cooked red meat increases the risk of 
breast cancer, and the consumption of fish is protective against the risk of breast 
cancer (24). In a case-control study, it was determined that the consumption of 
fruit, legumes and dairy products was strongly associated with a reduced risk of 
breast cancer. However, a positive correlation was found between the 
consumption of red meat and fried meat and the risk of breast cancer (25). In a 
population-based case-control study, it was observed that red meat-derived 
mutagens significantly increased the risk of colon cancer, whereas this effect was 
not found in white meat-derived mutagens (26). In the study investigating the 
Colorectal Adenoma Risk of Grilled Red Meat, it was observed that every 10 
gram consumed daily increased the risk by 11%, and the increased risk was 
mainly associated with well-cooked red meat (27). Preferring the daily protein 
requirement from low-fat sources with healthy cooking methods may be effective 
in preventing cancer. 

 
Fats and Cancer 
Excessive intake of any kind of fat increases the risk of breast, prostate, testis, 

uterus, ovarian and colon cancer. Carcinogenic substances accumulate in the fat 
and enter the body with excess fat intake. Additionally, the elements formed as a 
result of the oxidation of liquid oils rich in polyunsaturated fatty acids increase 
the risk of cancer. 

A high-fat diet causes alterations in the gut microbiota that activate pro-
inflammatory pathways, and obesity as a result of overeating exacerbates 
inflammation, which is known to increase the risk of several diseases, including 
cancer (28). Long-term feeding of a high-fat diet to mice resulted in changes to 
the gut microbiota that were linked to increased intestinal ROS generation and 
oxidative stress (29), two factors that are important in the development and 
progression of cancer (30). But according to experimental studies, dietary fat 
composition rather than total fat level in isocaloric diets affects the etiology of 
cancer more. The current opinion is that a modest consumption of saturated fatty 
acids, including palmitic acid, does not pose a health risk when included in a 
balanced diet. Saturated fat has long been thought to be hazardous. Plant sources 
are advised for monounsaturated fatty acids. Monounsaturated fatty acids from 
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plants (MUFAs), especially those found in olive oil, have been linked to a 
decreased risk of developing cancer. Similar to this, cancer mortality was reduced 
when plant MUFAs replaced animal MUFAs. The proportion of omega-6 to 
omega-3 polyunsaturated fatty acids (PUFAs) determines how they affect cancer 
risk. While in vivo research demonstrated that -6 PUFAs had stimulatory effects 
on tumor growth and -3 PUFAs had preventive benefits, the outcomes of human 
investigations were not as encouraging as suggested by preclinical publications 
(28). According to cohort study which on the relationship between dietary fat and 
prostate cancer; total fat, mono- and polyunsaturated fat intakes were not 
associated with incidence of prostate cancer. On the other hand, the risk of 
advanced prostate cancer and fatal prostate cancer was positively associated with 
saturated fat intake and negatively correlated with EPA intake (31). The meta-
analysis study which association of dietary fat intake and ovarian cancer risk, 
findings indicate that high consumption of total, saturated and trans-fats increase 
ovarian cancer risk (32). A case-control study findings which association of 
dietary fat intake and ephitelial ovarian canser suggest that higher intake of 
omega-3 may be protective for ephitelial ovarian cancer overall and endometrioid 
tumours in particular, whereas greater consumption of trans fat may increase risk 
of ephitelial ovarian cancer overall (33). Total fat intake and saturated fat intake 
were found to be associated with pancreatic cancer when dietary fat intake and 
pancreatic cancer risk were examined in the Prostate, Lung, Colorectal and 
Ovarian Cancer Screening Study. On the contrary, no association was observed 
between monounsaturated and polyunsaturated fat intakes and the risk of 
pancreatic cancer (34). The American Heart Association dietary guidelines 
recommend 30-35% of energy intake be from total fat, <7%energy intake from 
saturated fatty acids, <10% energy intake from polyunsaturated fatty acids, 15% 
energy intake from monounsaturated fatty acids and <1% energy intake from 
trans fatty acids (35). Following these recommendations can be effective in 
reducing the risk of various types of cancer. 

 
Vitamins, Minerals and Cancer 
Foods such as fruits, vegetables and legumes containing antioxidant vitamins 

and minerals are effective in preventing cancer risk and progression. Fruits and 
vegetables, including beans, are complex foods that include vitamins, minerals, 
fiber, and other ingredients that may reduce the risk of developing cancer. Many 
fruits and vegetables, particularly dark green and orange ones, cruciferous ones 
(including cabbage, broccoli, cauliflower, and Brussels sprouts), soy products, 
legumes, allium vegetables (onions and garlic), and tomato products are being 
studied for their possible ability to prevent cancer. Legumes are high in protein, 
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Foods such as fruits, vegetables and legumes containing antioxidant vitamins 

and minerals are effective in preventing cancer risk and progression. Fruits and 
vegetables, including beans, are complex foods that include vitamins, minerals, 
fiber, and other ingredients that may reduce the risk of developing cancer. Many 
fruits and vegetables, particularly dark green and orange ones, cruciferous ones 
(including cabbage, broccoli, cauliflower, and Brussels sprouts), soy products, 
legumes, allium vegetables (onions and garlic), and tomato products are being 
studied for their possible ability to prevent cancer. Legumes are high in protein, 

fiber, iron, zinc, potassium, folate, and other nutrients. Examples of legumes 
include kidney beans, pinto beans, black beans, white beans, garbanzo beans 
(chickpeas), lima beans, lentils, and soy products (12). Consumption of fruits and 
vegetables has been associated with cancer of the mouth, esophagus, and 
stomach, according to extensive evidence from cohort studies. It was determined 
that fruit consumption was associated with lung cancer, foods containing carotene 
were associated with prostate cancer, and foods containing folate were associated 
with pancreatic cancer (36). According to the results of a systematic review 
examining the relationship between fruit-vegetable consumption and breast 
cancer, it was found that an increase in fruit consumption was associated with a 
reduced risk of cancer. It has been observed that for every 200 grams increase in 
fruit consumption, there is a 6% reduction in the risk of breast cancer (37). In the 
review on the role of dietary factors in the prevention and progression of breast 
cancer, it was reported that flavonoids, soy products, fiber foods, fruits and 
vegetables, and vitamin D may have a protective effect (38). The US Dietary 
Guidelines recommend eating at least 21/2 to 3 cups of vegetables and 11/2 to 2 
cups of fruit per day, depending on a person's calorie needs, according to the 
American Cancer Society. There is insufficient and conflicting evidence that 
dietary supplements can lower the risk of cancer, despite the fact that a diet high 
in fruits, vegetables, and other plant-based foods may reduce the risk of cancer. 
The American Cancer Society does not advocate the use of dietary supplements 
at this time to prevent cancer (12). 

 
Food Preparation, Cooking, Storage Methods And Cancer 
Over-processing of foods, pouring cooking water, frying and cooking with 

roasting methods cause loss of cancer-protective vitamins, minerals, dietary fiber 
and antioxidants. As a result of adding excessive spices to foods, the digestive 
system is damaged and the risk of cancer increases. Nitrosamines, which are 
formed as a result of cooking foods processed by adding Nitrite-Nitrate and 
heterocyclic amines formed by the burning of fat in foods as a result of high heat 
are carcinogenic. Heterocyclic amines are also formed by cooking meat products 
close to the fire (39). Simultaneously, acrylamide, which is formed by frying 
carbohydrate-rich foods, increases the risk of cancer (40). In a case-control study, 
it was determined that fried foods increased the risk of laryngeal cancer (41). In 
another case-control study, it was determined that consuming 1 serving of fried 
food per week increased the risk of oral/pharyngeal cancer 1.11 times and the risk 
of esophageal cancer 1.16 times (42). In another case-control study, deep frying 
was shown to increase the risk of prostate cancer (43). According to the results 
of the meta-analysis study evaluating the relationship between red and processed 
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meat, meat cooking methods, heterocyclic amines and prostate cancer, a weak 
positive correlation was determined between processed meat consumption and 
prostate cancer (44). According to a case-control study examining the 
relationship between Meat Cooking Methods and Lung Cancer Risk, fried, 
barbecued and salted red meat was associated with lung cancer risk, while 
consumption of boiled red meat was found to be protective (45). A meta-analysis 
study showed a direct correlation between dietary salt intake and gastric cancer 
(46). The methods used in the preparation, cooking and storage of foods play a 
critical role in preventing cancer risk. 

In conclusion, cancer is a disease that can be prevented and its risk can be 
reduced with major lifestyle changes. Staying at a healthy weight, being 
physically active throughout life, following a healthy eating pattern, and using 
healthy preparation-cooking-storage methods may greatly reduce the risk of 
developing or dying of cancer. 
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Lung Cancer 
Cancer can be briefly described as the abnormal growth of cells. Cancer is 

triggered by suppression of oncogenic changes or the repair mechanisms of cells, 
especially by mutation. Lung cancer is the most common type of cancer in both 
genders. The incidence of other cancer types differs in both gender (Ferlay et al, 
2018). The most common cancers are lung, colon and prostate cancers in man 
and are lung, breast and cervical cancers in women. According to statistical 
analysis, death rates due to cancer are increasing in many parts of the world. In 
2018, 3.9 million of new cancer cases emerged in Europe and approximately 1.9 
million of them died (Ferlay et al, 2018). In addition, in the United States, 1.9 
million cancers were diagnosed in 2022 and it is predicted that around 600.000 
people would die from this disease in the year (American cancer society, 2022). 
It is also believed that this number will increase day by day when the countries 
with less developed country are considered. It has been stated that around 19.3 
million new cases were seen worldwide in 2020 and around ten million of these 
died (Sung et al. 2021). However, it is estimated that by 2040 these cases would 
be around 28 million (Sung et al. 2021). It is also thought that the number of new 
lung cancer cases would increase due to declining air quality, increased tobacco 
use, and especially the covid-19 epidemic that emerged in 2019. 

Among the cancers that cause death, lung cancer is the cancer type with the 
most aggressive pathology among the known cancer types. Rapid diagnosis and 
treatment of lung cancer is very important for the treatment of the disease. 

 
Terpenoids: 
Terpenoids derived from mevalonic acid are naturally synthesized isoprenoid 

compounds in many plants and are the largest phytochemical group (Yang et al 
2020). Especially the content of essential oils in plants consists of terpenoid 
compounds. Terpenoids are synthesized from two isomers with five carbon 
backbones, isopentenyl diphosphate and dimethylallyl diphosphate (Graßmann, 
2005). According to the number of isoprene, monoterpene, sesquiterpene, 
diterpene, triterpene, tetraterpene and polyterpene are divided into subgroups. 
Many terpenoid compounds belonging to these groups are used for medicinal 
purposes. The most well-known of these is paclitaxel (taxol-diterpene), a 
chemotherapy drug (Ramalingam and Belani, 2004; Priyadarshini, and Keerthi, 
2012; Weaver, 2014). Taxol have been isolated from Taxus brevifolia. The taxol 
arrests cancer cells due to activation of the checkpoint of mitosis (Waters et al., 
1998). Addition to the taxol, terpenoids such as Perillyl alcohol, Geraniol, 
Artemisinin, and Ursolic acid have also been shown to exhibit antitumoral 
activity on many types of cancer (Yang et al. 2020). 



322

β -elemene: β-elemene is a terpenoid belonging to the sesquiterpene group 
(Figure 1). 

 
Figure 1. Chemical structure of β-elemene 

(https://pubchem.ncbi.nlm.nih.gov/compound/beta-Elemene#section=Structures) 
 
The β-elemene has a broad spectrum of anticancer activity. Studies showing 

anticancer activities of β-elemene in different cancer types have been reported in 
previous studies. It was determined that metastasis in multidrug resistance gastric 
cancer cells was inhibited by β-elemene by regülating miR-1323/Cbl-b/EGFR 
(Deng et al. 2020). It also induces the caspase induced apoptosis in ovarian cancer 
cell (Li et al., 2013). In malignant glioma cells, it increase rate of apoptotic cell 
death due to decreased survivin expression and increased caspase 9, 3 and 7 levels 
in (Zhang et al. 2012). It also induces apoptosis due to downregulating of 
lncRNA-HULC expression in B-cell lymphoma (Hu and Gao,2020). β-elemene 
also reduce viability of esophageal cancer cell by inhibiting of hTERT by 
regulating lncRNA/CDKN2B/AS1 (Hu et al. 2015). It can suppress proliferation 
in HepG2 cells. The regulating of Fas/FasL extrinsic death pathway members by 
β-elemene induce the apoptosis (Dai et al. 2013) 

 
Roles of β-elemene in preventing/treatment of lung cancer 
There are many studies showing the effect of terpenoids on lung cancer cells. 

Moreover, it is thought that the number of these studies would increase day by 
day. In previous studies, the effects of terpenoid derivatives on many signal 
pathways were determined. The effects of β-elemene, a terpenoid compound, on 
mechanism in process of lung cancer are given in detail in this review. 
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Li et al (2009) determined that β-elemene increased sensitivity to cisplatin in 
lung cancer cell lines. Also, apoptosis was induced in these cells by 
downregulating of Bcl-2 and XIAP activity and upregulating of Bax, caspase-3, 
-7, -9 and -10 activity after treatment of cispilatin and β-elemene. In addition, 
apoptosis was induced through suppression of PI3K/Akt/mTOR/p70S6K1 from 
cancer signaling pathways, downregulation of BCL2 and survivin, one of the 
apoptosis inhibitory proteins (Liu et al. 2011). Yu et al (2012) determined that β-
elemene suppresses proliferation, invasion and metastasis of lung cancer cells and 
increases radiosensitivity by regulating tumor-associated macrophages. Also, 
viability of A459 cells was significantly reduced after administration of 53.5 and 
36.5 mg/ml doses of β-elemene (24 and 48 hours, respectively). Yao et al.(2014) 
observed cell death in A549 and β-elemene was modulated the drug resistance in 
cisplatin-resistant A549 cells, and the intracellular ROS content increased, and 
accordingly apoptosis was induced. Cisplatin-induced cancer resistance was 
significantly reduced after administration of β-elemene. In addition, suppression 
of the JAK2/STAT3 pathway, downregulation of Bcl2 and upregulation of 
apoptotic Bax and caspase-3 expressions induced apoptosis in the gingival 
squamous cell line (Huang and Yu, 2017). Furthermore, β-elemene inhibited the 
proliferation of lung cancer cells by increasing phosphorylation of ERK1/2, Akt 
and AMPK-α (Zhao et al 2014). ERK1/2 generally supports cell viability, but in 
some cases it supports proapoptotic functions (Lu and Xu, 2006). Dysregulation 
of DNA methyl transferase 1 (DNMT1) has been implicated in various diseases, 
and abnormal methylation contributes to the pathogenesis of cancers. 
Upregulation of DNMT1 was suppressed by β-elemene administration. It was 
also determined a decrease in expression of motility genes such as RhoA, Rac1, 
Cac42, matrix metalloprotease 2 and 9 in lung cancer cells A549 and NCI-H1299 
after administration of β-elemene. Furthermore, FAK (Focal adhesion kinase) 
exhibits a strong role in cell motility and stimulates cell migration and invasion 
by forming a complex with src. It has been reported that lung cancer cells are 
suppressed due to decreased FAK/src signaling by β-elemene (Zhang et al. 2021). 
Cai et al (2021) showed that β-elemene increased the expression of chromosome 
3 open reading frame 21 (C3orf21), which acts as a tumor suppressor, in lung 
cancer cells. Cyclin D1, c-Myc, Cox2, MMP2, MMP9, and VEGF expression 
increased and PTEN expression decreased in C3orf21 silenced A549 cells, 
whereas the expression of those were reversed in C3orf21 over-expressed PC-9 
cells after administration of β-elemene. Also, C3orf21 expression increased 
significantly in NSCLC cells and decreased expression of cyclinD1, c-Myc, 
Cox2, MMP2/9, which is involved in cell motility (Cai et al. 2021).  
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In the light of the information given above, β -elemene has proven to be a 
highly effective agent in the prevention or treatment of the tumorigenic process 
of lung cancer. It has been determined that by acting on important signaling 
pathways in cancer cells, it provides an important reduction of cancer cell 
viability, induction of apoptosis, suppression of invasion and metastasis, cell 
cycle arrest, regulation of acquired advertiser resistance and regulation of 
radiosensitivity. Therefore, it is thought that β-elemene can increase the chance 
of success for the treatment of lung cancer, either directly or in combination with 
cancer drugs in the prevention or treatment of lung cancer. 
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Introduction 
Radiation, which is harmful to tissues and cells, can be beneficial for human 

health, especially when used in combination with chemotherapy and surgery in 
the treatment of malignant lesions. Radiotherapy is used in the treatment of more 
than half of all cancer cases. It is the first line of treatment, especially in the 
treatment of certain types of tumors such as skin cancer, head and neck cancer, 
early-stage Hodgkin's disease or non-Hodgkin lymphoma (malignant cancers of 
the lymph nodes). The aim of radiotherapy treatment is to destroy the cancer mass 
without damaging the normal tissues around the cancer mass. However, in 
addition to the side effects such as burning and redness in the area where the 
treatment is applied and in the adjacent tissues, local side effects that vary 
according to the applied area may also be seen. For example, radiotherapy applied 
to the head and neck region may cause side effects such as decreased salivation 
and radiation bruises due to damage to the parotid gland. 

 
Radiation 
The smallest building block of matter, the atom; It consists of a nucleus 

consisting of protons and neutrons, and electrons orbiting the nucleus. If the 
number of neutrons in the nucleus of the atom is greater than the number of 
protons, instability occurs in the nucleus and the excess neutrons are fragmented. 
During this disintegration, rays called alpha, beta, gamma and invisible to the 
naked eye emerge. These rays are called "radiation". Substances that emit 
radiation are called 'radioactive substances' (Bolus et al. 2001). 

Radiation is the energy emitted by energy packets called waves, particles or 
photons, and it is a phenomenon that always exists in nature and that we live with. 
Radio waves, which enable radio and television communication, X-rays used in 
industry and sun rays are the types of radiation we are accustomed to in our daily 
life. Radiation has existed since ancient times, but humanity's discovery of 
radiation took place in 1896, when French physicist Henri Becquerel noticed that 
uranium salt emits rays. With the development of technology and industry, 
uranium element has been used and the effects of radiation have increased 
gradually (Bolus et al. 2001). 

 
Radiotherapy 
The first therapeutic use of X-rays, which was described by the German 

physicist Wilhelm Condrad Roentgen in 1895, was made by Professor Freud in 
1897. In the early 1900s, radiobiological experiments began to increase (Kurtman 
et al., 2000). With the study of Bergonie and Tribondeu (1906) showing that 
tissues with high mitotic activity and poor differentiation properties are more 
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sensitive to radiation than other tissues, radiation was reported as a miraculous 
method for cancer treatment. 

The treatment method in which ionizing radiation such as X-rays, gamma (γ) 
rays and electrons is used in the treatment of cancer is called 'radiotherapy' (Perez 
et al. 1992). 

Radiotherapy treatment can be performed with radioactive material placed in 
or next to the tissue, as well as with special radiotherapy devices that produce 
ionizing rays (Şahin and Keyf 2003). These are: linear accelerator, cobalt-60 
teletherapy, brachytherapy, neutron, proton and ion therapy devices; Linear 
accelerator, cobalt-60 teletherapy and post-loaded brachytherapy devices are the 
most frequently and widely used among them (Çakar 2007). Photons and 
electrons are the most common and widely used rays. The use of devices obtained 
from neutrons, protons and heavily charged ions (particle-shaped radiations) is 
not as common as the others (Gökçe 2014). 

Radiotherapy is divided into 3 groups according to the method of application; 
1.External treatment (remote treatment): In this treatment, the distance 

between the source and the patient's skin should be 5-350 cm. X-Rays Co-60 γ 
rays and radiations in the form of particles (usually electrons) are used (Çakar 
2007). 

2. Brachytherapy (Treatment at close range): It is performed by placing 
radioactive sources on the skin, between tissues and body cavities. Closed sources 
and β particles that give off γ rays are used (Fitzek et al. 1999). 

3. Internal therapy (liquid and colloidal radioisotopes are applied to the body). 
Open sources that give β particles and γ rays are used (Çakar 2007). 

 
Effect Of Radiotherapy On Dental Development 
The effects of irradiation on tooth development are related to the dose of 

radiation received, the exposure time, the stage of tooth development, and the 
proximity of the teeth to the maximum dosage center (Monica et al 2010). 

The greatest change in tooth development occurs with exposure to radiation 
during the initial and differentiation stages of tooth development. Radiotherapy 
can destroy tooth buds if morphogenesis is in the differentiation and calcification 
period. Radiation given at a later stage after calcification begins may disrupt 
cellular differentiation, cause malformation or stop growth (Monica et al 2010). 

In children under the age of five, dental stem cells are in the developmental 
stage, and odontogenic structure is affected in children who have been treated for 
cancer in this period, and developmental disorders occur in the teeth (Kaste SC 
et al., 1995). When the dental development of pediatric patients undergoing 
chemotherapy and radiotherapy at a young age is examined, important dental 
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radiation received, the exposure time, the stage of tooth development, and the 
proximity of the teeth to the maximum dosage center (Monica et al 2010). 

The greatest change in tooth development occurs with exposure to radiation 
during the initial and differentiation stages of tooth development. Radiotherapy 
can destroy tooth buds if morphogenesis is in the differentiation and calcification 
period. Radiation given at a later stage after calcification begins may disrupt 
cellular differentiation, cause malformation or stop growth (Monica et al 2010). 

In children under the age of five, dental stem cells are in the developmental 
stage, and odontogenic structure is affected in children who have been treated for 
cancer in this period, and developmental disorders occur in the teeth (Kaste SC 
et al., 1995). When the dental development of pediatric patients undergoing 
chemotherapy and radiotherapy at a young age is examined, important dental 

anomalies such as hypodontia (some teeth are not formed at all), microdontia 
(tooth smaller than normal), abnormal root development disorder, root 
development arrest, agenesis, taurodontism, malocclusion can be seen (Jaffe et 
al, 1984). 

Kaste et al. (1995) in their study; showed that children younger than 5 years 
of age and receiving high cumulative doses of more than 20 Gy are at high risk 
for developmental tooth abnormalities. Baygı et al (2012) stated in their study 
that vincristine and cyclophosphamide-type chemotherapeutic drugs can affect 
odontogenic structures. Moreover; It is stated that biophosphonate type drugs 
used to prevent bone metastasis in cancer treatment in children may cause adverse 
effects on tooth eruption and tooth-jaw development of children (Delilbaşı et al 
2012). 

The tooth structures of the permanent dentition may be affected in children 
who are treated for cancer before the age of five. In this regard, it is of great 
importance to warn parents about dental problems that their children may 
encounter in the future, to emphasize the importance of oral hygiene and to 
emphasize the necessity of regular dental check-ups (Kılınç et al. 2013). 

 
Effect Of Radiotherapy On Dental Tissue 
Due to the decrease in the biomechanical properties of the teeth exposed to 

irradiation in patients undergoing radiotherapy, a significant decrease in tooth 
fracture resistance occurred. The decrease in these properties is explained by the 
deterioration of the interaction between enamel matrix and apatite crystals 
(Kielbassa et al. 2006). 

Extensive porous areas, cracks and loss of material are seen on enamel 
exposed to irradiation, and enamel on dentin may be completely lost. This is often 
referred to as painless and rapidly increasing atypical caries (Kielbassa et al 
2006). These aggressive and widespread caries, also known as radiation caries, 
tend to spread to all tooth surfaces and cause changes in the permeability and 
color of teeth (Silva et al 2009). Radiation caries affect not only flat surfaces but 
also occlusal faces and cutting edges. It becomes visible in the third month after 
radiotherapy and severe damage is seen in the next year (Dreizen et al 1977). 

Dentin is more severely affected by radiation. In vitro and in vivo studies have 
shown that the microhardness between irradiated and non-irradiated dentin is 
significantly reduced (Kielbassa et al 2002). The degeneration of the odontoblast 
process and the obliteration of the dentinal tubules have been explained by 
radiation damage to the cells, disruption of vascularization and metabolism. In 
irradiated teeth, the extension of odontoblasts ends in front of the enamel-dentin 
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compounds, while in non-irradiated teeth the activity of odontoblasts extends into 
the enamel (Grötz et al. 1997). 

Soares et al (2010) evaluated the effect of gamma irradiation on enamel and 
dentin and showed that irradiated dentin has microcracks and collagen 
fragmentation and irregularities in the interprismatic structure of enamel. These 
changes are explained by the degradation of the crystalline portion of the enamel 
and the denaturation of the organic matrix resulting from radiolysis. 

In their histomorphotomographic studies, Grötz et al. (1997) showed that the 
odontoblasts in the enamel-dentin composition of the teeth that received 60 Gy 
radiotherapy were atrophied and the enamel became more resistant to acid attacks 
after radiotherapy. 

 
Effect Of Radiotherapy On Saliva Gland 
In radiotherapy treatments, the parotid, submandibular and minor salivary 

glands are mostly incidentally irradiated. Decreased salivary function is a 
common toxicity in patients receiving radiotherapy and reduces the patient's 
quality of life (QOL) (Dawes et al 1973). 

Decreased salivary function begins 1 week after the start of radiotherapy and 
usually continues thereafter. In addition, there is an increase in the viscosity of 
saliva. The saliva becomes sticky, yellowish-white and the pH level decreases. 
The average salivary pH before radiation can decrease from 6.54 to 5.48. Salivary 
gland function gradually improves in about 2 years, unless the radiation damage 
after radiation is very severe. (Blanco et al 2005 ). 30 gray radiation dose is the 
salivary gland threshold; beyond this level of radiation, damage to the glands is 
permanent (Portaluri et al 2006). 

Braam et al (2007) reported that there was a significant correlation with the 
improvement in parotid flow along with a decrease in the dry mouth symptoms 
reported by the patient after radiotherapy treatment. 

Significant reductions in salivary flow and pH are seen after radiotherapy is 
started, especially when both parotid glands are included in the treatment volume. 
The rate of initial decrease in flow reflects the rate of treatment delivery (Shannon 
et al 1978). 

The parotid glands show the greatest sensitivity to radiotherapy compared to 
other salivary glands, and the reduction in salivary flow is dependent on both the 
dose and the proportion of glands included in the treatment volume (Parsons et al 
1984). 

Inadequate salivary function ("xerostomia") causes many problems, including 
poor oral hygiene, propensity for mouth infections, sleep disturbances, and 
difficulty chewing and swallowing. Stimulated saliva production is largely (60-
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et al 1978). 

The parotid glands show the greatest sensitivity to radiotherapy compared to 
other salivary glands, and the reduction in salivary flow is dependent on both the 
dose and the proportion of glands included in the treatment volume (Parsons et al 
1984). 

Inadequate salivary function ("xerostomia") causes many problems, including 
poor oral hygiene, propensity for mouth infections, sleep disturbances, and 
difficulty chewing and swallowing. Stimulated saliva production is largely (60-

70% of the total) with balance derived from the parotid glands and from other 
glands. Resting (unstimulated) salivary production is mainly due to 
submandibular and sublingual salivary glands and numerous small oral salivary 
glands (Dawes et al 1973). 

The parotid and submandibular salivary glands can be adequately identified 
on contrast-enhanced computed tomography images. However, irradiated parotid 
glands typically shrink during radiotherapy treatment, presumably due to cell loss 
(Saarilahti et al 2006). 

Minimal gland function reduction occurs at an average dose of <10-15 Gy. 
Decreased salivary gland function A strong decrease (usually > 75%) occurs at > 
40 Gy and gradually increases at radiation doses of 20-40 Gy. The risk of 
xerostomia can be reduced by preserving at least one parotid gland or one 
submandibular gland (Saarilahti et al 2006). 

 
Effect Of Radiotherapy On Alveol Bone 
Radiotherapy creates hypovascular, hypocellular and hypoxic conditions in 

the jawbones and surrounding soft tissue (Barker et al 2005). 
Bone tissue absorbs more radiation than soft tissue of the same volume. It has 

been stated that 3000 rad for maxillofacial bone development and 400 rad for soft 
tissue development may be harmful dosage in irradiation (Gyuron et al 1983). 

In the bone exposed to radiation, the volume of ramus and corpus mandible 
decreases, bone mineral density decreases and the appearance of severe jaw 
defect occurs (Jonasson et al 2013). 

Initial changes in bone are due to depletion of the osteocyte population. 
Osteoblasts tend to be more radiosensitive than osteoclasts, so there is a 
disproportionately greater lytic activity after radiotherapy. Excessive depletion of 
the osteocytes population causes devitalization of bone areas and degenerative 
changes begin to develop. These changes make bone feeding more difficult 
because the same doses of radiation also damage the small vessels in the bone 
and the oral mucosa. In this way, necrosis occurs in the bone due to the occlusion 
of the vessels feeding the bone due to radiation, decrease in the number of cells 
and negative changes in the osteoclastic-osteoblastic balance (Mealey et al. 
1994). 

One of the biggest late complications after head and neck cancer treatments is 
osteoradionecrosis. The probability of occurrence is between 2-24%. 
Osteoradionecrosis is an aseptic event. The presence of decayed teeth or any oral 
or systemic bacterial infection greatly increases the risk of mandibular 
osteonecrosis. These become more complex with the functional loss of salivary 
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gland tissues and at the same time, if microorganisms participate in the event, 
pyogenic osteomyelitis occurs (Thorn et al 2000). 

Anatomical localization of the tumor, tumor surgery, daily and total doses of 
radiotherapy, dental trauma after radiotherapy, condition of the teeth and oral 
hygiene, proximity of the tumor to the mandible, and its size contribute to the 
development of osteoradionecrosis. The progression of these lesions is slow, with 
symptoms requiring radical intervention for two years or longer (Thorn et al 
2000). 

Affecting the bone matrix, damage to bone remodeling; may result in atrophy, 
osteoradionecrosis, and pathological fractures. Tooth extraction and dental 
diseases from the irradiated jaw areas are the main risk factors for the 
development of osteoradionecrosis. The lower jaw is more affected than the upper 
jaw. Anomalies in growth and craniofacial skeletal structure may be seen in 
children receiving radiotherapy. These anomalies; It occurs with the direct effect 
of radiation on maxillary sutural growth centers and cartilage growth centers in 
the mandibular condyle (Hogan et al 2009). 

When teeth and jaws are exposed to radiation during periods of growth and 
development, partial or complete failure of the mandible and teeth is observed 
depending on the applied dose. These effects first affect the development of the 
mandible in the antero-posterior direction (Marx et al 2003). 

While developmental disorders in the maxillofacial region cause functional 
and aesthetic problems, orthodontic and surgical interventions may be needed for 
correction (Watts et al. 2008). 

 
Effect Of Radiotherapy On Oral Soft Tissues 
Oral mucous membranes are highly sensitive to cancer therapy. The main 

reason for this is; It is that agents used in chemotherapy and radiation inhibit the 
cell cycle by affecting tissues with high mitotic activity, such as tumor cells 
(Dreizen et al 1977). 

The side effects of radiation on the mucosa generally start from the first week 
of radiotherapy treatment. Epithelial formation in the mucosa slows down or 
disappears completely, and hyperemia is observed. In the healthy mucosa, 
inflammatory reactions such as vasodilation, endothelial proliferation, 
inflammatory cell infiltration and edema develop first (Dreizen et al 1977). In the 
3rd and 4th weeks, pseudomembranes form and ulceration begins. These 
erythematous and ulcerative lesions seen in patients who received radiotherapy ± 
chemotherapy are called oral mucositis. It develops in secondary infections due 
to inflammation in the mucosa, the infection is accompanied by edema and 
gradually increases (Engelmeier et al 1983). 
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depending on the applied dose. These effects first affect the development of the 
mandible in the antero-posterior direction (Marx et al 2003). 

While developmental disorders in the maxillofacial region cause functional 
and aesthetic problems, orthodontic and surgical interventions may be needed for 
correction (Watts et al. 2008). 

 
Effect Of Radiotherapy On Oral Soft Tissues 
Oral mucous membranes are highly sensitive to cancer therapy. The main 

reason for this is; It is that agents used in chemotherapy and radiation inhibit the 
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3rd and 4th weeks, pseudomembranes form and ulceration begins. These 
erythematous and ulcerative lesions seen in patients who received radiotherapy ± 
chemotherapy are called oral mucositis. It develops in secondary infections due 
to inflammation in the mucosa, the infection is accompanied by edema and 
gradually increases (Engelmeier et al 1983). 

Oral mucositis due to chemotherapy is usually 3-12 days from the beginning 
of treatment. starts days. Chemotherapy-induced oral mucositis is more acute 
than radiotherapy-induced mucositis (Dreizen et al 1975). In the case of 
chemotherapy-induced mucositis, a marked erythematous stage may not be seen. 
Instead, after a short, 1 or 2 day period of atrophy, there is superficial flaking, 
redness, and ulceration (Engelmeier et al 1983). 

Although mucositis induced by both radiotherapy and chemotherapy can 
develop on all mucosal surfaces exposed to radiation; It is frequently seen in the 
anterior oral cavity (buccal mucosa, lips and lateral part of the tongue), but it can 
also be seen in non-keratinized mucosa such as the floor of the mouth and soft 
palate (Stokman et al 2006). 

Current head and neck radiotherapy protocols have an 85-100% incidence of 
mucositis. Trotti et al (2003) studied more than 6,000 patients with head and neck 
squamous cell carcinoma who received chemotherapy or radiotherapy, and they 
found the overall incidence of mucositis 80%, 39% of cases grade 3 – 4, and 
nutrition limited. 

Galitis et al (2011) reported that the prevalence of severe mucositis, pain, and 
xerostomia during radiotherapy was 57%, 43%, and 29%, respectively, and 
decreased to 33%, 24%, and 18% at the end of radiotherapy. 

The severity of mucositis depends on different factors such as the cancer 
treatment protocol, the age and diagnosis of the patient, the level of oral hygiene 
during treatment, and genetic factors (Barasch et al 2003). 

Scoring oral mucositis provides a tool to assess the relationship between 
dosage, mode of delivery, and complications. It is also useful in assessing the 
impact of treatment on patients' morbidity, mortality, and quality of life. The most 
commonly used scale is the World Health Organization (WHO) classification, 
which classifies oral mucositis into 0, 1, 2, 3 and 4 according to clinical 
appearance and functional status (Parulekar et al 1998). 

 
Table 2. World Health Organization (WHO) Mucositis Classification 

0 Normal 
1 Mild local changes, pain and sensitivity are not yet present, food can be taken orally. 
2 Painless ulcer and erythema, slight pain sensation, ulcers smaller than 2mm, can eat. 
3 Painful erythema, edema or ulcer (less than 2mm in depth and less than half of the mucosa, 

no bleeding, poor oral intake, can eat with difficulty. 
4 Erythema, edema, ulcer (more than half of the mucosa), severe pain, bleeding, the patient 

cannot eat, parenteral or enteral nutritional support is required. 
 
Herpes simplex virus (HSV) infections are common in children undergoing 

cancer treatment. It usually occurs when the virus is reactivated in people who 
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have been infected before. HSV infection appears as vesicular lesions in or 
around the mouth, and ulceration and crusting are followed by the bursting of the 
vesicles over time. Lesions in the mouth remain in the form of yellowish 
ulceration without crusting. Deep edema of the oral mucosa caused by HSV 
infections; it causes pain, restlessness and difficulty in swallowing (Belfield et al. 
2004). 

When the tongue is exposed to radiation, there is a change in the sense of taste 
by affecting the fungiform papillae and taste buds. This change can range from 
partial reduction in taste to complete loss of taste. A decrease in the sense of taste 
is observed within 2 weeks after the start of radiotherapy. This can lead to serious 
consequences such as reluctance to eat, malnutrition, weight loss, weakness, 
cachexia and susceptibility to infections. The duration and degree of deterioration 
in the sense of taste are related to the amount of radiation applied. Partial recovery 
is observed 20-60 days after the end of radiotherapy, complete recovery may take 
up to 2-4 months (Moursi et al 2010, Otmani et al 2007). 

In children receiving radiotherapy, limitation in mouth opening occurs 
approximately 3-6 months after the end of the treatment, as the masticatory 
muscles and temporomandibular joint capsule are affected. If the patient has 
undergone surgical resection or high-dose radiation to the parotid region, the 
contraction of the masticatory muscles will be greater. Restriction of jaw 
movements may cause difficulties in maintaining oral hygiene, speaking and 
feeding (Barberia et al 2008, Özsaran et al 2003). 

Findings in the oral cavity in Graft-Versus-Host disease (GVHD) seen in 
children who have undergone allogeneic bone marrow transplantation may be the 
first or only finding of this disease. Xerostomia and disseminated stomatitis 
developing approximately 100 days or more after bone marrow transplantation 
are the symptoms of the chronic disease (Xavier et al 2010). 
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Prostate Cancer and Epidemiology 
Prostate cancer is the most common cancer in men. An average of 1,300,000 

new cases of prostate cancer are reported each year worldwide. Prostate cancer 
ranks third in the leading causes of cancer-related deaths in men, behind the first 
and second cancer-related deaths from lung cancer and colorectal cancer, 
respectively. The incidence of prostate cancer varies between various geographic 
regions. Australia and New Zealand, North America, and Western and Northern 
European countries are the countries with the highest incidence rates of prostate 
cancer worldwide, as a result of the widespread application of PSA testing, 
regular biopsies as well as racial disparities. Therefore, incidence and death rates 
in Australia and New Zealand are higher than in other countries. However, 
incidence rates in Japan, Singapore, and Korea are also higher than in other Asian 
countries. This may be a reflection of the widespread availability of PSA testing 
and better cancer registry systems in these countries. The incidence of prostate 
cancer in Turkey was determined as 36.1/100.000. The incidence increases with 
age. It is seen with a rate of 2% under 50 years old, 9.7% under 55 years old, 
30.7% between 55-64 years old, 35.3% between 65-74 years old, 19.9% between 
75-84 years old and 4.4% among 85 years old and above. However, the average 
incidence per 100,000 people for prostate cancer from 2016 to 2017 in Turkey is 
18.70. In addition, from 2006 to 2017, the average Google search volume in 
Turkey in terms of cancer types was found to be 38.47 for prostate cancer (3rd in 
cancer in men), and it has been reported that the incidence of prostate cancer has 
increased over the years. Prostate cancer mortality depends on multiple factors 
and is closely related to the size of the tumor at the time of diagnosis. While the 
average 5-year relative survival is close to 100% among men with cancer that is 
confined to the prostate (localized) or has regional spread, it declines to 31% in 
those with distant metastases. 

There are differences in incidence and prevalence among different races and 
ethnicities. There are both congenital and acquired risk factors for the 
development of prostate cancer. In addition to genetic factors, various 
environmental risk factors such as diet, lifestyle, obesity, metabolic syndrome, 
sexual behaviors and infections also play an active role in its pathogenesis. 

The incidence of prostate cancer increases with age. Age has been observed 
to be directly related to the incidence of clinical prostate cancer and the 
prevalence of latent prostate cancer. 

A Western-style diet, which includes more consumption of fat, red meat, and 
dairy products, is thought to be responsible for a higher risk of developing cancer. 
Findings from multiple case-control and cohort studies have consistently 
demonstrated an association between dietary fat intake and prostate cancer. 
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Meat and animal fat consumption has increased in the Chinese, Korean, and 
Japanese populations. Such lifestyle changes may be a reason for the recent 
increase in cancer in Asian countries. However, there is currently no strong 
evidence to suggest that dietary interventions can reduce cancer risk. 

The risk of prostate cancer in a first-degree relative is doubled, and the risk of 
developing prostate cancer increases 5-11 times if two or more relatives have 
prostate cancer. Hereditary prostate cancer can be mentioned if three or more 
relatives have prostate cancer or if more than 2 relatives have early prostate 
cancer. Zheng et al. identified five single nucleotide polymorphisms with a 
significant relationship between positive prostate cancer family history. 

Oxidative destruction at the base of inflammation, regeneration due to 
hypoxia-induced cellular damage and excessive proliferation can cause cancer. 
Although some sexually transmitted infections and prostatitis are related, there 
are also publications stating the opposite of this relationship. 

Recent studies show that obesity is associated with aggressive prostate cancer. 
A significantly increased risk of high-grade prostate cancer was observed in 
Japanese men when the body mass index was > 25.0. No correlation was found 
in the meta-analysis investigating the relationship between total cholesterol, 
HDL, LDL and prostate cancer risk. 

Smoking can cause prostate cancer by increasing the amount of androgens in 
the circulation and causing oxidative stress. There are also publications stating 
that biochemical recurrence, metastasis, and death due to prostate cancer are more 
common in smokers. Mortality rates due to prostate cancer are increased in men 
who smoke. Smokers have a 24-30% higher risk of death from prostate cancer 
than non-smokers. 

Although Alpha Reductase Inhibitors (5-ARI) reduce the incidence of low-
grade prostate cancer and cause a slight increase in the number of high-grade 
prostate cancers, the use of 5-ARIs for the prevention of prostate cancer was not 
approved by the EMA (European Medicines Agency). 

 
Diagnosis and Staging of Prostate Cancer 
>Early Diagnostic Tests 
Early detection of prostate cancer is important for effective treatments, but 

excellent tests for early detection are not yet reliably available. The prostate-
specific antigen (PSA) blood test has been used in most previous tests, but this 
test has been criticized for missing some cases of cancer and showing the 
presence of cancer when prostate cancer is not found. In addition to the PSA test, 
other tumor markers were identified, including the phi test, which combines the 
results of total PSA, free PSA, and proPSA. The 4K score test combines results 
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prostate cancers, the use of 5-ARIs for the prevention of prostate cancer was not 
approved by the EMA (European Medicines Agency). 

 
Diagnosis and Staging of Prostate Cancer 
>Early Diagnostic Tests 
Early detection of prostate cancer is important for effective treatments, but 

excellent tests for early detection are not yet reliably available. The prostate-
specific antigen (PSA) blood test has been used in most previous tests, but this 
test has been criticized for missing some cases of cancer and showing the 
presence of cancer when prostate cancer is not found. In addition to the PSA test, 
other tumor markers were identified, including the phi test, which combines the 
results of total PSA, free PSA, and proPSA. The 4K score test combines results 

for total PSA, free PSA, intact PSA, and human kallikrein 2 (hK2), among other 
factors that may indicate prostate tumor. Urinary prostate cancer antigen3 
(PCA3) is also evaluated after DRM, as digital rectal examination (DRM) 
releases some prostate cells that can be evaluated in the urine.  

 
>Diagnosis 
Transrectal biopsy is a standard method for the diagnosis of prostate cancer. 

Indication; Nodules are detected in digital rectal examination and the prostate-
specific antigen value is high. 

While the incidence of prostate cancer is 25-30% in the PSA range of 4-10 
ng/ml, this rate is reported as 25% between the PSA value of 2-4 ng/ml. 12 core 
biopsies are currently used as standard. The most appropriate number of cores is 
generally accepted as not less than 10 and not more than 18. 

The incidence of cancer in patients who need a second biopsy after the first 
biopsy is between 10-35%. In terms of administration, periprostatic nerve 
blockade stands out as the best available method in addition to intrarectal gel. 
After the application of lidocaine-prilocaine combination gel, it is recommended 
to wait for 15 minutes and then apply the procedure. Saturation biopsy should not 
be preferred for the first biopsy. It can be recommended for the second or other 
biopsies of patients with a negative first biopsy but suspected cancer. 

Magnetic resonance imaging significantly increases the detection of prostate 
cancer with an ISUP grade >2. mpMRI (Multiparametric prostate MR) should 
not be used in patients who do not have an indication for prostate biopsy based 
on family history, clinical and biochemical data. Because of its low specificity, 
mpMRI in very low-risk patients will result in false positive findings and 
subsequent unnecessary biopsies. 

Those with high or constantly rising PSA, those with suspected digital rectal 
examination, those with atypical small acinar proliferation in their pathology, 
those with high grade intraepithelial neoplasia (HGPIN) in 3 or more chords, 
those with intraductal carcinoma, positive multiparametric MRI (mpMRI) Re-
biopsy is required for patients with symptoms. 

mpMRI should not be used as the initial imaging modality of patients. In patients 
who will undergo prostate biopsy for the first time, mpMRI should be performed 
before the procedure, and targeted and systematic biopsy should be performed 
together in patients with PI-RADS>3. In patients with previous negative biopsy, only 
targeted biopsy should be performed in case of PIRADS > 3. 
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>Stages and Grading of Prostate Cancer 
While digital rectal examination (DRM), radiological and nuclear medicine 

imaging are used for clinical staging of prostate cancer, histopathological 
diagnosis is required for pathological staging. 

Today, Gleason scoring, which was first defined by Donald F. Gleason in 
1966, has been actively used in prostate adenocarcinoma grading after it has been 
revised several times. The Gleason score is obtained by adding the most common 
score and the secondary score. 

A new classification was made by the International Society of Urological 
Pathology (ISUP) in 2019 (Table 1). In the new classification, some innovations 
in morphological definitions were defined and Gleason scores were classified 
from 1 to 5. The aim here is to rank the prostate cancer grade in the same order 
as the other cancer grades and to reveal the difference between the Gleason score 
(4+3) 7 and (3+4) 7. 

 
Table 1. International Society of Urological Pathology (ISUP) Classification 

Gleason score ISUP rating 
2-6 
7 (3+4) 
7 (4+3) 
8 (4+4 veya 5+3 veya 3+5)  
9-10 

1 
2 
3 
4 
5 

 
In clinical staging for prostate cancer, risk groups are determined after PSA is 

evaluated together with the Gleason score-ISUP rating. After this stage, the 
treatment option is considered according to these groups. The classification used 
for prostate cancer is generally the D'Amico risk classification (Table 2). The aim 
of this classification is to predict prostate cancer stage, grade and biochemical 
recurrence probability. 

 
Table 2. D'Amico risk classification 
Risk Low Medium High 
Features  
PSA <10 ng/ml 

and 
10-20 ng/ml or >2ng/ml or Any PSA or 

Gleason score 
cT3-T4 or cN+ Gleason score ≤6 and 7 or ≥8 or 

T Staging cT1-T2a T2b T2c 
 Localized Local Forward 
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>>T Staging 
It is evaluated by Psa and digital rectal examination, but it is subjective and 

has low reproducibility. Digital rectal examination is more valuable than 
transrectal ultrasonography in predicting organ-confined disease. Radiological 
imaging is not reliable enough for accurate pathological staging of the tumor and 
is therefore not recommended for use alone. 

MpMRI has high specificity but low sensitivity to detect T3 stage. Given this 
situation, mpMRI is not recommended for local staging in low-risk patients. With 
a positive predictive value of 78% and a negative predictive value of 94%, MRI 
may provide some utility in predicting seminal vesicle invasion (stage pT3b 
disease) and regional lymph node metastases. 

 
>>N Staging 
Nodal staging should be performed if it is thought to cause any change in the 

treatment plan. Imaging of lymph node metastases is required, particularly for men 
with a palpable nodule at higher risk of metastasis, including marked elevation of 
PSA (> 20 ng mL) or poorly differentiated disease (Gleason grade 4 or 5). The risk 
of lymph node metastasis can be estimated using nomograms. 

Detection of microscopic lymph node (LN) invasion by computed tomography 
(CT) is ISUP grade <4, PSA <20 ng/mL, or <1% in patients with localized disease 
(31). The sensitivity of computed tomography and MRI is less than 40%. Therefore, 
the use of CT and MRI is not recommended for N staging in low-risk patients. 

PSMA PET/CT has higher sensitivity for LN metastases compared to mpMRI, 
abdominal contrast CT or choline PET/CT. However, it is not sufficient for imaging 
LN metastases smaller than 5 mm. 

 
>>M Staging 
Bone scintigraphy is commonly used for M staging, as distant metastasis of 

prostate cancer is usually to the bones. Bone scintigraphy is significantly affected by 
PSA level, clinical stage, and ISUP grade. An average of 25% of bone metastases are 
symptomatic. Metastasis cannot be detected by standard imaging methods unless 
fifty percent of the bone density is covered with tumor. 

Bone scintigraphy should be performed in symptomatic patients regardless of 
PSA level, ISUP grade, or clinical stage. 

Although whole body mpMRI has higher sensitivity than bone scintigraphy and 
choline PET-CT, choline PET-CT is a method with higher specificity in detecting 
bone metastases. 
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SPECT has higher accuracy than bone scintigraphy for vertebral lesions, but is 
not widely used. MRI is superior to scintigraphy and SPECT in detecting bone 
metastases in the spine. 

 
Treatment Options and Strategies 
Treatment options are based on previous diagnosis made by various methods and 

may include the following. Computed Tomography (CT scan), which uses x-rays to 
monitor the potential spread of cancer in the body. CT scans will detect cancer that 
may have spread to the lymph nodes or other organs; Magnetic Resonance Imaging 
(MRI scan) is used to view soft tissue in the body. MRI uses magnets and radio waves 
instead of x-rays to produce more detailed images compared to CT scans. MRI allows 
imaging of prostate cancer and prostate cancer that has spread to tissues around the 
prostate. Positron emission tomography (PET scan) uses a tracer liquid to visualize 
cancer cells. It is often used to find potential cancer remission after treatment. A 
lymph node biopsy is used to identify cancer that has spread to the lymph nodes, 
including the lymph nodes in the groin area. A bone scan is used to evaluate for 
cancer. metastasizes to bones. For bone scans, a low-level radioactive substance is 
injected to label areas of bone that may be affected by cancer. A bone biopsy is done 
to evaluate and confirm the results obtained with the bone scan. Bone metastasis is 
one of the most common spreads when prostate cancer metastasizes to different parts 
of the body. It accounts for about 80 percent of the time that prostate cancer cells 
metastasize and most often affect the bones of the hip, spine, and pelvis. The spread 
of prostate cancer cells can occur by direct invasion into the bones or through the 
blood or lymphatic system. 

 
>Conservative Treatment 
It is important to distinguish between the two main conservative approaches 

involving active monitoring and wait-and-see. Active surveillance is for young men 
with low-risk disease and a life expectancy of more than 10 years. Patients are 
followed according to a predefined schedule that includes regular clinical exams, 
PSA measurements, prostate biopsies and imaging to detect progression early and 
modify the treatment plan if necessary. On the other hand, for patients with a life 
expectancy of less than 10 years, the wait-and-see method aims at disease monitoring 
to offer palliative treatment when symptoms occur to minimize treatment-related 
toxicity. 

Active monitoring can be applied in patients with clinical stage T1-2a, PSA 
<10ng/ml Gleason score ≤6, involvement below 2 cores, and involvement less than 
50% of cores. In follow-up, PSA measurement twice a year and digital rectal 
examination and prostate biopsy at 1-2 year intervals are recommended. 
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It is important to distinguish between the two main conservative approaches 

involving active monitoring and wait-and-see. Active surveillance is for young men 
with low-risk disease and a life expectancy of more than 10 years. Patients are 
followed according to a predefined schedule that includes regular clinical exams, 
PSA measurements, prostate biopsies and imaging to detect progression early and 
modify the treatment plan if necessary. On the other hand, for patients with a life 
expectancy of less than 10 years, the wait-and-see method aims at disease monitoring 
to offer palliative treatment when symptoms occur to minimize treatment-related 
toxicity. 

Active monitoring can be applied in patients with clinical stage T1-2a, PSA 
<10ng/ml Gleason score ≤6, involvement below 2 cores, and involvement less than 
50% of cores. In follow-up, PSA measurement twice a year and digital rectal 
examination and prostate biopsy at 1-2 year intervals are recommended. 

Mahal et al. In a study published in 2019, 164760 men diagnosed with prostate 
cancer between 2010 and 2015 were followed. Active follow-up-wait-see 
management was used in 20879 patients (12.7%), radiotherapy was used in 68350 
(41.5%) and radical prostatectomy was used in 75531 (45.8%) patients. For men with 
low-risk localized prostate cancer, active surveillance or wait-and-see increased from 
2010 to 2015 and became the most common management approach. 

Scott et al. In the series they published in 2015, a total of 1,298 men with an 
average follow-up period of 5 years were followed. Overall, cancer-specific and 
metastasis-free survival rates were 99.9 at 10 years and 99.4% at 15 years, 
respectively. 

Klotz et al. in their study; They followed 993 patients for an average of 6.4 years. 
In the study, it was reported that 149 (15%) patients died and 844 (85%) patients were 
alive. Fifteen deaths (1.5%) from prostate cancer were detected, and the 10- and 15-
year survival rates were 98.1% and 94.3%, respectively. As a result, active 
surveillance for localized prostate cancer is possible and seems safe within a 15-year 
period. 

Richard PO et al in their study with 926 prostate cancer patients; They followed 
up 374 patients with active monitoring and 552 patients with wait and see method. 
Cancer-specific survival at eight-year follow-up was reported as 94% for active 
surveillance and 89% for wait-and-see. In this study, cancer-specific mortality at 
eight years was found to be 6%, especially for active follow-up patients. 

Active monitoring should be terminated in cases such as histological progression 
in biopsy, a Gleason score of 7 or above, increasing number of positive cores or an 
increase in the rate of core involvement, PSA progression, especially if the PSA 
doubling time is less than 3 years, progression is observed in rectal tapping or 
radiological evaluation, and patient requests. 

 
>Active Treatment Options 
>>Radical Prostatectomy 
Radical prostatectomy is one of the first treatment methods applied for prostate 

cancer and has been applied for nearly a century. The most suitable patient group for 
radical prostatectomy is those with a 10-year life expectancy and without significant 
comorbidities. There is no obvious age limit, but a careful decision should be made 
in the group over the age of 75. Prostatectomy can be performed robotically, openly 
or laparoscopically. 

Vernooij RW et al. published a series of 2635 patients; radical prostatectomy (RP) 
and wait-and-see (WW) options were compared . There were 195 deaths from 
prostate cancer in 1000 men in the RP group, compared to 316 deaths from prostate 
cancer in 1000 men in the WW group. It corresponds to 391 disease progressions per 
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1000 men for the RP group and 684 progressions per 1000 men for the WW group. 
In this study, it was determined that RP reduces the risk of developing metastatic 
disease. Based on long-term follow-up, RP compared with WW has been found to 
cause significantly improved oncologic outcomes in men with localized prostate 
cancer, but also significantly increased rates of urinary incontinence and erectile 
dysfunction. 

Yaxley JW et al., in a study they conducted with a group of 326 prostate cancer 
patients; They compared the results of laparoscopic RP and open RP performed 
between 2010 and 2014. It was observed that urinary function scores did not differ 
significantly between the radical retropubic prostatectomy group and the robot-
assisted laparoscopic prostatectomy group at the 6th week after surgery. It was 
determined that there was no significant difference in sexual function scores between 
the radical retropubic prostatectomy group and the robot-assisted laparoscopic 
prostatectomy group 12 weeks after the operation. In general, it has been reported 
that these two surgical techniques give similar functional results in the post-operative 
12th week. 

In a research article published in Cao L et al. 2019; Robot-assisted radical 
prostatectomy (RARP), laparoscopic radical prostatectomy (LRP) and open radical 
prostatectomy (RRP) in men were compared. Meta-analysis showed that RARP/LRP 
requires more operative time than RRP. RARP/LRP resulted in a lower transfusion 
requirement compared to RRP. Meta-analysis showed that RARP/LRP requires less 
length of stay compared to RRP. They reported that the duration of catheterization 
was longer in the RRP group. No significant difference was observed in urinary 
continence between RARP and RRP at the postoperative 12th month. It has been 
reported that there is no significant difference between RARP / LRP and RRP in 
terms of surgical margin positivity. 

As a result, RARP/LRP results in a significantly lower blood loss and transfusion 
rate and shorter hospital stay. Although it is supported that RARP/LRP is a safe 
surgical approach compared to RRP, superiority of any surgical approach has not 
been demonstrated. 

 
>>Radiotherapy 
Radiotherapy (RT) is a treatment option that has been used for nearly a century. 

Radiotherapy is performed by giving gamma radiation beams directly to the prostate 
and surrounding tissues from different areas. 

As a result of a meta-analysis conducted by Wallis CJD et al. in 2015, in which 
they evaluated 118830 patients; it has been shown that there is a higher mortality due 
to prostate cancer in patients treated with radiotherapy instead of surgery. Petrelli et 
al. In a study of 17 different studies in which general and cancer-specific mortality 
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surgical approach compared to RRP, superiority of any surgical approach has not 
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>>Radiotherapy 
Radiotherapy (RT) is a treatment option that has been used for nearly a century. 

Radiotherapy is performed by giving gamma radiation beams directly to the prostate 
and surrounding tissues from different areas. 

As a result of a meta-analysis conducted by Wallis CJD et al. in 2015, in which 
they evaluated 118830 patients; it has been shown that there is a higher mortality due 
to prostate cancer in patients treated with radiotherapy instead of surgery. Petrelli et 
al. In a study of 17 different studies in which general and cancer-specific mortality 

rates were discussed; It has been reported that better survival rates are obtained with 
RRP compared to RT in patients with localized and high-risk prostate cancer. 

Wang Z et al. In a meta-analysis including 25 separate studies; RT and RP were 
compared. Overall, RP was found to show greater survival benefits than RT in 
cancer-specific survival and overall survival. RT has been associated with better 
biochemical recurrence-free and metastasis-free survival. While RP was found to be 
associated with worse continence and sexual function, better results were found in 
terms of intestinal dysfunction. 

Wolff RF et al published the results of 136 controlled studies comparing RT, 
brachytherapy (BT), EBRT, radical prostatectomy (RP), active surveillance, and 
wait-and-see treatments. Based on this systematic review, it was concluded that there 
is no strong evidence to support one treatment over another, as EBRT, BT, and RP 
can all be considered effective monotherapies for localized disease. Although higher 
doses of EBRT appear to be associated with positive outcomes regarding survival, 
they may include more negative outcomes, such as gastrointestinal and genitourinary 
toxicity, depending on the technique. While BT and radical prostatectomy are 
comparable in terms of quality of life and biochemical progression-free survival, it 
has been reported that the results are in favor of BT in terms of patient satisfaction 
and sexual function. 

Roy S et al, on the other hand, discussed hypofractionated radiotherapy in a study 
they conducted in 2019. A number of randomized studies show that moderately 
hypofractionated radiotherapy provides similar biochemical control compared to 
conventional fractionated radiotherapy without increasing toxicity. It was found to 
be associated with a lower biochemical recurrence and lower mortality rate applied 
to prostate cancer patients in the low and intermediate risk group. 

 
>> Brachytherapy (BT) 
Brachytherapy is a treatment method based on placing radioactive sources 

directly into the prostate and sometimes into the surrounding tissue, accompanied by 
transrectal ultrasonography, while protecting the surrounding tissues, bladder and 
rectum. 

Compared to other modalities, BT is of interest for several reasons because it is 
assumed to have a lower invasiveness and toxicity compared to surgery or even 
radiotherapy; enabling the patient to return to their normal activities faster; and lastly, 
it is a less costly treatment method. 

 
>> LDR Brachytherapy 
Patients with low-risk localized PCa (clinical T1c-T2a, Gleason score 6, <50% 

core positive, prostate specific antigen [PSA] <10 ng/mL) and low volume localized 
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prostate cancer (clinical T1c-T2a, Gleason score 3+) 4, PSA <10 ng/mL, <33% core 
positive) is suitable for permanent prostate brachytherapy. It has been reported that 
the biochemical control for low-risk patients after 5 and 10 years ranges from 71% 
to 93% and 65% to 85%, respectively. 

In a multicenter study conducted in North America, 263 patients with localized 
prostate tumors were examined and compared with radical prostatectomy, LDR-BT 
(144 Gy). At a mean follow-up of 5.3 years, the PSA levels achieved by the two 
groups were found to be equivalent to 0.05 ng/mL and 0.05 ng/mL. 

In a series conducted in the USA, 282 patients with low-risk tumors were studied 
and 137 were treated with LDR and 145 with RT. After 5 years of follow-up, similar 
toxicity rates and 8% relapse were reported. 

 
>>HDR Brachytherapy 
HDR brachytherapy is used as supportive therapy with EBRT, but there is no 

consensus on the timing of HDR brachytherapy. In localized disease, excellent PSA 
control is achieved with low gastrointestinal side effects. 

The EAU guidelines suggest that LDR brachytherapy may be recommended in 
patients with low-risk PCa and selected intermediate-risk PCa, in the absence of a 
previous transurethral resection, and in patients with a good IPSS score and prostate 
volume <50 mL. 

A single-center retrospective study examined 77 patients treated with HDR-BT 
as monotherapy (three implants at a dose of 15 Gy every 3 weeks). Hormone 
replacement was also administered in patients with high-risk tumors. Overall 
survival, biochemical recurrence, and local recurrence were 98.7%, 96.7%, and 
96.9%, respectively, at a mean follow-up of 57 months. 

A single-center retrospective study examined 351 patients treated with HDR-BT 
as monotherapy (four fractions of 9.5 Gy at 14-day intervals) and excluded hormone 
replacement by including only patients with low-risk tumors. At a 5-year follow-up, 
biochemical control and metastasis-free survival were reported as 99% and 98%, 
respectively. 

In a systemic meta-analysis published in 2020 by Zhou X et al, BT and HT were 
compared. A total of 16 cohort studies were evaluated, including 9,359 patients. 
Results of randomized clinical trials showed that EBRT combined with BT improved 
the biochemical recurrence-free survival rates of patients with intermediate and high-
risk prostate cancer compared with EBRT monotherapy. 

Prostate BT not only has a better therapeutic effect compared to EBRT, but also 
has obvious dosimetric advantages and lower costs. They showed that combining BT 
with HT increased the 5-year and 10-year biochemical recurrence-free survival rates, 
but not the overall 5-year survival rates. 
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compared. A total of 16 cohort studies were evaluated, including 9,359 patients. 
Results of randomized clinical trials showed that EBRT combined with BT improved 
the biochemical recurrence-free survival rates of patients with intermediate and high-
risk prostate cancer compared with EBRT monotherapy. 

Prostate BT not only has a better therapeutic effect compared to EBRT, but also 
has obvious dosimetric advantages and lower costs. They showed that combining BT 
with HT increased the 5-year and 10-year biochemical recurrence-free survival rates, 
but not the overall 5-year survival rates. 

Conclusions 
In patients with a life expectancy of less than ten years, wait and see is a good 

option. For men with low-risk localized prostate cancer, active surveillance or wait-
and-see has increased and has become a common management approach. Active 
surveillance for localized prostate cancer appears to be possible and safe within a 15-
year timeframe. 

There are recent studies showing that robotic surgery has some advantages over 
laparoscopic and open surgeries in terms of peri-operative recovery and short-term 
functional outcomes. However, uncertainty in oncological outcomes remains on 
long-term functional and quality of life outcomes. Therefore, superiority of one 
surgical approach over the other has not been demonstrated. When compared to RRP, 
RARP/LRP; greater blood loss, longer hospital stay, and longer catheterization time. 
No significant difference in urinary continence was observed between RARP and 
RRP. There is no significant difference between RARP/LRP and RRP in terms of 
surgical margin positivity. 

It has been demonstrated that performing pelvic lymph node dissection during 
radical prostatectomy, together with overall survival, does not have good enough 
oncologic results. Extended LND involves removal of internal/external parailiac, 
obturatory lymph nodes. With this approach, 94% of patients are correctly staged. 

While brachytherapy and radical prostatectomy are comparable in terms of 
quality of life and biochemical progression-free survival, the results are in favor of 
BT in terms of patient satisfaction and sexual function. Radiotherapy is associated 
with better biochemical recurrence-free and metastasis-free survival, RRP is 
associated with worse continence and sexual function, but has better outcomes in 
terms of bowel dysfunction. RRP shows greater survival benefits than RT in cancer-
specific survival and overall survival. 

Advances in prostate cancer diagnosis and treatment have improved the ability to 
stratify patients according to risk and have allowed clinicians to recommend 
treatment based on cancer prognosis and patient preference. Initial treatment with 
chemotherapy can improve survival compared to androgen deprivation therapy. 
Abiraterone, enzalutamide, and other agents may improve outcomes in men with 
metastatic prostate cancer refractory to conventional hormonal therapy. 
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INTRODUCTION 
Alternative or complementary medicine is an area whose basic concepts differ 

from traditional medicine and is becoming increasingly important (Chıu and Ho, 
2005; Arlt, 2006; Kardanpour et al. 2016). Homeopathy is a therapeutic method 
evaluated in alternative and complementary medicine practices based on specific 
laws and principles and has a significant increase in use worldwide in recent years 
(Loken, 2001; Özçakır and Oflu, 2013). Homeopathy is based on the principle of 
activating the body's self-healing mechanism. Studies in this area report that the 
healing process may take longer than usual treatment methods (Camerlink et al. 
2009). Homeopathy comes from homeo (similar) and pathos (patient). Based on 
the hypothesis that "like things can be cured by like," homeopathy aims to cure 
the organism by stimulating the body's self-healing responses (Özyurtlu and 
Aslan, 2007). This fundamental principle constitutes the essence of homeopathy; 
It can be expressed as "when a substance is given to healthy people, it causes 
similar symptoms with whichever disease, people who have that disease can be 
treated with this active substance." This theory is first mentioned with 
Hippocrates in ancient Greek inscriptions. The development of this concept and 
its introduction to the literature by the principles by naming (1796) was carried 
out 200 years ago by the German Doctor Samuel Hahnemann. Hahnemann 
proposed that “Like is cured by similar = similia similibus curentur.” and defined 
this law and shaped its principles. (Rıjnberk and Ramey, 2007, Özçakır and Oflu 
2013). Carl Caspari published the first documents to guide homeopathic 
treatment in 1826 (Baschin, 2014). Tyler Kent collected his most essential works 
on homeopathy in the 19th century in the book "Homeopathic Materia Medica" 
and is accepted as the founder of modern homeopathy (Alim and Yarsan, 2015). 
The conceptual definition of homeopathy dates back to ancient times and has 
been found in the records of ancient Egypt, China, Incas, Aztecs, and Native 
Americans (Vockeroth, 1999, Fajimi and Taiwo, 2005). Homeopathy gained 
importance in the 19th century because homeopathic medicines are less 
dangerous than medical treatment. As a result, at the beginning of the 20th 
century, 14 thousand homeopathy practitioners were trained in the United States 
and given training in 22 schools (Rıjnberk and Ramey, 2007). Homeopathy is one 
of the most commonly used alternative medicine methods in Norway. 
Researchers reported that 37% of Norwegians applied to hospitals for 
homeopathy treatment in 1997, and the demand for this treatment increased after 
1980 (Hektoen, 2004). It has been reported that the use of homeopathy is between 
5% and 24% in Switzerland and 5.8% in Israel. It has been reported that the 
demand for homeopathic practices (22.1%) in Israel ranks second after 
acupuncture (28.2%) (Özçakır and Oflu, 2013). 27% of the approximately 57,000 
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types of drugs used in the human field in Germany belong to homeopathic 
medicines. In addition, it has been reported that there are about 100 veterinary 
homeopathic medicines prepared from 150 different substances (Özyurtlu and 
Aslan, 2007). Since homeopathy relies on methods different from traditional 
treatment methods, homeopathy practitioners have been subjected to much 
adverse criticism by those who practice conventional medicine. However, 
homeopathy started to gain importance in Europe and America, and it became 
known in India in the early 1900s. However, homeopathy began to lose its 
influence in North America in the 1900s due to the growing interest in 
technological advances and the ongoing opposition to homeopathy practitioners 
and organizations. Few homeopathy practitioners remained in North America 
during the 1960s, but it continued to be known as a well-known treatment method 
in Europe (Vockeroth, 1999). Although homeopathic substances in Turkey are 
not as every day as in European countries, it has become increasingly important 
in recent years (Özyurtlu and Aslan, 2007). 

 
Principals of Homeopathic Treatment 
Homeopathy is founded on three main principles: The principle of similarity, 

The single remedy, And the minimum dose rule (Chiu and Ho, 2005). The 
working mechanism of homeopathic medication is similar to vaccines prepared 
to trigger the immune response of attenuated microorganisms in the human body. 
The treatment with homeopathic substances aims to activate the reactions that 
will restore the organism's health by creating a warning in the body with 
homeopathic substances, thus initiating the healing process (Kaçar et al, 2007; 
Kardanpour et al, 2016). 

 
Similarity Principle 
The symptoms that occur as a result of any disease are not the disease itself 

but the reactions of the organism to overcome the disease and provide 
homeostasis (Jonas et al, 2013). For this reason, applying a symptomatic 
treatment as in traditional medicine does not remove the cause of the disease but 
the symptoms it creates. According to the homeopathic philosophy, since the 
signs of illness are reactions to adapt to situations such as infectious agents or 
stress, a substance that will cause symptoms of disease when given to healthy 
people in high doses will activate the defense mechanism if given to healthy 
people given in very small amounts (Pekmezci and Gültiken, 2015). Medical 
medicine benefits from the principle of analogy in immunization and allergy 
sensitivity. Based on this principle, instead of a treatment that will eliminate the 
symptoms, it strengthens the patient's vitality by creating similar symptoms 
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(Bonamin and Endler, 2010). To create a drug scale based on the principle of 
similarity since the 1800s, the findings that emerged as a result of drug trials in 
healthy people were recorded, and the drug that would cause the same symptoms 
was given to sick people with similar complaints at very low doses for treatment 
purposes (Vockeroth, 1999; Pekmezci and Gültiken, 2015). This principle states 
that a drug known to have similar symptoms when administered to healthy 
individuals is curable when administered to truly sick individuals with similar 
symptoms (Clausen and Albrecht, 2010). An example of this is that high doses of 
coffee consumption stimulate the nervous system and increase urinary excretion. 
When coffee is prepared and given in homeopathic doses, it can be therapeutic 
for a patient with excessive urinary excretion, nervous activity, and insomnia 
problems (Özyurtlu and Aslan, 2007). Although many people know it as an herbal 
treatment, homeopathy uses all substances in nature (herbal, animal, mineral 
origin, etc.) to create remedies (means medicine in homeopathy) (Özçakır and 
Oflu, 2013) According to the similarity rule, Aconitum, which causes a rise in 
body temperature when administered to a healthy person in repeated doses, can 
reduce a patient's fever with a high fever exposed to cold air (Pekmezci and 
Gültiken, 2015). 

 
The Single Remedy 
Studies investigating the efficacy of homeopathic medicines are carried out 

on a single medicine. According to the classical homeopathy treatment developed 
by Hahnemann, different drugs cannot be mixed, and only one drug is used that 
matches the appearance and symptoms of the disease. In addition, as a result of 
administering more than one drug, the total effect will not increase, and the 
medications given will prevent the impact of each other. In the case of multiple 
drug use, it cannot be understood which drug is responsible for the effects 
(Özçakır and Oflu, 2013, Pekmezci and Gültiken, 2015). 

 
The Minimum Dose 

One of the factors affecting the success of homeopathic treatment is the 
minimum dose principle. According to this rule, the homeopathic substance is 
given to activate the body’s healing power and resemble the symptoms seen in 
the patient (Moore, 1888, Kumari et al. 2016). According to the minimum dose 
rule, the drug's therapeutic effects always occur when given the smallest and most 
effective dose. Because high doses may affect the healing power, treatment 
failure may occur. This is especially important for patients with reduced vitality 
(Pekmezci and Gültiken 2015). 
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3. Homeopathic Drugs 
Homeopathic medicines are obtained from vegetable, animal, or mineral 

origin substances. Red onion, arnica (mountain grass), white arsenic, poison ivy, 
belladonna, and nettle. Most homeopathic medicines are obtained by diluting 
herbal, animal, and chemical sources (Yarsan et al. 2015, Kumari et al. 2016). In 
homeopathy, herbal origin such as Atropa belladonna, Arnica montana, 
Calendula officinalis; diseased tissue of animal origin, such as snake, bee, dog 
milk, blood, cartilage tissue, umbilical cord and embryo, pus, rabid dog's saliva, 
scabies, gonorrheal exudates, tuberculosis exudates, or cancer tissue; mineral 
substances such as gold, arsenic, phosphorus, zinc, calcium; Chemical substances 
such as sulfuric acid, ascorbic acid, sodium-calcium-magnesium, and potassium 
salts can be used. There are homeopathic preparations for liquid (ampoule, drops) 
or solid (ointment, tablet, globule-spheres). They can be administered 
subcutaneously, intramuscularly, locally, or orally (Özyurtlu and Aslan, 2007, 
Pekmezci and Gültiken, 2015, Yarsan et al. 2015). 

 
Preparation of Homeopathic Drugs 
Homeopathy is an alternative treatment method that has seen a significant 

increase in its use in recent years and aims to treat and care for the individual with 
this method; and also helps to eliminate toxins and other harmful substances in 
the body of drugs diluted with various principles (Loken 2001, Arlt et al. 2009). 
The preparation and application of homeopathic medicines vary according to the 
individual's symptoms. Although the data on how the therapeutic effects of 
homeopathic drugs are realized are still insufficient, there are some theories about 
the mechanism of action of these drugs (Loken, 2001; Mathie and Clausen, 2014). 
In preparing the homeopathic substance, the active substance obtained from the 
primary material is extracted with diluted alcohol and then dissolved in water or 
alcohol. Different derivatives are obtained by crushing in milk sugar if it is a solid 
substance (Özyurtlu and Aslan, 2007). The active ingredients that make up the 
homeopathic medicines are diluted continuously and shaken many times, leaving 
only a tiny fraction of the original substance in the final product. This process is 
called potentiation. Homeopath has determined that the more the active substance 
is diluted and shaken, the more effective it will be, and the tiniest doses of the 
drug are required for treatment (Vockeroth 1999). There are two commonly used 
dilution scales, X or decimal and C or centesimal. X potencies (Ullman and 
Ullman, 2005; Kaçar et al, 2007). X potencies are diluted 1 to 9, and C potencies 
are diluted 1 to 99. To make an X potency, 1 part of the original substance is 
added to 9 parts of solvent, and to make a C potency, 1 part of the original 
substance is added to 99 parts of the solution (Castro, 1996; Ullman and Ullman, 
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are diluted 1 to 99. To make an X potency, 1 part of the original substance is 
added to 9 parts of solvent, and to make a C potency, 1 part of the original 
substance is added to 99 parts of the solution (Castro, 1996; Ullman and Ullman, 

2005). The X in the name of the preparation (e.g., Arnica 6X) means that the 
dilution is 1/10, and C indicates that the dilution is 1/100. The number next to X 
and C indicates how many times the substance has been diluted. In addition to 
the X and C potencies, XM and LM potencies are obtained with 1:10 000 to 1:50 
dilutions (Kacar et al, 2007; Yarsan, 2015). Homeopathic medicines act on the 
body in tiny doses, and in these doses, they contribute to the body's natural 
healing process and provide healing (Zimmerman, 2012). Homeopathic remedies 
are often formulated in small tablets or chewing gums. Since the forms in tablet 
and liquid form do not have much taste, the administration of these drugs is 
relatively easy (Vockeroth, 1999). One of the points to be considered when 
choosing a homeopathic medicine is to evaluate the individual as a whole, not 
only the symptoms or symptoms related to the affected organ but also the 
individual's personality, character, and behavioral aspects (Hektoen, 2005). In 
classical homeopathy, each patient is evaluated individually. The lowest dose that 
fits the patient's history and symptoms is well diluted, and is effective is selected 
(Özçakır and Oflu, 2013) 

 
Homeopathy in Medicine 
Complementary and alternative treatment methods in treating human diseases 

are increasing. Alternative therapies mainly treat chronic conditions (Hektoen, 
2005). Homeopathy is among the most popular methods, with a 5.7% usage rate 
among the alternative treatment methods used in humans in England (Pilkington 
et al, 2006). Classical homeopathy is an alternative medicine method based on 
the "Like cures like." principle. Although this method is still controversial in 
medicine and medical circles, many studies in this field (Velkers et al., 2005). As 
a result of recent systematic research, it has been revealed that homeopathy trials 
give positive results (Ernst and Pittler, 1998). One of the uses of homeopathy in 
human medicine is dentistry. Homeopathic medicines are used to alleviate pain, 
inflammation, and bleeding after tooth extraction and are a suitable method for 
treatment in many cases where classical medicine is insufficient. For this purpose, 
homeopathic medicines named Arnica montana, Hydrastis Canadensis, 
Belladonna 30C, and Calcarea carbonica 30C are used to treat gingival bleeding, 
aphthous ulcers, dental abscesses, and dental caries. However, homeopathy does 
not replace dental or medical procedures, and it only helps relax the patient and 
facilitate the process (Kardanpour et al, 2016). Natrum muriaticum, a 
homeopathic medicine, has been used in African individuals infected with 
malaria, and it has been found that malaria attacks are reduced in people treated 
with this medicine (Davies, 2007). It has been reported that homeopathy is more 
effective than classical methods in treating upper respiratory tract diseases in 
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medicine and gives positive results. In addition, homeopathy is preferred more 
often than classical methods for relieving chronic diseases that can limit 
themselves (Erlewyn-Lajeunesse, 2015). Another use of homeopathy in human 
medicine is psychiatric treatment. Positive data have been obtained from studies 
on the use of homeopathic drugs in this area (Johannes et al., 2013). The 
homeopathic medicines Ruta graveolens 5CH and Rhus Toxicodendron, used in 
the early stages of breast cancer in women, have shown positive effects in 
reducing joint pain and involvement after three months of treatment (Karp et al, 
2016). Homeopathic preparations prepared with 30 to 50 diluted solutions of the 
virus have been used in HIV-infected individuals. As a result of this study, it was 
determined that the effects of homeopathic medicines used on the immunological 
parameters of the patients were positive, significant relief in the symptoms of the 
patients, increase in weight gain and increase in living standards (Shah, 2016). 

 
Homeopathy in Veterinary Medicine 
Although homeopathy is widely used in medicine, studies in veterinary 

medicine are limited and few. However, there has been an increase in 
homeopathy in veterinary medicine (Løken, 2002; Hektoen et al, 2004; Clausen 
and Albrecht, 2010). Homeopathy was first used in human medicine. However, 
Samuel Hahnemann, the founder of this field, stated that animals could also 
benefit from this treatment (Clausen et al, 2013). Homeopathic treatment in 
animals was started in 1785 by Baron von Boenninghausen. It is known that von 
Boenninghausen treated many kinds of animals with homeopathy and revealed 
the principles of veterinary homeopathy (Kacar et al., 2007). Homeopathy is used 
very frequently in veterinary medicine in European countries and continues to be 
an alternative treatment method that has started to be applied in some countries 
(Novosadyuk, 2012; Ekert, 2013). In Spain, homeopathy practices are frequently 
used as an alternative treatment method in veterinary medicine. It is reported that 
the rate of treatment of patients with this method is around 82% (Villar et al, 
2015; Orjales et al, 2016). In veterinary medicine, homeopathy is practiced in 
both pet and cattle fields (Orjales et al, 2015). It is reported that homeopathy is 
highly preferred in cattle medicine in Europe to treat calf diarrhea (De Verdier et 
al, 2003). In livestock farming, homeopathy finds application for prevention and 
treatment. Studies conducted in Norway report that at least 15% of growers 
engaged in organic farming resort to homeopathy (Henriksen, 2002; Deni et al, 
2016). Breeders prefer homeopathy because it does not leave any residue in meat 
and milk and does not create bacteria resistant to drugs and antibiotics. 
Homeopathy is also frequently used in traditional farming. (Viksveen, 2003; 
Hadipour et al, 2011; Keller et al, 2019). Although the literature on homeopathy 
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in bovine medicine is limited, there are various studies in this area. One of the 
diseases in which homeopathy is used in cattle is mastitis. In cattle medicine, 
homeopathic treatment has been applied in mastitis, infertility, infectious 
diseases, uterine inflammation, calf diarrhea (Searcy et al, 1995; Varshney and 
Naresh, 2005; Bellavite et al, 2006; Camerlink et al, 2009). Clinical mastitis is 
mainly treated with antibiotic injections and intramammary antibiotics (Hektoen 
et al, 2004). However, homeopathy has been used to treat mastitis and other 
diseases in recent years. Some researchers have used homeopathy to treat mastitis 
and have achieved more positive results than conventional treatment methods 
(Searcy et al, 1995; Hektoen et al, 2004). In acute mastitis cases, in addition to 
using homeopathic drugs individually, there is also the use of combined 
homeopathic drugs (Aconitum, Phytolacca, Bryonia combinations) due to the 
better effect (Kuru and Oral 2013). As a result of the research, homeopathic 
treatment in animals with mastitis has given effective results, and this treatment 
has been promising. In one study, a homeopathic combination called Healwell 
VT-6 was administered orally to animals with mastitis as 15 tablets every other 
day or ten tablets in 4 days until they reached the dry period. In another study, 
homeopathic treatment was tried in animals with mastitis in livestock farms in 
Spain. It was reported that there was a visible decrease in the number of somatic 
cells in milk (Orjales et al. 2015). Homeopathic medicines are promising for fast 
and reliable results in some diseases (Varshney and Naresh, 2004). Another 
application area of homeopathic treatment is endometriosis in cattle. For this 
purpose, two homeopathic medicines named Lachesis compositum and Carduus 
compositum were used in cows with endometriosis, and researchers investigated 
their therapeutic efficacy. In cows with clinical endometriosis, it has been 
reported that homeopathic treatment applications and antibiotic treatment are 
more therapeutic than conventional treatment (Arlt et al. 2009).  

Homeopathy practices are also used in ovine medicine. In one study, the 
homeopathic drugs called Arsenicum album, Ferrum phosporicum, and Calcarea 
carbonica were applied to sheep infected with Haemonchus contortus. The 
numbers of parasites in the feces of sheep treated with these drugs were compared 
by researchers with the numbers of parasites in sheep treated with classical 
anthelmintic treatment. Fewer parasite eggs were detected in the sheep in the 
homeopathic treatment group by researchers (Zacharias et al, 2008). In addition, 
the IgG ratio in the blood samples of the group treated with homeopathic 
medicines was higher than the IgG ratio of the sheep treated with classical 
anthelmintic treatment. This result showed that homeopathy has an immune-
enhancing effect on the body (Araujo et al, 2008; Zacharias et al, 2008). In 
another study, the homeopathic medicine called CapriOvi Verm100 was used in 
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gastrointestinal parasite infestations in goats. As a result of this study, it was 
determined that the number of parasites in the stool decreased, and the infestation 
regressed (Bonamin and Endler, 2010; Lacerda et al, 2013). 

Another application area of homeopathy is pet animals. Homeopathy is a 
frequently applied field in small animal medicine as patient owners prefer 
alternative therapy methods. (Hektoen, 2005). One of the areas where 
homeopathic treatment is used in cats and dogs is skin diseases. Dermatitis is 
treated with homeopathic methods. Homeopathic medicines named Pulsatilla 
200C, Sulfur 30C, Phosphorus 200C, Sepia 200C, Atopica 200C, and Natrum 
muriaticum 200C were tried in dogs with atopic dermatitis, and 25% success was 
achieved with this treatment in dermatitis. (Olivry et al, 2003; Hill et al, 2009). 
Other areas where homeopathic treatment is applied are kidney failure, arthritis, 
epilepsy, and otitis externa (Mathie et al. 2010).  

The efficacy of homeopathic treatment in mammary tumors in dogs has been 
evaluated. For this purpose, Tarantula cubensis extract, which is a homeopathic 
medicine, was applied, and it was determined that tumor formations were limited 
and the recurrence rate in the tumor decreased. Studies have reported that 
tarantula cubensis extract causes regression in benign tumors (Gultekin and 
Vural, 2007). Homeopathy has been tried in dogs with osteoarthritis. For this 
purpose, homeopathic medicines named Arnica montana D4 and Rhus 
Toxicodendron D3 were used, and increased leukocyte activity decreased due to 
the treatment. However, when the homeopathic medicine Rhus Toxicodendron 
was used in combination with fenoprofen, it was revealed that it was at least as 
effective as piroxicam in treating osteoarthritis (Hawks, 2002; Hielm-Björkman 
et al. 2009). The effectiveness of homeopathic medicines on fear and anxiety 
behaviors that occur in sudden voice changes in cats and dogs was evaluated. 
Studies have found a 41% to 45% reduction in fear behaviors in animals treated 
with homeopathic medicine (Cracknell and Mills 2008). In another study, the 
effectiveness of homeopathic medicines in epilepsy was investigated. For this 
purpose, a homeopathic medicine called Belladonna 200C has been applied 
orally 3-4 drops four times a day, and a significant reduction in epileptic seizures 
was observed. During epileptic seizures, in addition to animals with neurologic 
findings, Cocculus 6C was administered 3-4 drops weekly for three months, and 
these findings were regressed (Varshney, 2007). In another study, due to the 
treatment of false pregnancy in dogs with a homeopathic medicine called Thuja 
D30, significant improvements were found in the symptoms of the disease. 
Homeopathic treatment is more effective than traditional treatment methods in 
treating false pregnancy (Özyurtlu and Alaçam, 2005).  
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was observed. During epileptic seizures, in addition to animals with neurologic 
findings, Cocculus 6C was administered 3-4 drops weekly for three months, and 
these findings were regressed (Varshney, 2007). In another study, due to the 
treatment of false pregnancy in dogs with a homeopathic medicine called Thuja 
D30, significant improvements were found in the symptoms of the disease. 
Homeopathic treatment is more effective than traditional treatment methods in 
treating false pregnancy (Özyurtlu and Alaçam, 2005).  

Homeopathy gives positive results in controlling herd diseases in pigs and 
plays an essential role in increasing the productivity of herds (Soto et al, 2008). 
Homeopathic treatment was used to treat diarrhea due to E. coli in newborn pigs, 
and for this purpose, the homeopathic medicine Coli 30C was evaluated. Puppies 
from various pig farms were divided into two groups treatment and placebo. It 
was observed that diarrhea rates in pigs in the treatment group decreased 
compared to those in the placebo group (Camerlink et al, 2010). 

In a study on chickens, the effects of homeopathic medicines on the growth 
rates of chickens were investigated. The growth rate in the groups using standard 
antimicrobial growth factors was lower than the group using homeopathic 
medicine. (Velkers et al, 2005). The effectiveness of E. coli 506, a homeopathic 
medicine prepared with E. coli strain, was investigated on live weight gain in 
broilers with colibacillosis. As a result of this study, the effectiveness of 
homeopathic medicine was found to be higher than those in the group treated with 
antibiotics (Velkers et al, 2005). 

In another study investigating the various effects of homeopathic drugs on 
mice, the anti-cytotoxic and antioxidative effects of homeopathic drugs called 
Arsenicum album-30, Chelidonium, Lycopodium, Carduus, Hydrastis, Senega, 
Silicea, Phosphorus, and Arnica montana were investigated in animals given 
carcinogenic substances. As a result of the study, it was determined that 
Chelidonium, Lycopodium, Carduus, Hydrates had an antioxidant effect. In 
contrast, the effect of Silicea and Phosphorus on lung cancer was not significant. 
Mice treated with Arsenicum album-30C have been found to have an 
anticytotoxic effect in the liver against arsenic poisoning (Belon et al, 2007; 
Khuda-Bukhsh, 2009). 

Mice exposed to chronic arsenic poisoning were treated with a homeopathic 
medicine called Arsenicum album 200C. Researchers reported that Arsenicum 
album 200C caused a decrease in chromosome and sperm abnormalities in mice, 
had an anticytotoxic effect preventing tissue necrosis, and an antigenotoxic effect 
on DNA (Banerjee et al, 2007). A homeopathic medicine called Silica was tried 
on mice with chronic wounds, and as a result of the study, it was determined that 
this drug showed therapeutic efficacy in closing wounds in mice (Oberbaum et 
al, 1997). Mice with experimental peritonitis were treated with two homeopathic 
drugs named Atropa belladonna and Echinacea Angustifolia. It was determined 
that these two drugs increased phagocytosis and decreased peritoneal 
inflammation, and increased leukocyte activation in mice (Pedalino et al, 2004; 
Bellavite et al, 2006). 

Homeopathic treatment has been applied to horses with behavioral disorders. 
For this purpose, two homeopathic medicines named Ignatia and Gelsemium 
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were used. As a result of the treatment, a significant decrease was observed in the 
behavior of horses with behavioral disorders. In addition, it has been reported that 
animals with behaviors such as self-harming have completely recovered and 
turned around, and kicking walls has been significantly reduced (Yaramış et al, 
2016). Homeopathy has been tested on horses with acute laminitis. For this 
purpose, homeopathic medicines named Aconitum 30CH, Apis 15CH, Arnica 
7CH, Belladonna 9CH, Bryonia 9CH, and Nux vomica 9CH were used. As a 
result of the treatment, regression in the clinical findings of the disease was 
detected (Cayado, 2016). 

 
Advantages and Disadvantages of Homeopathy 
The tendency for homeopathy to be an alternative to conventional treatment 

methods in animals and humans is increasing. Reducing the methods applied by 
combining classical antibiotic and steroid treatments makes homeopathic 
treatment advantageous (Searcy et al, 1995). Homeopathy is an alternative 
treatment method that does not leave chemical residues in the environment, does 
not have toxic and toxic properties, and can maintain the organism's well-being. 
(Rita et al, 2016). With the effect of homeopathic substances, the organism is 
stimulated, and the healing process is initiated in the organism (Kaçar et al. 2007). 
Homeopathic medicines are completely safe and can be used in pregnant women 
and children without any side effects. They do not show any undesirable effects 
when used with other treatment methods (Özyurtlu and Aslan, 2007). 
Homeopathics are natural and derived from natural ingredients. Homeopathy 
works in harmony with the immune system and the nature of the body. 
Homeopathic medicines are not addictive, and while they treat all symptoms, they 
produce solutions by acting on the primary cause, not according to the symptoms 
(Yarsan et al, 2015). In the treatment of homeopathy, all the symptoms that occur 
in the disease can be regressed with this treatment. This homeopathic treatment 
method, "Similar things can be treated with similar things." is compatible with 
the principle. It has been reported that drugs prepared in homeopathic treatment 
do not cause addiction to the organism since they are diluted according to the 
minimum dose rule. (Kumari et al, 2016). The use of homeopathy in veterinary 
medicine has many advantages due to its low toxicity and fewer pharmaceutical 
residues in foods. Therefore, it is reported that homeopathy will contribute to 
public and environmental health (Deni et al. 2015). The excessive and 
unconscious use of antibiotics in veterinary medicine necessitates using 
alternative treatment methods more frequently, as they cause adverse effects on 
human and environmental health (Hadipour et al. 2011). Homeopathic treatment 
has advantages as well as disadvantages. Homeopathy is the most expensive 
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do not cause addiction to the organism since they are diluted according to the 
minimum dose rule. (Kumari et al, 2016). The use of homeopathy in veterinary 
medicine has many advantages due to its low toxicity and fewer pharmaceutical 
residues in foods. Therefore, it is reported that homeopathy will contribute to 
public and environmental health (Deni et al. 2015). The excessive and 
unconscious use of antibiotics in veterinary medicine necessitates using 
alternative treatment methods more frequently, as they cause adverse effects on 
human and environmental health (Hadipour et al. 2011). Homeopathic treatment 
has advantages as well as disadvantages. Homeopathy is the most expensive 

treatment method among alternative treatment methods. There may be difficulties 
in its use, especially in livestock enterprises (Orjales et al. 2015). Homeopathic 
remedies can be inconvenient for some reasons. Undesirable effects may occur 
in the wrong application of homeopathy. In addition, considering that drugs may 
have different effects in each species, applying homeopathic tested in humans to 
animals may pose a problem (Yarsan et al. 2015). The use of homeopathic 
methods based on similarity and classical homeopathic principles has made its 
whole application effective in treating all pets. As a result of all these experiences 
and studies, it has been concluded that this method is reliable and productive and 
can be recommended for treating various diseases of pets. As a result, it is 
essential to further develop homeopathy in veterinary medicine and follow the 
developments in this field (Baschin 2014). 
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1. Introduction 
Dental plaque can be defined as a diverse community of microorganisms 

embedded in an extracellular polymer matrix, present as a biofilm on the tooth 
surface 1. Microbial dental plaque is the primary cause of periodontal disease 2. 
Periodontal diseases affect the periodontium, which acts as the supporting tissue 
surrounding the tooth, including the gingiva, alveolar bone, cementum, and 
periodontal ligament 3. Gingivitis is a disease in which inflammation is limited to 
the gingival tissues without affecting the periodontal tissues 4. Plaque-associated 
gingivitis is a nonspecific inflammatory condition characterized by persistent 
microbial dental plaque deposition at the gingival margin and apical 5. 
Periodontitis is characterized by the destruction of the alveolar bone and 
periodontal ligament, which is associated with microbial dental plaque and 
supports the teeth  6.  With the development of gingivitis, the plaque flora 
consisting predominantly of gram (+) Streptococcus bacteria becomes dominant 
in the subgingival area in terms of Capnocytophaga, Campylobacter, Eikenella, 
Fusobacterium, Prevotella species with gram (-) anaerobic characteristic 7.  
Periodontal diseases are the result of interactions between plaque bacteria and the 
immune response developed by the host 8. Porphyromonas gingivalis (P. 
gingivalis), Tannerella forsythia (T. forsythia), and Treponema denticola (T. 
denticola) are associated with periodontitis  9.  

Control microbial dental plaque is the most crucial step in preventing 
periodontal diseases. Routinely removing supragingival plaque through personal 
oral hygiene is the most effective, efficient, and economical way 10. A large part 
of oral care is carried out with the help of auxiliary substances used in toothpaste 
and the mechanical use of a toothbrush 11. The fact that many people have 
difficulty maintaining adequate plaque control, particularly in the interproximal 
regions, has led to the necessity of using chemicals for plaque control in addition 
to mechanical plaque control procedures 12. This is how toothpaste improves oral 
hygiene 13. Numerous commercial kinds of toothpaste are available these days. 
They contain different active ingredients, each with a specific function, such as 
anti-tartar, anti-bacterial agents, and tooth decay prevention 14. Although 
differences in formulations, glycine, water (moisturizers), sodium alginate 
(agglutinant), aromatizing agent (taste and freshness), and sodium bicarbonate 
(abrasive agent) are present in most toothpaste. It also often contains sodium 
lauryl sulfate as an anionic surfactant that helps remove food debris from teeth 15. 

Research with natural products has increased in dentistry. In recent years, 
lower toxicity, more excellent biocompatibility, and more cost-effectiveness of 
natural products have led to the use of new products. Herbal remedies are more 
widely accepted by dentists and patients 16. The fact that herbal medicines are 
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natural and some can show their effects in the mouth for a longer time is 
advantageous compared to traditional treatment. Herbal extracts are widely used 
in dentistry as tooth-cleaning and antimicrobial plaque agents. In addition, 
various herbal medicines or plant-based products are used as antibacterial, 
antiseptic, antioxidant, anti-fungal, antiviral, and analgesic by inhibiting human 
histamine release and acting against mast cell-related inflammation and 
pathogens  17. Herbal toothpaste is more acceptable with minimal side effects than 
other synthetic preparations 18. 

 Brushing with herbal toothpaste showed significant reductions in salivary 
lactate dehydrogenase, which was associated with improvements in cellular 
integrity with concomitant reductions in dental plaque and gingivitis compared 
to toothpaste without herbal ingredients 19. In some studies, herbal pastes lead to 
reductions in plaque and gingival indices 20; in others, the same results can be 
obtained with non-herbal pastes 21. In addition, herbal toothpaste has shown an 
effect as well as other toothpaste but has no side effects 22. Because of these 
properties, propolis, aloe vera, and green tea toothpaste, The development of 
herbal products such as pastes for periodontal diseases have begun to be 
investigated 20, 21, 22.  
 

2. Plant Extracts 
2.1.  Propolis 
Propolis is a partially digested and mixed beeswax product obtained by honey 

bees (Apis mellifera L.) by adding salivary enzymes (βglucosidase) to the resin they 
collect from sprouts, leaves, buds, and bark cracks in trees and plants 23. It acts on 
both Gram-positive and Gram-negative aerobic and anaerobic bacteria. Recently, the 
evaluation of the antibacterial activity of propolis extracts has been based on total 
phenolics and flavonoids 24. Therefore, propolis is effective in the treatment of 
infectious diseases and protection from infectious diseases due to its antimicrobial 
properties 25. Other biological activities in propolis include anti-inflammatory, 
anesthetic, and a protective effects on epithelial cells in the mouth 26.  

Compared to toothpaste containing propolis, a more significant reduction in 
dental plaque and the gingival index was observed in those without  27. Toothpaste 
with propolis reduced the in-vivo microbial load against S. mutans, especially in 
the oral cavity of young patients. The study observed a significant difference in 
the number of S. mutans in the first, third and fourth weeks compared to the 
baseline. Such a decrease, especially in the 1st week, showed that propolis was 
effective in a short time 28. It was observed that Brazilian red propolis toothpaste 
showed better antimicrobial activity against S. mutans and Gram-negative 
bacteria and reduced the bleeding index in the marginal gingiva during treatment 
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29. The use of propolis is safe compared to placebo in the treatment of periodontal 
disease and may improve outcomes by reducing periodontal pocket depth 30. 
Toothpaste containing propolis is significantly effective in improving oral health 
and the appearance of gingivitis triggered by dental plaque. It showed qualitative 
and quantitative changes in the spectrum of oral bacteria. Toothpaste containing 
propolis can be used as a natural adjuvant against pathogens in people with a high 
risk of periodontal problems with its antibacterial effect on the oral microflora. 
31. The addition of propolis to toothpaste was found to be more effective in 
gingival health in patients with moderate gingivitis, with a decrease in gingival 
inflammation compared to those without propolis 32. Preparations containing %3  
ethanol and propolis affect gingivitis caused by dental plaque in the periodontium 
33. Toothpaste containing propolis was more effective in reducing dental plaque 
within 24 hours than those containing non-herbal and miswak 12. Total reductions 
in the mean values of the approximal plaque index, Green and Vermillion's oral 
hygiene index, and Muhlemann-Son's sulcus bleeding index were observed. 
Preparations containing 3% Brazilian ethanol green propolis extract effectively 
support the elimination of dental plaque and improve the condition of the 
marginal periodontium 34.  

   It has been revealed that the addition of Bulgarian propolis to toothpastes 
containing triclosan and zinc, which are found to be rich in biologically active 
substances (flavonoids and their derivatives, terpenoids, esters, etc.), significantly 
improves gingival health. Propolis, S. mutans, Candida albicans (C. albicans), 
Prevotella spp., Porphyromonas spp. It activates against potential periodontal and 
cariogenic pathogens such as Gram(-) cocci 35. Propolis not only inhibits the 
growth of plaque bacteria but also improves the body's immunity, heals post-
operative tissues and wounds, and reduces gingival bleeding, increasing the 
success of periodontal treatment 26. 

  Propolis-based treatments are likely to be an alternative treatment option in 
periodontal disease and are safe to use during supportive periodontal therapy, and 
may improve outcomes of periodontal disease treatment. However, the precision 
of these results requires larger samples, better-designed research validated by 
standard protocols, and long-term follow-up to ensure reliable results. 36. 
 

2.2.  Probiotics 
Probiotics are defined by the World Health Organization (WHO) and the Food 

and Agriculture Organization of the United States (FAO) as “live microorganisms 
that, when taken in adequate amounts, provide a beneficial effect on health.” 37. 
The most common lactic acid bacteria in probiotics are Lactobacillus and 
Bifidobacterium species 38. Lactic acid bacteria are the microorganisms most 
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commonly used as probiotics, and they are evaluated in 6 groups (Lactobacillus, 
Bifidobacterium, Enterococcus, Streptococus, Leuconostoc and Pediococcus) in 
the classification 39. Probiotics are provided in products in four primary ways: as 
a culture concentrate added to a beverage or food (such as juice), infused with 
prebiotic fibers, and infused into milk-based foods (dairy products such as milk, 
milk drink, yogurt, kefir), and concentrated-dried dietary supplement as (tablets, 
chewing gum) 40. Mechanisms of action of probiotics are as follows 41: 
Strengthening of the epithelial barrier 42, increased adhesion to the intestinal 
mucosa and inhibition of concomitant pathogen adhesion 43, competitive 
exclusion of pathogenic microorganisms 44, production of antimicrobial agents 45, 
and modulation of the immune system 41. 

Probiotic toothpaste application and daily kefir use resulted in a significant 
reduction in plaque microbial colonization in orthodontic patients with brackets 
42. Consumption of probiotics and topical application of probiotic toothpaste 
resulted in significant reductions in S. mutans levels in plaque around the braces 
of orthodontic patients 43. A newly produced toothpaste has shown the ability to 
stabilize an active Lactobacillus paracasei (L. Paracasei) strain, S. mutans, 
synthesized in the laboratory. Therefore, it can be recommended as a therapeutic 
toothpaste, especially in patients undergoing treatment 44. The probiotic strain 
Lactobacillus rhamnosus (L. rhamnosus) represents a new concept in oral 
hygiene measurements and can be recommended as a probiotic therapeutic agent 
in toothpaste because it does not cause antibiotic resistance. 45. Although systemic 
and topical applications of probiotics are effective, treatments containing 
probiotic toothpaste are more practical for orthodontic patients 46. In light of the 
data obtained in the in-vivo study, toothpaste containing xylitol and probiotics 
was used to maintain the balance between the bacterial flora in the oral cavity. 
Significant reductions in gingivitis and dental plaque were observed. It is 
challenging to give probiotics to children in their daily routines. Probiotics 
toothpaste are more comfortable to use in children's mouths 47. No significant 
difference was observed in the healing of gingivitis in the group using probiotic 
toothpaste Bacillus subtilis (B. subtilis), Bacillus megaterium (B. megaterium), 
and Bacillus pumulus [B. pumulus (5×9 107)] compared to the group without 
probiotics 48.  Chlorhexidine, fluoride and green tea toothpaste did not show 
different antimicrobial (reduction in S. mutans and Lactobacillus counts) and 
antiplaque (plaque index) activities compared to probiotic past 49.  

 
2.3. Aloe Vera 

Aloe vera gel formula is non-toxic, bactericidal, fungicide and stimulant to 
prolong cellular life 50.  Aloe vera contains effects such as anti-inflammatory, 



387

commonly used as probiotics, and they are evaluated in 6 groups (Lactobacillus, 
Bifidobacterium, Enterococcus, Streptococus, Leuconostoc and Pediococcus) in 
the classification 39. Probiotics are provided in products in four primary ways: as 
a culture concentrate added to a beverage or food (such as juice), infused with 
prebiotic fibers, and infused into milk-based foods (dairy products such as milk, 
milk drink, yogurt, kefir), and concentrated-dried dietary supplement as (tablets, 
chewing gum) 40. Mechanisms of action of probiotics are as follows 41: 
Strengthening of the epithelial barrier 42, increased adhesion to the intestinal 
mucosa and inhibition of concomitant pathogen adhesion 43, competitive 
exclusion of pathogenic microorganisms 44, production of antimicrobial agents 45, 
and modulation of the immune system 41. 

Probiotic toothpaste application and daily kefir use resulted in a significant 
reduction in plaque microbial colonization in orthodontic patients with brackets 
42. Consumption of probiotics and topical application of probiotic toothpaste 
resulted in significant reductions in S. mutans levels in plaque around the braces 
of orthodontic patients 43. A newly produced toothpaste has shown the ability to 
stabilize an active Lactobacillus paracasei (L. Paracasei) strain, S. mutans, 
synthesized in the laboratory. Therefore, it can be recommended as a therapeutic 
toothpaste, especially in patients undergoing treatment 44. The probiotic strain 
Lactobacillus rhamnosus (L. rhamnosus) represents a new concept in oral 
hygiene measurements and can be recommended as a probiotic therapeutic agent 
in toothpaste because it does not cause antibiotic resistance. 45. Although systemic 
and topical applications of probiotics are effective, treatments containing 
probiotic toothpaste are more practical for orthodontic patients 46. In light of the 
data obtained in the in-vivo study, toothpaste containing xylitol and probiotics 
was used to maintain the balance between the bacterial flora in the oral cavity. 
Significant reductions in gingivitis and dental plaque were observed. It is 
challenging to give probiotics to children in their daily routines. Probiotics 
toothpaste are more comfortable to use in children's mouths 47. No significant 
difference was observed in the healing of gingivitis in the group using probiotic 
toothpaste Bacillus subtilis (B. subtilis), Bacillus megaterium (B. megaterium), 
and Bacillus pumulus [B. pumulus (5×9 107)] compared to the group without 
probiotics 48.  Chlorhexidine, fluoride and green tea toothpaste did not show 
different antimicrobial (reduction in S. mutans and Lactobacillus counts) and 
antiplaque (plaque index) activities compared to probiotic past 49.  

 
2.3. Aloe Vera 

Aloe vera gel formula is non-toxic, bactericidal, fungicide and stimulant to 
prolong cellular life 50.  Aloe vera contains effects such as anti-inflammatory, 

healing burns, preventing arthritis formation, and hypoglycemic 51. There is 
increasing interest in using aloe vera in dentistry, mainly due to its antimicrobial 
properties 52. In addition, the healing power of aloe vera for centuries now plays 
a vital role in healing in dentistry and periodontology 53. 

Toothpaste containing aloe vera has similar clinical effects compared to other 
commercial toothpaste. As an auxiliary formulation, due to its herbal and 
medicinal properties and established effects on healing periodontal problems and 
microorganisms in the oral cavity are reduced 54. Aloe vera-containing toothpaste 
caused significant reductions in plaque, gingivitis, and C. albicans counts after 
30 days compared to the triclosan group. In addition, people treated with aloe 
vera improved their oral health without adverse side effects 55. In another study, 
in addition to the same effects, a decrease in Streptecoccus and Actinomyces 
species was observed at six months 22. In addition, aloe vera increases cell 
migration and inhibits P. gingivalis biofilm formation 56. The concentration of 
aloe vera in toothpaste and mouthwashes helps prevent dental caries and 
periodontal disease 57. Toothpaste containing aloe vera, salivary lactate 
dehydrogenase (9.5–15.4%), plaque (6.4% to 16.2%), and gingival indices (8.2% 
to 8.2%), which represent improvements in cellular integrity. 23.8) showed 
gradual decreases over 3, 6, and 12 weeks 58. 
         Although toothpaste containing aloe vera caused a 20% decrease in plaque 
index, it did not show a different result than other toothpaste in improving 
gingivitis and plaque values 59. Another study found similar results compared to 
the control group (triclosan and fluoride toothpaste) 60. Toothpaste containing 
aloe vera may have the same effect on plaque and gingival indeces as fluoride 
toothpaste. Therefore, it was concluded that this toothpaste could be used instead 
of traditional chemicals 61. Antimicrobial results of using aloe vera with chloride 
in toothpaste suggest that herbal toothpaste can be effective 62. Aloe vera-
containing toothpaste had no additive effect on plaque and gingivitis compared 
to a fluoride toothpaste 63.  

 
2.4.  Miswak 
Chewing stick or miswak (meswak or Siwak) is obtained from trees of the 

family Salvadoraceae (Salvadora). It is the first known tooth surface cleaning tool 
in history, and its usage dates are based on the years before Christ 64. The main 
antibacterial component of both Salvodoraceae persica root extracts and volatiles 
are benzyl isothiocyanate. Root extracts and commercial synthetics showed rapid 
and bactericidal solid action. Gram-positive bacteria mainly exhibited growth 
inhibition while acting against other Gram-negative bacteria [Actinomyces 
actinomycetemcomitans (A. actinomycetemcomitans) and P. gingivalis] as well 
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as oral pathogens involved in periodontal disease 65. Miswak shows strong 
antibacterial activity against periodontitis. 66.  

Miswak can be essential in preventing periodontal disease and maintaining 
oral health 67. Miswak can be essential in preventing periodontal disease and 
maintaining oral health 68. In another study, it was seen that the miswak stick 
alone is not as effective as a toothbrush, but it can contribute when used in 
addition to brushing 69. In a randomized controlled and double-blind study, 30 
healthy dentistry students were given miswak extract-containing toothpaste, tooth 
gel, or toothpaste (Colgate® Total, ABD) for one week. Modified marginal 
gingival, plaque indices was measured with plaque staining agent at baseline and 
24 hours. Propolis was most effective in modified marginal gingival plaque index 
within 24 hours, followed by Colgate Total and miswak extract toothpaste 12. 
Those containing miswak extract had a more significant effect on dental plaque 
reduction than those without 70. Toothpaste containing miswak extract showed 
similar effects to herbal and routine toothpaste and can be used safely 71.  Miswak 
extract alone or in combination with toothpaste can inhibit the growth of dental 
plaque bacteria. With its antibacterial effects in controlling dental plaque, it can 
be beneficial to use this herbal extract in mouthwashes and toothpaste 72. Miswak 
extract alone or in combination with toothpaste can inhibit the growth of dental 
plaque bacteria. With its antibacterial effects in controlling dental plaque, it can 
be beneficial to use this herbal extract in mouthwashes and toothpaste 73. 
 

2.5.  Green tea 
It is one of the most popular beverages consumed worldwide 74. It has anti-

atherosclerotic, anti-diabetic, antibacterial, anti-viral, anti-cariogenic, anti-
cancer, and anti-obesity effects with epigallocatechin gallate, which is the 
significant component of catechins in green tea 75. An inverse relationship was 
found between the amount of green tea consumption and periodontitis 76. 
Therefore, apart from the public health benefit of green tea, it is used for 
periodontal health 77. Polyphenolic compounds isolated from green tea have been 
shown to inhibit producing toxic end metabolites of P. gingivalis 74. 
          At the end of the study period, the test group showed statistically 
significant improvements in gingival index, bleeding on probing, clinical 
attachment level, total antioxidant capacity, and glutathione-S-transferase levels 
compared to the control group. Also, compared to fluoride-triclosan toothpaste, 
green tea caused a greater reduction in gingivitis. With these results, green tea 
toothpaste may provide an additional benefit to non-surgical periodontal 
treatment 20. Adding catechins in green tea to toothpaste may contribute to the 
prevention of periodontal inflammation by reducing inflammatory cell 
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toothpaste may provide an additional benefit to non-surgical periodontal 
treatment 20. Adding catechins in green tea to toothpaste may contribute to the 
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infiltration, gingival oxidative stress, and expression of polymorphonuclear 
leukocytes and proinflammatory cytokines 78. Papillary marginal and Talbott's 
gingival indices measurements showed statistically significant differences 
compared to the control group. With these results, toothpaste containing sodium 
monofluorophosphate and calcium carbonate can be effective in reducing 
gingivitis and dental plaque compared to those containing green tea extract 79. 
Green tea extract suppressed attachment loss and alveolar bone resorption by 
inhibiting inflammatory cellular infiltration, RANKL expression, and function in 
an experimental periodontitis rat model 80. The inhibitory effect of green tea on 
the production of toxic end metabolites of P. gingivalis is due to the 3-OH of the 
catechin moiety in polyphenolic compounds and the galloyl moiety part, which 
is ester-linked 81. Although toothpaste containing green tea caused a significant 
decrease in the oral hygiene index compared to toothpaste with fluoride, its effect 
on gingivitis and a dental plaque was similar 82. Another green tea toothpaste 
showed a decrease in the gingival and plaque indices, but not as significantly as 
chlorhexidine 49. 

It also prevented terrible breath by inhibiting volatile sulfur compounds in the 
saliva-purification system 83. 66% of these properties of green tea, which provide 
antimicrobial and other beneficial effects, can remain for a long time. Therefore, 
it is necessary to add different protective materials to maintain more results 84. 

 
2.6.  Mint 
Using natural compounds as commercial toothpaste reveals differences in 

their antimicrobial activities. One of these compounds in mint 85. 
Mint toothpaste is preferred because they give a pleasant breath to patients 86. 

Mint toothpaste resulted in more excellent elimination of anaerobic bacteria, 
removal of dental plaque, and reduced biofilm regrowth than toothpaste 
containing sodium fluoride, stabilized chlorine dioxide, and sarcosyl 87. 

 
2.7.  Coconut 
Coconut (Cocos nucifera L.) is an important fruit tree in tropical regions, and 

its fruit is made into various foods and beverages 88. There is evidence for the 
antibacterial properties of coconut oil 89. Coconut oil is effective in reducing 
debris and plaque index in toothpaste users 90. 

 
2.8.  Turmeric 
Turmeric has been shown to have multiple biological activities, including 

inflammatory, antibacterial, and antifungal properties 91. Toothpaste containing 
turmeric is an effective agent in controlling gingivitis and plaque. With these 
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results, turmeric-containing toothpaste is considered a good alternative as a 
natural product, as it is as effective as conventionally formulated toothpaste 92. 

 
2.9.  Neem  
Azadiractin, the main component of neem, shows solid antibacterial 

properties. This feature is used in dentistry to treat gingival problems and protect 
oral health 93. Babool Neem toothpaste resulted in a reduction in tooth stains, bad 
breath, and total bacteria. In addition, regular use of neem-containing toothpaste 
reduced dental plaque build-up and improved gingivitis 94.  

 
2.10. Polyherbal  
Tea tree oil, which contains a complex composition characterized by high 

levels of antimicrobial and antioxidant compounds such as terpinen-4-ol, methyl 
eugenol, and 1,8-cineol, has become an integral part of the pharmaceutical, 
agricultural, food, and cosmetic industries in the world with these effects 95. 
Toothpaste containing Polish propolis, tea tree oil, menthol, and rosemary oil 
resulted in a regenerative effect on the gingiva and reduced gingival bleeding in 
both anterior maxillary segments. Microorganisms that cause periodontal 
diseases have been eliminated 96. The use of propolis in toothpaste along with 
ethanol extract and tea tree oil stabilizes and eliminates microorganisms that 
cause gum disease 97. Herbal toothpaste containing aloe vera and miswak can be 
safely recommended as an alternative to fluoride toothpaste in terms of 
antimicrobial activity 98. Toothpaste containing ethanol-propolis extract and tea 
tree oil showed a statistical decrease in the modified sulcus bleeding index. It also 
caused a reduction in microbiota with natural antimicrobial and antifungal 
activity. Ethanol-propolis extract and tea tree oil hold potential for industrial uses 
99. Toothpaste containing papain, bromelain, miswak, and neem have limited 
dental plaque and gingivitis under fixed orthodontic treatment 100. Ayurvedic 
toothpaste (nine plant species) has caused the reduction of existing dental plaque 
and gingivitis with its anti-inflammatory and antibacterial effects 101. Toothpaste 
containing neem and turmeric effectively prevents periodontal diseases and 
dental caries by reducing C. albicans, S. mutans, and P. gingivalis 90. 

Chitosan-based polyherbal toothpaste is a promising new oral hygiene product 
compared to currently available oral hygiene products. However, studies are 
needed to confirm the precise mechanism and active ingredients behind chitosan-
based polyherbal toothpaste's antiplaque and antimicrobial activity and its 
efficacy in many patient populations 102, 103.  
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3.Results 
The use of natural products, therefore herbal products, is increasing day by 

day in the field of dentistry. However, more studies are needed on these routinely 
used products. In addition, more different herbal products should be tried in this 
area. 
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INTRODUCTION 
Vitiligo is a dermatological disorder that causes patchy depigmentation of the 

skin that occurs after melanocyte damage. Although the history of vitiligo is very 
ancient, the pathogenesis of vitiligo is unclear. Vitiligo has limited systemic 
involvement and is a non-mortality disease, but it significantly affects patients. 
Ultimately, vitiligo is a chronic skin disease that has a great impact on the quality 
of life of patients with a high incidence of 0.2-2% of the world's population. For 
this reason, its treatment should not be ignored as a simple cosmetic disease, and 
appropriate discipline and effective treatments should be applied. 

In these days, medical treatment of vitiligo consists of the use of various 
topical and systemic immunosuppressants. These active ingredients applied with 
conventional formulations have significant side effects, contraindications, 
treatment compliance and bioavailability problems. In addition, even if a 
response to treatment is observed, the recurrence rate of vitiligo is approximately 
40%. Therefore, there are uncertainties regarding the efficacy of current 
treatments. Nowadays, researchers focus on the pathogenesis and risk factors of 
vitiligo and try to create a better prevention and treatment method. With the 
developments in nanotechnology, nanocarriers are used in the treatment of 
vitiligo in order to reduce side effects, improve bioavailability and target 
depigmented areas. In particular, topical formulations commonly used in the first-
line treatment of vitiligo cannot provide adequate penetration into the skin as they 
are not well-developed formulas for dermal application. By taking advantage of 
nanotechnological drug delivery systems, topical formulations targeted to 
depigmented areas with increased bioavailability can be developed. Up to date, 
studies including lipid carriers such as microemulsions, nanoemulsions, lipid 
nanoparticles, and nanovesicles such as liposomes and niosomes as well as other 
nanoparticle systems have been carried out for the treatment of vitiligo. Although 
the number of studies on nanocarriers targeting vitiligo treatment is relatively few 
in the literature, it is thought that the importance given to these systems will 
increase day by day when the need for effective treatment of vitiligo is 
considered. 

 
CLINICAL FEATURES OF VITILIGO 
Vitiligo is an idiopathic dermatological disease that occurs due to apoptosis or 

selective damage of melanocyte cells (1). Due to the loss of melanocytes, patients 
have patchy depigmentation, which is marked by typical chalky or milky-white 
patches (2). Vitiligo is a very complex disease that can occur with genetic, 
autoimmune and environmental factors (3). It has been associated with various 
environmental factors such as severe sunburn, pregnancy, skin trauma and 
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psychological stress etc. (4). Vitiligo affects approximately 0.2-2% of the world's 
population, equally affecting people of all ages and both sexes (3). Its incidence 
is highest in Asians and is found in 1.1–2% of the Asian population. While the 
onset of the disease can occur at any age, approximately 50% of cases are 
observed before the age of twenty (5). Vitiligo has limited systemic involvement 
and is a non-mortality disease but commonly affects patient psychology (6). The 
physical changes of vitiligo can trigger negative emotions, anxiety, lack of 
confidence and psychiatric diseases such as depression in patients. This effect is 
so common that about 75% of vitiligo patients have been reported to have 
psychological disorders (7). 

Depigmented areas are usually symmetrical and range in size from a few 
millimeters to many centimeters. The onset of the disease is most often observed 
on the hands, forearms, feet, and face with a periocular or perioral distribution. 
While the lesions can occur in any part of the body, they generally are formed on 
the face, genitals, hands and areas around the orifice. Depigmentation is also seen 
in hairs and is usually found in lesioned skin. Lesions are usually progressive, 
increasing in number and size over time (4,8). Vitiligo is generally an 
asymptomatic disease, but itching may occur rarely. However, inflammatory 
changes were observed in the pigmented borders of new lesions of actively 
spreading vitiligo, although clinically, there was no sign of vitiligo in 
depigmented lesions other than occasional mild itching (9). Clinical signs and 
dermoscopy should be carefully evaluated to observe disease activity and 
prognosis. For example, confetti depigmentation (clusters of 1 to 5 mm 
depigmented spots at the margins of lesions), inflammatory lesions, poorly 
defined borders etc., markers are associated with disease progression. Having 
more than two of these phenotypic markers in the patient shows a negative 
prognosis. Currently, the Vitiligo Activity Score has been created to measure 
these clinical signs associated with vitiligo activity. In order to make these 
assessments, The Vitiligo Activity Score was recently created to measure these 
clinical signs associated with vitiligo activity (10). 

There are no specific tests to diagnose vitiligo. Diagnosis of the disease is 
mainly based on clinical findings of well-circumscribed white lesions observed 
on the skin. Since the lesions are not very prominent in pale-skinned individuals, 
vitiligo is easily diagnosed using Wood's lamp, under Wood's light, by emitting 
a bright blue-white fluorescence of depigmented areas in these patients (11). 

 
ETIOPATHOGENESIS OF VITILIGO 
Although vitiligo is a well-known disease, its etiology has not been fully 

elucidated. Many theories have been proposed to explain the cause of melanocyte 
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There are no specific tests to diagnose vitiligo. Diagnosis of the disease is 
mainly based on clinical findings of well-circumscribed white lesions observed 
on the skin. Since the lesions are not very prominent in pale-skinned individuals, 
vitiligo is easily diagnosed using Wood's lamp, under Wood's light, by emitting 
a bright blue-white fluorescence of depigmented areas in these patients (11). 

 
ETIOPATHOGENESIS OF VITILIGO 
Although vitiligo is a well-known disease, its etiology has not been fully 

elucidated. Many theories have been proposed to explain the cause of melanocyte 

destruction until today. Firstly, in the 1950s, Lerner et al. (12) proposed the neural 
theory, and then other theories emerged. 

Researchers generally agree that vitiligo patients do not have functional 
melanocytes in the depigmented area and that this is the result of the destruction 
of histochemically recognizable melanocytes. However, it has been suggested 
that there are etiological differences between patients due to the variations 
observed in the vitiligo clinic. For this reason, the etiopathogenesis of the disease 
is complex, and multiple theories have emerged for melanocyte destruction in 
vitiligo (11,13). These theories are expressed in genetics, autoimmune, oxidative 
stress, formation of inflammatory mediators and melanocyte detachment 
mechanisms. Among them, genetic, autoimmune and oxidative stress theories are 
widely accepted by researchers (5,14–16). 

Although there is a consensus about the autoimmune aspect of vitiligo, a 
single theory is not sufficient to explain each vitiligo phenotype. Various 
mechanisms such as cell degeneration and detachment have been shown to cause 
melanocyte loss as well as autoimmune attacks (16). In line with these findings, 
"convergence theory" or "integrated theory" theories have been proposed, in 
which vitiligo lesions occur as a result of the combination of more than one 
mechanism that causes the destruction of melanocytes (11,16). 

Familial vitiligo cluster and twin studies have revealed a genetic basis in the 
pathogenesis of vitiligo (13). In fact, genetics are thought to be influential in all 
aspects of vitiligo and even play a role in response to environmental triggers (11). 
Non-mendelian, multifactorial, polygenic inheritance patterns revealed in genetic 
studies. The frequency of vitiligo among first-degree relatives is between 0.14% 
and 20%, and the risk increases 7-10 times. Although the hereditary tendency of 
vitiligo is clearly observed, a 23% concordance observed in vitiligo in 
monozygotic twins indicates the role of other factors. Ultimately, the genetic risk 
of vitiligo is not absolute. As a result of vitiligo genome studies, many genes have 
been shown to play a role in melanogenesis, immune regulation, and apoptosis 
associated with known genes in other autoimmune diseases (8,13,16,17). 

Another accepted strong theory is the autoimmune hypothesis in vitiligo 
pathogenesis; autoimmunity leads to the destruction of melanocytes from the skin 
and hair and is especially proposed for non-segmental or generalized vitiligo (11). 
Both cellular and humoral immunity has been proven by the autoimmune theory 
(17). The strongest evidence for the relationship between vitiligo and 
autoimmunity is that vitiligo patients often have concomitant autoimmune 
diseases and also a high incidence of autoimmune disease in the relatives of these 
patients (11). Until now, vitiligo has been associated with many autoimmune 
diseases such as Hashimoto's thyroiditis, Graves' disease, type 1 diabetes 



406

mellitus, rheumatoid arthritis and psoriasis etc. (8). In addition, the effectiveness 
of immunosuppressives in the treatment of vitiligo is another evidence supporting 
this theory (18). 

On the other hand, researches suggested that oxidative stress is effective in the 
progression of vitiligo and especially activates autoimmune responses (14,19,20). 
Oxidative stress is induced by the accumulation of reactive oxygen species 
(ROS), that is a class of substances that are composed of or contain oxygen (21). 
During oxidative stress, molecular oxygen gains a single unpaired electron and is 
reduced to superoxide radicals. Superoxide radicals were the first ROS produced 
in the cell. Then, superoxide radicals are dismutated to hydrogen peroxide either 
by Superoxide Dismutase (SOD) or spontaneously (14). ROS  are induced by a 
wide variety of enzymatic (such as mitochondrial electron transport chain, 
cyclooxygenase, peroxisome oxidase, and lipoxygenase) and non-enzymatic 
(such as exposure to ultraviolet radiation) factors. Under normal conditions, ROS 
production and degradation are in a dynamic balance. However, as a result of an 
impaired antioxidant defense system, protection against ROS cannot be provided, 
and therefore, the balance is disturbed, and cellular functions are damaged. 
However, as a result of an impaired antioxidant defense system, protection 
against ROS cannot be provided, and cellular functions are damaged (21). 
Melanocytes in a state of increased oxidative stress secrete exosomes containing 
melanocyte-specific antigens and immunostimulatory signals and undergo 
apoptosis due to increased stress. In addition, these secretions induce immunity 
and initiate an autoimmune reaction against melanocytes, which contributes to 
the progression of the disease. Vitiligo occurs as a result of these effects (20). 
Although oxidative stress and autoimmunity with genetic susceptibility are the 
widely accepted theory of the pathogenesis of vitiligo, it is not yet fully 
understood how these two pathways integrate with each other (19). 

In addition, clinical data have also reported that a wide variety of factors such 
as localized trauma, stress, accumulation of toxic compounds, altered cellular 
environment, impaired melanocyte migration and proliferation, infections, and 
psychological state induce melanocyte loss (11). Along with these hypotheses, 
other major theories to explain the etiopathogenesis of vitiligo are summarized in 
Table 1. 
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Table 1. Etiopathogenesis theories of vitiligo (8,17,22–28) 
 

Genetics 
Theory 

Positive family history of vitiligo has been reported in various 
studies. Rather than a single autosomal gene, several autosomal genes 
with recessive traits were thought to be responsible for the genetic 
transition. In addition, a gene model that predisposes to vitiligo has not 
yet been identified. 

Autoimmunity 
Theory 

Abnormalities in the immune system can cause the destruction of 
melanocytes. The basis of the autoimmune theory is the concomitant 
autoimmune diseases and inflammatory changes in the skin in vitiligo. 

Oxidative 
stress 
Theory 

High concentrations of reactive oxygen species have been observed 
in the skin of vitiligo patients due to the impaired antioxidant defense 
system. This theory suggests that increased oxidative stress creates a 
toxic effect on melanocytes, and vitiligo disease is triggered by causing 
melanocyte loss. 

Nervous 
system 

Theory 

Structural differences were observed in some tissues in the 
relationship between nerve endings and nearby melanocytes in the skin. 
On the basis of this, a certain neurochemical mediator secreted from 
nerve endings near melanocytes has been thought to cause toxic effects 
on melanocytes. 

Self-
Destruction of 
Melanocytes 

According to this theory, first proposed by Lerner, in vitiligo, 
melanocytes have lost an intrinsic protective mechanism that eliminates 
toxic products or metabolites that occur in the melanogenesis pathway. 
During melanin synthesis, synthesized tyrosine analogs and intermediate 
molecules such as dopa, dopachrome and 5,6-dihydroxyindole have 
toxic effects on melanocytes. While healthy melanocytes can remove 
these molecules with their own protection mechanisms, melanocyte loss 
is encountered in vitiligo patients due to the deterioration of protective 
mechanisms. 

Growth Factor 
Defect Theory 

In vitiligo, melanocytes in the non-lesional area and around the 
lesion have defective growth and migration capacities. This disorder is 
thought to be related to a deficiency in growth factors. In addition, no 
deterioration in the growth of melanocytes was observed in the 
repigmentable lesions. All these data suggest that growth defects may 
play an important role in the pathogenesis of vitiligo. 

Lymphoma 
Theory 

This theory proposes that patchy depigmented areas are formed as a 
result of autoimmune melanocyte damage by lymphocyte clones with a 
specific affinity for certain areas of the skin. As a result, the etiology of 
vitiligo has been associated with lymphoma. 

Langerhans 
Cells Theory 

Disruption in the communication network between antigen-
presenting Langerhans cells and melanocytes can play a role in the 
pathogenesis of vitiligo. Also, degeneration of Langerhans cells has 
been observed in areas adjacent to vitiligo lesions. 

Viral Infection 
Theory 

CMV (cytomegalovirus) DNA in depigmented and nonlesional skin 
of some patients with vitiligo has revealed the idea that vitiligo can be 
triggered by a viral infection. 
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CLASSIFICATION OF VITILIGO 
Vitiligo is classified into two major categories as non-segmental and 

segmental based on clinical grounds. Also, mixed-type vitiligo cases in which 
non-segmental and segmental vitiligo coexist can be observed rarely (29). One of 
the main differences between the two major types is that non-segmental vitiligo 
has areas of depigmentation on both sides of the body, while segmental vitiligo 
typically has areas of depigmentation limited to one side of the body (30). 
However, both vitiligo types may initially present as focal vitiligo characterized 
by a localized and isolated small depigmented area (31). 

Segmental vitiligo is less common and usually occurs at an earlier age. 
Depigmented areas usually appear in a dermatomal or semi-dermatomal pattern, 
most commonly along the distribution of the trigeminal nerve, and these lesions 
mostly stabilize within a year. In addition, a spread beyond the affected 
dermatome is generally not observed in segmental vitiligo (8). 

The more common type of vitiligo, non-segmental vitiligo, has a chronic 
course with a lifelong evolution (11). Non-segmental vitiligo is characterized by 
depigmented areas of various sizes, usually symmetrically affecting both sides of 
the body. Involvement of hair is rarer than segmented vitiligo, but it can be seen 
with disease progression (29). Non-segmental vitiligo is often accompanied by 
autoimmune diseases such as thyroid disease and alopecia areata (32). Non-
segmental vitiligo is divided into some subclasses according to the distribution of 
depigmented areas as acrofacial, generalized, and universal vitiligo (33). 
Acrofacial vitiligo is usually limited to the involvement of the face, head, hands, 
and feet. There is also distinctively depigmentation of the distal fingers and facial 
periorificial areas (34). Generalized vitiligo is a non-segmental vitiligo type 
characterized by symmetric, random and bilateral distribution manner in many 
parts of the body, commonly on the face, trunk and extremities. It mostly occurs 
in areas exposed to pressure, friction and/or trauma (8). Universal vitiligo refers 
to the most advanced state of the disease, which is usually observed with the 
progression of generalized vitiligo. The whole or almost all of the body is 
depigmented and generally occurs in adulthood (35). 

 
TREATMENTS FOR VITILIGO 
There is no single radical treatment for vitiligo, and many different treatments 

can be applied due to its etiopathogenesis has not been fully clarified (11). 
Various topical and systemic medical treatments, commonly 
immunosuppressants, as well as non-medical treatments such as phototherapy 
and surgical treatment, are applicable in vitiligo (6). The main aims of vitiligo 
treatment are stopping the depigmentation process and providing repigmentation 
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and surgical treatment, are applicable in vitiligo (6). The main aims of vitiligo 
treatment are stopping the depigmentation process and providing repigmentation 

(6,13). For this purpose, Current treatments inhibit the autoimmune response and 
promote melanocyte regrowth from melanocyte stem cells within hair follicles 
(10). In addition, vitiligo seriously impacts patients' psychology and quality of 
life; therefore, psychiatric drugs may need to be added to the treatment regimen 
(6). The vitiligo treatment regimen is evaluated individually and is created 
depending on the patient's age, skin type, severity and activity of disease, 
treatment response and patient preference in terms of cost and accessibility. In 
general, combination treatments of medical and non-medical approaches are 
considered to be more effective than single treatments (36). The response to 
treatment may take approximately 2-3 months. Repigmentation is first seen in the 
perifollicular pattern and at the periphery of the lesions, unless the affected area 
is hairless or depigmented hairy. The areas of the body with the most difficult 
treatment response are usually the distal extremities and lips (13). Also, one of 
the most important problems observed in vitiligo treatment is the absence of a 
treatment to prevent recurrences. Vitiligo has a high recurrence rate, and the 
recurrence rate has been reported to be around 40% within one year after 
discontinuation of treatment (37). 

In the first-line treatment of vitiligo, applications of topical corticosteroids and 
calcineurin inhibitors (tacrolimus ve pimecrolimus) group drugs are included (1). 
The topical application of these drugs suppresses cutaneous immune infiltration 
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vitiligo. However, there are limited number of trials on the effectiveness of 
topical antioxidants in the treatment of vitiligo (30). 



410

Phototherapy and systemic steroid treatment constitute the second-line 
treatment of vitiligo (1). Phototherapy can provide a highly effective treatment. 
Phototherapy can provide repigmentation in most patients in the early period and 
prevent the progression of the disease (1,39). Therefore phototherapy treatment 
is especially applied in patients with extensive and rapidly spreading vitiligo [39]. 
Phototherapy can be used as Psoralen-enhanced UVA (PUVA), UVB therapy, or 
targeted phototherapy. UVB treatments are applied as broadband UVB (290-
320nm) and narrowband ultraviolet UVB (311-313nm). In particular, 
narrowband ultraviolet UVB (NBUVB) therapy is the most commonly preferred 
type of phototherapy in vitiligo because of its better efficacy and lower risk of 
side effects than PUVA. Although there is no consensus on the number of NB-
UVB treatments, it is usually carried out two to three times weekly. NBUVB 
therapy acts by inducing local immunosuppression and stimulating melanocytes 
in the skin and hair follicles. Although NUVB treatment carries a lower risk of 
side effects, adverse effects such as erythema, pruritus, blepharitis, recurrent 
herpes labialis, lupus erythematosus and pemphigoid can be observed during this 
treatment due to dose-related burning and hyperpigmentation of the skin. In order 
to further prevent side effects, targeted phototherapy devices have been 
developed that can be used in areas such as the face and hands  (1,6,30). After 
phototherapy treatment, topical treatment is recommended to prevent recurrence 
(30). Also, patients should protect themself from the sun to avoid the additional 
effects of sun exposure during phototherapy treatment (39). 

In order to prevent the fast spreading of progressive vitiligo cases, systemic 
medical treatment approaches can be started with oral administration of moderate 
doses of corticosteroids (betamethasone or dexamethasone). Although the 
progression of the disease can usually be stopped with systemic corticosteroid 
treatment, repigmentation can be observed rarely. In addition, systemic 
administration may cause serious side effects that limit treatment, such as weight 
gain, acne, sleep disorders, agitation, hypertrichosis and menstrual irregularities 
(30). 

The third-line treatments of vitiligo are surgical treatment options. Surgical 
interventions are a viable option for stable, localized depigmented patients who 
do not respond to medical and phototherapy treatments. Particularly surgical 
treatment may provide a better treatment for lesions that are persistent and located 
in difficult-to-treat areas such as the palms and soles. Today, various surgical 
repigmentation methods such as minigrafts, split-thickness grafts and hair follicle 
transplantation are applied. The common purpose of these methods is to transfer 
the healthy melanocyte reservoir to the vitiligo lesion areas (1,8). 
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NANOPHARMACEUTICALS IN THE TREATMENT OF VITILIGO 
The need for new drug delivery systems has arisen due to the problems 

experienced in the stability of the traditionally used drug systems, the necessity 
of using high doses of drugs, incompatibility problems, the need for frequent 
dosing and fluctuations in the plasma level (40). Nanopharmaceuticals are 
systems developed with the help of nanotechnology, which has therapeutic 
activity and gives the active substance unique additional properties (41). 

In this section, nanopharmaceutical systems developed for the treatment of 
vitiligo are reviewed. 

 
NANOPARTICLES 
Nanoparticles, which are solid colloidal drug carrier systems with a size below 

1000 nm and prepared with natural or synthetic polymer, ceramic or inorganic 
materials, exhibit properties that are much different and superior to bulky 
materials (42,43). 

Drugs/active substances may be attached or dissolved in the nanoparticle or 
covalently bound or adsorbed to the surface (43). Nanoparticles are superior 
systems in terms of being suitable for surface modifications, increasing the 
solubility of the drug, protecting the active substances against enzymatic 
degradation or hydrolysis, and being adjustable in particle size (40,43,44). 

In a study by Shibata et al. (45), the efficacy and safety of topical application 
of PAPLAL [a combination of platinum (1.03 mM) and palladium (2.82 mM) 
nanoparticles], which has extremely high activity, was investigated. The research 
implemented three different forms of PAPLAL: PAPLAL-water (containing 1.03 
mM Pt and 2.82 mM Pd), PAPLAL-lotion (containing 0.023 mM Pt and 0.067 
mM Pd) and  PAPLAL-cream (containing 0.139 mM Pt and 0.376 mM Pd). 58 
Japanese patients with vitiligo vulgaris suffered more than 10% of their skin area 
and had been resistant to standard treatments for at least a year. PAPLAL cream 
or PAPLAL lotion was used topically two times a day on depigmented skin, 
namely, the face and the back side of the hands and fingers, which are widely 
known as places resistant to common therapies, or PAPLAL water was taken 
orally once a day. When patients came to the clinic every two weeks or once a 
month, a dermatologist examined their therapeutic efficacy. As a result of the 
study, PAPLAL cream was determined to be the most effective, providing more 
than 10% repigmentation in 58% of patients, followed by PAPLAL-lotion 
(35.2%) and PAPLAL-water (11.1%), respectively. Also, it has been reported 
that PAPLAL cream and lotion may be beneficial for treating vitiligo patients 
since they demonstrated excellent efficacy in repigmenting vitiligo cases that had 
not responded to traditional techniques such as excimer radiation therapy (45). 
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In a study by Zhang et al. (46), a nanoparticle formulation containing 
immunosuppressive rapamycin and an autoantigen HEL46-61 in combination was 
prepared, and its effect against vitiligo on a TrpHEL mice model was evaluated. 
Nanoparticles were prepared by double-emulsion method and particle sizes were 
found to be approximately 100 nm. In the study, CD4+ T cell proliferation and 
differentiation were evaluated by applying nanoparticles containing HEL46-61 and 
rapamycin to bone marrow-derived dendritic cells (BMDCs) taken from TrpHEL 
mice, and decreased expression of costimulation molecules CD80 and CD86 
were observed in the cells. In addition, it was determined that regulatory T cells 
production increased, IFN-γ and IL-6 production was suppressed, and IL-10 
production was induced as a result of the administration of nanoparticles to mice. 
As a result of the study, it has been reported that nanoparticles containing 
rapamycin and autoantigen can induce antigen-specific immunological tolerance 
and prevent vitiligo (46). 

In a study by Gomes et al. (47), PLGA nanoparticles were prepared to reduce 
the toxicity and rapid degradation of psoralens, which are frequently used in the 
treatment of vitiligo. Nanoparticles containing the benzopsoralen were prepared 
by the solvent-evaporation technique, and the particle size was found 815±80 nm, 
and the encapsulation efficiency was determined to be 74±4%. In the study, TEM 
and confocal microscope were used to determine the uptake and intracellular 
distribution of nanoparticles by tissues. In TEM analysis, cell damages such as 
cytosolic vesiculation, mitochondrial condensation, swelling of the granular 
endoplasmic reticulum and nuclear membrane are revealed by the combined use 
of benzopsoralen and UV light (360 nm). Endothelial cells are the main target of 
drug delivery systems and medications in the vascular system, and altering 
vascular function in different pathological conditions such as skin diseases, 
cancer, and inflammation is a favorable strategy. The findings of this study point 
to PLGA nanoparticles as a potentially effective sustained release for 
benzopsoralen for both systemic and local administration in association with 
ultraviolet irradiation (47). 

 
SOLID LIPID NANOPARTICLES AND NANOSTRUCTURED LIPID 

CARRIERS 
Solid lipid nanoparticles (SLNs) are colloidal systems between 50-1000 nm 

in which biocompatible and biodegradable lipids, which are solid at room 
temperature and body temperature, are stabilized with surfactants. SLNs are 
composed of surfactant, solid lipid and water phase (48–50). On the other hand, 
nanostructured lipid carriers (NLCs) are systems that have been designed in 
response to problems such as the possibility of crystallization and the solubility 
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composed of surfactant, solid lipid and water phase (48–50). On the other hand, 
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of solid lipid nanoparticles. Its structure includes both solid and liquid lipids. 
Therefore, its structure is irregular. It can trap more drugs/active molecules due 
to its irregular form (51–53). Lipid nanoparticulate systems (SLNs and NLCs) 
are preferable because they are economical, simple to manufacture, and capable 
of trapping both hydrophilic and hydrophobic active substances, providing for 
controlled drug release, increased stability, and allowing surface modification 
(48,54). 

In a study by Yazdani et al. (55), NLCs containing simvastatin, which can be 
used in the treatment of vitiligo due to its immunosuppressive effects, were 
prepared, and their physicochemical and clinical properties were evaluated. 
Ultrasonication was used to make simNLC, which is a simple and repeatable 
process that may be used in commercial manufacturing. In the preparation of 
simNLCs, first of all, 85.5% (w/w) aqueous phase (parabens and distilled water) 
and 12% (w/w) oil phase (Tego care 450, Miglyol and Cetyl palmitate) were 
prepared separately and heated to 75°C. Subsequently, simvastatin was dispersed 
in Tween 80, a hydrophilic surfactant, and added to the lipid phase, which was 
then added to the aqueous phase with continuous stirring using an Ultra-Turrax. 
Probe sonication at 70% amplitude was applied to the aforementioned mixture 
for 1, 3, and 5 minutes, respectively. After that, the obtained dispersion was 
cooled in the refrigerator. The mean particle sizes of simNLCs were found to be 
203.7±21.54 - 345.4±9.77 nm, PDI values between 0.221±0.054 - 0.294±0.021, 
and zeta potential values between (-)43.3± 5.14 – (-)49.7±7.778 mV. The 
encapsulation efficiency (EE) and drug loading capacity (DL) were determined 
to be 99.27% and 3.4%, respectively. Then a randomized, double-blind, placebo-
controlled trial was undertaken on 9 women and 6 men who were healthy 
volunteers between the ages of 25 and 55. According to evaluations made 10 days 
after the application, there was no significant change in skin biophysical 
parameters (skin hydration, erythema, melanin index and skin pH) in 
examinations comparing the topical treatment of simNLC (0.4%) with placebo. 
Since the development of NLCs is effective in increasing the bioavailability of 
active pharmaceutical compounds that are generally poorly water-soluble, it has 
been found that this drug delivery system could be useful to load simvastatin in 
the treatment of vitiligo (55).  

In a study by Fang et al. (49), it was aimed to develop SLN and NLC with 
controlled release properties and increased skin permeability for psoralens. The 
physicochemical properties of SLN and NLC developed in the study were 
investigated, such as drug loading capacity, particle size, zeta potential, and 
psoralen permeability. Precirol ATO 5 was used to prepare SLNs, and Precirol 
and squalene (a liquid lipid) were used to prepare NLCs for comparison. Also, 
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different surfactants (Tween 80, Pluronic F68, Soybean phosphatidylcholine, 
Myverol) were utilized to prepare SLNs and NLCs. The particle sizes of SLN and 
NLC were found to be around 300 and 200 nm, respectively. Except for NLCs 
prepared with Tween 80 and soy phosphatidylcholine, other formulations have 
Newtonian flow properties. After adding squalene into the solid lipid cores (of 
NLC), the melting peak of Precirol shifted from 58 to 55 °C, indicating 
imperfections in the crystalline lattice of the lipid cores and smaller particle sizes, 
according to DSC thermograms. Photochemotherapy with psoralens and long-
wavelength ultraviolet radiation (psoralen and UVA light therapy, PUVA) is 
known to be a treatment with a good clearance rate in skin diseases such as 
vitiligo and psoriasis. The psoralens used in PUVA are generally 5-
methoxypsoralen (5-MOP), 8-methoxypsoralen (8-MOP), and 4,5,8-
trimethylpsoralen (TMP). According to the results of the in vitro study, psoralen 
permeation can be controlled by changes in the components of the formulation. 
Also, it was observed that the permeability of psoralens increased, respectively, 
8-methoxypsoralen (8-MOP) > 5-methoxypsoralen (5-MOP) > 4,5,8-
trimethylpsoralen (TMP). Controlled release of psoralens was achieved with 
NLCs, and its permeability was found to be increased. In vitro permeation studies 
revealed that NLCs prepared using Tween 80 increased the 8-MOP transition 2.8 
times compared to a conventional emulsion (49). 

Hydroquinone (HQ) is an active substance that is used not only to whiten the 
skin but also to condense tyrosinase in the melanin production process. After a 
sequence of melanin reactions, HQ can block the formation of tyrosine, dopa, and 
dopaquinone, resulting in a whitening effect (56). HQ is generally used in the 
treatment of diseases such as lentigines, liver spots, freckles (ephelides), post-
inflammatory pigmentation. On the other hand, it can also be used for the 
depigmentation of residual pigmented areas in the treatment of universalis vitiligo 
type (57). However, it has several disadvantages, such as skin irritation, rapid 
oxidation, and loss of efficacy. NLC formulations containing HQ were developed 
using the homogenization process to improve the stability of hydroquinone and 
minimize its adverse effects. Solid lipid-liquid lipid ratio (3:7), lecithin/surfactant 
ratio (3:1) and homogenization speed were determined as 8000 rpm for optimum 
HQ-NLC. The mean particle size, encapsulation efficiency and zeta potential 
values in the optimum formulation were found to be 393.30±28.23 nm, 
22.13±2.66% and (-)15.93±2.02 mV, respectively. PLANTACARE 2000 UP (the 
decyl glucoside-based liquid type surfactant) was also added to the NLC (HQ-
NLC-PLANTACARE)  formulation after optimization to improve the zeta 
potential value, which is a marker of stability. The particle sizes of the NLCs 
prepared with PLANTACARE 2000 UP was found to be 396.60±27.39 - 
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461.34±18.14 nm, and the zeta potential values were between (-)34.86±2.54 –       
(-)39.22±1.43 mV. In vitro permeation study was performed using Franz 
diffusion cells, and an artificial membrane (3M Tegaderm) was used to mimic 
human skin. It has also been shown that the permeability of NLCs is increased 
with the addition of PLANTACARE 2000 UP. As a consequence of the research, 
it was revealed that NLCs containing HQ might be used in the future to treat skin 
diseases (56). 

 
NANOEMULSIONS 
Nanoemulsions (NEs) are drug delivery systems made by dispersing two 

immiscible liquids (water and oil phase) with the aid of a surfactant(s) with 
droplet sizes ranging from 10 to 1000 nm. The accepted general droplet size 
limitations are between 20 and 200 nm. NEs are thermokinetic stable systems that 
have long-term physical stability (58,59). The nano-sized droplets prevent 
creaming and flocculation for a long time. It can be used to formulate both water- 
and oil-soluble drugs/active substances. In nanoemulsions prepared in Y/S form, 
the active ingredient can be protected from hydrolysis and oxidation by 
dissolving it in oil. Nanoemulsions can increase the solubility and bioavailability 
of the substance, and thus, it is possible to reduce the side effects together with 
increased efficiency. They can be prepared in various forms such as cream, lotion, 
foam and spray with non-irritant and non-toxic properties (58,59). 

The low viscosity of nanoemulsions for topical application is one of its 
drawbacks, limiting their clinical applicability and making topical administration 
difficult. In this context, the development of a hydrogel-thickened nanoemulsion 
can overcome this problem by adding a gel-forming polymer to the outer phase 
of the formulation. Nanoemulsion-based gels can combine the features of 
nanoemulsions' durability and skin penetration with the capabilities of hydrogels' 
prolonged drug release, enhancing therapeutic benefits and permitting dosage 
reduction. In addition, the increase in nanoemulsion viscosity prevents the 
formation of micellar aggregates and prevents stability problems such as 
flocculation and aggregation (60,61). 

In a study by Barradas et al. (62), chitosan-thickened nanoemulsions 
containing essential oils rich in terpenes (sweet fennel oil and clove oil) were 
developed for the topical application of 8-MOP used in vitiligo treatment, and the 
effect of presence and viscosity of chitosan were evaluated. It was observed that 
the droplet size of the nanoemulsions prepared with sweet fennel essential oil was 
68.1±0.6 nm, and the droplet size of the nanoemulsions prepared with clove 
essential oil was 91.3±0.3 nm. It has also been reported that formulations 
prepared with clove oil have a higher viscosity than those prepared with sweet 
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fennel oil. A controlled release of 8-MOP has been achieved with clove oil, and 
it has been reported that these formulations are suitable for PUVA treatment due 
to their high drug efficacy and low systemic exposure (62). 

In a study by Shivasaraun et al. (63), it was emphasized that 
photochemotherapy is the best option in the treatment of vitiligo, and they stated 
that lipid-based nanoemulsion gel formulations containing flavonoid and 
trimethylpsoralen in combination might be useful. It has been reported that with 
the application of nanotechnology in the treatment of vitiligo, the penetration 
effect on the skin can be improved, and therefore the effects can be increased 
(63). 

In a study by Ozkan et al. (64), nanoemulsion formulations containing 
piperine with repigmentation and restoration effects were prepared and 
characterized. Nanoemulsion formulations were prepared by ultrasonication 
method, and the droplet size, PDI and zeta potential values of the optimum 
formulation were found to be 216.00 ± 2.65 nm, 0.094 ± 0.02 and 27.50 ± 2.48 
mV, respectively. As a result of in vitro activity studies, the tyrosinase and 
melanogenesis activities of the nanoemulsion formulation containing 5 mg/mL 
piperine were found to be 32.77% ± 9.09% and 34.90% ± 0.73%, respectively, 
and it was stated that it was not toxic at this dose. As a result, it has been reported 
that nanoemulsions containing piperine are promising in the treatment of vitiligo 
and can also help treat various diseases such as irregular pigmentation and skin 
cancer (64).  

In another study, a nanoemulsion formulation was developed to increase the 
penetration and thus the effect of 8-methoxypsoralen (8-MOP) into the skin. The 
optimum formulation was prepared by ultrasonication method (60% power and 
60 s) using 2% (v/v) clove essential oil and 10% (w/v) poloxamer 407. The 
droplet size of the optimized formulation was determined as 24.98±0.49 nm, the 
PDI value of 0.091±0.23, and the TEM analysis showed that the droplets were 
spherical. In the ex-vivo study, nanoemulsion and cream formulations equivalent 
to 80 μg of 8-MOP were compared, and it was determined that the nanoemulsion 
(10.15±1.36 μg.cm-2, 17.5%) showed higher retention in viable skin than the 
cream (5.04±0.30 μg.cm-2, 9.0%). In conclusion, it has been reported that 
nanoemulsions are a promising alternative for topical treatment with 8-MOP (65). 

 
NANOLIPOSOMES 
Liposomes are spherical vesicular systems with one or more layers consisting 

of amphiphilic phospholipids that contain hydrophilic and lipophilic groups 
together (66,67). While liposomes are systems that can have a size between 20 
nm and a few micrometers, the dimensions of nanoliposomes do not exceed the 
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60 s) using 2% (v/v) clove essential oil and 10% (w/v) poloxamer 407. The 
droplet size of the optimized formulation was determined as 24.98±0.49 nm, the 
PDI value of 0.091±0.23, and the TEM analysis showed that the droplets were 
spherical. In the ex-vivo study, nanoemulsion and cream formulations equivalent 
to 80 μg of 8-MOP were compared, and it was determined that the nanoemulsion 
(10.15±1.36 μg.cm-2, 17.5%) showed higher retention in viable skin than the 
cream (5.04±0.30 μg.cm-2, 9.0%). In conclusion, it has been reported that 
nanoemulsions are a promising alternative for topical treatment with 8-MOP (65). 

 
NANOLIPOSOMES 
Liposomes are spherical vesicular systems with one or more layers consisting 

of amphiphilic phospholipids that contain hydrophilic and lipophilic groups 
together (66,67). While liposomes are systems that can have a size between 20 
nm and a few micrometers, the dimensions of nanoliposomes do not exceed the 

nanometer size (68). Despite these size differences, liposomes and 
nanoliposomes have the same structural, physical and thermodynamic properties 
as well as the exact formation mechanisms (69). Nanoliposomes are formed as a 
result of hydrophilic and hydrophobic interactions of phospholipids with water 
(70). Generally, hydrophilic active substances are located in the aqueous region, 
while lipophilic active substances are located in the phospholipid layer (71). 
Thus, they are suitable systems for the transport of both hydrophilic and lipophilic 
active substances. They can increase the solubility and stability of active 
substances. The controlled and sustained release can be achieved (71). They 
change the pharmacokinetic and pharmacodynamic properties of the active 
substance, and increase its therapeutic index and efficacy. They are non-toxic and 
non-immunogenic, flexible, biocompatible, biodegradable and suitable for 
targeting systems (71–73). 

In a study by Mahira et al. (74), ultra-deformable liposome formulations 
containing psoralen (PSR) and its derivatives [8-methoxypsoralen (8-MOP) and 
5-methoxypsoralen (5-MOP)] were prepared for improved drug delivery and 
therapeutic potential in vitiligo management. Liposomes were prepared by thin 
film hydration, and ethanol injection method and particle size of formulations 
were found below 150 nm. The high encapsulation efficiency and sustained 
release of liposomes reduced the dose of the drug and the frequency of drug 
administration, thereby diminishing the side effects. It has been shown that the 
ultra-deformable structure of liposomes increases membrane penetration by cell 
uptake studies. Also, it was reported that low concentrations of 5-MOP-loaded 
liposomes stimulated melanin and tyrosinase highest, followed by 8-MOP-loaded 
liposomes, PSR-loaded liposomes and control. As a result of the study, it is 
suggested that PSR derivatives (5-MOP and 8-MOP) loaded liposomes might be 
beneficial for the treatment of vitiligo (74). 

In a study by Doppalapudi et al. (75), ultra-deformable liposome formulations 
containing combined psoralen and resveratrol were developed, and their 
effectiveness in vitiligo was evaluated by an in vitro cell culture study. The 
particle size of the optimum ultra-deformable liposomes was found below 150 
nm, the zeta potential value was (+)46.2 mV, and the encapsulation efficiencies 
were 74.09% and 76.91% for psoralen and resveratrol, respectively. Compared 
with the control group, it has been shown that ultra-deformable liposomes loaded 
with psoralen and resveratrol in combination stimulate melanin and tyrosinase 
activities, and also have free radical scavenging effects, and it has been stated that 
the ultra-deformable liposomes containing psoralen and resveratrol may be 
effective in the treatment of vitiligo due to this dual mechanism (75). 
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In another study, nanoliposome formulations containing ruxolitinib were 
prepared to suppress the JAK-STAT pathway, which is effective in the 
dysregulation of immune responses in autoimmune skin diseases such as vitiligo 
(76). Nanoliposome formulation containing ruxolitinib was prepared by thin-lipid 
hydration method, and particle size, PDI and zeta potential values were found as 
224+5.29 nm, 0.213+0.00 and (-)40.33+0.57, respectively. Stability studies at 
25±2°C and 60±5% RH showed that there was no significant change in particle 
size, PDI and zeta potential values of nanoliposomes after 12 months. In order to 
improve the rheological properties of the nanoliposome and facilitate its 
application to the skin, 1.2% thickening agent was added to the nanoliposome 
suspension. pH, viscosity, density and active substance content of nanoliposome-
based gels were examined, and it was determined that there was no significant 
change in these parameters after 12 months. In addition, in vitro drug release and 
the in vivo tape stripping tests revealed that the formulation had good absorption 
and permeation, and it was stated that nanoliposomes and nanoliposome-based 
gels are a suitable delivery system for ruxolitinib (76). 

 
NIOSOMES 
Niosomes are non-ionic surfactant vesicles with a bilayer structure formed by 

the self-assembly of surfactant monomers by hydration. Due to disadvantages 
such as the phospholipids utilized in the preparation of liposomes, problems with 
physical and chemical stability, leakage of active substances from the vesicles, 
and short shelf life, the usage of niosomes as an alternative to liposomes has 
attracted attention. They are biodegradable and biocompatible systems and are 
not toxic and immunological. Niosomes, which have a size between 10 and 1000 
nm, have an amphiphilic structure just like liposomes; that is, they contain both 
hydrophilic and lipophilic properties. Niosomes, which emerged for the first time 
in the cosmetic industry, have been investigated as a drug delivery system due to 
their many advantages and have become preferred today. They can be easily 
modified to desired properties and are systems to manufacture on a large scale. 
Niosomes can be monolayered or multilayered, depending on their preparation 
method (77–79). 

In a study by Kassam et al. (80), niosomes were designed to improve the local 
effectiveness and safety of 8-methoxypsoralen (8-MOP) by increasing its 
penetration into the skin via vesicles. Niosomes were prepared by thin-film 
hydration method with different concentrations of cholesterol and two types of 
nonionic surfactants (Span 60 and Span 40). The prepared niosome formulations 
exhibited high encapsulation efficiency and also showed a biphasic release profile 
(characterized by an initial rapid release phase of up to 3 hours followed by a 
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In a study by Kassam et al. (80), niosomes were designed to improve the local 
effectiveness and safety of 8-methoxypsoralen (8-MOP) by increasing its 
penetration into the skin via vesicles. Niosomes were prepared by thin-film 
hydration method with different concentrations of cholesterol and two types of 
nonionic surfactants (Span 60 and Span 40). The prepared niosome formulations 
exhibited high encapsulation efficiency and also showed a biphasic release profile 
(characterized by an initial rapid release phase of up to 3 hours followed by a 

delayed period of up to 24 hours). For convenient topical application, niosomal 
vesicles were added to the CMC hydrogel matrix. The pH values and rheological 
properties of the hydrogels were found to be suitable. After 2 hours of in vivo 
application of fluorescently labeled niosomal hydrogels on rat skins, it was 
revealed that the skin permeability of 8-MOP was improved. Also, it was 
understood that niosomes could be suitable for the topical administration of 8-
MOP, which could help reduce toxicity and enhance the efficacy of long-term 
treatment of various dermatological diseases (80). 

In a study by Manosroi et al. (81), the human tyrosinase gene (p453) was 
loaded into non-elastic or elastic cationic niosomes, and characterization studies 
were carried out. Niosomes were prepared by chloroform film method using 
Tween61/Cholesterol/DDAB at 1:1:0.5 molar ratio. However, while rehydration 
was done with distilled water in the preparation of non-elastic cationic niosomes, 
this process was done with 25% ethanol in elastic cationic niosomes. In addition, 
lyophilization was performed in non-elastic cationic niosomes, but this step was 
not included in elastic ones. For p453 loading into niosomes, the plasmid was 
incubated in niosome dispersion at 27°C for 1 hour. Non-elastic cationic 
niosomes in powder form were reconstituted with distilled water before 
processing. The vesicle size and zeta potential values of the blank non-elastic and 
elastic cationic niosomes were found to be 139.4±1.62 nm - 67.9±7.73 mV, and 
110.2±1.19 – 53.0±7.34 mV respectively, and the reason for the decrease in 
vesicle size and zeta potential values was explained as the use of ethanol. 
However, it was observed that vesicle sizes increased, and zeta potential values 
decreased with the addition of plasmid to niosomes. As a result of the stability 
studies, it was determined that the plasmid-loaded elastic cationic niosomes 
maintained their physical stability at the end of the eighth week, while the non-
elastic niosomes precipitated after the second week. Furthermore, after being kept 
at 4°C and 27°C for 8 weeks, respectively, the remaining plasmids in elastic 
cationic niosomes were found to be 49.75% and 38.57%, but all of them degraded 
at 45°C. Transdermal absorption study performed with Franz diffusion cells, only 
pMEL34-loaded elastic cationic niosomes were found in the receiving solution. 
Tyrosinase gene expression was greatest in the pMEL34-loaded elastic cationic 
niosomes, which also had approximately four times the tyrosinase activity of the 
free and non-elastic niosomes. This research highlighted the potential of using 
elastic cationic niosomes as an effective topical delivery system for the tyrosinase 
gene in the treatment of vitiligo (81). 

 
 
 



420

MICELLES 
Micelles are structures formed by the self-assembly of substances with 

amphiphilic structure, usually in aqueous media, and can be classified as 
surfactant-micelles and polymeric-micelles according to their molecular weights 
(82,83). Surfactant-micelles have a high critical micelle concentration (CMC), 
which reduces their stability. Unlike surfactant-micelles, polymeric micelles 
show lower CMC values and are more stable systems. CMC refers to the 
minimum concentration required for micelles to form (84,85). 

Polymeric micelles are frequently preferred in recent years, consisting of 
amphiphilic polymers with a hydrophobic core and a hydrophilic shell. They are 
small diameter colloidal dispersions ranging from 10-100 nm depending on the 
length of the alkyl chains and the type of head groups they have (86–88). 

Micelles increase the solubility of active substances with low solubility and 
their bioavailability. They are systems with high stability and repeatable systems. 
They are easy to prepare and can be produced in large quantities. Due to their 
very small particle size, they can be sterilized by filtration. They can be easily 
modified and targeted. However, micelles with high CMC value have low 
stability and can easily release active substances. A limited number of polymers 
can be used for micelle production. The reproducible synthesis of the block 
copolymers used in its production is difficult. There is no generally accepted 
method for loading the active substances into the micelles, so a different method 
should be chosen for each active substance (83,87,89,90). 

The photodynamic therapy method (PDT), which utilizes the reaction of 
photosensitizers (PS), molecular oxygen, and light irradiation of a specific 
wavelength, is a clinically approved method for the treatment of various diseases 
such as psoriasis and vitiligo. With PDT, which is a local treatment, free oxygen 
radicals are produced, and damage to the diseased tissue is observed, so it is 
preferred because it is less invasive than other methods such as chemotherapy 
and surgery. However, aggregation of PS in aqueous solution, phototoxicity to 
the skin, hydrophobicity, and limited selectivity make them unsuitable for 
biomedical applications. The PS shouldn't be harmful before being treated to light 
with the proper energy. It is important to take into account chemical homogeneity, 
tumor selectivity, and biodegradation for enhanced biocompatibility and efficacy. 
Polymeric micelles are interesting systems for increasing the solubility, 
biocompatibility, and in vitro and in vivo stability of hydrophobic drugs (91). 
Based on this knowledge, Dai et al. (91) developed thermosensitive, amphiphilic, 
star-shaped "poly (ε- caprolactone)-block-poly (N-isopropylacrylamide)" with 
prophyrin-core (SPPCL-b-PNIPAAm) by ring-opening polymerization (ROP) 
and reversible addition-fragmentation chain transfer polymerization (RAFT). It 
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Polymeric micelles are interesting systems for increasing the solubility, 
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was revealed by TEM and DLS analysis that the prepared micelles were 
approximately 100 nm in size and spherical. Also, it was found that the lower 
critical solution temperatures (LCST) of the copolymer solutions were 
attractively close to the normal physiologic temperature and obtained micelles 
had a low CMC in an aqueous solution. Additionally, micelles demonstrated 
significant singlet oxygen generation and temperature sensitivity, so it was stated 
that they might be used as a stimulus-responsive photosensitizer in targeted PDT 
(91). 
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INTRODUCTION 
Blood is actually a living tissue, composed of highly specific structures, each 

with a separate function. Blood products; blood components (whole blood, 
erythrocyte suspension, leukocyte-free erythrocyte suspension, irradiated 
erythrocyte suspension, washed erythrocyte suspension, frozen erythrocyte 
suspension, granulocyte concentrate, platelet concentrate, leukocyte-reduced 
platelet concentrate) and plasma fraction products (fresh frozen plasma, 
cryoprecipitate, factor concentrates, fibrinogen, antithrombin-III, albumin, 
immunoglobulins, alpha-1 proteinase inhibitors) should be considered (1). 

Blood transfusion can be defined as special tissue transplantation. In the early 
20th century, blood transfusion entered the medical field with the discovery of 
blood group antigens, typing methods and comparison tests between donor and 
recipient. (2). 

 Transfusion of a blood component can never be underestimated; After careful 
consideration of the clinical situation, transfusion should be given only if there is 
a good reason. In other words, blood transfusion should be applied in cases where 
the benefit outweighs the potential risks (3). 

 
BLOOD PRODUCTS 
Whole Blood 
The blood used without processing after being taken from the donor is whole 

blood. The average volume of a unit of whole blood is 450 ml and can vary by ± 
10%. Whole blood consists mainly of erythrocytes, platelets, plasma and 
coagulation factors. One unit of whole blood contains approximately 200 ml of 
erythrocytes, 250 ml of plasma and 63 ml of anticoagulant. Whole blood that has 
stood for less than 24 hours is called "fresh whole blood"  (4). 

Whole blood increases its oxygen carrying capacity and is used to increase 
blood volume. It is indicated in patients with trauma who are actively bleeding 
massively, who have lost more than 25% of their total blood volume, and in 
patients who may develop hemorrhagic shock during surgical operations. The use 
of "fresh" whole blood is indicated in a limited number of cases. It is more 
advantageous to use whole blood in cardiac surgery operations applied to 
newborns. Whole blood is often hard to find. It is difficult to obtain blood (fresh 
whole blood) taken before 24 hours, as it will take time to determine the ABO 
and Rh type of the blood, to screen for the presence of atypical antibodies and to 
perform the necessary infection screening tests. Shelf life is determined by the 
survival rates of erythrocytes 24 hours after collection from the donor; this ratio 
should be 75% or more and depends on the type of preservatives used in the blood 
bag. The shelf life of blood containing Citrate-Phosphate-Dectrose (CPD) is 21 
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days, while the shelf life of whole blood containing CPD-Adenine (CPDA-1) is 
35 days. Whole blood with a storage time of more than 24 hours contains very 
small amounts of live platelets and leukocytes. Also, Factor VIII levels decrease 
with storage. The level of stable coagulation factors is well preserved during 
storage (5). 

 
Erythrocyte Suspension 
After centrifugation of one unit of whole blood, erythrocyte suspension, 

platelet suspension, fresh frozen plasma and cryoprecipitate are obtained (6). 
Erythrocyte suspension (ES) is obtained from whole blood by removing 200-250 
ml of plasma or by apheresis system (7). ES is prepared from whole blood taken 
in anticoagulant + protective fluid. For this, a second empty bag is required, 
connected to the bag from which the whole blood was collected. First, the whole 
blood bag is centrifuged, the erythrocyte and plasma part is precipitated in this 
way, the plasma part remains on top and the plasma is transferred to the second 
bag with the help of an extractor. In this way, only ES remains in the first bag. 
While transferring the plasma to the additional bag, 60-90 ml of plasma is left in 
the erythrocyte suspension. 

Thus, both the nutrient medium required for the metabolism of erythrocytes 
and the sufficient anticoagulant anticoagulant substance are provided. A unit of 
ES prepared in this way is approximately 200 ml. ES offers equal oxygenation 
carrying capacity in a smaller volume than whole blood (4). 

Basic preservatives; It consists of dextrose, adenine, citrate, sodium 
biphosphate. Dextrose and adenine; It meets the energy needs of erythrocytes and 
enables ATP synthesis. Citrate interacts with the calcium ion in the blood and 
prevents clotting. Sodium biphosphate balances the pH. One unit of whole blood 
or erythrocyte suspension can be stored at 1-6 oC for 21 days in the blood central 
cabinet (8,9). 

ES is the main transfused blood component (10,11). The main transfusion 
indication for ES is the decrease in the oxygen carrying capacity (tissue hypoxia) 
due to the decrease in the erythrocyte mass and the resulting clinical 
manifestation. The aim is not to expand the volume as in whole blood. ES is used 
in aplastic and hypoplastic anemia, leukemia, myelodysplastic syndrome (MDS), 
congenital hemolytic anemia, thalassemia, sickle cell anemia, chronic renal 
failure anemia unresponsive to erythropoietin treatment, anemia due to 
chemotherapy and/or radiotherapy. ES is the main transfused blood component 
(10,11). 

In emergency cases, patients with unknown ABO blood group can be given O 
group Rh(-) erythrocyte suspensions. One unit of ES increases the hematocrit 
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In emergency cases, patients with unknown ABO blood group can be given O 
group Rh(-) erythrocyte suspensions. One unit of ES increases the hematocrit 

value by 3% and the hemoglobin (Hb) by 1 g/dL in an adult weighing 70 kg 
without active bleeding (12,13). There are various types of erythrocyte 
suspension: fresh, washed, leukocyte-poor, irradiated and frozen. 

 
Fresh Erythrocyte Suspension 
Its main field of use is the application of erythrocyte exchange in blood 

diseases such as thalassemia and sickle cell anemia. Fresh erythrocyte suspension 
(<7 days) should be used to ensure adequate oxygen carrying capacity and to open 
the time between two erythrocyte exchanges as much as possible. 

 
Leukocyte Reduced Erythrocyte Suspension 
There are three main reasons for its use. To prevent non-hemolytic febrile 

reaction caused by leukocyte and thrombocyte antibodies due to pregnancy or 
previous transfusions, to prevent alloimmunization of patients with aplastic 
anemia who are candidates for bone marrow transplantation, to reduce 
transmission of HIV or CMV. One unit of ES contains 1-3x109 leukocytes. To 
prevent febrile reactions, this number should be below 5x108, and to reduce the 
transmission of alloimmunization and viral diseases, the leukocyte count should 
be below 5x106 (12). The filtration process is applied at the bedside or at the blood 
center before storage. Pre-storage filtration is more effective. The other method 
is the centrifugation method. By centrifugation, the layer with dense leukocytes 
(buffy coat) is taken to another environment. Its effectiveness is 70-80%. 
Efficiency increases to 90-94% when 20-40 micron filters are used in addition to 
processing (14). 

 
Washed Erythrocyte Suspension 
It is obtained by washing erythrocytes with physiological saline and removing 

platelets, plasma and leukocytes at a significant rate. It is prepared with special 
cell washing devices. ES is centrifuged with physiological saline at 3000 rpm for 
15 minutes in a refrigerated centrifuge or special devices. With this application, 
a significant part of platelet and plasma proteins and 70-90% of leukocytes are 
eliminated (4,12). The main indication is to prevent an allergic reaction to the 
donor's plasma proteins. In the presence of severe recurrent allergic reaction in 
the recipient, in paroxysmal nocturnal hemoglobinuria, T-activation syndrome, 
in neonatal and intrauterine transfusions, in patients who have developed anti-
IgA antibodies in previous transfusions, erythrocytes should be washed (15,16). 

 
 
 



434

Frozen Erythrocyte Suspension 
It is prepared by adding 20% glycerol, which is used as a cryoprotective agent, 

to ES. Thus, while the erythrocytes are frozen, they are prevented from 
undergoing hemolysis. 

ES with 20% glycerol is then frozen at -196 oC within 2,5 minutes with the 
help of liquid nitrogen. In this way, the prepared ES can be stored for years. Shelf 
life is about 10 years on average. When used, it is slowly melted at 40 oC. It is 
washed in physiological saline to remove glycerol. Thawed frozen ES should be 
used within 24 hours. By freezing ES, the blood of patients with rare erythrocyte 
phenotypes is stored for a long time. In addition, it is very difficult to find suitable 
blood for patients who have developed antibodies as a result of previous 
transfusions. In such patients, when a suitable blood is found, it is frozen (13). 

Irradiated Erythrocyte Suspension 
Transfusion-associated Graft Versus Host Disease (GVHD) can be prevented 

through the use of irradiated ES. Cesium (Cs-137) or Cobalt (Co-60) is used for 
irradiation. Irradiation causes chemical cross-links in the DNA of cells. It should 
be done at a dose of 2500 cGy. This dose is sufficient to damage the DNA, but 
not to interfere with the normal functioning of the less sensitive parts of the cell. 
Leukocytes are inactivated by irradiation. Immunodeficiency, acute and chronic 
leukemia, Hodgkin's disease, all blood products with cellular content should be 
irradiated to newborn patients (17). 

 
INDICATIONS FOR ERYTHROCYTE SUSPENSION 

TRANSFUSION 
The main indication is the decrease in the oxygen carrying capacity due to the 

decrease in the erythrocyte mass and the appearance of clinical symptoms related 
to it. Among these symptoms; tachycardia, fatigue, tachypnea, symptoms due to 
cerebral hypoxia, angina pectoris, heart failure. ES is used in aplastic and 
hypoplastic anemia, leukemia, MDS, congenital hemolytic anemia, thalassemia, 
sickle cell anemia, anemia of chronic renal failure that does not respond to 
erythropoietin treatment, anemia due to chemotherapy and/or radiotherapy (12). 

In clinical practice, more than 50% of blood transfusions are performed due 
to surgical operations (18). One unit of ES increases the hematocrit value by 3% 
and Hb by 1 g/dl in a 70 kg adult without active bleeding. (12). 

 
Anemia 
If the hemoglobin level is above 7 g/dl in young patients, symptoms and signs 

related to anemia may not develop. In anemia that develops slowly and for a long 
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related to anemia may not develop. In anemia that develops slowly and for a long 

time, the body's compensatory mechanisms, which are responsible for 
transporting oxygen to the tissues, come into play. 

In addition, an increase is observed in cardiac output and intracellular 2,3-
diphosphoglycerate (2,3-DPG) levels. Oxygen transport between Hb and tissue 
occurs at lower oxygen saturation.  

In chronic anemia, if the patient does not have symptoms related to a decrease 
in oxygen carrying capacity, transfusion is not performed. In addition, if the Hb 
level can be improved with drugs (iron, folic acid, vitamin B12), transfusion is 
not performed (19). In patients with thalassemia or sickle cell anemia, one of the 
reasons for transfusion of whole blood and ES is to suppress erythropoiesis. 
However, it should be kept in mind that unnecessary transfusions will also 
increase iron accumulation (20). It should not be forgotten that; The true 
indication for ES transfusion is the presence of tissue hypoxia (12,13). 

 
Bleeding and Shock 
The main indication for transfusion of blood or its components is bleeding. In 

the treatment of acute blood loss, volume support should be provided and 
erythrocyte loss should be replaced. Approximately 1000 ml of blood loss in 
patients without any cardiovascular pathology can be treated with electrolyte 
solutions. For blood losses between 1000 ml and 2000 ml, erythrocyte suspension 
and colloid fluids should be used. 

In acute blood loss above 2000 ml, both volume support and ES should be 
used (21). Clinical and experimental studies have shown that the combination of 
crystalloids such as ES and albumin in the treatment of hypovolemic 
(hemorrhagic) shock is as effective as whole blood in completing the volume 
deficiency (22). 

 
Surgical Operations 
While deciding on blood transfusion, the patient's age, comorbidities, duration 

of anemia, possibility of preoperative blood loss, type and duration of the 
operation should be considered, as well as the Hb value. In patients in the 
intermediate risk group, 500 ml of bleeding during the surgical procedure can be 
well tolerated. Achieving normovolaemia with crystalloid solutions is an 
important factor in preventing mortality and morbidity. In a study of 100 patients 
with blood loss of more than 1000 ml due to major surgery, patients were treated 
with Hartmann's solution by calculating 2/3 of their blood loss. There was no 
change in postoperative mortality and morbidity in patients using crystalloids 
compared to blood transfusion, and no unexpected complications developed (23). 
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Burns 
Since the microcirculation of the burned tissue is significantly increased, it is 

necessary to initially replace the volume defect in patients with severe burns (24). 
Large volumes of saline solutions should be administered within the first 24 hours 
in patients who have burned more than 25% of the total body surface (25). In the 
next 5 days, plasma loss should be completed with plasma and colloid solutions. 
ES is the best treatment for progressive anemia developing in the early period 
after burns (12). 

 
THROMBOCYTE SUSPENSION 
Platelet suspensions are used to prevent bleeding or to terminate active 

bleeding in patients with thrombocytopenia or platelet dysfunction. As a 
prophylactic, platelet concentrates with a platelet count below 50,000/µl are 
administered before the invasive procedure.In patients with bone marrow 
hypoplasia, platelet concentrates are administered if the platelet count is below 
5,000-10,000/µl (26).Platelet suspensions can be stored at 20-24 °C for 5 days. 

One unit of random platelet suspension is obtained from 1 unit of whole blood 
and increases the patient's platelet count by 2500-5000/µl. 1 unit of pooled 
platelet suspension is obtained by pooling platelets of whole blood from 4-6 
donors. With one unit of pooled thrombocyte suspension, the platelet count rises 
as much as 4-6 units of random platelets. Platelet apheresis is achieved by 
connecting to the device from a single donor. The recipient's platelet count rises 
as much as 6-8 random platelets. Because platelet suspensions are stored at room 
temperature, the risk of bacterial contamination is high. If possible, platelets with 
appropriate blood group should be used. Platelet refractoriness (absence of the 
expected increase in platelet count) may develop in patients after multiple 
transfusions. Refractory; It can also be seen in sepsis, DIC, hypersplenism, 
immune thrombocytopenic purpura. In such cases, platelet concentrates should 
be administered through a leukocyte filter to prevent alloimmunization (2,5). 

 
FRESH FROZEN PLASMA (FFP) 
It is separated from fresh whole blood within the first 8 hours. Storage is done 

at –18 °C and lower temperatures. Transfusion should be done within 12 hours 
after thawing. Like all components, standard blood filters are used in its 
transfusion. ABO must be compatible with the recipient's erythrocytes. TDP is 
used in patients with hepatic failure, in patients with DIC, in patients using oral 
anticoagulants or in patients with hereditary coagulopathy, before invasive 
intervention or in bleeding developing in these patients. It is not recommended to 
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be used as a volume expander due to the high risk of viral transmission. Efficacy 
is done by measuring PT, aPTT and, if necessary, coagulation factor levels (2,27). 

 
CRYOPRESPITATE 
It is prepared by melting FFP in the refrigerator. The precipitate formed after 

melting; It is rich in fibrinogen, vWF, factor VIII and XIII. The aforementioned 
coagulation factors are 10 times more concentrated than plasma. It can be stored 
for one year at -20 °C. Each unit of cryoprecipitate increases plasma fibrinogen 
level by 5-7 mg/dl. The risk of viral transmission is high. For this reason, it is not 
used as often as before in patients with Von-Willebrand and hemophilia A. ABO 
compatibility is not required as it contains very little plasma. (2). 

 
CONCLUSIONS 
The physician gives the indication for blood product transfusion according to 

the patient's clinical and simultaneous laboratory values. If the physician has 
decided to transfuse a blood component, the benefit to the patient must outweigh 
the potential risks and complications of the blood component. Transfusion of a 
blood component can never be taken lightly. The physician who made the 
decision of transfusion; It is necessary to know very well how the blood 
component to be transfused is obtained from the donor, its storage conditions, the 
indication for which it will be given, and the complications that may occur during 
and after the transfusion. 
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1. SCHOOL HEALTH STUDIES IN TURKEY 
 The first regulation regarding school health studies was included in the 

"Tedrisat-ı İptadiye Law Provisioning" issued in 1913 in our country. With this 
law, the importance of protecting the health of children coming to schools was 
emphasized and national education authorities were held responsible for the 
regulations in cooperation with health personnel in order to establish a healthy 
environment at schoolLater, the Public Health Law No. 1593 enacted in 1930 left 
the responsibility for improving health in schools to the control of the Ministry 
of Health and Social Welfare. In addition, the general and environmental health 
issues of the school are mentioned in matters 163 and 164 of the Public Health 
Law No. 1593 (1, 2). Later, in the decision report of the National Education 
Council convened in 1946 and 1949, the issues of hygiene and cleanliness of 
schools, school doctor and the assignment of school nurses for boarding schools 
with an infirmary were discussed (3, 4). In the 61st matter of the Primary and 
Education Law No. 222, which was enacted in 1961 after these councils, the 
importance and characteristics of the school building and its surroundings are 
mentioned in the improvement of school health (5). Again, in the Law No. 224 
on Socialization of Health Services, which was enacted in the same year, school 
health services and staff were clearly revealed with the directive no. 154. In 
addition, the responsibility of the health center physician in school health services 
is expressed and it is stated that it is mandatory to work as a team in cooperation 
with the nurse, village midwives, health officer, school teacher, staff and the 
child's families (6).  

 Studies on the improvement of school health continued, and in 1966, the 
obligation to appoint physicians to schools with more than 3000 students was 
introduced, and in 1984, the duty of school health was given to health centers (7). 
In the Health Services Practice Guide published by the Department of Health 
Affairs in 1984, the scope of school health services, application principles were 
determined and the definition of school health was made (2). 

In 1994, our country also participated in the "Schools that Improve Health 
Project" carried out by WHO in many European countries, with 10 pilot schools 
selected from various regions. With the participation of Turkey in the European 
Network of Health Promoting Schools (ASGOP) system in 1995, studies were 
started with the protocol signed between the Ministry of National Education and 
the Ministry of Health (8).  

The Network of Schools Promoting Health in Europe Project started in 1991 
as a project that introduced certain initiatives in the improvement of school 
health, which was supported financially and technically by the World Health 
Organization, the Council of Europe and the European Commission and has been 
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implemented in more than 40 countries in Europe. The project mainly sets out 
initiatives to enable the health and education sectors to come together for 
cooperation and to make schools health-promoting environments for both 
students and teachers and staff (9).  

The School Health Services Cooperation Protocol was signed in 2006 between 
the Ministry of National Education and the Ministry of Health. After the 
structuring process in both ministries, the need for renewal of the protocol was 
revealed in 2011 (10). At the end of the protocol renewal process, the "School 
Health Services Cooperation Protocol" was put into operation in 2016. Within 
the scope of the protocol, the purpose, scope and basis of school health services 
are explained, the works to be carried out within the scope of the protocol and the 
obligations of the parties are included (11).  

In our country, there are many different programs carried out to improve 
school health and hygiene standards (12).  

 
1.1. Health Protection and Promotion Program at School 
With the cooperation of the Ministry of National Education and the Ministry 

of Health, the "School Health Protection and Improvement Program 
Implementation Guide" was published in 2017, within the scope of the "School 
Health Services Cooperation Protocol", in order to carry out all school health 
studies (public and private) more effectively. In order for the current school 
health approach to be more comprehensive and holistic, it is envisaged to carry 
out work and transactions by using the principles and forms in the guide (13).  

With the studies to be carried out within the framework of the program, it is 
aimed to ensure and maintain that all school-age children are in complete 
physical, mental and social well-being, to develop in a healthy environment, and 
to increase the health level of families and society (13).    

Within the scope of the program, it is stated that the annual periodic 
examinations/follow-ups of the students will continue to be carried out by the 
family physicians they are registered with. In addition, it is tried to ensure that 
student follow-ups are evaluated as age-specific child-adolescent follow-up 
rather than a health screening, and that the follow-up can be carried out at a time 
when the student and family are convenient (12). 

Within the scope of the Implementation Guide of the Health Protection and 
Improvement Program at School, the program evaluation principles and 
workflows are included. In addition, forms were created in order to make the 
evaluation results of various programs correct after the implementation (12). 
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to increase the health level of families and society (13).    

Within the scope of the program, it is stated that the annual periodic 
examinations/follow-ups of the students will continue to be carried out by the 
family physicians they are registered with. In addition, it is tried to ensure that 
student follow-ups are evaluated as age-specific child-adolescent follow-up 
rather than a health screening, and that the follow-up can be carried out at a time 
when the student and family are convenient (12). 

Within the scope of the Implementation Guide of the Health Protection and 
Improvement Program at School, the program evaluation principles and 
workflows are included. In addition, forms were created in order to make the 
evaluation results of various programs correct after the implementation (12). 

 
 

1. 2. White Flag Program 
In 2006, the “White Flag Cooperation Protocol” was signed between the 

Ministry of National Education and the Ministry of Health in order to encourage 
formal and non-formal education institutions affiliated to the Ministry of National 
Education on cleanliness and hygiene and to improve school health. The White 
Flag Cooperation Protocol was updated again in 2010, 2015 and 2019 and 
continues to be implemented for 4 years (14).  

The aim of the project is to encourage educational institutions on cleanliness 
and hygiene, to protect and improve public health, to increase the quality of life, 
and to contribute to raising healthy generations with adequate education (14). 

Within the scope of the project, the schools that apply for the white flag are 
inspected with the 'White Flag Educational Institution Inspection Form' by a total 
of four people, two from each from the Provincial Directorate of Public Health 
and the Provincial Directorate of National Education. In the audit, schools are 
evaluated according to their proficiency in terms of school surroundings, 
buildings and departments, drinking water, canteen and cafeteria and first aid 
services. Schools that score 90 out of 100 as a result of the evaluation are given 
a 'White Flag Certificate'. The certificate is valid for 3 years and is renewed by 
re-inspection with the application of the institutions (15).  

 
1.3. Health-Related Physical Fitness Scorecard Program 
Health-Related Physical Fitness Scorecard is a program created in the physical 

education curriculum with the aim of creating the necessary physical skills for 
participation in physical activities, gaining physical activity habits in students, 
and developing knowledge, skills and attitudes for individual awareness that 
provides a healthy lifestyle (16). 

Physical activity fitness report card application will be organized twice a year, 
in the first and second semesters of the academic year in (public-private) 
secondary and high schools throughout Turkey. In practice, students will be 
evaluated by doing sit-ups, push-ups, sit-reach flexibility measurement, body 
weight and height measurement (16). 

The physical activity fitness report is arranged in such a way that it does not 
affect the physical education and sports course grade in the student report card, 
and the information about the children is kept confidential and shared with each 
child's own family. From the e-School database, parents also have access to the 
physical fitness report card, just as they can access other report card notes. In this 
context, health-related physical fitness report card training was given to 7,413 
physical education and sports lesson teachers from 81 provinces in 12 regions 
across Turkey. Trained teachers will train other teachers working in their 
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provinces within the scope of the program to be conducted by the 
provincial/district national education directorates (17). 

In cooperation with the Ministry of Health, the Ministry of National Education 
and the Healthy Life Promotion and Health Policy Association, a "Health-Related 
Physical Fitness Scorecard Training Program" was organized for physical 
education and sports teachers in 12 regions at NUTS-I level. It is thought that 
with the implementation of the Health-Related Physical Fitness Scorecard, which 
is applied in developed countries, in our country, it will be useful in monitoring 
the development of secondary and high school students in the long term (17). 

Within the scope of the Health-Related Physical Fitness Report Card Training 
Program, "Health-Related Physical Fitness Report Application Guide for 
Physical Education and Sports Teachers" was published in 2017 and a "Training 
Video on Physical Activity Fitness Report Card" was created (18). 

 
1.4. Diabetes Program at School 
The "Diabetes Program at School" was put into effect in 2010 by the Ministry 

of National Education, the Ministry of Health and the Pediatric Endocrinology 
and Diabetes Association. The aim of the program is to provide education and 
awareness on diabetes symptoms in children and care of children with diabetes 
in schools/institutions within the scope of "Turkey Diabetes Control Program" 
and "Turkey Obesity Control Program" in schools/institutions affiliated to the 
Ministry of National Education (public and private) throughout the country. To 
contribute to the raising of healthy generations through the activities of 
prevention and gaining healthy eating habits (19). 

Diabetes at School Program was re-signed in 2017 with the Diabetes Program 
at School Cooperation Protocol and its duration was extended. Within the scope 
of the protocol, the responsibilities of families, school management, teachers, 
school nurses and the association were determined. In this context, the 'We Are 
Aware of Diabetes for a Healthy Future' training project for teachers, students 
and parents will be carried out by the Ministry of Health provincial health 
directorates, in cooperation with the members of the specialty associations, if 
needed, by contacting the schools with diabetic students. Collaboration will be 
made with Provincial Health Directorates in order to carry out the trainings 
successfully (20). 

Within the scope of “We Are Aware of Diabetes for a Healthy Future” 
Education Project; Educational materials for students, teachers and school nurses 
to be used by provincial health directorates have been published (21). 

A Certificate of Appreciation is given to teachers and schools who raise 
awareness about this issue in schools and who provide continuous and effective 
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to be used by provincial health directorates have been published (21). 
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support to children with diabetes within the scope of the diabetes program at 
school (21).  

 
1.5. Program to Combat Celiac in Schools 
With the cooperation of the Ministry of National Education, the Ministry of 

Health and the Ministry of Food, Agriculture and Livestock, studies were 
initiated to raise awareness about celiac disease in schools in 2018 (22).  

In 2018, the 'Information Guide on Celiac Disease' was published for teachers. 
At the same time, "Food and Beverage Standards for Celiac Patients" were 
created and distributed to relevant places. Studies are planned to identify children 
with celiac, to make regular entrance to the e-school system, to inform teachers, 
students, administrators and all school personnel about celiac, and to raise 
awareness on this issue  (23).  

 
2. SCHOOL AGE FOLLOW-UP STUDIES AT THE NATIONAL 

LEVEL IN TURKEY 
In our country, there are studies conducted at the national level as well as 

regional and cross-sectional studies by researchers. With these studies, it is aimed 
to determine the nutritional habits specific to our country and to establish 
anthropometric intersection points specific to certain age groups. 

 
2.1. Project for Monitoring the Growth of School Age Children (6-10 Age 

Group) in Turkey -2009 
The final report of the research conducted in 2009 with the cooperation of the 

Ministry of Health, General Directorate of Basic Health Services, Ministry of 
National Education, Department of Health Affairs and Hacettepe University 
Faculty of Health Sciences, Department of Nutrition and Dietetics, was published 
in 2011. The research was carried out in order to help the development of country-
specific strategies for school-age children, which will contribute to the 
achievement of the goals and objectives of the "Turkey Healthy Eating and Active 
Life Program" published in 2010 (24).  

In order to learn the practices regarding the nutrition services in the schools of 
the children in the 6-10 age group, in order to learn the practices regarding the 
nutrition services in the schools, the status of the interruption for nutrition in the 
schools where dual education is provided, the availability of the cafeteria, 
canteen/cafeteria at the school, the food/drinks offered for sale in the 
canteen/cafeterias, and the inspection status, automatic machine sale of 
food/beverage, presence of nutrition clubs, conferences, seminars, etc. related to 
nutrition in schools. regulation status and frequency were questioned (24). 
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The study was carried out on a total of 12301 children, 6382 (51.9%) boys and 
5919 (48.1%) girls in the 6-10 age group attending 140 primary schools. Information 
on students' anthropometric measurements (body weight, height, waist 
circumference) and physical activity status were obtained and evaluated (24). 

It has been determined that 6.5% of children in the 6-10 age group in Turkey 
are obese (BMI: ≥ 2SD), this rate is 7.5% for boys and 5.4% for girls. The rate of 
slightly overweight/overweight (BMI: ≥1SD -<2SD) is 14.3% in this age group 
throughout the country; it was determined that this rate was 15.1% for boys and 
13.5% for girls. Likewise, the rate of underweight (BMI: ≤ -2 SD -<-1 SD) 
children in this group was 7.9% throughout the country, while it was 6.6% for 
boys and 9.2% for girls. In the study, the rate of very thin (BMI: <-2 SD) children 
was 1.3%, and the rates were the same for boys and girls. In the study, 70.0% of 
the children were found to have normal (BMI: ≥-1SD -<1SD) body weight (24).  

The frequency of stunting and short stature in children was also determined in 
the study. It was determined that 5.0% of the children were stunted (height for 
age: ≤ -2 SD), this rate was 4.9% for boys and 5.2% for girls. It was determined 
that 21.5% of the children were short (height for age: ≤ -2 SD - -1SD), this rate 
was 20.7% for boys and 22.3% for girls (24). 

It was determined that BMI increased as age and average daily time spent in 
front of the computer increased in children (p<0.01). On the other hand, it was 
determined that the BMI value decreased as the number of going to the sports 
club per week and the duration of sleep increased (p<0.05) (24). 

 
2.2. Turkey Nutrition and Health Survey – 2010 (TBSA-2010) 
It is very important to have reliable research data in order to prepare, 

implement, monitor and update effective, beneficial and sustainable food, 
nutrition plans and policies for national nutrition problems. For this reason, it is 
planned to conduct a 'Turkey Nutrition and Health Survey' (TBSA) every 5 years 
in order to reveal the nutritional health status and problems in our country as well 
as in the World (25). 

Turkey Nutrition and Health Survey (TBSA) 2010 was carried out in 
cooperation with the Ministry of Health, General Directorate of Health Research, 
Hacettepe University Faculty of Health Sciences, Department of Nutrition and 
Dietetics, and Ankara Numune Training and Research Hospital (25). 

In this study, which was carried out at the national level, the data of school-
age children were also included. Evaluations were made according to age groups, 
and the z-score values for the height of 6-18 age group children (n: 2266; M:1150, 
F:1116) were given. Accordingly, the rate of stunting (height for age: ≤ -2 SD) in 
this group was 6.8%, and it was more common in boys (7.7%) than girls (5.9%). 
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planned to conduct a 'Turkey Nutrition and Health Survey' (TBSA) every 5 years 
in order to reveal the nutritional health status and problems in our country as well 
as in the World (25). 

Turkey Nutrition and Health Survey (TBSA) 2010 was carried out in 
cooperation with the Ministry of Health, General Directorate of Health Research, 
Hacettepe University Faculty of Health Sciences, Department of Nutrition and 
Dietetics, and Ankara Numune Training and Research Hospital (25). 

In this study, which was carried out at the national level, the data of school-
age children were also included. Evaluations were made according to age groups, 
and the z-score values for the height of 6-18 age group children (n: 2266; M:1150, 
F:1116) were given. Accordingly, the rate of stunting (height for age: ≤ -2 SD) in 
this group was 6.8%, and it was more common in boys (7.7%) than girls (5.9%). 

When the BMI values were examined, it was found that 58.7% (M: 57.7%, F: 
59.7%) of the 6-18 age group children (n:2248) had normal body mass index 
values (≥-1SD - <+1SD) for age. It has been determined that 8.2% of children 
aged 6-18 in Turkey are obese, 14.3% are slightly obese, 14.9% are underweight 
and 3.9% are very thin (25). 

 
2.3. Turkey Childhood ( 7-8 Years ) Obesity Survey – 2013 (COSI-TUR-

2013) 
Turkey Childhood (7-8 Years) Obesity Survey (COSI-TUR) 2013 was 

conducted by the Ministry of Health. The research was carried out in accordance 
with the WHO European COSI protocol, which was prepared jointly by the 
World Health Organization Regional Office for Europe and member countries. 
The project was initially launched in 2006 in partnership with the WHO Regional 
Office for Europe with 13 member countries. Turkey has been included in the 3rd 
phase carried out in 21 countries by the European Office of the World Health 
Organization. The research was carried out in cooperation with the Ministry of 
National Education and Hacettepe University (26).  

The research was carried out to determine anthropometric measurements, 
eating habits and physical activity status of children aged 7-8 years. In the light 
of these data, it is aimed to monitor the growth and development of children and 
to determine the necessary goals and methods for gaining healthy nutrition and 
life behaviors. At the same time, with the same research repeated every three 
years, monitoring the growth of children at the country level and using the 
research method and questionnaires determined by WHO; It is aimed to provide 
internationally comparable data (26). 

4953 children were included in the study. According to the body weight Z-
score value, 1.8% of the children in this age group are obese and 5.7% are 
overweight. While the severely weak rate was 0.2%, the weak rate was 
determined as 2.1%. When the height Z-score value is examined, 2.3% of the 
children are stunted and 2.0% are tall. According to the BMI Z-score value, 8.3% 
are obese, 14.2% are overweight, and 1.8% are underweight (26).  

 
2.4. Turkey Childhood (Primary School 2nd Grade Students) Obesity 

Survey-2016 (COSI-TUR-2016) 
The COSI-TUR 2016 research is the research conducted in the 4th Phase of 

the COSI research, in which the data in Turkey are determined. The research was 
conducted in the 2016-2017 academic year and a total of 38 countries from the 
WHO European Region participated in the COSI Survey. It is anticipated that the 
results of the COSI TUR 2016 research, one of the studies carried out by WHO 
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and with the most comprehensive participation, will contribute significantly to 
multi-sectoral studies as well as to the evidence-based practices and development 
of healthy living programs (27).  

The study was carried out in cooperation with the Ministry of Health, Ministry 
of National Education and Hacettepe University. With these international studies, 
it is aimed to monitor and compare the growth and development of school-age 
children in the European region, to develop a permanent surveillance system and 
to use the results in health policies for children (27). 

According to the results of the COSI-TUR 2016 research, according to the 
BMI-Z Score of the 2nd grade primary school students; 9.9% were obese, 14.6% 
were overweight, 74% were normal and 1.5% were underweight. When boys in 
this group are evaluated, according to BMI-Z Score; 11.3% were obese, 13.6% 
were overweight, 73.5% were normal and 1.7% were underweight. Likewise, 
8.5% of primary school 2nd grade girls are obese, 15.7% are overweight, 74.5% 
are normal and 1.3% are underweight. Considering the stunting status in children, 
it was found to be 2.3%. It was 2.3% in boys and 2.4% in girls (27). 

When the results of the study were compared with the COSI-TUR-2013 
conducted in the same group, the ratio of obese, overweight and underweight 
increased according to the BMI Z-score value. It was determined that the stunting 
rate remained the same. 
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Gallbladder cancers are rare cancers and constitute approximately 6 to 3 
percent of all cancers (1,2). It is seen in nearly half of all biliary tract cancers (3). 

 
EPIDEMIOLOGY 
The incidence of gallbladder cancer was found to be low in the United States, 

Singapore and Nigeria. But its incidense was found to be higher in Israel, Japan, 
Mexico, Chile, India and Pakistan which was thought to be due to the higher 
prevalence of gallstones and higher incidense of chronic gallbladder infections 
(4,5). When autopsy series were examined, approximately 4% of all 
gastrointestinal cancers and 1% of all malignant tumors were found to be 
gallbladder cancer (6). 

The incidence of gallbladder cancers; which ranks sixth among the 
gastrointestinal system cancers, varies according to some different regions and 
ethnicities. The likely cause of this variability is environmental exposure and 
genetic susceptibility to cancer. In most cases, biliary cancer develops within 
five to fifteen years if there is a predisposing risk factor (7). 

It generally progresses rapidly and silently and has a poor prognosis. 
However, early diagnosis and surgical resection can also show satisfactory 
results. Despite this treatment, only less than %10 of the patients have a tumor 
that can be resected during the index surgery, while up to %50 of patients have 
lymph node metastases. Even if a good surgical procedure is performed in such 
patients, the possibility of metastasis is not low and adjuvant treatments have 
gained much more importance in these cases (8,9). 

Gallbladder cancer, which has a poor prognosis, becomes symptomatic if it 
passes the curative stage and advances. It has been reported that such patients 
generally have an average survival of 6 months and a 5-year survival rate of %5 
(10). 

 
RISK FACTORS 
Knowing the risk factors is critical for prevention and treatment (Table 

1).Gallbladder cancer rates increase with the advancing age, and according to a 
study, the median age was reported as 66 years (8). It is 2-3 times more 
common in women than in men. 

There is a variable geographical higher incidence & prevelance for this type 
of cancer.  People of the Asian continent is seen as high risk; but fort the people 
living in the United States of America and in most of the Western and 
Mediterranean countries it is seen as low risk (11). 

In most patients with gallbladder cancer; the presence of stones in the 
gallbladder is an important risk factor for development of a malignancy. 
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Looking at the incidence, gallbladder cancer is seen at a rate of less than 3 
percent in cases with gallbladder stones. But the risk of cancer development is 
increased by the size of the stone in the gallbladder, its chronicity, and the 
presence of other symptoms. While prophylactic cholecystectomy is 
recommended in such cases, also in the case of “porcelain gallbladder” where 
gallbladder wall calcification associated with chronic cholelithiasis happens, 
these patients are also candidates for cholecystectomy when found incidentally 
during any  imaging (12,13). 

Porcelain gallbladder, which manifests itself with calcium accumulation in 
the calcium wall, is also said to be associated with gallbladder cancer (14). 
Chronic inflammation causing deoxyribonucleic acid (DNA) damage is also 
suggested for the cancer predisposition. Chronic bacterial cholangitis is also one 
of the other important risk factors, and Salmonella and Helicobacter are the 
most common ones. Bacterial colonization can induce primary bile acid 
formation. Both chronic inflammation itself and alteration of tumor suppressor 
genes or protooncogenes have been found to be associated with malignant 
transformation (14,15). Primary sclerosing cholangitis, a chronic inflammatory 
syndrome that links inflammatory bowel disease and chronic inflammation to 
carcinogenesis, is also a risk factor (16). 

The environmental exposures such as heavy metals, tobacco, radon, and 
carcinogens such as methyldopa and isoniazid also cause gallbladder cancer 
(17). It is seen that the risk of gallbladder cancer increases in obese people with 
a body mass index of more than 30 kg/m2. In addition, an increase of 5 kg/m2 
in each body mass index has been shown to increase the risk of developing 
gallbladder cancer, especially in women compared to men (18,19). 

Most gallbladder polyps are pseudopolyps without neoplasia. In order to 
have malignant features, the following must be present: Solitary or sessile polyp, 
polyp greater than 1 cm in diameter, associated with gallstones, rapid growth, 
and being over fifty years of age (20). 

Pancreaticobiliary duct junction anomaly is a malformation in which the 
pancreatic duct drains into the biliary tract from another place than the papillae 
vatery. The function of sphincter of Oddi is impaired; the pancreatic secretions 
flow into the gallbladder and to the common bile duct causing undesirable 
premalignant changes in their mucosa (21). Gallbladder cancer is seen as a 
result of both these genetic predispositions and also exposure to the 
environmental risk factors. 
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Tablo 1 : Safra kesesi kanserlerinin risk faktörleri 

 
 
HISTOPATHOLOGY AND STAGING 
According to one of the hypothesis the chronic inflammation accumulating 

in the bile duct tissue happens due to the accumulation of genetic mutations that 
leads to malignant transformation and then to malignancy. The most known 
mutations identified are the k-ras oncogene and beta-catenin tumor suppressor 
gene mutations (22). Considering the molecular situation underlying the 
pathogenesis of gallbladder cancer, the sequence of changes is still not finalized, 
and the genetic events in carcinogenesis are still not fully understood. 

Many experimental studies are carried out for the causes of this disease. A 
carcinogen, methylchlorantrene, was placed on the walls of the gallbladder of 
cats and dogs, and it was observed that this led to the formation of gallbladder 
cancer. In another study, a carcinogen called nitrosamine was added to the food 
of the guinea pigs and an acceleration in the development of gallbladder cancer 
was observed (6). 

When viewed macroscopically, gallbladder cancers are divided into two as 
infiltrative or exophytic. While the infiltrative cancer type manifests as a 
localized gall bladder wall thickening, the exophytic cancer type occurs as 
protruding into the lumen and is mostly seen as a lesion that covers the gall 
bladder lumen almost completely (4,6). Although it is mostly in the fundus part 
of the gallbladder, it can develop in any part of the gallbladder, including the 
ductus cysticus (6). 

According to the American Cancer Committee (AJCC) guidelines, 
gallbladder cancers are staged according to the extent of tumor invasion and 
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spread (Figures 1 and 2) (23). Tumor invasion (T) largely guides staging, but 
lymph node (N) or distant metastasis (M) further advances staging. 

 

 
 

Figure 1: Gallbladder histology. 
( T1a: Lamina Propria - T1b: Muscularis Propria - T2: Perimuscular soft 

tissue, not invaded the serosa - T3: Perforated serosa and/or liver and/or 
adjacent organ invasion - T4: Tumor invaded portal vein / hepatic artery or other 
extrahepatic structures ) 

 
When it comes to early diagnosis; if the invasion of the tumor is limited to 

the mucosa or submucosa and than even the surgery alone can provide a cure. In 
other words, if it is limited to Tis (insitu) or T1 (lamina propria or muscularis 
propria), the 5-year survival rates are satisfactory with 95% (24). If the tumor 
progresses deeper, then the prognosis worsens. While the 5-year survival rate is 
70% in perimuscular invasion; that is, subserosa involvement T2, this rate drops 
to 0% if it progresses to the deep layers and invades the serosa which is staged 
as T3 (25). 
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Figure 2: Gallbladder cancer staging (according to AJCC guidelines). 

 
The most common histological type of all gallbladder cancers is 

adenocarcinoma. Undifferentiated carcinoma, adenosquamous carcinoma, 
papillary carcinoma, mucinous adenocarcinoma, squamous cell carcinoma, ring 
cell carcinoma, intestinal type adenocarcinoma, small cell carcinoma, and 
carcinoid tumor are some of the other histopathological types (6). 

If staging is performed according to the AJCC guideline in gallbladder 
cancer; In stage 1, there is tumor invding the lamina propria or muscular layer 
involvement. In stage 2, the tumor has perforated the serosa and/or there is 
involvement of adjacent structures. If there is T1 to T3 invasion and any nodal 
involvement, it can be said to be stage 2 directly. In stage 3, there is usually 
vascular invasion or involvement of more than one structure. Stage 4 indicates 
distant metastases (26). 
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DIAGNOSIS 
Gallbladder cancer is usually found incidentally after imaging or after the 

surgery. Early stage gallbladder cancer maybe diagnosed  after cholecystectomy 
by the subsequent examination of the material by the pathology. 

When abdominal symptoms are vague, they often mask worrisome 
diagnoses. Gallbladder cancer patients generally do not present with any 
symptomatic findings. They may present with a series of symptoms such as 
abdominal pain, nausea or vomiting, bloating, weakness, intolerance to food, 
palpable mass around the navel, anorexia and weight loss, dark urine, white 
urine. Sometimes it can be seen as obstructive jaundice in advanced cases, 
which can easily be confused with cholecystitis. In addition, it has been shown 
in various studies that Mirizzi syndrome is also associated with gallbladder 
cancer (27). 

On physical examination, pain in the right upper quadrant, jaundice, or 
Courvoisier's sign; which is characterized by a non-tender palpable gallbladder 
with jaundice, can be seen. It is more likely to develop due to chronic malignant 
obstruction rather than obstruction due to intermittent gallstones. If 
hepatomegaly, abdominal palpable mass, presence of ascites or intestinal 
obstruction during physical examination is observed this  should raise the 
suspicion of an  advanced metastatic stage. 

Complete blood count and biochemical parameters are of little importance in 
the diagnosis, as there are no specific symptoms. Diagnosis can only be made 
by imaging methods. 

Imaging can show directly the malignancy. Ultrasound (US); which is easily 
accessible everywhere, can show a polypoid gallbladder lesion and perhaps 
even invasion with a good eye. The presence of gallstones and calcification, 
which is seen as a porcelain gallbladder, shows the findings that are coincidental. 
An increase in vascularity with a wall thickness of more than 3 mm is one of the 
ultrasonographic findings that show malignancy (Picture 1). 
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Picture 1: Ultrasonographic appearance of gallbladder cancer. 

 
Ultrasonography and computed tomography (CT) are generally the first 

imaging tools used to diagnose this disease. Endoscopic ultrasonography (EUS)  
is seen to be more accurate and acceptable than percutaneous  ultrasonography 
at a rate of about 76 percent. Endoscopic ultrasonography more accurately 
defines tumor stage with depth of invasion and presence of local lymphanopathy. 
Tomography has limitations in distinguishing whether it is benign or malignant. 
However, magnetic resonance (MR) and magnetic resonance 
cholangiopancreatography (MRCP) can better define and help diagnose the 
patients with vascular structures, lymph node involvement and hepatoduodenal 
ligament invasion (28). 

 Gallbladder cancer distant metastases and inoperability can be defined by 
the positron emission tomography/computed tomography (PET/CT) and 18F-
fluorodeoxyglucose to avoid unnecessary operations. With this scan, tumor cells 
capture this fluorodeoxyglucose. PET scans are very helpful in distinguishing 
between benign and malignant lesions, preoperative staging and the presence of 
postoperative residual tumor (29). 

It can identify advanced stage cancer or this disease in a masked state. 
Although markers such as cardioembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CEA 19-9) were found to be high, they are unfortunately not 
diagnostic due to lack of specificity. However, it is useful for treatment follow-
up (30). 
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DIFFERENTIAL DIAGNOSIS 
Almost all polypoid lesions originating from the gallbladder are benign. The 

most common polyps are cholesterol polyps, followed by adenomyomatous and 
inflammatory polyps. 

Compared to benign polyps the neoplastic polyps are larger. In general, 
inflammatory polyps are smaller and more numerous than 5 mm, and when they 
reach a size greater than 10 mm, they are seen as a polypoid lesions. They tend 
to have isoechoic irregular nodular surface in preoperative examinations, US or 
EUS examinations, and contrast enhancement that looks cancer-like in arteria 
cystica angiography with vascularly increasing features. It should not be 
ignored that they can be confused with gallbladder cancers (31). Today, many 
surgeons state that cholecystectomy should be performed to rule out malignancy 
if the gallbladder polyp is greater than 10 mm in imaging. 

Except for polyps, other conditions that should be considered in the 
differential diagnosis are shown in the table below (Table 2). 

 
Table 2: Conditions to be considered in the differential diagnosis of 

gallbladder cancer. 
Safra kanal darlıkları Bilier kolik 

Safra yolu kanserleri Bilier hastalıklar 

Ampuller karsinom Bilier darlıklar 

Akalküloz kolesistit Kolesistit 

Kolanjit Safra kesesi polipleri 

 
TREATMENT 
SURGICAL APPROACH 
The main treatment of gallbladder cancer is surgery whenever possible. 

When we look at the staging according to the AJCC guideline, we come across 
that the most important factor is the invasion of the primary tumor (T). 

The goal of the surgical procedure is to perform R0 resection. However, if 
the gallbladder cancer is advanced, surgical resection can only be recommended 
if R0 resection is technically possible. 

In a study conducted in patients with gallbladder cancer who underwent R0 
resection, the 5-year survival varied between twenty and seventy percent, while 
the survival rate decreased to zero in patients who could not get an R0 resection. 
Therefore, the main and targeted treatment of gallbladder cancer R0 is a 
complete curative resection (32). The surgery varies from resection of segments 
4b and 5 to right hepatectomy in terms of liver resection. 
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In a study conducted in patients with gallbladder cancer who underwent R0 
resection, the 5-year survival varied between twenty and seventy percent, while 
the survival rate decreased to zero in patients who could not get an R0 resection. 
Therefore, the main and targeted treatment of gallbladder cancer R0 is a 
complete curative resection (32). The surgery varies from resection of segments 
4b and 5 to right hepatectomy in terms of liver resection. 

Laparoscopic cholecystectomy should never be rushed and performed in a patient 
who is diagnosed or suspected preoperatively with gallbladder cancer. Preoperatively 
evaluated cases who is suspicious for a gallbladder cancer should be evaluated 
correctly before the patient goes to the operating room, or the case should be explored 
without waiting for open cholecystectomy if there is any suspicion during the 
laparoscopic operation. In exploration, frozen section should be requested for 
pathology, and if the diagnosis is confirmed in favor of gallbladder cancer, radical 
surgical resection is required (8). 

Gallbladder cancers can be seen coincidentally histologically in approximately 3 
percent of patients who are taken to surgery with the diagnosis of gallstones and 
undergone a  laparoscopic cholecystectomy. Except for patients with Tis and T1a 
cancer, radical surgical resection should be performed after Laparosopic 
Cholecsystectomy for  an adequate diagnosis and treatment (33). 

Port site recurrences secondary to laparoscopic cholecystectomy occur in 
approximately 17% of cases diagnosed with suspected gallbladder cancer. Accidental 
bile spillage from the port site or puncture of the bladder causes tumor cells to spread 
to the trocar and/or skin incision area and cause recurrence. Therefore, port sites must 
be widely excised during radical new surgical resection (33). 

In Tis and T1a gallbladder cancers, the tumor is limited to the mucosa and can be 
detected mostly after laparoscopic cholecystectomy. In these, only a simple 
cholecystectomy is enough, the 5-year survival rate is one hundred percent, and it has 
been decided by the scientific community that a complete cure is provided by index 
surgery and an adequate treatment (33). 

In T1b gallbladder cancer, however, the tumor has now invaded the muscle layer. 
Lymphatic metastases are seen between 15 and 25 percent, while residual disease in 
the liver can be seen at a rate of 10 percent. Therefore, since the positivity of lymph 
nodes and residual disease are not rare at this stage, the recommended treatment is, 
radical surgical resection of liver segments 4b and 5 with 3 cm liver parenchyma, and 
hilar lymphadenectomy taken in sufficient amount. In such patients, 10-year survival 
after simple cholecystectomy is seventy-five percent, while if radical surgical 
resection is performed, 10-year survival is found to be %100 (33-35). 

In T2 gallbladder cancer, the tumor shows invasion into the perimuscular soft 
tissue without spreading beyond the serosa or to the liver parenchyma. Looking at the 
five-year survival rate in patients at this stage, it ranges from ten to sixty percent after 
simple cholecystectomy, while this rate varies from fifty-four percent to one hundred 
percent after radical surgical resection. In one study, it has been shown that nearly half 
of the patients at this stage have lymph node positivity up to 60 percent following a 
simple cholecystectomy. For these reasons, extended cholecystectomy should be 
performed in T2 tumors. Extended cholecystectomy refers to liver segments 4b and 5 
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resection and removal of the ductus cysticus, porta, right celiac and paraduodenal 
posterior lymph nodes. Since lymph node involvement is observed in 
histopathological examination in half of patients with T2 tumors, it should not be 
forgotten how important the location of lymphadenectomy is at this stage (34,36). 

In T3 lesions of the gallbladder, the tumor may invade serosa, liver and/or adjacent 
organs. In such a case, a radical resection is performed with a possible caudate 
lobectomy, extended right hepatectomy, regional lymphadenectomy, and excision of 
the affected structures. Although it is not definitely added to the treatment, some 
authors argue that the pancreaticoduodenectomy procedure also shows better results 
(33,37). 

Finally, T4 gallbladder cancer spreads by vascular invasion and/or metastatically. 
In such cases, resection cannot be performed, so it is impossible to achieve R0 
resection. The best treatment at this stage is palliative treatment with adequate 
painkillers, and biliary drainage with or without surgery. 

 
ADJUVAN THERAPY 
Most patients with gallbladder cancer present as unresectable in the advanced 

stage of the disease. In this case, although there is no effective adjuvant treatment in 
patients, treatment with palliative treatment may be stronger. 

Chemotherapeutic agents used in adjuvant therapy are gemcitabine, cisplatin, 5-
fluorouracil, capecitabine and oxaliplatin. In some cases, two of these drugs are given 
together, thus providing an advantage in survival for patients with advanced disease 
(29,38). Ddition of the radiotherapy has also been said to be beneficial. 

Although the use of adjuvant chemotherapy has unfortunately been found to 
provide an advantage in survival, these datas are based on phase 2 studies and the 
level of evidence is not high (37). 

PROGNOSIS 
T staging, extension of lymph node involvement, metastasis status, and jaundice 

are the prognostic factors that indicate length of survival (37). 
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approximately 70%, while this rate drops to approximately 25% in those who have 
only simple cholecystectomy. In advanced but still resectable patients, survival is 
unfortunately reduced to 20 percent. 
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Introduction 
In today's modern dentistry, aesthetics is an important concept. All recent 

studies in this area have focused on finding tooth-colored restoration materials 
and methods to be used in the elimination of losses in dental tissues due to various 
reasons. In addition to the chewing function and retention, due to the increasing 
aesthetic tendencies of the patients, it is tried to provide maximum function, 
retention, durability and aesthetics by removing minimum tissue from the tooth 
structure in restorations. For this reason, composite resins are widely used in 
increasing cavity volume. The biggest problem encountered in composite resin 
restorations applied to posterior teeth is polymerization shrinkage and subsequent 
edge leakage (Scotti et al, 2014).  

Studies to reduce polymerization shrinkage include both increasing the 
physical properties of the resin and application techniques. Some of these 
techniques are; the layered application technique is the use of direct or indirect 
composite inlays and composite resins together with fiber and ceramic inserts. 
Although the use of layering technique in direct composite resin restorations 
reduces polymerization shrinkage, it cannot completely prevent it. Although the 
use of direct or indirect inlay techniques gives better results than the layered 
application technique, it cannot reach the optimal level. Strengthening composite 
resins with ceramic inserts or fiber gives much more successful results compared 
to the first two techniques. It has been reported that the application of occlusal 
pressure during the polymerization of composite resin restorations applied with 
ceramic inserts is successful in preventing edge leakage (Candan et al, 2013; 
Deliperi et al, 2017; Tanner et al, 2018) 

 
Bulkfill Composites 
Bulkfill composites are composites that can be applied in bulk in a single step 

up to 4 mm. It saves time for the patient and the physician, facilitates the 
restoration process, reduces the possibility of contamination between layers and 
air gap, and provides better polymerization due to reduced oxygen inhibition (Ilie 
et al 2013). 

Bulkfill composite resins were modified, the filler monomer size was 
increased and the ratio of monomer in the organic matrix was decreased. 
Compared to conventional composite resins, they have large fillers (>20 µm) and 
a low filler-matrix ratio, resulting in less filler-matrix interface area, less 
scattering of light and deeper penetration of blue light (Ilie et al. 2013). To 
achieve this penetration, either high molecular weight monomers (SureFil SDR 
flow) or a new photo-initiator (ivocerin) system (Tetric EvoCeram Bulk Fill) are 
used. Ivocerin is a germanium-based photoinitiator added in addition to 
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camforquinone, and exhibits high photoactivity by absorbing light better. 
Translucency properties of bulk fill composite resins have been increased so that 
blue light can penetrate up to the cavity floor and urethane dimethacrylate has 
been added into the resin skeleton structure as a polymerization photoactivator. 
This monomer reduces stress and causes the elastic modulus to build up slowly 
(Ilie and Hickel 2011). 

SDR (Dentsply, Konstanz, Germany) is the first bulkfill flowable composite 
resin produced for stress reduction purposes, which can be applied directly to or 
to cover dentin, with a thickness of 4 mm under conventional composite resin. 
Due to the weak mechanical properties in its structure, it is recommended that the 
finishing stage be done with conventional composite resins (Ilie et al 2013). 

Bulk fill composite resins are divided into low and high viscosity. The final 
layers of high-viscosity bulk fill composite resins used today do not need to be 
restored with conventional composite resins (Ilie et al. 2013). 

Physical properties of flowable bulk fill composite resins, such as marginal 
integrity, tubercle fracture, microleakage, and adhesion to the cavity floor, have 
been reported when applied to the cavity as a 4 mm monolayer. Moorthy et al 
(2012) stated that tubercle breakage in standardized class 2 cavities is lower in 
bulk fill composite resins than in conventional composite resins. 

Scotti et al. (2014) reported that the microleakage levels of Surefil SDR flow 
bulk-fill composite on the enamel and cement margins were compared with a 
flowable composite and a nanohybrid type composite resin, while the nanohybrid 
type composite resin showed the lowest microleakage value at the enamel 
margins, while the lowest microleakage at the dentin margins. reported that the 
values of the group in which the bulk-fill composite was used showed. 

Gönülol et al (2015), in their study evaluating the effect of gingival margin 
localization on microleakage levels in Class II cavities restored with bulk-fill 
composites, the lowest microleakage values were obtained at the enamel margins 
in groups where only Surefil SDR flow bulk-fill composite was used, among the 
materials tested to completely eliminate microleakage. has been done. 

Uzel et al (2017) compared the microleakage and microhardness properties of 
bulk-fill composite resin (Tetric Evo Ceram Bulk-Fill; IVW and IVB, 
Ivoclar/Vivadent, Liechtenstein) applied with monolayer and layering technique. 
It has been revealed that it has no effect on shrinkage and according to the 
microhardness findings, it has been seen that there are statistically significant 
hardness differences of single layer applied composites. 
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Composite Resin Inlays/Onlays 
Composite resin inlays/onlays are used successfully in the restoration of teeth 

with excessive hard tissue loss. With this form of treatment, dental aesthetics is 
provided on the one hand, and on the other hand, the integrity of the tooth, which 
is one of the main purposes of restorations, is regained (Eğilmez et al. 2013). 

Two methods, direct and indirect, are used in the construction of composite 
inlay/onlay restorations. In the direct method, composite resin material is shaped 
on the tooth prepared in the mouth. After the primary polymerization with light 
is achieved, the restoration is removed from the tooth and final polymerization is 
provided in line with the manufacturer's recommendations (Wassell et al 2000). 
In the indirect technique, the prepared tooth is measured with sensitive 
impression materials and the inlay/onlay restoration is prepared in the laboratory 
and adapted to the tooth (Manhart et al. 2000). In both methods, the restoration is 
cemented into the cavity using a dual cure resin cement. (Hasanreisoğlu et al. 
2007, Ferreira et al. 2008).  

Thus, the negative consequences of insufficient polymerization and 
polymerization shrinkage are prevented. It ensures that the tooth is restored in 
accordance with its morphology and original mechanical properties. It can be 
adapted appropriately to the preparation and the gaps between the tooth and the 
filling can be completely closed with cement, thus preventing recurrent caries, 
pulpal damage and dentin sensitivities (Blank 2000). In these systems, 
polymerization shrinkage is limited to the shrinkage of the resin cement used. 
Providing the polymerization outside the mouth contributes to the reduction of 
the stresses that will occur in the material and to the improvement of the physical 
and mechanical properties (Asmussen and Peutzfeldt 1990). 

Manhart et al. (2000) reported that the surface appearance, anatomical forms 
and marginal integrity of indirect composites were superior to direct composites 
in their 3-year follow-up study in which they evaluated the clinical performance 
of indirect and direct composite restorations applied to posterior teeth. 

In a two-year clinical study conducted by Andrea et al. (1999), it was shown 
that there was no significant difference between direct and indirect composite 
resin materials (Tetric, Blend-a-lux, PertacHybrid Unifil) used in the restoration 
of posterior teeth. As a result of the 11-year follow-up of the clinical study of 
Pallesen and Qvist (2003) on three indirect (Brilliant, Estilux, Isosit SR) and two 
direct (Brilliant, Estilux) restorative materials, there was a significant difference 
in clinical success between inlay/onlay restorations and direct restorations. 
indicated that there was no difference.  

Çetin and Ünlü (2009) compared indirect composite materials (Esenia, 
Tescera ATL) with direct composite materials with nano hybrid fillers (Aelite 
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Aestetic, Tetric Evo Ceram, Supreme XT). According to this study, no significant 
difference was observed between materials in terms of one-year clinical success. 

Karaaslan (2008) compared the clinical performances of the materials in his 
study (Aelite LS Posterior, Gradia Posterior) in which hybrid and condensable 
different composite materials were used in posterior teeth both with direct and 
indirect methods. In this study, it was stated that indirect restorations did not make 
a statistically significant difference in terms of color match and marginal 
integrity. 

 
ORMOSERS 
It started to be used in restorative dentistry in 1998 with the name Ormoser, 

which consists of the first syllables of the words Organic-Modification-Ceramic 
(organic modified ceramics). Ormosers contain three-dimensional copolymers of 
inorganic and organic elements, similar to tooth structure. Unlike conventional 
polymers, ormosers; the main structure consisting of Si-O-Si network formed by 
inorganic-organic copolymers; It is formed by the addition of monomers with 
different chemical properties such as Bis-GMA, HEMA, TEGDMA and UDMA, 
and various inorganic particles, and by bonding both phases to each other through 
the silane phase. The filler material, similar to fillers in composites, consists of 
special glass, ceramics and high-grade silica. ormosers; It has advantages such as 
good bonding to enamel and dentin, biocompatibility, good aesthetics, 
condensability, easy application and low polymerization shrinkage (Manhart et 
al., 2000). 

 
ION-RELEASING COMPOSITES 
Ion-releasing composites produced in 1998 release fluoride, hydroxyl and 

calcium ions depending on the changes in restoration surface pH values. With the 
decrease of pH values due to active plaque, the rate of release of ions increases. 
into the material; It is aimed to inhibit the growth of bacteria by placing improved 
alkali glass fillers. Thus, it is thought that the acids produced by cariogenic 
bacteria will be buffered, demineralization will be reduced and secondary caries 
formation will be prevented on the restoration edges. It has been determined that 
the release of fluorine from filling materials containing fluorine increases the 
resistance of the enamel against caries, stops the initial caries or causes them to 
regress (Dayangaç et al., 2000). 

The ability to release fluorine added to the structure of restorative materials is 
considered clinically important in terms of its anticariogenic effect. Restorative 
materials are expected to release 1 ppm of fluoride per day as long as they are in 
the mouth under ideal conditions. However, the minimum concentration required 
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ION-RELEASING COMPOSITES 
Ion-releasing composites produced in 1998 release fluoride, hydroxyl and 

calcium ions depending on the changes in restoration surface pH values. With the 
decrease of pH values due to active plaque, the rate of release of ions increases. 
into the material; It is aimed to inhibit the growth of bacteria by placing improved 
alkali glass fillers. Thus, it is thought that the acids produced by cariogenic 
bacteria will be buffered, demineralization will be reduced and secondary caries 
formation will be prevented on the restoration edges. It has been determined that 
the release of fluorine from filling materials containing fluorine increases the 
resistance of the enamel against caries, stops the initial caries or causes them to 
regress (Dayangaç et al., 2000). 

The ability to release fluorine added to the structure of restorative materials is 
considered clinically important in terms of its anticariogenic effect. Restorative 
materials are expected to release 1 ppm of fluoride per day as long as they are in 
the mouth under ideal conditions. However, the minimum concentration required 

to prevent caries is unknown. The fluorine contained in the composite resins 
containing fluorine is added to the resin particles of the composite or to the matrix 
as a radiopaque substance (Dayangaç et al., 2000).  

The release of fluorine from the restorative materials occurs mostly after the 
first application. After the first high swing, the fall continues for a long time. In 
addition, the high solubility of fluoride in water, high water uptake causes the 
polymer matrix to dissolve. Therefore, the dissolution of fluoride fillers 
negatively affects the mechanical properties of the composite. In addition to all 
these, the bonding agent creates a barrier between the composite resin and the 
tooth, reducing the remineralization effect of fluoride, in this case, fluorine is 
secreted only to the outer surface, which can be obtained with fluorine-containing 
gels or mouthwashes. The release environment, release amount and release time 
are important in terms of revealing the expected effect of the fluorine released 
(Dayangaç et al., 2000). 

 
REINFORCED COMPOSITES 
Reinforced composites are divided into two main groups according to the 

material they contain. If the reinforcement material is fiber, they are called FRC, 
and if it is ceramic particles, they are called ceromers. While FRCs consist of 
fibers of different structures and shapes (such as glass, carbon, polyethylene, 
aramid) added into the resin matrix, ceromers are hybrid resin composites 
reinforced with ceramic particles, called glass polymers (Freilich et al., 2000). 

 
FIBER REINFORCED COMPOSITES 
The fiber is a cylindrical, thin and flexible structure that is 100 times longer 

than its diameter. Fiber reinforced composites (FRC); They are resin-based 
restorations with fiber added to their structure in order to strengthen their physical 
properties. It basically has a similar structure to resin composites and consists of 
organic matrix and inorganic filler phase as in resin composites. organic matrix; 
It has the structure of polymethyl methacrylate (PMMA), epoxy or Bisphenol A 
diglycidyl methacrylate (Bis-GMA), urethane dimethacrylate (UDMA), 
triethyleneglycol dimethacrylate (TEGDMA). The inorganic filler phase is 
composed of fibers added to the organic matrix structure and placed in various 
lengths, diameters, structures and directions. The fiber in the composite matrix is 
bonded to the resin by an adhesive interface. The interface between the matrix 
and the fiber plays an important role in transferring the load from the composite 
to the fibers (Brown et al, 2000). 

Although the addition of fiber to composite resins improved the mechanical 
properties, the improvement was not as high as expected. Two reasons for failure 
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have been identified. First, the amount of fibers incorporated into dental resins is 
small and only accounts for 15% of the volume (in industrial products, the fiber 
content is between 50-70%). The second reason is that poor wetting between fiber 
webs and resin causes gaps between fiber and resin and provides an unsuccessful 
coating (Freilich et al, 2000). 

The integration of fiber networks within the fiber cluster with resin is called 
resin saturation of the fibers. The resin saturation process is applied in 2 ways: 

1-It is the process of applying low viscosity resin manually into the fiber bonds 
by the dentist or technician. Thanks to this process, the choice of fiber and resin 
has increased, but the number of processing steps has increased. The fibers used 
during this process are called 'saturation fiber' or 'hand-saturated fiber'. 

2- It is the use of pre-saturated fiber in the material during the production 
process. This type of fiber is called 'presaturated fiber' (Freilich et al., 2000). 

The ratio of saturated fibers to all fibers is defined as the degree of saturation 
(Dimp). Saturation is successful if all surfaces of the fiber bundles are in contact 
with the resin. When the saturation is not fully done, the mechanical properties 
of the FRC such as bending strength and modulus of elasticity are adversely 
affected. At the same time, cavities occur in the polymer matrix of FRCs, these 
gaps increase the water absorption of the structure and affect the long-term 
stability of FRC in dental applications. it was stated that this increased the amount 
of residual monomer in the FRC material and thus the polymerization was 
insufficient. Likewise, it has been reported that the penetration of oral 
microorganisms increases and discoloration occurs when the saturation process 
is not sufficiently performed (Vallittu et al., 1999). 

The connection between FRC and the restorative composite takes place by 
chemical and physical means. If the fibers are saturated with light-curing 
monomers containing bi- or multi-functional acrylate or methacrylate, the 
polymer matrix of FRC is bound by mechanical interlocking with the restorative 
composite or by polymerization of free radicals of unreacted functional groups of 
the FRC matrix (Tezvergil et al, 2004).  

After polymerization, as unreacted double bonds and free radical activity 
decrease, the probability of following free radical polymerization decreases as 
time passes. Another mechanism for the bonding of the restorative composite to 
the FRC is the interdiffusion of the resin monomers into the FRC, that is, the 
micromechanical bonding, and thus the formation of a partially adherent polymer 
network (IPN). This is possible when a suitable resin is used. This type of bonding 
occurs faster in a linear matrix than in a cross-linked polymer matrix (Lastumaki 
et al., 2002). Increasing the volumetric ratio of the fiber in FRC reduces the 
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possibility of this type of bonding because the volumetric percentage of too much 
polymer matrix is reduced (Tezvergil et al, 2004). 

The most commonly used fiber types for reinforcing restorations are 
polyethylene fibers and glass fibers. More recently, the use of polyethylene fibers 
(Ribbond Inc) has been in focus, with increasing interest in the direct restoration 
of structurally weakened teeth (Pereira et al, 2003) 

Polyethylene fibers provide superior flexural strength and fracture resistance 
in composite resin restorations. In this regard, polyethylene fiber prevents rapid 
crack growth, acts as a crack stopper and disperses the direction of strain 
distribution, thanks to its woven fiber design with dense continuous interlocking 
knot connection mesh (Sary et al, 2019). 

Previous laboratory studies have shown that insertion of polyethylene fibers 
into opposing cavity walls enhances fracture strength and allows reduction of 
tubercle movement in endodontically treated molars. In addition, Belli et al. It 
has been determined that Ribbond improves the bond strength of micro-tension 
and the effect of factor C. Although only a few clinical case reports of endodontic 
treatment have been published in the literature, treated teeth, fiber-reinforced 
restorations have proven to give excellent results in many different laboratory 
tests (Candan et al, 2013; Deliperi et al, 2017; Tanner et al, 2018 

Tezvergil et al. (2003) examined the SEM images of two different fiber 
reinforced composite (Stick, EverStick) materials and in the SEM images taken, 
they saw air gaps in the matrix of the Stick (glass fiber) material, which can 
weaken the matrix between the fibers and localize the stresses, while EverStick 
(glass fiber) They did not see such air gaps in the material. This can be explained 
by the different polymer matrix combinations and placement properties of the 
two different FGKs used in the study. 'EverStick' is a densely compressed, pre-
silanated bundle of glass fibers in a polymer monomer gel matrix. The whole 
structure is surrounded by a polymethyl methacrylate capsule. The 'stick', on the 
other hand, contains a linear porous polymer and bonds better with 
superstructures by well impregnating the dimethacrylate adhesive resin-soaked 
fibers with silane. 

In order to improve the mechanical properties of glass fiber reinforced 
composites, studies have been carried out on different lengths of the fibers. When 
Lassila et al. (2005) investigated the effect of two different fiber lengths on the 
tensile strength and bending properties of continuous E-glass fiber filler, they 
found that the use of different length scales of polymer matrix and staple fiber 
fillers increased mechanical performance. At the same time, FGK 'EverStick(E- 
They stated that air voids did not occur in the SEM image of the 'glass fiber) 
material obtained at 150 magnification. 
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CEROMERS 
Ceromers (Ceramic Optimized Polymer) are hybrid resin composites 

reinforced with ceramic particles, called glass polymers (Freitas et al, 2002). 
These composites contain 75-85% by weight of a light-cured, silanized 
microhybrid inorganic filler embedded in an organic matrix. This hard structure 
is provided by fine porcelain particles. These new materials are more aesthetic 
than traditional resin-based materials, have much better wear and hardness 
properties, are easy to repair, have high modulus of elasticity and show long-term 
color stability. At the same time, the high hardness and brittleness of ceromers, 
which are considered the disadvantages of dental ceramics, are also reduced (Jain 
et al, 2002). Targis (Ivoclar Vivadent, Schaan, Liechtenstein), Sculpture (Jeneric/ 
Pentron, Wallingford, CT), Artglass (Heraeus Kulzer, Wehrheim, Germany), 
Belleglass (Kerr-Girrbach, Pforzheim, G) can be counted as examples of 
commercial products (Ku et al. , 2002). 
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Introduction 
Oral glucose tolerance test (OGTT) is one of the most important diagnostic 

criteria for diabetes. It involves giving patients different doses of glucose and 
then measuring blood glucose at certain times (1). OGTT is usually performed 
on people with prediabetes, gestational diabetes, insulin resistance, obesity, or 
reactive hypoglycemia, women with Cushing’s syndrome or polycystic ovaries, 
and patients with acromegaly. OGTT is the most common version of glucose 
tolerance tests. It involves giving a standard dose of glucose orally and 
measuring blood glucose at certain times (2). 

 
BACKGROUND 
In the late 1960s, using fasting plasma glucose alone led to delayed 

diagnosis of diabetes. Researchers have put forward an oral glucose tolerance 
test with dosage calculation not dependent on body weight or body surface, 
ranging from 50 to 100 g glucose (3). Later, the American Diabetes Association 
(ADA) developed the glucose tolerance test with 75 g glucose based on an 
estimation of body surface area. In 1980, the World Health Organization (WHO) 
recommended the 75 g glucose tolerance test, which is still used (4). 

 
OGTT is frequently applied to: 
1. Patients with a fasting blood glucose of 110-126 mg/dL 
2. 24-28-week pregnant women with suspected diabetes 
3. Patients with obesity or a family history of diabetes 
4. Patients with unexplained neuropathy, retinopathy, coronary artery 

disease, or peripheral vascular disease 
5. Patients with hyperglycemia due to stressful situations like trauma, 

surgical intervention, or myocardial infarction, after an acute event 
6. Patients with renal glucosuria 
7. Patients with suspected hypoglycemia 
8. Patients with a metabolic syndrome 
9. Patients with a fasting blood glucose of 100-125 mg/dL on repeated 

measurements 
10. Patients with gestational diabetes (between 24-28 weeks) 
11. Patients with gestational diabetes, 6 weeks postpartum (for 

reassessment) 
12. Relatives of patients with maturity-onset diabetes of the young 

(MODY), an autosomal dominant form of diabetes (to screen family 
members) 
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Factors affecting OGTT 
1. Infection, severe stress, trauma, or surgical intervention 
2. Age 
3. Physical inactivity 
4. Obesity 
5. Endocrine: Hyperthyroidism, acromegaly, pheochromocytoma, or 

Cushing’s syndrome 
6. Drugs: Thiazides, glucocorticoids, diphenylhydantoin, oral contraception, 

salicylates, or nicotinic acid 
7. CVD: Acute coronary syndrome, MI 
8. Hormones 
 
PREPARATION 
Before OGTT, the patients follow a diet containing approximately 150 g of 

carbohydrates for at least 3 days and perform normal physical activity. 
Reducing carbohydrate intake before OGTT will cause an increase in lipolysis, 
significantly raising the levels of fasting free fatty acids, glycerol, and ketone in 
the blood. This can result in a false positive OGTT result (5). The test is 
performed in the morning after 8 hours of fasting. The patient should consume a 
meal containing 30-50 g of carbohydrates in the evening before the test. During 
the test, the patient can drink water, but tea, coffee, and smoking should not be 
allowed. The patient must be at rest during the test. The given glucose is 
available in both liquid and powder form. The powder form dissolves in 300 ml 
water and should be drunk within 5 minutes. The moment the patient starts 
drinking the glucose water, the test begins. OGTT is performed in the morning 
because glucose tolerance can display a diurnal (daily) rhythm with a significant 
decrease in the afternoon (6). 

 
METHOD 
The 75 g OGTT and 100 g OGTT have been debated for some time, though 

both tests have been accepted as the diagnostic criteria of diabetes. Fasting 
hyperglycemia has been a rather delayed criterion in the early diagnosis of type 
2 diabetes (7). The amount of glucose to be given to adult patients and children 
is different in performing OGTT, and 1.75 g per kg is given to children.  

In patients with suspected prediabetes or diabetes, the blood glucose level at 
the 2nd hour is expected to be below 140 mg/dL. Having a blood glucose level 
of 140–200 mg/dL is defined as impaired glucose tolerance and these patients 
should be followed up for the development of diabetes in the future. Diabetes is 
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In patients with suspected prediabetes or diabetes, the blood glucose level at 
the 2nd hour is expected to be below 140 mg/dL. Having a blood glucose level 
of 140–200 mg/dL is defined as impaired glucose tolerance and these patients 
should be followed up for the development of diabetes in the future. Diabetes is 

diagnosed when the patient has a blood glucose level of 200 mg/dL or above at 
the 2nd hour (8). 

The standard 2-hour 75 g OGTT is enough to diagnose or exclude diabetes 
mellitus but fails to detect earlier stages of diabetes. The longer 100 g OGTT is 
used to detect reactive hypoglycemia (9). 

OGTT in pregnant women varies based on the protocol requested by the 
physician. However, in the 1999 recommendations, the WHO supported the 
single-step 75 g OGTT for diagnosing GDM. This test is performed at the 
24th-28th weeks of pregnancy. The patient should consume at least 150 g of 
carbohydrates per day for three days before the test and then fast for at least 8 
hours before the test. After measuring fasting blood glucose, the patient drinks a 
solution containing 75 g glucose. The limit values for fasting, 1st hour and 2nd 
hour blood glucose levels are accepted as 92 mg/dL, 180 mg/dL, and 153 
mg/dL, respectively. Having a blood glucose level over the limit at any one of 
these measurements is enough for diagnosing GMD (10). 

75 g OGTT is a more suitable, better tolerated, and more sensitive test for 
GMD than 100 g OGTT. The single-step approach diagnoses more pregnant 
women with GDM than the classical two-step approach (11). The prevalence of 
GDM increases from 5-6% to 15-20%. The reason for its higher sensitivity is 
that a single high result is sufficient for a positive outcome. 

100 g OGTT is also used when screening for GDM. This takes place in two 
stages: the first is to measure the response to 50 g glucose, regardless of fasting 
or not (12). 

1) 50 g glucose test: A 50 g glucose load is applied at the 24th-28th weeks of 
pregnancy. The test can be done on an empty or full stomach. In the presence of 
some risk factors, like being overweight, having a history of macrosomia, 
having a history of GDM in first-degree relatives or previous pregnancies, etc., 
the test should be performed at the first examination. In pregnant women with 
these risk factors, the test should be performed again at the 24th-28th weeks, 
even if the first examination yields a normal result. If plasma glucose (PG) is 
180 mg/dL 1 hour after drinking 50 g glucose, 100 g OGTT does not need to be 
performed (13). 

2) 100 g glucose test: If PG is >140 mg/dL (or >130 mg/dL) 1 hour after 
drinking 50 g glucose, a 3-hour OGTT is performed a few days later. For 
OGTT, the expectant mother applies a nutrition program containing 300 g 
carbohydrates for three days. During this period, the patient should maintain 
their normal daily life. After the evening of the third day, the patient should fast 
for 12 hours, and their blood should be taken at 0 minutes in the morning. Then, 
the patient should ingest 100 g of glucose within 5 minutes. Their blood glucose 
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is measured at the 1st, 2nd, and 3rd hours. GDM is diagnosed if at least two of 
these measurements are above the threshold values (14): 

• Fasting PG ≥95 mg/dL 
• 1st hour PG ≥180 mg/dL 
• 2nd hour PG ≥155 mg/dL 
• 3rd hour PG ≥140 mg/dL 
 
Indications for OGTT during pregnancy 
1. Evident obesity 
2. History of DM in first-degree relatives 
3. History of GDM 
4. Glucose intolerance 
5. History of glucosuria during pregnancy 
If one or more of the above criteria are present, the patient should be tested 

as early as possible via a single or two-step approach (15). 
 
Sampling 
The above diagnostic criteria that are defined by the WHO only apply to 

venous blood samples. An increasingly common method for measuring blood 
glucose is sampling blood from a capillary, i.e., the fingertip. This method is 
less invasive, more convenient for the patient, and requires minimal training to 
perform. Although fasting blood glucose levels have been shown to be similar 
in both capillary and venous samples, postprandial blood glucose levels could 
still vary. Note that the diagnostic criteria specified by the WHO only apply to 
venous blood samples. 
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1 Introduction and Background  
Cholera is a bacterial disease usually spread through contaminated food and 

water, and it causes severe diarrhea and dehydration. With no treatment, cholera 
can be fatal in a matter of hours, even in previously healthy people. The last major 
outbreak in Turkey occurred in 1970. But cholera is still present in Africa, 
Southeast Asia, Haiti, and central Mexico. The risk of a cholera epidemic is 
highest when poverty, war, or natural disasters force people to live in crowded 
conditions without adequate sanitation (Mayo Foundation for Medical Education 
and Research (2016)).  

Studies of cholera outbreaks have been estimated that each year there are 1.3 
to 4.0 million cases of cholera, and 21 000 to 143 000 deaths worldwide due to 
cholera, and most of those infected have no or mild symptoms and can be 
successfully treated with oral rehydration solution. Highlighted by the 2008 
outbreak in Zimbabwe, a new focus on controlling cholera has emerged due to 
the rise in cholera incidence. The recent outbreaks have caused enormous loss of 
life and financial devastation to families and the healthcare system (World Health 
Organization (2008)).  

Modeling on epidemic diffusion mostly concentrates on the compartment 
epidemic models of ordinary differential equations (Aslan et al. (2022); Demir et 
al. (2021)). In such a modeling framework, the total population is divided into 
several independent classes, and each class of individuals is closed into a 
compartment. To describe the mechanism of cholera disease, King et al. (2008) 
used a two-path cholera model including a class for severe infections as well as a 
class for mild infectious and showed that natural immunity to cholera may wane 
within a year. Samsuzzoha et al. (2010) used a diffusive epidemic model to 
describe the transmission of epidemics. The equations were solved numerically 
depending on the different initial population densities. Similarly, Shi and Dong 
(2012) formulated and discussed models for spreading infectious diseases with 
variable population sizes (Liu and Xian (2013)).  

Besides the above studies, Miller Neilan et al. (2010) used a compartmental 
model and im- plemented an optimal control strategy in the control of cholera 
disease under different control variables. Such a control approach is applicable to 
many areas in ecology from fishery manage- ment to infectious diseases (Lenhart 
and Workman (2007); Demir and Lenhart, (2020); Demir and Lenhart, (2021)). 
Lee et al. (2012) extended an SEIR model to incorporate population migra- tion 
between cities and investigated the effectiveness of travel restrictions as a control 
against the spread of influenza. In addition, Hethcore (1976) proposed 
deterministic communicable disease models by using a system of ordinary 



496

differential equations and considering population migration (only equal rates 
were considered), which led to different equilibrium points.  

In this study, an improved Susceptible-Infected-Recovered (SIR) epidemic 
diffusion model for cholera (Miller Neilan et al. (2010)) is extended by including 
migration for susceptible people, and the effect of migration between two isolated 
cities is discussed to investigate cholera outbreaks. Firstly, the effect of 
population migration on the basic reproductive number obtained for two cities is 
discussed when a cholera outbreak occurs in these two cities. Then, the effect of 
migration between these cities on endemic equilibrium points in which the 
disease exists in one city and dies out in the other city is analyzed under different 
scenarios. Finally, the study shows that even if cholera outbreaks does not directly 
spread from human to human, duration and size of the cholera outbreaks depends 
on migration between cities.  

 
2 Epidemic Diffusion Model (SIR)  
The objective of this study is to formulate a mathematical model for cholera, 

which migration can occur just between susceptible individuals in two isolated 
cities with unequal migration rates. Human populations are divided four different 
classes in both cities: Susceptible class (𝑆𝑆𝑖𝑖), Asymptomatic infected class (𝐼𝐼𝐴𝐴𝑖𝑖), 
Symptomatic infected class (𝐼𝐼𝑆𝑆𝑖𝑖), Recovered class (𝑅𝑅𝑖𝑖). Thus, the total number 
of individuals in city 𝑖𝑖 is 𝑁𝑁𝑖𝑖(𝑡𝑡)= 𝑆𝑆𝑖𝑖(𝑡𝑡) + 𝐼𝐼𝐴𝐴𝑖𝑖(𝑡𝑡) + 𝐼𝐼𝑆𝑆𝑖𝑖(𝑡𝑡) + 𝑅𝑅𝑖𝑖(𝑡𝑡) for 𝑖𝑖 = 1, 2., and 
the total number of individuals in both cities, N = N1 + N2. In the model just 
susceptible individuals can migrate with migration rate a𝑖𝑖  (a1  ≠   a2). For each 
city, two classes of bacteria concentration are considered, one that is hyper-
infectious class (𝐵𝐵𝐻𝐻𝑖𝑖), and one that is less-infectious class (𝐵𝐵𝐿𝐿𝑖𝑖). For the 
transitions among compartments and the description of parameter given for these 
transi- tions, see Figure 1 and Table 1.  
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Figure 1: Flow diagram of model illustrating the disease transitions among the 
compartments (modified from Miller Neilan et al. (2010)).  
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ODE system: 
 

with the initial conditions: 𝑆𝑆1(0) = 𝑆𝑆1,0, 𝐼𝐼𝐴𝐴1(0) = 𝐼𝐼𝐴𝐴1,0, 𝐼𝐼𝑆𝑆1(0) = 𝐼𝐼𝑆𝑆1,0 , 𝑅𝑅1(0) =
𝑅𝑅1,0, 𝐵𝐵𝐿𝐿1(0) = 𝐵𝐵𝐿𝐿1,0, 𝐵𝐵𝐻𝐻1(0) = 𝐵𝐵𝐻𝐻1,0, and 𝑆𝑆2(0) = 𝑆𝑆2,0, 𝐼𝐼𝐴𝐴2(0) = 𝐼𝐼𝐴𝐴2,0, 𝐼𝐼𝑆𝑆2(0) =
𝐼𝐼𝑆𝑆2,0, 𝑅𝑅2(0) = 𝑅𝑅2,0, 𝐵𝐵𝐿𝐿2(0) = 𝐵𝐵𝐿𝐿2,0, 𝐵𝐵𝐻𝐻2(0) = 𝐵𝐵𝐻𝐻2,0. These all the initials and 
parameters given in the ODE system (1) are considered to be non-negative and 
bounded. The left-hand side of ODE system (1) represents the rate of change in 
the size of each compartment. Thus, in the ODE system (1), we have the 
following  
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where 𝑁𝑁 = 𝑁𝑁1 + 𝑁𝑁2 such that 𝑁𝑁1 = 𝐼𝐼𝐴𝐴1 + 𝐼𝐼𝑆𝑆1 + 𝑅𝑅1 + 𝑆𝑆1 and 𝑁𝑁2 = 𝐼𝐼𝐴𝐴2 + 𝐼𝐼𝑆𝑆2 +
𝑅𝑅2 + 𝑆𝑆2. Thus, the ODE system (1) is bounded and so its solution is also bounded. 
Thus, the ODE system (1) is biologically feasible to be investigated with this 
modeling framework. When we substitute                   𝑆𝑆2 = 𝑁𝑁 − 𝐼𝐼𝐴𝐴1 − 𝐼𝐼𝑆𝑆1 − 𝑅𝑅1 −
𝑆𝑆1 − 𝐼𝐼𝐴𝐴2 − 𝐼𝐼𝑆𝑆2 − 𝑅𝑅2  in the ODE system (1), we will get the following ODE 
system:  

 

 
I reduce the number of equations for simplicity and I will consider the ODE 

system (2) in the rest of the analysis and obtain numerical results by using the 
ODE system (2).  
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3 The Basic Reproduction Number of the Metapopulation  
To determine the basic reproductive number for the model given in (2), I 

will use the next generation matrix (Van den Driessche and Watmough, (2002)). 
Consider the system to be ordered such that  

𝑥𝑥 = (𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1,  𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1, 𝐵𝐵𝐿𝐿2, 𝑅𝑅1, 𝑅𝑅2, 𝑆𝑆1). 
Here, our disease-free equilibrium point of the metapopulation is x0 = (0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 𝑎𝑎2𝑁𝑁
𝑎𝑎1+𝑎𝑎2

) when we let 𝐼𝐼𝐴𝐴1 = 𝐼𝐼𝐴𝐴2 = 𝐼𝐼𝑆𝑆1 = 𝐼𝐼𝑆𝑆2 = 𝐵𝐵𝐻𝐻1 = 𝐵𝐵𝐻𝐻2 =
𝐵𝐵𝐿𝐿1 = 𝐵𝐵𝐿𝐿2 = 𝑅𝑅1 = 𝑅𝑅2=0.  
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Compartments 𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1, 𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1 and 𝐵𝐵𝐿𝐿2 are considered to be the 

infectious compartments. Let’s define  𝑭𝑭 = [𝜕𝜕𝐹𝐹𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

(𝑥𝑥0)] and 𝑽𝑽 = [𝜕𝜕𝑉𝑉𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

(𝑥𝑥0)] for 0 ≤
𝑖𝑖, 𝑗𝑗 ≤ 8. Here 𝑭𝑭 is the Jacobi matrix of F, and 𝑽𝑽 is the Jacobi matrix of V such 
that  

 

 

 
Now, we first calculate the V −1 such that  
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After re-scaling the parameters such that 
 

 
 

 
 

F V −1 is obtained as  
 

 
To be able to obtain the basic reproductive number 𝑅𝑅0 of the metapopulation, 

we need to find the dominant eigenvalue of the matrix, F V −1 by setting it as 

det(F V −1 − λI ) = 0, where λ denotes eigenvalues and I denotes the unit matrix.  
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To be able to obtain the basic reproductive number 𝑅𝑅0 of the metapopulation, 

we need to find the dominant eigenvalue of the matrix, F V −1 by setting it as 

det(F V −1 − λI ) = 0, where λ denotes eigenvalues and I denotes the unit matrix.  

 
by solving this determinant, 𝑅𝑅0 is obtained as:  

 
Thus, after re-scaling back to the original parameters, we obtain the 

following  
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The basic reproductive number, 𝑅𝑅0 obtained for both cities depends on 
migration rates, 𝑎𝑎1 and 𝑎𝑎2 as well. Thus, the migration between these cities can 
not be ignored in the control of the cholera outbreak in these two cities. When the 
rate 𝑎𝑎2 increases in Eqn.3, then 𝑅𝑅0 increases. Similarly, any increases in the rate, 
𝑎𝑎1 in Eqn.4 increases 𝑅𝑅0 as well.  

 
4 Existence of the Equilibriums of the Metapopulation  
4.1 The Disease-free Equilibrium Point of the Metapopulation 
The disease free equilibrium point, where all the human population is 

susceptible is one of the key concepts in the investigation of outbreaks, especially 
for the calculation of the basic reproductive number R0.  When we let 𝐼𝐼𝐴𝐴1 = 𝐼𝐼𝐴𝐴2 =
𝐼𝐼𝑆𝑆1 = 𝐼𝐼𝑆𝑆2 = 𝐵𝐵𝐻𝐻1 = 𝐵𝐵𝐻𝐻2 = 𝐵𝐵𝐿𝐿1 = 𝐵𝐵𝐿𝐿2 = 𝑅𝑅1 = 𝑅𝑅2=0, then then we can get the 

equilibrium point 𝐸𝐸1 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 𝑎𝑎2𝑁𝑁
𝑎𝑎1+𝑎𝑎2

).  The number of infected 

individuals in both cities are zero, and these two cities just consist of susceptible 
individuals.  

 
4.2 Endemic Equilibrium Points of the Metapopulation  
In this part, an endemic equilibrium point means the cholera disease exists in 

city 1 and does not exist in city 2, or vice versa. When we let 𝐼𝐼𝐴𝐴2 = 𝐼𝐼𝑆𝑆2 = 𝐵𝐵𝐻𝐻2 =
𝐵𝐵𝐿𝐿2 = 𝑅𝑅2 = 0  for city 2 and set the right hand side of the ODE system (2) to 
zero, then we can obtain the second equilibrium point which is an endemic 
equilibrium point,   

   𝐸𝐸2 = (𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1, 𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1, 𝐵𝐵𝐿𝐿2, 𝑅𝑅1, 𝑅𝑅2, 𝑆𝑆1) as below  

 
where 𝑏𝑏1 = 𝛽𝛽𝐿𝐿1

𝐵𝐵𝐿𝐿1
𝐾𝐾𝐿𝐿1+𝐵𝐵𝐿𝐿1

+  𝛽𝛽𝐻𝐻1
𝐵𝐵𝐻𝐻1

𝐾𝐾𝐻𝐻1+𝐵𝐵𝐻𝐻1
 . When the equilibrium point, 𝐸𝐸2 , is 

stable, then the number of infected individuals in city 2 is zero, but for city 1 the 
number of infected individuals is still positive. Thus, we call this equilibrium 
point as an endemic equilibrium point. When we closely look at the equilibrium 
point 𝐸𝐸2, all the entries are positive in city 1 for 1 > p. Thus, this equilibrium 
point will stay positive for the city 1 until 𝑆𝑆1 class reaches to zero. When 𝑆𝑆1 class 
hits zero, almost all the people in city 1 will be in the recover class, 𝑅𝑅1. Note that 
the recover class, 𝑅𝑅1.  depends on the migration rates 𝑎𝑎1 and 𝑎𝑎2 as well for this 
equilibrium point.  
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The basic reproductive number, 𝑅𝑅0 obtained for both cities depends on 
migration rates, 𝑎𝑎1 and 𝑎𝑎2 as well. Thus, the migration between these cities can 
not be ignored in the control of the cholera outbreak in these two cities. When the 
rate 𝑎𝑎2 increases in Eqn.3, then 𝑅𝑅0 increases. Similarly, any increases in the rate, 
𝑎𝑎1 in Eqn.4 increases 𝑅𝑅0 as well.  

 
4 Existence of the Equilibriums of the Metapopulation  
4.1 The Disease-free Equilibrium Point of the Metapopulation 
The disease free equilibrium point, where all the human population is 

susceptible is one of the key concepts in the investigation of outbreaks, especially 
for the calculation of the basic reproductive number R0.  When we let 𝐼𝐼𝐴𝐴1 = 𝐼𝐼𝐴𝐴2 =
𝐼𝐼𝑆𝑆1 = 𝐼𝐼𝑆𝑆2 = 𝐵𝐵𝐻𝐻1 = 𝐵𝐵𝐻𝐻2 = 𝐵𝐵𝐿𝐿1 = 𝐵𝐵𝐿𝐿2 = 𝑅𝑅1 = 𝑅𝑅2=0, then then we can get the 

equilibrium point 𝐸𝐸1 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 𝑎𝑎2𝑁𝑁
𝑎𝑎1+𝑎𝑎2

).  The number of infected 

individuals in both cities are zero, and these two cities just consist of susceptible 
individuals.  

 
4.2 Endemic Equilibrium Points of the Metapopulation  
In this part, an endemic equilibrium point means the cholera disease exists in 

city 1 and does not exist in city 2, or vice versa. When we let 𝐼𝐼𝐴𝐴2 = 𝐼𝐼𝑆𝑆2 = 𝐵𝐵𝐻𝐻2 =
𝐵𝐵𝐿𝐿2 = 𝑅𝑅2 = 0  for city 2 and set the right hand side of the ODE system (2) to 
zero, then we can obtain the second equilibrium point which is an endemic 
equilibrium point,   

   𝐸𝐸2 = (𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1, 𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1, 𝐵𝐵𝐿𝐿2, 𝑅𝑅1, 𝑅𝑅2, 𝑆𝑆1) as below  

 
where 𝑏𝑏1 = 𝛽𝛽𝐿𝐿1

𝐵𝐵𝐿𝐿1
𝐾𝐾𝐿𝐿1+𝐵𝐵𝐿𝐿1

+  𝛽𝛽𝐻𝐻1
𝐵𝐵𝐻𝐻1

𝐾𝐾𝐻𝐻1+𝐵𝐵𝐻𝐻1
 . When the equilibrium point, 𝐸𝐸2 , is 

stable, then the number of infected individuals in city 2 is zero, but for city 1 the 
number of infected individuals is still positive. Thus, we call this equilibrium 
point as an endemic equilibrium point. When we closely look at the equilibrium 
point 𝐸𝐸2, all the entries are positive in city 1 for 1 > p. Thus, this equilibrium 
point will stay positive for the city 1 until 𝑆𝑆1 class reaches to zero. When 𝑆𝑆1 class 
hits zero, almost all the people in city 1 will be in the recover class, 𝑅𝑅1. Note that 
the recover class, 𝑅𝑅1.  depends on the migration rates 𝑎𝑎1 and 𝑎𝑎2 as well for this 
equilibrium point.  

If we now let 𝐼𝐼𝐴𝐴1 = 𝐼𝐼𝑆𝑆1 = 𝐵𝐵𝐻𝐻1 = 𝐵𝐵𝐿𝐿1 = 𝑅𝑅1 = 0 for city 1 and set the right 
hand side of the ODE system (2) to zero, then we can obtain the third equilibrium 
point of the Epidemic diffusion system, 𝐸𝐸2 =
(𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1, 𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1, 𝐵𝐵𝐿𝐿2, 𝑅𝑅1, 𝑅𝑅2, 𝑆𝑆1)  as below  

 

 
where  𝑏𝑏2 = 𝛽𝛽𝐿𝐿2

𝐵𝐵𝐿𝐿2
𝐾𝐾𝐿𝐿2+𝐵𝐵𝐿𝐿2

+  𝛽𝛽𝐻𝐻2
𝐵𝐵𝐻𝐻2

𝐾𝐾𝐻𝐻2+𝐵𝐵𝐻𝐻2
. When we plug 𝑅𝑅2 = 𝛾𝛾1 𝐼𝐼𝐴𝐴2+𝛾𝛾2 𝐼𝐼𝑆𝑆2

𝑤𝑤  in 

𝐸𝐸3, we will get the following 

 
 

When the equilibrium point, 𝐸𝐸3, is stable, then this time the number of infected 
individuals is zero in city 1, but positive in city 2. For the conditions, 1 > 𝑝𝑝 and 
𝑁𝑁2 > (1 + 𝛾𝛾1

𝑤𝑤 ) 𝐼𝐼𝐴𝐴2 + (1 + 𝛾𝛾2
𝑤𝑤 ) 𝐼𝐼𝑆𝑆2, all the entries for city 2 will stay positive.  

 
5 Stability Analysis of the Equilibrium Points  
Now, I check the stability of equilibrium points. However, it is not easy to 

examine the stability analysis analytically for the ODE system (2). Therefore, I 
examine the stability analysis numerically but first, need to obtain the Jacobi 
matrix of the ODE system (2). Lets define 𝐌𝐌 = [𝜕𝜕𝐷𝐷𝑖𝑖

𝜕𝜕𝑥𝑥𝑖𝑖
]  for  1 ≤ 𝑖𝑖, 𝑗𝑗 ≤ 11. Here 𝐌𝐌 

is the Jacobi matrix of the ODE system (2).  𝐷𝐷𝑖𝑖  for 1 ≤ 𝑖𝑖 ≤ 11 are the right side 
of differential equations in the ODE system (2) and 𝑥𝑥 =
(𝐼𝐼𝐴𝐴1, 𝐼𝐼𝐴𝐴2, 𝐼𝐼𝑆𝑆1, 𝐼𝐼𝑆𝑆2, 𝐵𝐵𝐻𝐻1, 𝐵𝐵𝐻𝐻2, 𝐵𝐵𝐿𝐿1, 𝐵𝐵𝐿𝐿2, 𝑅𝑅1, 𝑅𝑅2, 𝑆𝑆1). After obtaining the Jacobi matrix 
M, the equilibrium points E1, E2, and E3 are plugged into the Jacobi matrix 𝐌𝐌 to 
check the stability of these equilibrium points. I conducted the stability analysis 
by using parameter values given in Table 2 and obtained that the disease-free 
equilibrium point is stable, but endemic equilibrium points are not.  

The stability analysis indicates that a cholera outbreak can stay positive in one 
city until all the population gets into its recovery class, on the other hand, the 
disease stays zero in the other city. See Figures 2, 3, and 4 for the visualization 
of the human population in these cities. These figures are obtained using the 
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parameter values given in Table 2 and different values of the migration rates 𝑎𝑎1 
and 𝑎𝑎2. When I obtain the plot of human populations in Figures 2, 3, and 4, I 
considered three different scenarios for population sizes in cities of the 
metapopulation.  

 
Scenario 1: In this scenario, it is assumed that the human population in both 

cities has the same size of 100000 individuals. The effect of migration between 
these two cities is investigated when the migration rates a1 and a2 are varied from 
0.01 to 0.05 (See Figure 2).  
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parameter values given in Table 2 and different values of the migration rates 𝑎𝑎1 
and 𝑎𝑎2. When I obtain the plot of human populations in Figures 2, 3, and 4, I 
considered three different scenarios for population sizes in cities of the 
metapopulation.  

 
Scenario 1: In this scenario, it is assumed that the human population in both 

cities has the same size of 100000 individuals. The effect of migration between 
these two cities is investigated when the migration rates a1 and a2 are varied from 
0.01 to 0.05 (See Figure 2).  

 

Figure 2: The number of susceptible, asymptomatic infected, symptomatic 
infected and recovered individuals in city 1 for the scenario 1.  

 
The left plot in Figure 2 shows that the number of asymptomatic and 

symptomatic infected cases decreases if more people move out of city 1 than 
move into city 1 during the 60 days. Also, we see that the number of 
asymptomatic and symptomatic infected cases increases when more people move 
to city 1 (See the right plot in Figure 2).  

Scenario 2: In this scenario, it is assumed that the human population size is 
100000 individ- uals for city 1 and 10000 individuals for city 2. The effect of 
migration between these two cities, especially the effect of migration in city 1 is 
examined by varying the migration rates a1 and a2. If we compare this scenario 
with scenario 1, we see fewer increases in the number of asymptomatic and 
symptomatic infected cases in the right plot in Figure 3. It is mainly due to having 
10 times less population in city 2 as compared to city 1 in this scenario.  
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Figure 3: The number of susceptible, asymptomatic infected, symptomatic 

infected and recovered individuals in city 1 for the scenario 2.  
 
Scenario 3: This scenario is vice versa of the scenario 2. Now, I assume that 

city 1 has 10000 individuals but city 2 has 100000 individuals. In this case, we 
see more increases in the number of asymptomatic and symptomatic infected 
cases in city 1 when we increase the migration rate a2 from 0.01 to 0.05 (See the 
right plot of Figure 4). it is mainly due to having more people moving into city 1 
from city 2 and having 10 times less population size in city 1 compared to city 2.  

 

 
Figure 4: The number of susceptible, asymptomatic infected, symptomatic 

infected and recovered individuals in city 1 for the scenario 3. 
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6 Conclusions  
This study shows that the basic reproductive number, R0 obtained for two 

isolated cities also depends on population migration rates 𝑎𝑎1 and 𝑎𝑎2, and any 
increases or decreases in these rates directly affect the basic reproductive number. 
Thus, such migrations can not be ignored in the control of cholera outbreaks.  

In addition, the existence of endemic equilibrium points is investigated. This 
investigation shows that when the epidemic exists in the metapopulation, then the 
infected individuals can reach zero in one city, but the infected individuals still 
can exist in the other city. The study also indicates even if there is no human to 
human transition, the duration and size of cholera outbreaks depends on human 
migration between cities.  

In the three scenarios given in section 4, the effect of migration rates 𝑎𝑎1 and 
𝑎𝑎2on asymptomatic and symptomatic infected cases are investigated (See Figures 
2, 3, and 4). This investigation indicates that the number of asymptomatic and 
symptomatic infected cases can increase or decrease depending on the population 
sizes of cities and the migration rates 𝑎𝑎1 and 𝑎𝑎2. These increases (or decreases) 
change significantly depending on the difference in population sizes of cities.  

These three scenarios are valid, especially for the cities where seasonal 
workers move from one city to the other city for a short time period (the period 
is assumed to be two months in this study). Such short-time movements may also 
occur due to some touristic purposes, natural disasters, or wars.  
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