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ABSTRACT 

Objective: Aging is associated with increased oxidative stress and diminished cellular repair mechanisms, 

particularly in the lungs. This study investigates the protective effects of intermittent fasting (IF), SCD 

probiotics, and their combination on oxidative stress and molecular alterations in the lungs of aging rats. 

Materials and Methods: Sprague-Dawley rats (24 months old) were divided into four groups: control, 

intermittent fasting, probiotics, and a combination of both treatments. Malondialdehyde (MDA), advanced 

oxidation protein products (AOPP), and myeloperoxidase (MPO) activity were measured as markers of 

oxidative stress. Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) spectroscopy was 

employed to detect molecular changes in lung tissues. 

Results: Our findings demonstrated that both IF and probiotics, individually and in combination, reduced 

the MDA and AOPP levels, as well as MPO activity, compared to the control group, indicating a reduction 

in oxidative stress. Spectral analyses revealed molecular changes in lipid composition, protein conformation 

and oxidation, as well as phosphodiester groups of nucleic acids. The highest classification accuracy (93.18%) 

was obtained in the 1300-800 cm-1 region by LDA analysis. 

Conclusion: Intermittent fasting and probiotics may ameliorate age-related oxidative damage in the lungs 

and offer promising therapeutic potential for maintaining lung health in aging populations. 

 

Keywords: Aging, intermittent fasting, FTIR spectroscopy, lung, oxidative stress, probiotics. 
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INTRODUCTION 

 
Human lungs, which have the largest surface area of any 

organ in the body, serve as a unique interface with the 

external environment. They consist of various cell types 

and are continuously exposed to a range of stresses, 

including chemical, mechanical, biological, 

immunological, and xenobiotic factors, throughout a 

lifetime (1). Age-related alterations in the intrinsic 

mechanisms responsible for cell regeneration and repair, 

including the depletion of adult stem cell reserves, 

mitochondrial dysfunction, and increased oxidative stress, 

lead to a diminished capacity of lung cells to sustain 

normal homeostasis (2). Oxidative stress results from the 

imbalance between the reactive oxygen and nitrogen 

species (RONS) generation and the capacity of antioxidant 

defenses. Reactive species are produced by all aerobic cells 

and are crucial in the aging process and age-related 

diseases. While RONS production is involved in energy 

extraction from organic molecules, immune defense, and 

cellular signaling, it can also have harmful effects (3). 

Excessive production of oxidants can cause lipid 

peroxidation and protein oxidation, leading to damage in 

cells and tissues. Myeloperoxidase (MPO) is an essential 

enzyme found in neutrophils that generates powerful 

oxidants, including hypochlorous acid (HOCl), which 

serves as a defense mechanism against pathogens (4).  

The reactive species oxidize amino acid side chains, 

leading to a conformational alteration, partial unfolding, 

and fragmentation of the protein backbone. Due to the 

accumulation of oxidized proteins, cross-linking processes 

such as the formation of dityrosine, disulphide, and other 

types of intermolecular bonds occur, generating protein 

aggregates that polymerize into non-degradable 

structures, evading proteolysis (5). Aromatic amino acid 

residues are primary targets for various reactive species, 

resulting in the generation of cross-links containing 

dityrosine, which are known as advanced oxidation 

protein products (AOPPs) (6). Free radicals, including 

ROS and RNS, also attack the double bonds in lipids by 

removing hydrogen atoms and adding oxygen, resulting 

in lipid peroxidation. This process results in primary 

products like lipid peroxyl radicals and hydroperoxides, 

along with secondary products including 

malondialdehyde (MDA) and 4-hydroxynonenal (7).  

Intermittent fasting (IF) is associated with reduced 

oxidative damage and diminished inflammatory 

responses (8). Intermittent fasting is a dietary pattern that 

involves a period of food restriction and normal nutrition. 

It has recently become popular because of its potential 

health benefits, such as anti-aging and rejuvenation effects 

(9, 10). IF improves health and combats disease processes 

through cellular and molecular mechanisms that activate 

adaptive stress response pathways. These pathways 

support mitochondrial function, DNA repair, and 

autophagy (11).  

 

Various factors including diet, age, illnesses, stress, and 

lifestyle can affect the composition of the gut microbiota. 

The microbes in our gut are more numerous than the total 

number of body cells by over tenfold. They have important 

roles in maintaining health, such as aiding digestion, 

regulating the immune system, and even combating 

diseases (12). Given the crucial role of diet in shaping the 

gut microbiome, there has been considerable interest in 

using prebiotics and probiotics as nutritional strategies to 

enhance microbiome diversity and promote health (13). 

Due to the deterioration of physiological and biological 

systems in the elderly, probiotics present a promising 

option for mitigating the associated increased disease 

susceptibility (14).  

 

There is a crosstalk between the respiratory tract and the 

gastrointestinal tract, defined as the gut-lung axis. 

Alterations in components of the gut microbiome by diet, 

disease, or medical interventions are associated with 

changes in immune responses and the maintenance of 

homeostasis in the respiratory tract (15, 16). With the rapid 

increase in the aging population, it is crucial to investigate 

how physiological and cellular alterations in aging lungs 

influence the onset and progression of respiratory diseases 

(2). It is hypothesized that the treatment with IF and SCD 

probiotics may alleviate increased oxidative damage in 

aged lung tissue and contribute to the restoration of lung 

tissue. Additionally, it is suggested that interventions such 

as IF could further improve lung health by complementing 

probiotic treatment. Therefore, we aimed to investigate the 

effects of IF and SCD probiotics, both individually and in 

combination, on aging lungs by evaluating oxidative stress 

indicators, including myeloperoxidase, AOPP, and MDA. 

Moreover, ATR-FTIR spectroscopy combined with 

multivariate analysis was used to specify the molecular 

differences in the lung tissue after intermittent fasting and 

probiotics intake. 

 

MATERIALS AND METHODS 

 
Animal studies  
In this study, male Sprague-Dawley rats (24 months old) 

were used. The animals were divided into four groups: the 

control group (CNT), the intermittent fasting group (IF), 

the SCD Probiotics group (PRB), and the group receiving 
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SCD Probiotics supplementation during intermittent 

fasting (IFPRB), with 7 rats in each group. The rats in the 

IF groups were subjected to food restriction for 18 hours a 

day, with a 6-hour window (between 9 a.m. and 3 p.m.) for 

food intake. Water was available to them at all times. The 

animals were fed a typical rodent diet ad libitum (11), and 

their body weight was recorded throughout the study. The 

probiotic supplement was given orally at a daily dose of 3 

mL (1 x 108 CFU) (17), using the product provided by SCD 

probiotics company (Essential Probiotics XI - 500 ml H.S. 

Code: 2206.00.7000), which contains 11 different probiotics, 

including Bacillus subtilis, Bifidobacterium longum, 

Bifidobacterium bifidum, Lactobacillus bulgaricus, 

Lactobacillus acidophilus, Lactobacillus fermentum, 

Lactobacillus casei, Lactobacillus plantarum, Lactococcus 

lactis, Saccharomyces cerevisiae, and Streptococcus 

thermophilus species during 30 days (18). At the end of the 

treatment period, rats in all groups were sacrificed, and 

then lung tissues were obtained. The lung tissues were 

immediately shocked on dry ice and stored in a -80°C deep 

freezer until analysis. The study was approved by the 

Ethics Committee of the Saki Yenilli Experimental Animal 

Production and Practice Laboratory (approval number: 

2022/03) and conducted according to the standard animal 

care protocols. 

 

Tissue Preparation  
Lung tissues were homogenized to disrupt the tissue 

structure, leading to the release of cells and intracellular 

components for further analysis. The lung tissues were 

homogenized in 10 mM cold phosphate buffered saline 

(PBS; 1:5 w/v; pH 7.4) with protease inhibitor (PIC002, 

BioShop, Canada) and 0.5% Triton X-100 to determine the 

oxidative stress markers. The homogenate was 

centrifuged at 5,000 x g for 10 minutes at 4°C, and the 

supernatant was collected. The obtained supernatant was 

stored in aliquots at -80°C until analysis. Protein 

concentrations in the samples were measured using the 

method described by Bradford (19) with bovine serum 

albumin used as a standard. 

 

Malondialdehyde Measurement 
Malondialdehyde, a lipid peroxidation marker, was 

assessed by measuring the formation of thiobarbituric acid 

reactive substances. Briefly, the samples were mixed with 

20% trichloroacetic acid and 0.67% thiobarbituric acid, 

heated in a water bath at 100°C, and then cooled on ice. 

Absorbance was measured at 532 nm, and MDA levels 

were calculated as nanomoles per milligram of protein. 
 
Advanced Oxidation Protein Products 
Measurement 
AOPPs, which serve as indicators of oxidative protein 

damage, were assessed by measuring dityrosine-

containing and cross-linked protein products. AOPP 

levels were quantified following the procedure established 

by Witko-Sarsat et al. (20). In this procedure, samples were 

first diluted to a concentration of 20 mM with PBS (pH 7.4), 

and then potassium iodide and acetic acid were added. 

Absorbance was then measured at 340 nm, and the values 

were presented as nanomoles per milligram of protein. 

 

Determination of Myeloperoxidase Activity 
The activity of myeloperoxidase was measured using a 

spectrophotometric method. The samples were mixed 

with 50 mM PBS (pH 6.0) containing o-dianisidine (0.167 

mg/ml) and hydrogen peroxide (0.0005%). The change in 

absorbance was measured at 460 nm for 5 min. The activity 

of MPO was presented as units per milligram of protein, 

following the method as described by Bradley et al. (21). 

 

Sampling for ATR-FTIR spectroscopy and data 
analysis 
The ATR-FTIR spectra of lung tissues were obtained using 

Perkin Elmer Frontier FTIR spectrometer (Perkin Elmer 

Inc., USA) with a Quest single reflection ATR accessory 

(Specac Ltd., UK). The background spectrum was obtained 

by recording the spectrum of air and automatically 

subtracted using the Spectrum 10 software program. The 

spectra of lung tissues compressed on the diamond crystal 

of the ATR unit were collected at room temperature within 

the range of 4000-450 cm-1 region with 64 scans at 4 cm-1 

resolution. Under the same conditions, each tissue was 

scanned from three randomly selected fractions, all of 

which produced the same spectra. Spectral analyses were 

performed using the average spectra of these three 

replicates. The spectra acquisition and data manipulation 

were obtained by the same software program (Spectrum 

10). 

 

Machine learning method in prediction studies 
Linear Discriminant Analysis (LDA) as a machine learning 

tool was implemented on spectral data for differentiating 

the experimental groups from each other. The goal of LDA 

is to find the linear combination of original variables that 

maximizes the difference between classes. In the LDA 

technique, the best fit parameters for the sample 

classification are determined with a developed model, and 

then the model can be applied to classify unknown 

samples. The development of machine learning-based 

detection models requires independent training and 

test/validation data sets. In order to create a classification 

model and categorize samples, principal component 

analysis (PCA) has been frequently used to train data sets. 

Additionally, the detection performance of the 

classification model has been assessed by a validation data 

set using LDA. The PCA data of the second derivative and 
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normalized spectra in the whole spectral range (4000-450 

cm-1), lipid (3020-2800 cm-1), protein (1700-1500 cm-1), and 

nucleic acid (1300-800 cm-1) regions were used as LDA 

model inputs using The Unscrambler X 10.3 (CAMO 

Software AS, Norway) software. Initially, the category 

variable column was added into the data matrix, and then 

a training set was created by using all the spectra of the 

different sample classes. The method used was quadratic, 

utilizing the projections of 7 principal components and the 

prior probabilities calculated from the training set for the 

prediction. LDA results are represented by a 

discrimination plot, the matrices of prediction and 

confusion. The prediction matrix exhibits the predicted 

class for each sample and the probability of membership 

for each class. However, the confusion matrix reports the 

predicted and actual classifications of samples (22). 

 

Statistical Analysis 
Statistical analyses of the data using one-way ANOVA and 

the graph plots were performed using GraphPad Prism 10 

(GraphPad, USA). The values were reported as mean ± 

standard error of the mean (SEM). The significance level 

was denoted as * p < 0.05, ** p < 0.01, *** p < 0.001, and **** 

p < 0.0001. 

 

RESULTS 
 

The body weight, water and food consumption of 
animals 
The IF groups showed significant weight loss, whereas the 

IFPRB group exhibited less weight loss. The lower weight 

loss observed between the IF and PRB groups in 

comparison with the control demonstrates the role of the 

probiotic in stabilizing weight gain. Although the feed 

consumption of rats in the IF groups increased because of 

adaptation, no significant differences in water 

consumption were observed among the groups, as shown 

in our previous study (18). 

 

Effects of Treatment with Probiotics and 
Intermittent Fasting on Oxidative Stress Markers 
In the present study, MPO activities, MDA, and AOPP 

levels as indicators of oxidative stress were measured in 

lung homogenates from 24-month-old rats treated with 

intermittent fasting and probiotics, either individually or 

in combination. MDA levels statistically reduced in aged 

rats treated with probiotics alone and in those treated with 

both probiotics and IF compared to the control group. 

Although there was no statistically significant difference 

in MDA levels between the IF group and the control group, 

a notable reduction in MDA levels was observed in the IF 

group (Figure 1a). The levels of AOPP decreased 

significantly in all treated groups compared to the controls 

(Figure 1b). MPO activity in the aging lung was found to 

be significantly reduced with treatment using probiotics 

and IF, either administered individually or in combination 

(Figure 1c). When comparing the groups treated with 

probiotics and IF, either individually or in combination, no 

significant difference was observed among them in terms 

of oxidative stress markers. 

 

Lipid, protein and nucleic acid profiles of lung 
tissues altered by intermittent fasting and 
probiotics supplementation 

FTIR spectroscopy has arisen as a potent technique for 

simultaneously analyzing the structure, conformation, 

and function of all molecules in a biological system (23). 

ATR-FTIR spectroscopy was performed to elucidate the 

altered biomolecular changes in rat lung tissues after 

intermittent fasting (IF), probiotics supplementation (PRB), 

and in combination (IFPRB). For this purpose, quantitative 

measurements of spectral parameters such as shifts in the 

peak positions, alterations in bandwidths, band areas of 

spectral bands or the area ratios and machine learning 

approaches were carried out. Figure 2a–b exhibits the 

averaged IR spectra of all groups (CNT, IF, PRB and IFPRB) 

in the 3025–2800 and 1800–800 cm-1 regions where the 

absorption bands originate from the functional groups of 

lipids, proteins, nucleic acids, and carbohydrates. The 

below panels in Figure 2a–b show difference spectra 

obtained by subtracting the average spectrum of each 

group from the average spectrum of the control to explore 

the differences between the groups more plainly. The 

difference spectra showed notable changes in the 

functional groups of specific biomolecules between the 

control group and different treatment groups (Figure 2a-

b). In order to determine the quantitative differences 

between the groups, spectral band areas and area ratios for 

individual bands were calculated. According to Beer-

Lambert’s law, the concentration of the functional groups 

in the relevant molecule is exactly proportional to the 

signal intensity/area under the spectral bands. To exclude 

potential artifacts from experimental conditions, the 

Figure 1 Effects of probiotics and intermittent fasting on MDA (a), 
AOPP (b) and MPO (c) activity of the lung tissue of aged rats. 
CNT (control), IF (intermittent fasting), PRB (SCD Probiotics) and 
IFPRB applications (in which IF and PRB were applied together). 
The significance levels were denoted as * p < 0.05, ** p < 0.01. 
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integrated area ratios of a few selected bands were 

assessed for relative quantitative analysis (22, 23). 

Some prominent bands for lipids such as olefinic C=CH at 

3011 cm-1, CH3 asymmetric stretching at 2960 cm-1, CH2 

asymmetric stretching at 2923 cm-1, CH2 symmetric 

stretching at 2852 cm-1 and C=O stretching at 1740 cm-1 

were evaluated. The area of CH3 antisymmetric (p<0.001), 

CH2 antisymmetric and symmetric stretching bands 

(p<0.05) in all treatment groups decreased significantly 

compared to controls. Total saturated lipid content 

calculated from the sum of CH2 symmetric and 

antisymmetric stretching bands decreased in treated 

groups compared to the control group (Figure 3a). 

Moreover, the CH2/CH3 antisymmetric stretching area 

ratio provides acyl chain length information. A higher 

value indicates the presence of relatively longer chain 

lipids, while a lower value implies the presence of shorter 

chain and/or more branched lipids. No remarkable 

changes in acyl chain length were observed among the 

groups. The bandwidth of CH2 symmetric or 

antisymmetric stretching bands indicates membrane 

dynamics, as it is connected with the motional rates of the 

lipid molecule. An increase in membrane dynamics is 

indicated by the increase in the bandwidths of these bands. 

A nonsignificant decrease was observed in the bandwidth 

values of CH2 antisymmetric stretching bands for treated 

groups when compared to the control group (Figure 3b). 

The olefinic band points out the content of double bonds 

in the lipid structure, which is utilized for monitoring the 

unsaturated lipid content. There was also a decrease in the 

area of the olefinic C=CH stretching band compared to the 

control as seen from Figure 3c. C=O stretching band 

indicates the carbonyl ester concentration in lipids. 

Moreover, this band can be used to visualize protein 

oxidation due to resulting in the production of some 

additional carbonyls. A nonsignificant decrease in the C=O 

stretching band was observed in all groups.  

 

The protein associated bands Amide I at 1635 cm-1 (mainly 

from the C=O stretching vibration), Amide II at 1545 cm-1 

(arises from N–H bending vibration and from C–N 

stretching vibration) and some major nucleic acids related 

bands such as PO2- antisymmetric stretching at 1238 cm-1, 

PO2- symmetric stretching at 1083 cm-1 and PO4= stretching 

at 971 cm-1 were also evaluated. Amide I and amide II 

bands are sensitive to conformational alterations in the 

proteins. The shifts in the band positions and the 

alterations in the bandwidth of amide I and amide II as 

well as the amide I/amide II band area ratio can provide 

the change in the protein conformation and structure. Our 

results show that no significant change in these 

parameters is observed. However, the area of amide I and 

amide II bands dropped significantly (p<0.05) in all 

treatment groups. Figure 3d reveals an increase in the 

amide I/amide II ratio in all of the treated groups in 

comparison with the control. This increase is significant in 

fasting and SCD probiotics groups, which proposes the 

higher decrease in the content of N–H bending and C–N 

stretching relative to the content of C=O stretching in the 

proteins of IF and PRB treated groups. The broadening of 

the amide I band and area ratio of C=O stretching band to 

Figure 2. The normalized average IR spectra of the groups in the 
a) 3025–2800 and b) 1800–800 cm-1 regions. The normalization was 
performed according to the amide A band located at 3280 cm-1. 
Difference IR spectra were acquired via subtracting the control 
spectrum from the spectra of the groups treated by intermittent 
fasting (IF), probiotics supplementation (PRB) and the combined 
administration of both (IFPRB) in the below panels for both 
regions. 

Figure 3. Quantitative changes in spectral parameters including 
band areas and band area ratios for: (a) total saturated lipid 
amount, (b) bandwidth of CH2 antisymmetric stretching band, (c) 
olefinic band area, (d) protein conformation (A1653/A1545) and 
(e) protein phosphorylation (A1083/A2955). The significance 
levels were denoted as * p < 0.05, ** p < 0.01, *** p < 0.001, and **** 
p < 0.0001. 
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Figure 4. LDA discrimination plot for lung tissue samples in a) the lipid region (3020-2800 cm−1), b) the protein region (1700-1500 cm−1) 
and c) the nucleic acid region (1300-800 cm−1). CNT (control), IF (intermittent fasting), PRB (SCD Probiotics) and IFPRB applications (in 
which the IF and PRB were applied together). 
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the amide I band (A1740/A1635) were measured to assess 

the relative level of protein carbonylation in the studied 

groups. No significant change in the broadening of amide 

I band was obtained and although there was a decreasing 

trend in A1740/A1635 ratio, no significant change was 

achieved.  

 

The PO2- antisymmetric, symmetric stretching 

(antisymmetric phosphate and symmetric phosphate) 

bands are attributed to the phosphodiester groups of 

nucleic acids, whereas PO4= stretching band is attributed 

to the phosphate monoester groups of phosphorylated 

proteins and cellular nucleic acids. All of these bands 

decreased in all treated groups compared to controls. The 

band ratios of PO2- antisymmetric, symmetric stretching to 

the CH3 antisymmetric stretching (A1238/A2955, 

A1083/A2955) are related to protein phosphorylation. A 

decrease in protein phosphorylation was observed in all 

treated groups, but was not significant in groups other 

than the PROB group (Figure 3e).  

 

LDA analyses were performed in regions where functional 

groups related to lipids, proteins, and nucleic acids are 

predominant. LDA analysis indicated a clear distinction in 

the biomolecular content of lung tissue among the control 

groups, IF, SCD Probiotics, and the combined treated 

groups. The discrimination plots obtained as a result of 

LDA analyses are given in Figure 4. The prediction matrix 

and the confusion matrix are given in the supplementary 

document (Table S1-S6). LDA analysis revealed notable 

differentiation in the regions associated with functional 

groups related to lipids, proteins, and nucleic acids, 

achieving accuracy rates of 88.64%, 86.36%, and 93.18%, 

respectively (Figure 4). While all treatments caused similar 

differences in lipid (Figure 4a, Table S1, S2) and nucleic 

acid profiles, the intermittent fasting group had the most 

distinct protein profile (Figure 4b; Table S3, S4). A high 

level of accuracy with 93.18% in the nucleic acid region 

(1300-800 cm−1) was obtained (Figure 4c, Table S5, S6). 

 

DISCUSSION 

 
In the present study, we assessed the effects of IF and 

probiotics, both individually and in combination, on 

markers related to oxidative damage in aging lungs. 

According to our findings, treatment with probiotics and 

IF has a beneficial effect on aging lungs by leading to a 

reduction in oxidative damage indicators, including 

AOPP, MDA, and myeloperoxidase. In addition, the 

efficacy of IF and PRB supplementation on the molecular 

content of lung tissues was investigated using FTIR. We 

detected prominent changes in the lipid, protein, and 

nucleic acid profiles in the lung tissue using spectral 

analysis and machine learning techniques. According to 

spectral analyses, we observed decreases in all lipid-

related bands, such as olefinic groups of unsaturated 

lipids, C‒H stretching groups indicating total saturated 

lipids, and C=O stretching bands representing the 

triglyceride and cholesterol ester amounts by IF and SCD 

probiotics supplementation. These results support the 

reduced fat mass in old rats with treatment (24). 

 

Aging is a process associated with a decline in the function 

and efficiency of tissues and organs. According to the 

oxidative stress theory of aging, these age-related 

functional declines are attributed to damage caused by 

reactive species (25). Luceri et al. observed that during 

aging, excessive ROS production results in oxidative 

damage at both the liver and systemic levels, which occurs 

as early as middle age (26). In a previous study, elevated 

levels of protein oxidation and lipid peroxidation in the 

liver tissue of aged female rats were demonstrated 

through AOPP and MDA measurements, which indicate 

the extent of oxidative damage to proteins and lipids (27). 

Higher MDA and AOPP levels were found in older rats 

compared to their younger counterparts (28–30). In 

addition, myeloperoxidase, a heme protein found in 

neutrophils and monocytes, plays a role in multiple stages 

of inflammation by generating various potent oxidants. 

MPO activity is significantly elevated with aging (4).  

 

Intermittent fasting may enhance resistance to oxidative 

stress, reduce inflammation, and support longevity at the 

cellular level (24). A study in rats reported that both time-

restricted feeding and alternate-day fasting improve 

metabolic profile and redox homeostasis by increasing the 

antioxidant defense system and decreasing oxidative 

stress markers such as MDA and AOPP, indicating their 

potential for aging intervention (31). A previous study 

demonstrated that alternate-day fasting reduced 

mitochondrial oxidative stress in aged mice, suggesting it 

may contribute to diminishing age-related cellular 

damage (32). According to our findings, a notable 

reduction in the MDA levels was observed in the IF group, 

but it was not statistically significant. This finding may be 

influenced by sample variability due to individual 

differences among rats. Therefore, further research with 

larger sample sizes is needed to confirm these findings. 

However, both AOPP levels and MPO activity were 

significantly reduced with IF treatment. The reductions in 

lipid peroxidation and protein oxidation markers as well 

as MPO activity may result from an increase in the 

antioxidant defense system, indicating a reduction in 

inflammation and oxidative stress.  

 

As individuals age, their biological and physiological 

processes undergo changes, leading to alterations in 
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gastrointestinal and immune functions (14). The gut 

microbiota is crucial for various functions, including 

signaling pathways, homeostasis, nutrient and drug 

metabolism, intestinal barrier integrity, protection against 

pathogens, and immune system interaction. There's 

increasing interest in the link between microbiota 

dysbiosis and oxidative stress. Disruptions in gut 

microbiota can lead to excessive ROS production, 

increasing oxidative stress. It was suggested that the 

probiotics have antioxidant effects by modulating 

oxidative stress mechanisms in healthy individuals (33). 

Lactic acid bacteria are considered a promising source of 

antioxidants, with potential benefits in mitigating the 

detrimental effects of oxidative stress, a key factor in aging 

(34). Research shows that these bacteria produce various 

antioxidants that neutralize free radicals and alleviate 

oxidative stress, potentially improving cellular health and 

promoting healthy aging (35, 36). Administration of 

Lactobacillus helveticus led to a significant reduction in 

MDA and AOPP levels in a randomized double-blind 

study (37). Probiotics, prebiotics, and, when used together, 

synbiotics are widely recognized as immunomodulators 

and promoters of gut health. In addition to their proven 

effects in supporting a healthy microbiota composition 

and gut health, there is emerging evidence on how these 

components may improve lung health (15, 16). Our study 

demonstrated that probiotic treatment resulted in a 

decrease in MPO activity, lipid peroxidation, and protein 

oxidation, which suggests a reduction in oxidative stress 

in the aged lung. A decrease in short-chain lipid 

peroxidation product, MDA, was observed, while no 

change in total short-chain fatty acids was found between 

the groups according to the spectral analysis. It is 

suggested that this might be due to an increase in short-

chain fatty acids (acetate, propionate, and butyrate), which 

are important bacterial fermentation metabolites that 

regulate many essential aspects of human physiology (15, 

38). Protein carbonylation is commonly used to indicate 

oxidative stress and serve as a marker of oxidative damage. 

However, protein carbonyls are not only important as a 

biomarker for protein oxidation in aging and disease, but 

also they can disrupt protein structure and function by 

changing the conformation of the polypeptide chain and 

leading to partial or complete inactivation of proteins (39). 

No significant change was observed in the bandwidth of 

the amide I band and A1740/A1635 area ratio values, 

which are used to evaluate protein carbonylation, possibly 

due to sample variability. However, a decreasing trend 

was observed in the A1740/A1635 ratio of the treatment 

group compared to the control. This may indicate that 

treatments such as IF and probiotic supplementation 

applied in old age contribute to reducing carbonylation. It 

was suggested that IF and probiotic supplementation 

might promote the expression of antioxidant genes and 

boost the activity of antioxidant enzymes in the 

development of age-related lung diseases, leading to 

lessening inflammation and oxidative stress. Exposure to 

oxidative stress triggers a series of lipid peroxidation and 

phosphorylation reactions in cells. Certain protein 

phosphorylation events take place during apoptosis and 

are crucial for controlling programmed cell death (40). 

Aging is largely caused by increased reactive oxygen 

species and enhanced apoptosis (41). In our study, 

decreases in the band ratios related to protein 

phosphorylation and the band area of phosphate 

monoester groups of phosphorylated proteins by 

treatments were observed, suggesting a potential 

modulation of the apoptotic pathway. 

 

Oxidative stress is a key factor in the development of age-

related lung diseases including chronic obstructive 

pulmonary disease (42), pulmonary hypertension (43, 44), 

and fibrotic lung disease (45). In many respiratory 

disorders, the gut-lung axis plays an essential role and 

provides the bidirectional communication between the 

respiratory system and the gut microbiota. The gut 

microbiota is affected by age, diet, and lifestyle, which 

may have an effect on lung health and the emergence of 

both acute and chronic lung diseases. Altering the gut 

microbiota using strategies such as probiotics and dietary 

interventions could serve as potential therapeutic 

approaches for lung diseases through microbial balance 

restoration and the growth of beneficial strains in the gut 

(15, 16). Probiotic supplementation during IF has been 

demonstrated to be more effective in restoring colon and 

ileum tissues in aged rats (18). Moreover, both IF and SCD 

probiotics supplementation may help mitigate age-

associated liver alterations (46). The findings of our study 

suggest that lipid and protein oxidative damage in the 

aging lung was reduced with IF and probiotic 

supplementation, whether administered individually or in 

combination. Additionally, a reduction in MPO activity 

was observed, which may indicate a decrease in 

inflammation and oxidative stress. The reductions in MPO 

activity, lipid peroxidation, and protein oxidation 

indicators might result from an enhancement of the 

antioxidant defense system, supporting the notion that IF 

and probiotic supplementation exert antioxidant effects. 

All the results proposed that both IF and probiotic 

treatments, individually or combined, are promising 

strategies for reducing age-related oxidative damage in 

the lungs. However, little is known about the gut-lung axis, 

and the mechanisms by which the gut microbiota 

influences lung homeostasis and diseases are not yet fully 

understood and require further investigation (15, 16). 
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CONCLUSION  

 
This study demonstrates that IF and probiotics, both 

individually and in combination, have significant 

protective effects against age-related oxidative damage 

and molecular alterations in the lungs of aged rats. The 

reduction in oxidative stress markers such as MDA, AOPP, 

and MPO activity suggests that these interventions can 

mitigate lipid and protein oxidation, key contributors to 

lung aging and dysfunction. Additionally, the application 

of ATR-FTIR spectroscopy, combined with machine 

learning, revealed distinct biomolecular changes further 

supporting the beneficial impact of these treatments on 

aging lung tissues. The findings emphasize the potential 

of intermittent fasting and probiotics as non-invasive, 

dietary-based strategies to enhance cellular resilience and 

reduce oxidative damage in the aging lung. However, 

further research is required to explore the long-term 

efficacy, underlying mechanisms, and potential clinical 

applications in aging-related lung diseases. These insights 

offer promising avenues for future interventions targeting 

age-related oxidative stress and respiratory decline. 

Besides, we acknowledge the challenges of applying IF 

regimens to elderly individuals. Therefore, a better 

understanding of the complex interactions between the 

gut microbiota, dietary interventions such as IF, and the 

host is essential for developing personalized medical 

treatments for a range of health conditions. 
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ABSTRACT 

Objective: Aptamer-gated nanoparticles are a possible way to find Staphylococcus aureus because they are 

very specific, sensitive, and quick to detect.  

Materials and Methods: MCM-41 nanoparticles were characterized via DLS, SEM, and FTIR techniques. 

Reference strains S. aureus, S. epidermidis, and Escherichia coli were used. After the synthesis of the 

fluorescence-loaded silica-coated MCM-41 nanoparticles, fluorescence release experiments were performed 

via a dialysis membrane. 

Results: The particle size of the MCM-41 nanoparticles was determined to be 192 ±1.782 nm. BET analysis 

revealed that each MCM-41 particle had a specific surface area of 1019.37 m2/g, pores that were 2.42 nm 

wide, and the ability to hold 0.99 cm3/g of material. The MCM-41 nanoparticles were nanosized, had a 

narrow size distribution, and were smooth, amorphous and spherical in shape. Amino group-functionalized 

MCM-41 nanoparticles via the APTES reaction. FT-IR analysis was performed to determine the correct 

conjugation. After the addition of amino acids, typical bands at 690 and 1460 nm appeared. These bands 

correspond to N–H bending vibrations and N–H asymmetric bending vibrations, respectively. The 

fluorescein-loaded silica particles conjugated with the aptamer and the target bacterium S. aureus had the 

maximum release. Furthermore, approximately 70% fluorescein release occurred within 6 hours. It was 

possible to quickly and accurately find S. aureus at detection limits as low as 164 CFU/mL in PBS. 

Conclusion: The proposed biosensor has many benefits, such as quick response times, high sensitivity, and 

specificity for S. aureus detection. Future studies will likely concentrate on increasing the sensitivity of these 

technologies, decreasing detection times, and broadening their range of applications. 
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INTRODUCTION 
 
In recent years, the rapid and sensitive detection of 

bacterial pathogens has become increasingly important in 

various disciplines, including health care, food safety, and 

environmental monitoring. Staphylococcus aureus (S. aureus) 

is a notable pathogen because of its capacity to induce 

various infections, ranging from superficial skin 

conditions to severe, life-threatening illnesses (1). One of 

the most clinically significant species is the S. aureus 

bacterium. S. aureus, which has a gram-positive coccus 

morphology, is highly adaptable in terms of its ability to 

acquire resistance to antibiotics. When faced with novel 

obstacles, S. aureus adapts quickly, which aids in its 

survival and clonal growth (2, 3). Information reported in 

2019 by the U.S. Centers for Disease Control and 

Prevention (CDC), on the basis of 2017 data, revealed that 

S. aureus infections in the U.S. infected 119,000 people and 

caused the deaths of approximately 20,000 people, 

highlighting it as a major problem (4). To address the need 

for efficient detection methods, biosensors have emerged 

as promising tools for the rapid and specific detection of 

bacterial pathogens (5). 

 

MCM-41 is a type of mesoporous silica material with a 

hexagonal array of uniform pores. Recent studies have 

highlighted the versatility of MCM-41 in various 

applications, particularly in catalysis and drug delivery. 

For example, its high surface area and tunable pore size 

make it an excellent candidate for supporting catalysts in 

chemical reactions, leading to enhanced reaction rates and 

selectivity (6, 7). MCM-41 is also biocompatible and can 

encapsulate a wide range of drugs. This makes it a 

promising material in the field of nanomedicine for 

targeted drug delivery systems that improve the 

effectiveness and controlled release of therapeutics (8). 

 

The active targeting of nanoparticulate systems frequently 

involves the use of aptamers (9). Aptamers are single-

stranded nucleic acids that are synthetically produced 

under in vitro conditions. These synthetic oligonucleotides 

can bind to a wide variety of target molecules (proteins, 

metal ions, monosaccharides, peptides, microorganisms, 

cells, and tissues) with high selectivity and affinity. DNA 

or RNA can be composed of aptamers. Their specific 

binding to target molecules occurs due to their three-

dimensional structures. Aptamers can be easily modified 

to target specific molecules (10-12). Owing to their low 

molecular weight, ease of repeated synthesis, nontoxic 

nature as targeting ligands, and ability to regain their 

active conformation, aptamers have advantages in active 

targeting. In addition to their use as biosensors, active 

targeting systems utilize aptamers for diagnosis, treatment, 

and drug delivery (13).  

 

This paper introduces a biosensor utilizing aptamer-

functionalized MCM-41 for the quick and highly sensitive 

detection of S. aureus. 

 
MATERIALS AND METHODS 
 

All additional compounds, including 3-(triethoxysilyl)-

propylamine (APTES) and MCM-41, were acquired from 

Sigma-Aldrich. The S. aureus oligonucleotide was 

synthesized by Sentegen (Ankara, Türkiye). In accordance 

with the sequence published by Cao and colleagues (14), 

the S. aureus binding aptamer was synthesized as follows: 

5’ amino-labeled aptamer sequence (5’-GCG CCC TCT 

CAC GTG GCA CTC AGA GTG CCG GAA GTT CTG 

CGT TAT-3’). The reference strains S. aureus (ATCC 29213), 

S. epidermidis (ATCC 12228), and Escherichia coli (ATCC 

25922) were obtained recently from the American Type 

Culture Collection (ATCC). Figure 1 is a schematic 

depiction of strategy as used in this study. 

 

Figure 1. The general scheme of aptamer-gated specific 

fluorescein release profile approach. 

 

Characterization of MCM-41 Nanoparticles 
The particle sizes were measured with a Zetasizer ZEN 

3600 Nano-ZS (Malvern Instruments, Worcestershire, UK). 

One milligram of MCM-41 particles was suspended in PBS 

and sonicated for 20 minutes in phosphate buffer (50 mM, 

pH 7.0) at room temperature to plot the intensity vs. 

diameter size. 

 

The morphological evaluation of the particles was 

performed via Brunauer‒Emmett‒Teller (BET) 

(Quantachrome BET analyzer, Anton‒Paar) and scanning 

electron microscopy (SEM; Zeiss EVO LS 10) at Yıldız 

Technical University's MERKLAB, Türkiye.  

To determine whether amine groups were present on the 

surfaces of the MCM-41 nanoparticles, Fourier transform 
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infrared (FTIR) spectroscopy (Perkin Elmer Inc., Norwalk, 

CT, USA) fitted with a Universal ATR attachment was 

used. The one-bounce ATR mode was utilized to capture 

the ATR-FTIR spectra of the silica-coated magnetic 

nanoparticles. The spectral wavelengths ranged from 650 

cm-1 to 4000 cm-1 when one milliliter of MCM-41 

nanoparticle sample in PBS was used. 

 

Aptamer-functionalized magnetic-silica particle 
preparation 
The surface free amine groups of hybrid magnetic-silica 

particles were covalently linked with amino-modified 

aptamers after being initially activated with 

glutaraldehyde (15). Two hundred fifty milligrams of 

amino-functionalized hybrid magnetic-silica particles 

were introduced into a reactor containing 2% 

glutaraldehyde in 0.1 M phosphate buffer at pH 7.0. After 

the coupling reaction was conducted for 3h at 35°C, the 

mixture was subsequently rinsed with 0.1 M acetic acid, 

followed by 0.1 M phosphate buffer. Two hours after being 

placed in phosphate buffer at a concentration of 50 mM 

and a pH of 8.5, fifty milligrams of hybrid silica 

nanoparticles that were already functionalized with amino 

groups were transferred to phosphate buffer containing S. 

aureus binding aptamer at concentrations of 100 µL and 

200 µM. An aptamer that was tagged with 5' amino acids 

was attached to magnetic beads at a temperature of 25°C 

for a period of 18h while the reaction mixture was 

continually mixed. Finally, the noncovalently attached 

aptamer molecules were extracted from the magnetic 

beads by using a buffer consisting of PBS. A UV–vis 

spectrophotometer (Agilent 8000, USA) was used to 

quantify the quantity of bound aptamer via the UV-

absorption method at 265 nm. 

 

Synthesis of silica coated MCM-41 nanoparticles 
A previously presented approach (16) was employed to 

synthesize amino-functionalized SiO2 nanoparticles. One 

milliliter of 95% ethanol, including 5% 1 mM acetic acid, 

was agitated with 50 mg of MCM-41 for 1h at room 

temperature. After adding the APTES solution at a molar 

ratio of MCM41/APTES (1/5) and mixing, the mixture was 

incubated overnight. The solution was rinsed three times 

with 1× PBS during centrifugation (14000 rpm, 5 min). 

Following the dissolution of 10 µl of amino-modified 

nanoparticles in 190 µl of 1× PBS, 100 µM fluorescein 

sodium salt was added. While the solution was stirred, it 

was incubated overnight. Finally, the fluorescein-loaded 

silica nanoparticles present in the PBS solution were 

conjugated with a 1 µM S. aureus 5' amino-labeled aptamer 

sequence. The solution was stirred while it was incubated 

overnight. By comparing the spectra of the initial and final 

concentrations (Ex: 460 nm, Em: 520 nm), the levels of 

fluorescein (FL) were quantified. 

 

Bacterial cultures 

S.aureus, S. epidermidis, and E. coli were grown overnight 

in tryptone soy broth (TSB) from frozen stocks at 37°C. To 

attain the desired concentrations, the cultures were 

serially diluted in PBS buffer. The individual colony-

forming units (CFUs) were enumerated following the 

surface plating of samples on TSB agar plates, which were 

incubated 37°C overnight. 

 

Fluorescence assay 
The samples spiked with the specific bacteria were 

culture-plated for colony counting, and fluorescence was 

assayed after the addition of one milligram of aptamer-

nanoparticles. Eluted cells were serially diluted on TSB 

agar plates and cultivated overnight at 37°C. The number 

of viable colonies was counted and reported as CFU/ml. 

 

Fluorescence release experiments 

A fluorescence spectrophotometer (Fluoromax 4, Horiba) 

with Ex. 460 nm and Em. 520 nm was used to measure the 

release of fluorescein molecules from pores. The coated 

mesoporous silica particles were placed in a cell holder. 

The particles were confined within a compartment formed 

by a dialysis membrane (molecular cutoff of 12,000 Da) at 

the top of the spectroscopic cuvette, thereby preventing 

their mixing, as previously documented (17). Throughout 

the readings, the mixture was constantly swirled to make 

it uniform. The samples were measured at different points 

in time. The cumulative fluorescein release as a percentage 

of total molecules was plotted. 

 

RESULTS 
 

The particle size of the MCM-41 nanoparticles was 

determined to be 192 ±1.782 nm on the basis of the findings 

of three separate particle size analyses as determined by 

dynamic light scattering (DLS), the results of which are 

shown in Figure 2. The size distribution of the MCM-41 

nanoparticles was found to be within a narrow range, on 

the basis of the size distribution study results shown in 

Figure 2. According to BET analysis, the MCM-41 particles 

had a specific surface area of 1019.37 m2/g, a pore size of 

2.42 nm, and a pore volume of 0.99 cm3 g. 

 

SEM analysis was used to examine the morphological 

structure of MCM-41. The SEM characterization results 

shown in Figure 3 revealed that the MCM-41 nanoparticles 

were nanosized, had a narrow size distribution, and were 

smooth, amorphous and spherical in shape. Additionally, 

SEM analysis, revealed that the images of the MCM-41 
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nanoparticles (Figure 3-A) and APTES-coated MCM-41 

nanoparticles (Figure 3-B) were similar. 

 

Figure 2. DLS particle size analysis of the MCM-41 nanoparticles 

 

Figure 3. SEM images for morphological analysis of the MCM-41 

nanoparticles (A), and APTES-coated MCM-41 nanoparticles (B). 

 

Through an APTES reaction, MCM-41 nanoparticles 

(shown in Figure 4-A) were functionalized with amino 

groups (shown in Figure 4-B). FT-IR analysis was 

performed to determine the correct conjugation. The FT-IR 

study was performed in ATR mode with 3 replicates. 

Typical bands at 690 and 1460 nm, which correspond to N–

H bending vibrations and N–H asymmetric bending 

vibrations, respectively, emerged following amino 

grafting, as shown in Figure 4-B. 

Figure 4. FTIR spectra of the MCM-41 nanoparticles (A), and 

APTES-coated MCM-41 nanoparticles (B). 

 

The use of aptamer-functionalized silica magnetic 

nanoparticles for prepurification in a homogeneous test 

for the detection of S. aureus in PBS samples allowed for 

the elimination of interference from PBS. At detection 

limits as low as 164 CFU/mL in PBS, rapid and sensitive 

detection of S. aureus was obtained. Adsorption by 

electrostatic attraction between negatively charged 

oligonucleotides and the positively charged silica surface 

was used to achieve DNA capping.  

 

In Figure 5, the green line shows fluorescein-loaded silica 

particles without aptamer and any target bacteria. The 

blue line shows fluorescein-loaded silica particles 

conjugated with the aptamer and the target bacterium S. 

aureus. The gray line shows fluorescein-loaded silica 

particles conjugated with the aptamer and the target 

bacteria S. epidermidis. The red line shows fluorescein-

loaded silica particles conjugated with the aptamer 

without any target bacteria. The yellow line shows 

fluorescein-loaded silica particles conjugated with the 

aptamer and the target bacteria E. coli. The release of 

fluorescein was measured at various intervals. The 

standard deviation of experiments conducted in triplicate 

is shown by error bars. 

 

The S. aureus aptamer blocked the silica nanoparticles after 

they were loaded with reporter fluorescein molecules. In 

the release experiments (Figure 5), minimal release of 

fluorescein was observed in the fluorescein-loaded silica 

particles conjugated with the aptamer without any target 

bacteria and in the fluorescein-loaded silica particles 

conjugated with the aptamer and the target bacteria E. coli. 

Fluorescein-loaded silica particles conjugated with 

aptamer and the target bacterium S. epidermidis also 

resulted in minimal release. The maximum release profile 

of fluorescein-loaded silica particles conjugated with the 

aptamer and the target bacterium S. aureus was similar to 

that of the positive control (fluorescein-loaded silica 

particles without the aptamer and any target bacteria). In 

addition, approximately 70% fluorescein release occurred 

within 6h. 

 

 

Figure 5. Fluorescein release profile from aptamer conjugated 
MCM-41 nanoparticles. 
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DISCUSSION 

 

Numerous infections are caused by the important human 

pathogen S. aureus. For treatment and control to be 

effective, quick and precise detection techniques are 

essential. Recently, researchers have investigated how to 

use aptamer-gated nanoparticles to find S. aureus. This is 

possible because aptamers are very sensitive and specific 

(18). 

 

The size range of MCM-41 nanoparticles is usually 

between 40 and 200 nm, and their size distribution is 

narrow, which makes them uniform (19, 20). Transmission 

electron microscopy and X-ray diffraction revealed that 

the nanoparticles had a smooth surface and a structure 

made of amorphous silica. The display of these 

characteristics of the nanoparticles (21) supports this 

finding. SEM, revealed that the majority of the 

nanoparticles that make up MCM-41 have a spherical 

shape (21, 22). 

 

The band at 690 nm represents the N‒H bending 

vibrations. This is a typical feature of hydrogen-bonded 

amino group infrared spectra, where anharmonic 

interactions couple the bending and stretching vibrations 

together. N-H asymmetric bending vibrations are linked 

to the band at 1460 nm. This band is made up of complex 

vibrational interactions inside the amino group, especially 

those involving asymmetric stretching and bending 

modes (23). In line with this study, Ercan and colleagues 

(24) reported that the bands that appeared in the FTIR 

analysis at approximately 690 and 1460 after amine 

functionalization are responsible for N–H bending 

vibrations and N–H asymmetric bending vibrations. The 

existence of these two bands was often regarded as proof 

of the presence of amino groups on the silica surfaces. 

 

Using fluorescein-loaded silica particles linked with 

aptamers has been shown to be a successful way to target 

S. aureus. This strategy ensures sensitive and targeted 

detection and release, depending on the strong affinity of 

the aptamer for S. aureus. This study achieved rapid and 

sensitive detection of S. aureus, with detection limits as 

low as 164 CFU/mL in PBS. This study was similar to that 

of Shangguan et al., who used click chemistry to attach 

chloropropyl-functionalized fluorescent silica 

nanoparticles (FSiNPs) to aptamers that bind strongly to S. 

aureus. In microfluidic channels, this bioconjugate 

(Apt(S.aureus)/FNPs) enabled sensitive and rapid 

detection of S. aureus, with detection limits of 270 cfu/mL 

in spiked water samples and 93 cfu/mL in deionized water 

(25). Another study used a dual-color flow cytometry 

assay with aptamer/FSiNPs to show that S. aureus could be 

easily identified and fluorescently labeled, with limits of 

detection of 150 cells/mL in buffer and 760 cells/mL in 

spiked milk (26). They reported that S. aureus could be 

easily identified and fluorescently labeled, with limits of 

detection of 150 cells/mL in buffer and 760 cells/mL in 

spiked milk (26). Zhu and colleagues reported that signal 

molecules (4-aminothiophenol, 4-ATP) were placed on 

mesoporous silica nanoparticles (MSNs). Raman 

spectroscopy was used to detect the signal molecules after 

the aptamer gates opened upon binding to S. aureus. This 

method revealed a straight-line connection between the 

amount of S. aureus and the signal strength, with a 

detection limit of 17 cfu/mL (27).  

 

Using aptamer-gated nanocapsules, Kavruk et al. reported 

that mesoporous silica nanoparticles could be used to 

target S. aureus for antibiotic delivery, which led to a 

specific decrease in the minimum inhibitory concentration 

(MIC) of vancomycin (28). Borsa and colleagues published 

a homogeneous test for S. aureus identification that uses 

aptamer-functionalized silica magnetic nanoparticles to 

prepurify blood samples. This method eliminates 

interference from blood components. This technique 

detected as few as 682 CFU of S. aureus in whole blood (29). 

Chen and colleagues reported that the fiber sensor they 

made can find S. aureus in PBS with a response time of less 

than 30 minutes and a limit of detection of 3.1 CFU/mL (30). 

He and colleagues reported that they used aptamer 

recognition and fluorescent silica nanoparticles to develop 

a sensitive and specific way to find S. aureus. This method 

can find as few as 1.5 × 102 cells/mL in buffer and spiked 

milk, which is much lower than Aptamer/FITC-based flow 

cytometry (31). In their study, Qiao and colleagues 

developed a new aptamer-based fluorometric assay that 

can quickly and accurately find methicillin-resistant S. 

aureus in clinical samples. Within two hours, methicillin-

resistant S. aureus can be detected in clinical samples. It can 

find as few as 2.63×103 CFU/mL in PBS and 1.38×103 

CFU/mL in spiked nasal swabs (32). 

 

CONCLUSION  
 
The proposed biosensor offers several advantages, 

including rapid response times, high sensitivity, and 

specificity for S. aureus detection. It can also work with 

different sample matrices and can be added to portable 

and automated platforms, which makes it a useful tool for 

onsite detection in a range of situations. This platform’s 

unique properties make it an ideal candidate for many 

applications in healthcare and biotechnology.  
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ABSTRACT 

Objective: To investigate the expression levels of genes (SLC6A3, SLC6A4, SLC1A2, SLC18A2, MAOA, 

COMT, GLYAT, GRM5, DRD4, TPH1, and ADRA2C) associated with attention deficit hyperactivity disorder 

(ADHD) by pre and post-treatment with methylphenidate to see if they may serve as biomarkers in the 

etiopathogenesis of diseases. 

Materials and Methods: Thirty-five ADHD-diagnosed children and 38 healthy controls were included and 

divided three groups as control, pre-treatment and post-treatment group. Following total RNA isolation 

from participants' peripheral blood samples, cDNA was synthesized via reverse transcription and used for 

qPCR analyses. 

Results: Elevated SLC6A3 and decreased SLC6A4, SLC1A2, SLC18A2, ADRA2C, MAOA, COMT, GLYAT, 

DRD4 and TPH1 genes expression levels of childiren with ADHD were detected (p<0.01). In post-treatment 

group, while SLC6A3 and COMT expression levels decreased, the expression levels of SLC6A4, SLC1A2, 

SLC18A2, ADRA2C, MAOA, GLYAT, GRM5 and TPH1 significantly increased (p<0.01). Highlighted 

relationships among gene expressions levels of control, pre-treatment, and post-treatment groups were 

detected. Additionally, cut-off values with diagnostic power for SLC6A3, SLC6A4, SLC1A2, SLC18A2, 

ADRA2C, MAOA, COMT, GLYAT, DRD4, and TPH1 were detected. 

Conclusion: The expression levels of the SLC6A3, SLC6A4, SLC1A2, SLC18A2, ADRA2C, MAOA, COMT, 

GLYAT, DRD4, and TPH1 genes may play an important role in the formation, prognosis and 

etiopathogenesis of the disease, and these changes can also be used as biomarkers in the differential 

diagnosis and development of treatment strategies for the disease. 
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INTRODUCTION 

 
Attention Deficit Hyperactivity Disorder (ADHD) is an 

early-onset, heterogeneous neuropsychiatric disorder 

whose etiology and pathogenesis are still largely 

unknown. It is characterized with inattention, 

hyperactivity, impulsivity and incompatible with age and 

developmental levels (1). The incidence and prevalence of 

ADHD were reported as 0.061% and 1.13%, respectively 

(2). In Turkey, ADHD prevalence and male/female ratio 

were found to be 13.8% and 2/1, respectively (3). ADHD is 

multifactorial disorder related with genetic, epigenetic 

and biological signatures (3). The prefrontal cortex, 

caudate nucleus, globus pallidus, corpus callosum, and 

cerebellum volumes decreased in individuals with ADHD 

(4). Genetic changes may affect cortical functions in the 

prefrontal area, dopamine (DA) level in the synaptic 

region, or dopaminergic receptor function. Although the 

pathophysiology of ADHD states that the change in 

dopaminergic and noradrenergic pathways is not related 

to attention and impulse control, studies have focused on 

catecholaminergic norepinephrine (NE) and DA (5). 

Drugs for ADHD are effective on NE and DA release in the 

prefrontal cortex. In the treatment of ADHD, stimulants 

drugs such as methylphenidate (MPH) and non-

stimulants drugs such as atomoxetine are commonly used. 

Psychostimulants act by preventing the reuptake of NE 

and DA from the synapse gap to the presynaptic neuronal 

space and increasing the release of monoamines into the 

extraneuronal space (6). 

 

In addition to disclosing the roles of genetic variants in the 

etiopathogenesis of diseases (7-10), the exploration of both 

the expression levels of the genes (11-13) and their 

products (8,14-16) are crucial to understand their function 

and role in cellular homeostasis, viability and 

heterogeneous neuropsychiatric disorder. Most studies 

based on related candidate genes, meta-analyses, genome-

wide association studies (GWAS), omics data, 

transcriptome profiling show that dopaminergic, 

serotonergic, and glutamatergic signaling, neuronal 

transmission, neuronal migration, and cell adhesion 

pathways etc. play a role in the etiology of ADHD (17-22). 

It is important overrepresentation of candidate genes 

previously studied in ADHD selected from the gene list 

provided by the ADHD gene database 

(http://adhd.psych.ac.cn/index.do) and a comprehensive 

search for published reviews of ADHD genetic and 

pharmacogenetic studies (23).Therefore, the genes solute 

carrier family 6 member 3 (SLC6A3), solute carrier family 6 

member 4 (SLC6A4), solute carrier family 1 member 2 

(SLC1A2), solute carrier family 18 member A2 (SLC18A2), 

monoamine oxidase A (MAOA), catechol-O-methyltransferase 

(COMT), glycine-N-acyltransferase (GLYAT), glutamate 

metabotropic receptor 5 (GRM5), dopamine receptor D4 

(DRD4), tryptophan hydroxylase 1 (TPH1) and adrenoceptor 

alpha 2C (ADRA2C) that roles in the neurotransmitter 

pathway were included in the current study. Thus we aim 

to investigate the role of the mRNA expression profiles of 

these genes to see if they may serve as biomarkers in the 

etiopathogenesis of diseases and the possible effect of 

stimulant drugs such as MPH on the expression of these 

candidate genes. 

 

MATERIALS AND METHODS 

 
After the study was approved by the Local Ethics 

Committee (Erciyes University Local Ethic Committee’s 

approval document dated TSD-12-4112 dated 28.07.2017), 

informed consents were obtained from all of the patients 

and their parents. The 35 boys between 6-12 years old who 

applied to the Pre-Interview Policlinic of Erciyes 

University Faculty of Medicine, Department of Child and 

Adolescent Mental Health and Diseases and newly 

diagnosed as ADHD according to DSM IV (Diagnostic and 

Statistical Manual of Mental Disorders, Fifth Edition) 

diagnostic criteria and K-SADS-PL (Schedule for Affective 

Disorders and Schizophrenia for School-Age Children – 
Present and Lifetime version) criteria by an experienced 

psychiatrist and drug-naïve were included as patients 

group. The Clinical Global Impression-Severity (CGI-S) 

scale was ≥4. A dosage range of 0.3–1 mg/kg MPH was 

prescribed depending on the weight and age of patients, 

prognosis and severity of the diseases by an experienced 

psychiatrist. 10 ml peripheral blood samples with EDTA 

was taken from the patient group using MPH (0.3-1 mg/kg) 

both before and after treatment and from the control group.  

 

One month after the treatment had started, blood samples 

were taken after the ADHD symptoms had been evaluated. 

Also 38 boys age matched (6-12 years) withouth any 

psychiatric or chronic medical diseases were included as a 

control goup in the study. The blood samples of 

individuals in the control group were also taken for 

expression analysis of the targeted genes. The 

demonstrative example of the study protocol was given in 

the figure 1.  

 

Blood collection and leukocytes isolation 
Blood samples were processed within 24 h of being 

collected in EDTA tubes. Leukocyte isolation was 

performed using Erythrocyte buffer. (Qıagen,cat 
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no:79217,Germany). Leukocytes were stored at −80 °C in 

Trizol (QIAzol, cat no:79306, Germany) until RNA 

extraction.  

 RNA isolation and cDNA synthesis 
After the leukocyte isolation, RNA isolation and cDNA 

synthesis were performed from individuals in ADHD and 

control group (1xRBC LysisBuffer, Invitrogen. Leukocytes 

were taken into 1000 μL of TriPure reagent (Roche 

Applied Science, Basel, Switzerland) for RNA isolation, 

and total RNA isolation was performed according to the 

protocol (24). The quality and quantification of RNA 

samples were detected with measurement of RNA 

concentrations and optical density at 260 and 280 nm using 

Nanodrop 1000 (Thermo Fisher Scientific, Germany). The 

cDNA was synthesized via the Transcriptor High Fidelity 

cDNA Synthesis Kit (Roche, Mannheim, Germany) 

following the manufacturer's protocol. 

 

Relative gene expressions of the SLC6A3, SLC6A4, 
SLC1A2, VMAT2, MAOA, COMT, GLYAT, GRM5, 
DRD4, TPH1 and ADRA2C Genes by Real-Time 
qPCR  
From the obtained cDNA samples, the mRNA expression 

levels of SLC6A3, SLC6A4, SLC1A2, VMAT2, MAOA, 

COMT, GLYAT, GRM5, DRD4, TPH1 and ADRA2C genes 

were determined by Real-Time qPCR method using the 

Roche LightCycler® 480 instrument II (Roche Diagnostics 

Ltd., Rotkreuz, Switzerland). Real-Time PCR mixture 

including 10 μl LightCycler 480 Probes Master, 1 μl 

RealTime ready Assays, 4μl dH2O was prepared. 

Temperatures and times set in LightCycler 480 II software 

were as follows; 1 cycles of preincubation is at 95°C for 

10min (Temperature increase-decrease rate (oC/sec):4.4}, 

45 cycles of amplification at 95°C for 10sec, at 60°C for 

30sec and at 72°C for 1sec {Temperature increase-decrease 

rate (oC/sec):4.4/2.2 and 4.4, respectively},  1 cycles of 

Cooling  at 40°C for 30sec {Temperature increase-

decrease rate (oC/sec):2.2} in 20μL total reaction volume. 

Real-Time qPCR was performed using cDNA, UPL probe, 

Figure 1. The demonstrative example of the study protocol 

Table 1. Probe sequences and assay ID used in Real-time PCR 

Gene 
Assay 

ID 
Primer sequence (5’-3’) 

SLC6A3 143278 
F;CAGACACCGTGAGCTCTTCA 
R;CAGGAGCGTGAAGACGTAGAT 

SLC6A4 112029 
F;AAGTTCAACAACAACTGCTACCAA 
R;GAAGCTCGTCATGCAGTTCA 

SLC1A2 111792 
F;CCTGCCAACAGAGGACATC 
R;GACTGAAGTTCTCATCCTGTCCA 

SLC18A2 112188 
F;CGAACTTTGGAGTTGGTTTTG 
R;CCCATGATAGGCATCATTGAC 

ADRA2C 145162 
F;CAGGAGCTTGGCAGAGAGAT 
R;GAAGGCAAAGGGGTCTCC 

MAOA 113315 
F;GGAGGTGGCATTTCAGGAC 
R;AAAACCAAAACACTAACGCCATA 

COMT 112923 
F;GTCTTCCTCGACCACTGGAA 
R;TCACGTTGTCAGCCAGTAGC 

GLYAT 118559 
F;TGGCCTGATTTTAATACAGTGG 
R;TTGGTATAGTGATCAAGGTCATCTG 

GRM5 100941 
F;CCTGCCAACAGAGGACATC 
R; GACTGAAGTTCTCATCCTGTCCA 

DRD4 112907 
F;CAGACTCCACCGCAGACC 
R;GTGATGTGCACCACGAAGAA 

TPH1 113010 
F;GGACTTATAAAAGCCCTGAAAATCT 
R; TTCGGGACTCGATATGTAACAG 

B.ACT 101125 
F;GGCCAGGTCATCACCATT 
R;GGATGCCACAGGACTCCAT 
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LightCycler 480 Probes Master mix (Roche Diagnostics, 

Germany), hydrolysis probes and distilled water. Each 

sample was run in duplicate, with two negative controls 

and one calibrator used twice in each run. RealTime ready 

Catalog (Roche Diagnostic GmbH, Mannheim, Germany) 

primer-probe kits specific to each gene were used in the 

study. Analyzes were made with Light Cycler 480 

Software (release 1.5.0 SP4) and 2−ΔΔCt levels of the genes 

were detected.  

 

The Beta-actin mRNA expression level was taken as a 

reference to normalize SLC6A3, SLC6A4, SLC1A2, 

SLC18A2, MAOA, COMT, GLYAT, GRM5, DRD4, TPH1, 

and ADRA2C gene expression levels. Expression levels of 

target genes were calculated according to the relative 

quantification method using the software program of the 

LightCycler 480 device. The Universal Probe Library (UPL) 

probe numbers that are specific to the cDNAs of the 

investigated genes are given in Table 1. 

 

Statistical Analysis 

Statistical analysis was performed using Graphpad Prism 

software (Graphpad Prism Inc., version 9.4.1, California, 

USA). Outlier values were determined by the route (Q = 

1%) method, and all analyses were performed with the 

cleaned data. According to the distribution of the data 

deteced by Shapiro-Wilk test, while the Wilcoxon 

matched-pairs signed rank test or paired t-test was used to 

compare dependent groups, the Mann-Whitney test or 

unpaired t-test was used to compare independent groups. 

The correlation between genes in each group was 

determined by Spearman's correlation coefficient. 

Bayesian statistics, based on receiver operating  

Figure 2. Comparison of groups in terms of expression levels of genes 

 
Table 2. CGI-S, sex and comorbidities of both pre and post-
treatment ADHD patients 

Patient Pre-treatment 
CGI-S 

Post-treatment 
CGI-S 

1 5 1 
2 4 2 
3 5 2 
4 6 2 
5 5 2 
6 5 2 
7 5 1 
8 6 2 
9 5 1 

10 5 2 
11 5 2 
12 5 1 
13 5 2 
14 6 2 
15 5 1 
16 5 2 
17 5 2 
18 5 1 
19 6 2 
20 6 1 
21 5 2 
22 5 1 
23 5 1 
24 5 2 
25 5 1 
26 4 1 
27 4 1 
28 6 2 
29 6 1 
30 6 1 
31 5 2 
32 6 2 
33 5 1 
34 6 2 
35 5 2 

CGI-S: The Clinical Global Impression-Severity scale (1 = normal, 

not at all ill; 2 = borderline ill; 3 = mildly ill; 4 = moderately ill; 5 

= markedly ill; 6 = severely ill; or 7 = among the most extremely 

ill.) 
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characteristic (ROC)-derived cutoff values was performed 

to determine the diagnostic power of genes in ADHD. The 

data were given as n, mean, Standard deviation (SD), 

minimum, maximum, the area under the ROC curve 

(AUC), Confidence Interval (CI), Cut-off specificity, 

sensitivity, r and p, The level of significance was set at 

p<0.05. 

 

RESULTS 

 
All of the individuals in the groups were male. None of the 

participants have comorbidities. Statistically significant 

differences were not found between the patients and 

control group for mean age (8.91± 0.31 vs 9.11± 0.31) and 

weight, (31.80 ± 1.98 vs 35.18 ± 2.19), respectively (p>0.05). 

The Clinical Global Impression-Severity (CGI-S) scale was 

≥4. In the pre-treatment group, CGI-S of 22 participants 

was 5, CGI-S of 10 participants was 6 and CGI-S of 3 

participants was 4. After the  MPH (0.3-1 mg/kg) 

treatments by an experienced psychiatrist, CGI-S of 15 

participants was detected as 1 and CGI-S of 20 participants 

was detected as 2. The CGI-S, sex and comorbidites of both 

pre and post-treatment ADHD patients given in the table 

2. 

 

A comparison of the groups in terms of expression levels 

of genes is shown in figure 2. The only expression levels of 

SLC6A3 gene was statistically higher in the pre-treatment 

patient group than the control group (p<0.0001) (Figure 2a). 

The significantly decreased mRNA levels of SLC6A4 

(p<0.0001) (Figure 2b), SLC1A2 (p<0.0001) (Figure 2c), 

SLC18A2 (p<0.0001) (Figure 2d), ADRA2C (p=0.0012) 

(Figure 2e), MAOA(p<0.0001) (Figure 2f), COMT (p<0.0001) 

(Figure 2g), GLYAT (p<0.0001) (Figure 2h), DRD4 

(p<0.0105) (Figure 2j) and TPH1 (p<0.0001) (Figure 2k) 

were detected in the pre-treatment group compared to the 

control group. There is no significant differences between 

the pre-treatment patient and control group for GRM5  

gene expression levels (p>0.05) (Figure 2i). The 

posttreatment correlation of the all genes were given in the 

figure 2l.  

 

When the pre-and post-treatment groups were compared, 

significantly decreased mRNA levels of the SLC6A3 

Table 3. Positive and negative correlations among SLC6A3, SLC6A4, SLC1A2, SLC18A2, MAOA, COMT, GLYAT, GRM5, DRD4, TPH1 and 
ADRA2C genes expression levels in the groups. *p<0.05, **p<0.001 

 Groups SLC6A3 SLC6A4 SLC1A2 SLC18A2 ADRA2C MAOA COMT GLYAT GRM5 DRD4 TPH1 

 C
o

n
tr

o
l 

G
ro

u
p

 

SLC6A3 1 0.47* 0.14 0.30 0.66** 0.08 0.21 0.10 0.06 0.10 0.19 
SLC6A4 0.47* 1 0.12 0.68** 0.19 0.43* 0.21 0.46* -0.11 0.26 0.39* 
SLC1A2 0.14 0.12 1 0.02 0.07 -0.03 - -0.14 0.07 0.24 0.16 
SLC18A2 0.30 0.68** 0.02 1 -0.06 0.28 -0.03 0.49* -0.06 0.24 0.43* 
ADRA2C 0.66** 0.19 0.07 -0.06 1 -0.10 0.08 -0.11 -0.09 -0.25 -0.22 
MAOA 0.08 0.043* -0.03 0.28 -0.10 1 0.31 0.28 0.19 0.42* 0.28 
COMT 0.21 0.21  -0.03 0.08 0.31 1 0.24 0.18 0.17 -0.05 
GLYAT 0.10 0.46* -0.14 0.49* -0.11 0.28 0.24 1 -0.26 0.16 0.32 
GRM5 0.06 -0.11 0.07 -0.06 -0.09 0.19 0.18 -0.26 1 0.23 0.10 
DRD4 0.10 0.26 0.24 0.24 -0.25 0.42* 0.17 0.16 0.23 1 0.29 
TPH1 0.19 0.39* 0.16 0.43* -0.22 0.28 -0.05 0.32 0.10 0.29 1 

  SLC6A3 SLC6A4 SLC1A2 SLC18A2 ADRA2C MAOA COMT GLYAT GRM5 DRD4 TPH1 

P
re

-t
re

at
m

en
t 

G
ro

u
p

 

SLC6A3 1 0.26 0.31 0.20 0.21 0.15 -0.11 0.19 -0.06 0.01 -0.02 
SLC6A4 0.26 1 -0.10 0.73** 0.17 0.29 -0.10 0.44* 0.21 0.10 0.05 
SLC1A2 0.31 -0.10 1 0.24 -0.15 0.23 0.45* 0.05 0.12 -0.10 0.31 
SLC18A2 0.20 0.73** 0.24 1 0.10 0.14 0.08 0.26 0.31 0.02 0.35* 
ADRA2C 0.21 0.17 -0.15 0.10 1 0.14 -0.18 0.23 0.06 -0.15 -0.23 
MAOA 0.15 0.29 0.23 0.14 0.14 1 0.27 0.12 0.08 -0.04 0.11 
COMT -0.11 -0.10 0.45* 0.08 -0.18 0.27 1 - 0.13 0.24 0.25 
GLYAT 0.19 0.44* 0.05 0.26 0.23 0.12 - 1 0.01 0.17 0.05 
GRM5 -0.06 0.21 0.12 0.31 0.06 0.08 0.13 0.01 1 -0.12 0.51* 
DRD4 0.01 0.10 -0.10 0.02 -0.15 -0.04 0.24 0.17 -0.12 1 -0.15 
TPH1 -0.02 0.05 0.31 0.35* -0.23 0.11 0.25 0.05 0.51* -0.15 1 

  SLC6A3 SLC6A4 SLC1A2 SLC18A2 ADRA2C MAOA COMT GLYAT GRM5 DRD4 TPH1 

P
o

st
-t

re
at

m
en

t 
G

ro
u

p
 SLC6A3 1 0.10 0.09 0.46* 0.18 0.22 0.20 0.20 0.14 0.02 0.14 

SLC6A4 0.10 1 0.52* 0.46* 0.34 0.26 -0.15 0.59** -0.09 -0.06 0.29 
SLC1A2 0.09 0.52* 1 0.30 0.18 0.17 -0.12 0.24 0.07 - 0.29 
SLC18A2 0.46* 0.46* 0.30 1 0.06 0.35* - 0.43* 0.33 -0.28 0.40* 
ADRA2C 0.18 0.34 0.18 0.06 1 0.12 -0.08 0.33 -0.13 0.52* 0.10 
MAOA 0.22 0.26 0.17 0.35* 0.12 1 -0.01 0.21 -0.14 0.22 -0.08 
COMT 0.20 -0.15 -0.12 - -0.08 -0.01 1 -0.19 0.09 0.25 -0.14 
GLYAT 0.20 0.59** 0.24 0.43* 0.33 0.21 -0.19 1 -0.02 0.08 0.22 
GRM5 0.14 -0.09 0.07 0.33 -0.13 -0.14 0.09 -0.02 1 -0.45* 0.01 
DRD4 0.02 -0.06 - -0.28 0.52* 0.22 0.25 0.08 -0.45* 1 -0.20 
TPH1 0.14 0.29 0.29 0.40* 0.10 -0.08 -0.14 0.22 0.01 -0.20 1 
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(p<0.0001) (Figure 2a) and COMT (p<0.0001) (Figure 2g) 

were detected in the post-treatment group. Although the 

DRD4 gene expression level was lower in the post-

treatment group than pre-treatment group, the difference 

was not significant (p>0.05) (Figure 2j). Conversly, 

expression levels of SLC6A4 (p<0.0001) (Figure 2b), 

SLC1A2 (p<0.0001) (Figure 2c), SLC18A2 (p<0.0001) 

(Figure 2d), ADRA2C (p=0.0042) (Figure 2e), MAOA 

(p<0.0001) (Figure 2f), GLYAT (p<0.0001) (Figure 2h), 

GRM5 (p<0.0001) (Figure 2i) and TPH1 (p<0.0001) (Figure 

2k) genes significantly increased in the post-treatment 

group compared to the pre-treatment group (Figure 2). 

Spearman correlation analysis that shows relationship the 

expression levels of the related genes in the control, pre-

treatment, and post-treatment groups were given in the 

table 3. 

 

In the control group, significant positive correlations 

between the SLC6A3 gene and both of the SLC6A4 and 

ADRA2C genes (r=0.47, p=0.0053; r=0.66, p=0.000058, 

respectively), between the SLC6A4 gene and all of the 

SLC18A2, MAOA, GLYAT, and TPH1 genes (r=0.68, 

p=0.000003; r=0.43, p=0.0089; r=0.46, p=0.0037; r=0.39, 

p=0.0189, respectively), between the SLC18A2 gene and 

both of the GLYAT and TPH1 genes, respectively (r=0.49, 

p=0.0023; r=0.43, p=0.009, respectively), and between the 

MAOA gene and the DRD4 gene (r=0.42, p=0.011) were 

detected. Conversly, the relation between the COMT, 

SLC1A2, GRM5 genes and other genes were not significant 

(Table 2). 

 

When the pre-treatment group to be taken into 

consideration, significant positive correlations between 

the SLC6A4 and both of SLC18A2 and GLYAT genes 

(r=0.73, p<0.001; r=0.44, p<0.05, respectively), between the 

SLC1A2 gene and COMT gene (r=0.45, p<0.05), between 

the SLC18A2 gene and TPH1 gene(r=0.35, p<0.05), and 

between the GRM5 gene and the TPH1 gene (r=0.51, p<0.05) 

“were detected. Conversly, the relation between the 

SLC6A3, ADRA2C, MAOA, DRD4 genes and other genes 

were not significant (Table 2). 

 

When the post-treatment group to be considered, 

significant positive correlations between the SLC6A3 gene 

and SLC18A2 genes (r=0.46, p<0.05), between the SLC6A4 

gene and all of the SLC1A2, SLC18A2 and GLYAT genes 

(r=0.52, p<0.05; r=0.46, p<0.05; r=0.59, p<0.001, 

respectively), between the SLC18A2 gene and all of the 

MAOA, GLYAT and TPH1 genes (r=0.35, p<0.05; r=0.43, 

p<0.05; r=0.40, p<0.05, respectively), and between the 

ADRA2C gene and DRD4 gene (r=0.52, p<0.05) were 

detected. Conversly, the relation between the SLC1A2, 

COMT, GRM5 genes and other genes were not significant 

(Table 2). 

Bayesian statistics, based on receiver operating 

characteristic (ROC)-derived cutoff values, which allows 

diagnostic power of the genes were given in tables 4 and 

figure 3.  

 

DISCUSSION 

 

As a neurodevelopmental disorder, ADHD can lead to 

functional impairment that primarily manifests in 

childhood and has effects  over an individual's lifespan. 

Individuals with ADHD may show the different level of 

impairment, and inheritance patterns can be complex (25). 

 

MPH is a drug commonly used to treat ADHD. MPH 

inhibits the reuptake of DA and NE, increasing the level of 

Table 4. Bayesian statistics, based on ROC derived cutoff values of the genes 

Genes AUC (95% CI) Cut-off p Sensitivity% Specificity% 

SLC6A3 0.8723 (0.7911 to 0.9534) 10.47 <0.0001 77.14 76.47 

SLC6A4 0.8351 (0.7451 to 0.9252) 0.675 <0.0001 76.47 76.32 

SLC1A2 0.8571 (0.7630 to 0.9513) 1.149 <0.0001 81.82 80 

SLC18A2 0.9934 (0.9796 to 1.000) 1.24 <0.0001 96.97 97.3 

ADRA2C 0.7419 (0.6164 to 0.8674) 0.863 0.0015 62.96 62.5 

MAOA 0.9363 (0.8842 to 0.9883) 0.672 <0.0001 82.35 83.33 

COMT 0.8274 (0.7302 to 0.9246) 0.857 <0.0001 79.41 78.95 

GLYAT 0.9705 (0.9360 to 1.000) 0.675 <0.0001 93.94 94.59 

GRM5 0.5843 (0.4429 to 0.7257) 2.424 0.2429 56.25 57.58 

DRD4 0.6791 (0.5383 to 0.8200) 1.44 0.0109 64.52 65.79 

TPH1 0.9615 (0.9140 to 1.000) 1.838 <0.0001 90.91 91.89 

AUC: Area under curve, CI: Confidence interval 
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these neurotransmitters in the synaptic cleft. DA is 

associated with reward and motivation systems, while NE 

plays an important role in focusing attention. MPH 

increases central dopamine and norepinephrine activity 

and may reduce distractibility and impulsivity in 

individuals with ADHD (5,26). 

 

Many meta-analyses on ADHD sensitivity and MPH 

response do not show consistent results (Boncivini et al., 

2016). Also, pharmacological studies on candidate genes 

indicate that SLC6A3 as a key molecular target in drugs 

containing MPH and atomoxetine for ADHD (27). 

Grünblatt et al. showed that the expression level of the 

SLC6A3 gene in patients is higher than in healthy 

individuals (28). Because of the high levels of SLC6A3 in 

the internal globus pallidus caused a decrease in 

dopamine levels, it was concluded that neuronal circuits, 

effective in initiating behavior, are affected, and thus 

impulsive behaviors emerge (29). In our study, it was 

observed that the expression level of the SLC6A3 gene 

before treatment increased almost two-fold (p≤0.001) in 

patients compared to the control group. But after MPH 

treatments, the reduced expression level of SLC6A3 was 

observed (p≤0.05). This shows that this drug act by 

regulating the expression of this gene. When the CGI-S to 

be taken into consideration, CGI-S of 22 participants was 

5, CGI-S of 10 participants was 6 and CGI-S of 3 

participants was 4 in the pre-treatment group. After the  

MPH (0.3-1 mg/kg) treatments, CGI-S of 15 participants 

was detected as 1 and CGI-S of 20 participants was 

detected as 2. Thus it may be said that, the MPH act by 

regulating the expression levels of those genes. 

The SLC6A4 gene provides the reuptake of serotonin from 

the synaptic gap on the presynaptic membrane. Therefore, 

SLC6A4 concentration in the membrane is one of the most 

important factors determining the amount of synaptic 

serotonin. Also, H3 serotonylation has an important role 

in coordinating placental transcription at the intersection 

of maternal physiology and offspring brain development 

(30). While Grünblatt et al. showed that there was no 

diffirences between the adult control and patient groups 

with ADHD in the SLC6A4 gene expression levels (29). 

Sener et al. detected significant differences between 

healthy childeren and age matched patients group with 

autism spectrum disorders in terms of SLC6A4 gene 

expression levels (31). The detection of lower expression in 

the patient group suggests a deficiency in serotonin 

reuptake. Allelic variants in the serotonin transporter gene 

(SLC6A4), lower transcriptional efficiency, changes in 

serotonin concentration in various brain regions, and 

differences in SLC6A4 mRNA expression have been 

associated with the development of ADHD (32). In the 

current study, the expression level of the SLC6A4 gene was 

lower the patient group than control before MPH 

treatment, but after MPH treatment the expression level of 

the SLC6A4 gene increased three times (p≤0.001) in patient 

group and reached the expression level of the control 

group. 

 

SLC1A2 as a a brain-specific gene, encodes a glutamate 

transporter with high affinity in astroglial cells, is related 

the occuring of  individuals with a high degree of brain 

disorder. It is known that the expression levels of SLC1A2 

changes in the glutamatergic system in the brain, 

especially in psychiatric disorders. The loss of SLC1A2 

expression in cases with seizures may has some possible 

epileptogenic role (33,34). Decreases in the expression 

level of this gene have been observed in many human and 

animal depression models (35).  The dysregulation of 

SLC1A2 causes amyotrophic lateral sclerosis, Alzheimer's 

Figure3. ROC derived cutoff values, specificity and sensitivity of the genes 
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disease and epilepsy, as well as psychiatric disorders such 

as depression and autism(36). In this study, while the 

expression level of the SLC1A2 gene was lower the patient 

goroup than control before MPH treatment (p≤0.001), 

Conversely after MPH treatment the expression level of 

the SLC1A2 gene significantly increased (p≤0.05) in patient 

group. 

 

The SLC18A2 gene has a very important role in the storage 

and synaptic release of all monoamines, including 

serotonin. The changes in SLC18A2 level are associated 

with depression, bipolar disorder, schizophrenia, 

Parkinson's disease (37). Tourette syndrome, alcohol 

addiction, ADHD symptoms in children and cognitive 

consequences after traumatic brain injuries in adults (38-

40). In mouse models lacking SLC18A2, DA intake and 

release into vesicles were reduced by more than 80% and 

pathophysiologically, dopaminergic adrenergic, cellular 

oxidative stress, alterations in alpha-synuclein 

accumulation, and behaviorally decreased mobility, 

increased depressive mood and sleep disturbances were 

observed (41-44). It was reported that over-expression of 

SLC18A2 resulted an increase in the uptake and relase of 

DA into vesicles (100%, 80%, respectively), increased 

mobility, anxiety and decreased depressive behaviors. 

High SLC6A3 and low SLC18A2 levels will theoretically 

result in cytosolic DA accumulation and minimal DA 

release. Also, low cytosolic DA concentration and high 

extracellular DA would arise from low SLC6A3 and high 

SLC18A2 levels (45). Our current study showed that the 

expression level of the SLC18A2 gene was lower in the 

patient goroup than control before MPH treatment 

(p≤0.001). But after the MPH treatment, the significantly 

elevated expression level of the SLC18A2 gene was 

detected in patient group (p≤0.001). 

 

ADRA2C plays a role in the regulation of NE release from 

sympathetic nerves and drenergic neurons  in the central 

nervous system. Noradrenergic neurons play a role in 

modulating wakefulness, regulation of visual attention, 

learning, and memory (46).  Cho et al. showed a 

connection between the ADRA2C (GT) repeat 

polymorphism and ADHD (47). Even though Barr et al. 

were unable to establish a link between the same 

polymorphism and ADHD, they stated that other stronger 

SNPs in the ADRA2C gene are related to ADHD and 

should be examined (48).  In the current study we 

detected the two fold higher ADRA2C expression level in 

control than patients group before MPH treatment 

(p≤0.001). After the MPH treatment, significantly elevated 

ADRA2C gene expression levels were found in patient 

group (p≤0.05). 

 

MAOA roles in breaking down monoamine 

neurotransmitters such as DA, 5-hydroxytryptamine and 

NE. MAOA enzyme level is known to affect human 

behavior and characteristics (49). It has been reported that 

MAOA polymorphisms are associated with the 

hyperactive/impulsive ADHD type and the development 

of borderline personality disorder (50). Weder et al. 

showed a correlation between exposure to moderately 

traumatic conditions during childhood, low MAOA gene 

expression, and the risk of aggressive behavioral problems 

(51). In the current study, the six times higher expression 

level of the MAOA gene in control group than patient 

group was detected before MPH treatment (p≤0.001). After 

the MPH treatment significantly elevated MAO gene 

expression levels of patient group, which reached those of 

the control group were detected.(p≤0.001).  

 

COMT plays a role in the inactivation of catecholamines, 

including DA (52) and has been seen as a focal point in 

studies including expression analyses, SNP and protein 

studies (53). Chen et al.,was not found significant 

difference  in COMT expression for age and disease 

parameters. Although the Val158Met and the alterations  

in the 3 'end region are important risk factors for 

schizophrenia, the presence of these SNPs does not have a 

significant effect on mRNA expression. Researchers 

believe that the functional effect of COMT has more 

complex genetic bases because they cannot explain 

differences in protein studies and enzyme activities with 

mRNA expression (54). In another ADHD study, a general 

decrease in the surface area of the total premotor cortex 

was observed in males (55). Our study showed the 

significantly lower COMT expression level in patient 

group than control before MPH treatment (p≤0.001). But 

after MPH treatment, a significant increase of COMT gene 

expression level in patient group was observed (p≤0.001). 

Glycine-N-acyltransferase, which is responsible for 

metabolizing some metabolites, encoded by GLYAT gene 

in cells. Drugs are primarily metabolized to Acyl-CoA 

intermediates. The glycine-N-acyltransferase enzyme 

catalyzes the combination of mitochondrial Acyl-CoAs 

with glycine (56). Studies about the GLYAT gene on drug 

metabolism have been carried out, but they have not been 

focused on individuals with ADHD. Thus we think that 

the our current study has great importance. According to 

the our findings, the expression levels of GLYAT gene in 

patient group were lower from half of the expression 

leveles of the control group before the MPH treatment 

(p≤0.02). After the MPH treatment, the expression levels of 

the GLYAT gene significantly increased in patient group 

and reached the expression levels of the control 

grou(p≤0.01). 
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Glutamate is the main stimulating neurotransmitter in the 

brain and plays a role in several ADHD-related processes, 

such as brain development, modulation of neuronal 

activity, bidirectional regulation of dopamine signaling, 

synaptic flexibility, memory formation and learning (57). 

GRM5 appears to be critical for inhibitory learning 

mechanisms because impaired receptor function causes 

inappropriate retention of deterrent memories that can 

lead to anxiety disorders (58). Deletion in the CNV region 

of GRM5, one of the glutamate metabotropic receptor 

genes, has been associated with the presence of comorbid 

anxiety (59). The lower expression levels of GRM5 gene 

were observed in patients with autism (60). In the current 

study, the expression level of GRM5 gene was found to be 

lower in the patient group compared to the control group 

before MPH treatment, but this decrease was not 

statistically significant (p>0.05). After the MPH treatment, 

significantly increased expression level of GRM5 gene in 

patient group were seen compared to pretreatment (p 

≤0.001). 

 

DRD4 is one of the dopaminergic system genes and DA 

receptors most associated with ADHD. Grünnblatt et al., 

found the higher DRD4 and DRD5 gene expression levels 

in ADHD patients compared with controls (28). Our study 

compatible the literature and significantly higher 

expression levels of DRD4 gene were detected in patient 

gourp compared the control group (p<0.05) befor MPH 

treatment. After MPH treatment, there was a decrease in 

the expression level of the DRD4 gene in the post-

treatment group compared to the pre-treatment group, but 

it was not statistically significant (p>0.05). 

 

TPH1 encodes a rate-limiting enzyme in the biosynthesis 

of the monoamine neurotransmitter serotonin. It was 

reported that TPH1 and TPH2 polymorphisms are 

associated with ADHD. According to a study, while no 

difference was found for the expression levels of TPH1 

gene between children with ADHD and healthy 

individuals (19), another study reported that the higher 

expression levels of TPH1 gene in patient group with 

ADHD than the control group (28). According to the our 

results, significantly lower TPH1 gene expression levels in 

patients were found than control group before the MPH 

treatment (p≤0.01). Hovewer after MPH treatment 

elevated expression levels of TPH1 gene was detected in 

post-treatment group that reached the control group and 

significantly higher than pre-treatment group (p≤0.01). 

 

Why the expression levels of the genes mentioned above 

differ between children with ADHD and the control group 

may be caused from variants in the regulatory regions of 

genes as well as epigenetic regulatory mechanisms such as 

DNA methylation, histone modifications and micro-RNAs 

etc. Therefore, post-transcriptional regulators activate and 

inactivate the translation of mRNA in some cases. 

Although methylations generally has a silencing effect by 

suppressing the transcription of the gene, methylation of a 

regulatory region can sometimes lead to an increase in the 

gene product (61). In the current study, the expression 

levels of genes (SLC6A3, SLC6A4, SLC1A2, SLC18A2, 

MAOA, COMT, GLYAT, DRD4 and TPH1), which are 

called candidate genes in the literature, differed between 

ADHD patients and the control group. The SLC6A3 gene 

expression level was found to be higher in children with 

ADHD compared to controls and this elevation was 

reduced and reached the expression level of the control 

group by medical treatments with MPH (p≤0.01). 

Expression levels of SLC6A4, SLC1A2, SLC18A2, MAOA, 

COMT, GLYAT, GRM5 and TPH1 genes were found to be 

lower in children with ADHD compared to controls, and 

this decrease was increased with medical treatments of 

MPH and reached the expression level of the control group 

(p≤0.01). Variations and changes in the expression levels 

of the several common and specific genes may play an 

important role in the formation, prognosis and 

etiopathogenesis of diseases, and these changes can also 

be used as biomarkers in the differential diagnosis of 

diseases and the development of treatment strategies for 

them. 

 

Bayesian statistics, ROC-derived cutoff values analysis 

results showed that the expression levels of genes, except 

the GRM5 gene, have diagnostic power in ADHD. 

Especially the expression levels of SLC18A2 (cut-off:1.24, 

96.97% sensitivity and 97.3% specificity), GLYAT (cut-

off:0.675, 93.94% sensitivity and 94.59% specificity) and 

TPH1 (cut-off:1.838, 90.91% sensitivity and 91.89% 

specificity) genes in blood can be an important candidate 

diagnostic marker with higher (over 90%) specificity and 

sensitivity for diagnostic purpose in the etiopathogenesis 

of diseases. 

 

Our study suggests a potential association between those 

candidate SLC6A3, SLC6A4, SLC1A2, SLC18A2, ADRA2C, 

MAOA, COMT, GLYAT, DRD4, and TPH1 genes’ 

expressions and ADHD. Additionally MPH, drug 

commonly used to treat ADHD, has possible effect on the 

expression of these candidate genes. It may be said that the 

expression levels of those genes may play an important 

role in the formation, prognosis and etiopathogenesis of 

the disease and can also be used as biomarkers in the 

differential diagnosis and development of treatment 

strategies for the disease. However, our study has certain 

limitations, including a small sample size, the inclusion of 

only male children, and the lack of control over 
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environmental factors. Given these limitations, validation 

studies with larger sample sizes and in different 

populations are needed to confirm our findings. To gain 

more definitive insights on this topic, additional studies 

with large cohorts should be conducted. 

 
CONCLUSION  
 
The findings of our study highlight the SLC6A3, SLC6A4, 

SLC1A2, SLC18A2, ADRA2C, MAOA, COMT, GLYAT, 

DRD4, and TPH1 genes affected by MPH treatment and 

the differences in the expression levels of these genes 

contribute to a better understanding of the molecular 

mechanisms in ADHD. In this context, the genes in 

question can be considered as potential biomarkers that 

may affect clinical outcomes with the support of further 

research. 
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ABSTRACT 

Objective: Hereditary Tyrosinemia Type 1 (HT1) is a metabolic disorder due to fumarylacetoacetate 

hydrolase deficiency, which can lead to liver and kidney damage. This study aims to expand our knowledge 

of the clinical presentation, diagnosis, and outcomes of HT1 patients from southeastern Türkiye, a region 

with high consanguinity rates. 

Materials and Methods: This retrospective multicenter study included 20 HT1 patients from three metabolic 

centers in southeastern Türkiye between January 2018 and March 2021. Demographic, clinical, laboratory, 

and genetic data were retrieved. Patients were divided into acute, subacute, and chronic forms according to 

the beginning of their symptoms. The statistical analyses consisted of descriptive and inferential methods. 

Results: The parents of all 20 cases (9F/11M) were consanguineous. The mean diagnostic age was 

10.5312.54 months, with an average diagnostic delay of 2.964.42 months. The most common form was 

acute HT1 (55%), followed by chronic (25%) and subacute (20%) forms. Common finding was 

hepatomegaly (40%). Tubulopathy was frequent in chronic HT1 (80%). Increased α-fetoprotein levels 

were found in 60% of the cases at the diagnosis. Hepatocellular carcinoma developed in three patients. Two 

died of the disease. Genetic studies showed that the most common mutation was c.554-1G>T (27%). 

Conclusion: The study highlights the clinical burden and the challenge in managing HT1 in Türkiye, 

attributed to late diagnosis resulting from absence of the newborn screening (NBS). Although studies have 

demonstrated that early nitisinone treatment improves outcomes, long-term follow-up for complications 

like hepatocellular carcinoma is imperative. NBS needs to be extended to reduce morbidity and mortality 

associated with HT1. 

 

Keywords: Hereditary tyrosinemia type 1, hepatocellular carcinoma, nitisinone.

Received: 07 January 2025 

Revised: 17 February 2025 

Accepted: 17 February 2025 

Published: 20 March 2025 

 

Copyright: © 2025 by the 

authors. Published by Aydın 

Adnan Menderes University, 

Faculty of Medicine and 

Faculty of Dentistry. This article 

is openly accessible under the 

Creative Commons 

Attribution-NonCommercial 

4.0 International (CC BY-NC 

4.0) License. 

mailto:emine.goksoy@adu.edu.tr
https://orcid.org/0000-0002-9742-2087


  

 
March 2025 (1):33-41 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1614784 

 

34 

 

INTRODUCTION 
 
Herediter Tyrosinemia type 1 (HT-1, OMIM 276700) is an 

autosomal recessive hereditary metabolic disorder that is 

caused by a deficiency of the enzyme fumarylacetoacetate 

hydrolase (FAH), which is responsible for the final step of 

the tyrosine (Tyr) catabolic pathway, leading to liver and 

kidney damage with the accumulation of toxic metabolites, 

especially succinylacetone (SUAC). It has acute, subacute, 

and chronic forms (1,2). The estimated prevalence of HT-1 

is 1 in 100,000 to 120,000 live births worldwide (2). 

However, due to the founder effect in some regions, such 

as the province of Quebec in Canada, there is a higher 

incidence of 1 in 16,000 live births (1). Specific 

epidemiological data on HT-1 are limited, and the 

incidence of HT1 in Türkiye is currently unknown. 

 

Toxic metabolites accumulated in HT-1, especially SUAC, 

cause oxidative damage, mitochondrial dysfunction, and 

apoptosis in hepatocytes and renal tubular cells (3). HT-1 

typically presents as liver disease, including jaundice, 

hepatomegaly, and failure to thrive in infants (4). Clinical 

manifestations vary depending on the age of onset of 

symptoms. Renal involvement can cause Fanconi 

syndrome with aminoaciduria, glycosuria, and 

hypophosphatemia with rickets. On examination, 

hepatomegaly, and a characteristic "cabbage-like" odor 

can be detected (4,5). The accumulation of SUAC inhibits 

delta-aminolevulinic acid dehydratase (ALA-D) enzyme, 

disrupting porphyrin synthesis. This condition may lead 

to severe pain and tingling due to peripheral nerve 

involvement, and paralysis due to motor neuron 

impairment (4). Additionally, nitisinone (2-(2-nitro-4-

trifluoromethylbenzoyl)-1,3-cyclohexanedione, NTBC) 

therapy increases plasma tyrosine levels by blocking the 

metabolic pathway further upstream to prevent the 

formation of SUAC. This leads photophobia caused by 

corneal deposits, palmoplantar keratoderma, and 

cognitive impairment due to disrupted neurotransmitter 

synthesis may occur (3,4,6). Laboratory tests may show 

mildly elevated liver enzymes, SUAC (in urine or blood), 

and cardiomyopathy (1,7). Even with therapy, there is a 

substantial risk of cirrhosis, and the development of 

hepatocellular carcinoma (3). HT-1 diagnosis is based on 

clinical findings, as well as elevated levels of tyrosine and 

methionine in blood, and detection of SUAC in the urine 

or blood, which is a specific metabolite for HT-1 (1). The 

diagnosis should be confirmed by detecting a mutation in 

the FAH gene (NM_000137.3) for a definitive diagnosis (1). 

Early diagnosis through NBS is crucial for effective 

management and improved outcomes (1,2).  

The use of NTBC, a powerful inhibitor of the 4-

hydroxyphenylpyruvate dioxygenase enzyme that 

prevents the formation of SUAC, which is held responsible 

for the main damage, has revolutionized the management 

of HT-1 and significantly reduced the risk of liver failure 

and HCC when started early.  According to studies, renal 

involvement and neurological crises could be prevented 

by early initiation of NTBC (3,5,6). However, due to NTBC 

treatment, elevated plasma tyrosine levels result in 

ophthalmological and skin disorders that require lifetime 

dietary restrictions on tyrosine and phenylalanine (6). 

Liver transplantation may be considered for patients if 

they develop liver cancer or do not respond to medical 

treatment (8). 

 

Our study aims to expand our knowledge of clinical 

outcomes to improve our comprehension of the disease 

course and to contribute to the literature on current clinical 

practices for HT1 in Türkiye. 

 
MATERIALS AND METHODS 
 

This study provides a comprehensive overview of the 

clinical approach and patient data collection related to 

HT1 at the three important metabolic centers in the 

Southeastern part of Türkiye. Medical records from HT1 

patients followed at the Pediatric Metabolic Diseases Unit 

of Gaziantep Children’s Hospital, Diyarbakır Children’s 

Hospital, and Adana City Hospital between January 2018 

and March 2021 (26/11/21-933). 

 

Patients were identified based on high SUAC levels in 

their urine or blood, as well as FAH gene analysis 

(excluding P19). Three main clinical forms were 

categorized based on the age at symptom onset: the acute 

form (onset of symptoms at <6 months of age), the 

subacute form (onset of symptoms at 6-12 months of age), 

and the chronic form (onset of symptoms at >12 months of 

age) according to van Spronsen classification (9). 

Diagnostic delay was defined as the time interval (in 

months) between the onset of symptoms and the final 

diagnosis of HT1. 

 

Demographic information (gender, consanguinity, family 

history, age of onset symptoms, current age), clinical 

information (symptoms such as irritability, jaundice, 

pallor, abdominal distension, tendency to bruise, fever, 

abdominal pain, abnormal urine odor; physical 

examination findings such as hepatomegaly, 

splenomegaly, anthropometric measurements, eye and 

neurological findings), laboratory findings (Serum alanine 

amino transferase-ALT, aspartate transaminase-AST, 

alpha-fetoprotein-AFP, total bilirubin, direct bilirubin, 

serum tyrosine, phenylalanine, methionine, urea, 

creatinine levels, urinary tubular functions, blood 
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SUAC/urine SUAC levels), radiological findings 

(abdominal ultrasonography, MRI) of patients diagnosed 

with HT-1 from three centers were collected using case 

report forms. Laboratory findings were evaluated based 

on the time of diagnosis. Furthermore, they were 

monitored throughout follow-up to assess the response to 

treatment. Parameters that normalized after treatment but 

increased during follow-up were documented. 

Histopathological findings from liver biopsies, if available, 

were also documented. 

 

Serum AFP results were analysed according to age-

specific normal values. Since AFP reference values in the 

neonatal period are much higher than the other periods, 

AFP values were evaluated as high or normal (10). 

 

The neurodevelopmental status of patients was evaluated 

by using the Bayley Scales of Infant and Toddler 

Development, Third Edition (Bayley-III), Denver II test, 

and Wechsler Scale IQ test (WISC-R; Wechsler Intelligence 

Scale for Children for age 7–17 years), with the total score 

considered for assessment. 

 

All patients were treated with a tyrosine and 

phenylalanine-restricted diet. Plasma tyrosine levels were 

targeted at < 400μmol/l. Nitisinone treatment was initiated 

immediately with a dose of 1–2 mg/kg/day. 

 

 

 

Statistical analysis 

Statistical analyses were performed using the SPSS 

software package (ver.18.0; SPSS Inc., Chicago, IL, USA). 

Numerical variables were expressed as mean ± standard 

deviation (SD) for normally distributed data and median 

(range) for non-normally distributed data. Descriptive 

statistics, categorical variables were presented as numbers 

and percentages. The normality of data distribution was 

assessed using the Shapiro-Wilk test. 

 
RESULTS 

 
The study included 20 patients (9F/11M) with HT1 from 18 

families. All the parents of patients had consanguinity. 

The mean age at the onset of symptoms was 7.57± 8.33 

months (min: 3 days, max: 30 months). The mean age of 

the patients at diagnosis was 10.53± 12.54 months (min: 6 

days, max: 48 months). The mean diagnostic delay time 

was 2.96±4.42 months (min: 3 days, max: 18 months.). 11 

patients (55%) had acute form, 4 patients (20%) had 

subacute form, and 5 patients (25%) had chronic form of 

disease. Very early-onset symptoms (<2 months of age) 

were seen in 5 patients (25%). The main symptoms are 

listed in Table 1. All our patients, although 2 of our 

patients had a sibling history, were diagnosed after the 

onset of symptoms. 

Table 1. Main symptoms, clinical and laboratory findings at diagnosis by presentation type of patients with HT1. 

 Acute (n:11) Subacute (n:4) Chronic (n:5) Total (n:20) 

Main symptoms     

Irritability 8 (72%) 1 (25%) 0 9 (45%) 

Jaundice 7 (63%) 1 (25%) 0 8 (40%) 

Growth retardation 1 (9%) 2 (50%) 4 (80%) 7 (35%) 

Pallor 4 (45%) 3 (75%) 0 7 (35%) 

Abdominal distention 2 (18%) 1 (25%) 3 (60%) 6 (30%) 

Tendency to bruise 0 2 (50%) 4 (80%) 6 (30%) 

Fever 5 (45%) 0 0 5 (25%) 

Abdominal pain 0 0 3 (60%) 3 (15%) 

Abnormal urine odor 1 (9%) 1 (25%) 0 2 (10%) 

Clinical and laboratory findings     

Hepatomegaly/splenomegaly 4 (45%) 1 (25%) 3 (60%) 8 (40%) 

Coagulopathy 6 (54%) 1 (25%) 2 (40%) 9 (45%) 

Chronic liver disease 2 (18%) 1 (25%) 4 (80%) 7 (35%) 

Jaundice 6 (54%) 0 1 (20%) 7 (35%) 

Tubulopathy 1 (9%) 1 (25%) 4 (80%) 6 (30%) 

Hypotonia 

Intellectuel disability 

3 (27%) 

0 

2 (50%) 

0 

0 

3 (60%) 

5 (25%) 

3 (15%) 
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The primary clinical findings included hepatomegaly 

and/or splenomegaly in 8 patients (40%). Hypotonia was 

detected in 5 patients (25%), and intellectual disability (ID) 

in 3 patients (15%), based on total scores from 

standardized developmental tests (Table 1). Coagulopathy 

and jaundice were seen in 6/11 (36.3%) patients as the most 

common findings in the acute form. In the subacute form, 

there was no jaundice. In chronic type 4/5 patients had 

(80%) tubulopathy (Table 1).  

 

One patient (P19) presented with hyperinsulinemic 

hypoglycemia at the time of diagnosis requiring 

continuous diazoxide treatment until death. Additionally, 

hepatocellular carcinoma (HCC) developed in three 

patients (P9, P16, and P17). Patient 17 died while waiting 

for transplantation after HCC, and the other one (P19) died 

due to acute liver failure in the newborn period. NTBC 

started immediately after the elevated SUAC results. It 

was used at a dose of 2 mg/kg/d for 4 (20%) patients and 

1mg/kg/d for 16 (80%) patients.  

 

Twelve patients (60%) (Table 2) had high AFP levels at the 

time of diagnosis. All patients had elevated serum tyrosine 

levels and increased urinary excretion of SUAC by gas 

chromatography-mass spectrometry (qualitative). Patient 

9 was prescribed NTBC treatment at a dose of 1g/kg/day 

after being diagnosed at 4 months of age. Although AFP 

levels normalized within six months, a subsequent 

increase was observed during follow-up. ALT, AST, and 

serum Tyr levels were documented in Table 2.  None of 

the patients underwent liver transplantation. 

 

The most common mutation in our study was c.554-1G>T 

(27%), followed by c.315-3C>G (22%) and c.1062+5G>A 

(16%), respectively. Other detected mutations were 

c.441_448del, c.554-1G>A, c.709C>T, c.698A>T, and 

c.520C>T (Table 3). All mutations were detected as 

homozygous.  

 

DISCUSSION 
 

This study is the first multicenter study in our country 

showing the course and outcomes of HT1 and reflects the 

results of the southeastern region of Türkiye, which has a 

very high rate of consanguineous marriage(11). The 

present study describes the relation between phenotype  

Table 2. Main laboratory findings at diagnosis. 

 

Patient 
AST 

(IU/L) 

ALT 

(IU/L) 
INR 

AFP 

(ng/ml) 

AFP 

results 
Tubulopathy 

Serum 

tyrosine 

level 

(µmol/L) 

P1 106 88 1.5 98  high absent 493 

P2 380 250 1.6 75000 high absent 479 

P3 50 45 0.9 5 normal absent 352 

P4 38 40 1 12 normal absent 402 

P5 65 88 1.4 200 high absent 261 

P6 79 69 0.9 75 high absent 185 

P7 77 83 1 234 high absent 164 

P8 186 103 1.7 83500 high absent 286 

P9 75 66 1 153 high exist 289 

P10 34 28 0.8 2 normal exist 664 

P11 46 43 1.2 5 normal absent 89 

P12 145 108 1.6 196000 high absent 439 

P13 77 65 1.2 2500 normal absent 429 

P14 39 34 0.9 4 normal absent 723 

P15 38 25 0.9 10 normal absent 463 

P16 65 55 3 789 high exist 905 

P17 68 55 2 425 high exist 881 

P18 38 22 0.9 4 normal exist 458 

P19 85 66 6.1 685000 high absent 670 

P20 95 78 1.9 135 high exist 557.44 

Abreviations: AST: Aspartate transaminase; ALT:  Serum alanine amino transferase; INR: International Normalized Ratio; AFP: Serum a-fetoprotein 

Normal values of liver transaminase: ALT (6–50 IU/L for 0–5days, 35–140 for 1–19 years), AST: (5-45 IU/ml for 0–5days, 15–55 IU/ml for 1–19 years) 
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and genotype as well as the long-term outcome of HT1 in 

Türkiye. Although the exact incidence of HT1 in Türkiye 

remain unclear, it is expected to be high due to given the 

high prevalence of inborn errors of metabolism (5,12). All 

our patients were born from consanguineous marriages. 

Diagnosis 

In our study, the mean age at diagnosis was 10.53 ± 12.54 

months (range: 6 days to 48 months), with a mean 

diagnostic delay of 2.96 ± 4.42 months (range: 3 days to 18 

months). Literature from Türkiye revealed a mean 

diagnostic age of 15.3 months (range: 0.06 to 108 months) 

in extracted 43/69 patients (5). In cases identified through 

selective screening (2 patients via NBS and five patients 

screened due to affected siblings), the mean age at 

diagnosis was 10.5 months (range: 1 to 45 months). In 

Palestine, the mean age at diagnosis was 8 months (13). 

Conversely, in Pakistan, there was a considerable delay, 

with the average age of symptom onset at 8 months and 

diagnosis at 34.7 months, resulting in an average delay of 

26.8 months (14). In Spain, despite the lack of newborn 

screening (NBS), the mean age at diagnosis was 4.3 ± 3.6 

months, reflecting prompt clinical recognition and early 

initiation of nitisinone treatment (15). With the screening 

of HT1 with the newborn screening program, early 

diagnosis and treatment have become possible, and the 

reduction of such serious deteriorations and mortality 

rates has been achieved. All our patients were diagnosed 

after the onset of symptoms. Therefore, in our country 

diagnosis depends on clinical suspicion and laboratory 

findings. In regions with organized newborn screening 

programs, the occurrence of NBS decreases the delay of 

diagnosis. Countries with well-organized health system, 

like Spain, have better opportunities for early diagnosis 

and treatment. However, regions like Pakistan which lacks 

good health facilities may experience diagnosis delays. 

Furthermore, high clinical suspicion and awareness of the 

health care provider’s community is necessary for early 

diagnosis. Screened affected siblings of the patients as 

implemented in Türkiye may help to minimize the 

diagnostic delays for subsequent cases. 

 

Clinical presentation with subtypes 

Our study identified three main clinical forms of HT1 

based on symptom onset: acute (55%), subacute (20%), and 

chronic (25%). This distribution contrasts with previous 

studies in Türkiye, where the acute form was reported in 

Table 3. Clinical type, clinical findings, and mutations of the patients 

Patient 

Current 

age 

(month) 

Age at 

diagnosis 

(month) 

Type 

Clinical Findings Mutation* 

HM/SM Renal 

involvement 

Neurologic 

involvement 
Others Exon Nucleotid Protein 

1 36 6 Acute     9 c.709C>T R237X 

2 19 6 days Acute     8 c.698A>T D233V 

3 51 12 Subacute     5 c.441_448del  

4 168 6 Acute     5 c.441_448del  

5 10 3 Acute      NA  

6 37 6 Acute +    3 c.315-3C>G  

7 40 3 Acute     12 c.1062+5G>A  

8 84 6 days Acute   ID  3 c.315-3C>G  

9 17 4 Acute +  Hypotonia  6 c.554-1G>T  

10 204 18 Chronic  + ID+epilepsy  6 c.520C>T R174X 

           

           

11 21 8 Subacute +  Hypotonia  6 c.554-1G>T  

12 132 10 days Acute +    6 c.554-1G>T  

13 9 1 Acute +  Hypotonia  6 c.554-1G>T  

14 72 18 Chronic     3 c.315-3C>G  

15 10 8 Subacute   Hypotonia  3 c.315-3C>G  

16 36 20 Chronic + + ID  12 c.1062+5G>A  

17 60 48 Chronic + + ID  12 c.1062+5G>A  

18 84 12 Subacute  +   6 c.554-1G>T  

19 1.5 1 Acute  +  Hyperinsulinemic 

Hypoglycemia 
 NA  

20 84 36 Chronic + +   6 c.554-1G>A  

NA: Not available. * All patients with available genetic data have homozygous mutations. ** Patients P9, P16, and P17 were diagnosed with HCC. *** Patients P17 

and P19 died due to disease-related complications. 



  

 
March 2025 (1):33-41 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1614784 

 

38 

 

35% (5) and 27% (16). A multicenter study in Spain 

reported a higher prevalence of acute form HT1, which is 

67%. This may be due to the high percentage of acute liver 

failure in the acute form (15). Similarly, Dweikat et al. (13) 

reported nearly half of the cases as acute in Palestine, 

resembling our findings. Our study, conducted in the 

Southeastern Türkiye, found that this region has higher 

birth rates that may increase detection of the acute form, 

which typically presents early. The time of diagnosis may 

also be affected by difficulties in accessing health services. 

The higher prevalence of the acute form in our study may 

be due to differences in birth rates and demographics 

across the region, genetic factors, and access to health care, 

which are essential for understanding the population and 

developing appropriate screening and management 

systems. 

 

In contrast to earlier research conducted in Türkiye, the 

primary symptoms in our study were jaundice and 

irritability. Many parents reported misdiagnosis with 

infantile colic due to irritability, and this may cause a delay 

in the exact diagnosis. Similarly, the largest cohort study 

in Türkiye, attention was drawn to patients diagnosed 

with infantile colic due to irritability (5). This finding 

emphasizes how crucial it is to include HT1 when making 

a differential diagnosis for children who exhibit persistent 

irritability, a common but generic symptom that is 

sometimes mistaken for benign illnesses like infantile colic. 

 
Neurological and metabolic complications 

In the present study, although hypotonia and intellectual 

disability (ID) were rare conditions, they were observed in 

5 patients (20%) and in 3 patients (15%) at the time of 

diagnosis, respectively. Hypotonia has been reported in 

HT1 patients, particularly in severely affected infants or 

during porphyria-like crises, as also described in previous 

studies (4). Additionally, Hajji et al. reported isolated 

hypotonia in 2 out of 33 patients (17). Concerning 

intellectual disability, studies emphasized that high 

plasma tyrosine levels under NTBC treatment may be 

associated with neurocognitive impairment (6,18). 

Although the precise mechanism is still unknown, 

research using mouse models suggests that tyrosinemia, 

not NTBC treatment, is the cause of the cognitive deficits 

(19). 

 

Neurologic crises presenting with porphyria-like 

symptoms and restrictive cardiomyopathy have been 

rarely documented; however, both conditions have shown 

responsiveness to nitisinone therapy (7,20,21). None of our 

patients exhibited neurologic crises or cardiomyopathy.  

 

Patient 19 in our study presented with persistent 

hyperinsulinemic hypoglycemia requiring continuous 

diazoxide treatment until death, a condition infrequently 

reported in HT1. Baumann et al. (22) reported 3 HT-1 

patients with hyperinsulinemic hypoglycemia. They 

stated that they controlled the condition with diazoxide 

and chlorothiazide and tapered it over months. Naser et al. 

(23) emphasized the need for higher-dose treatment in the 

case they presented. Sethuram et al. (24) reported that the 

same condition was observed in the HT-1 case along with 

the transient hypertyrosinemia case and attributed the 

hyperinsulinism to elevated insulinotropic amino acids. 

Our patient revealed persistent, resistant hypoglycemia, 

and high-dose diazoxide treatment was used. This shows 

that early recognition and management of 

hyperinsulinemic hypoglycemia in Tyrosinemia Type 1, 

especially in severe cases, requires personalized treatment 

strategies. 

 
Laboratory findings 

In our study, consistent with previous studies, the most 

frequent laboratory findings included impaired liver 

function, elevated AFP levels, and increased plasma 

tyrosine levels, often accompanied by abnormal liver 

functions (5,13,15,16,21). In patients with the acute form of 

HT1, laboratory results aligned with findings reported in 

the literature. Interestingly, however, all patients 

diagnosed with the subacute form exhibited normal liver 

enzyme levels, preserved liver synthetic function, and 

normal AFP values at the time of diagnosis. This situation 

may be due to the small number of patients, and it also 

suggests that liver involvement may be obscured due to 

the less severe subacute form. Since all these patients had 

high plasma tyrosine levels, it has become important to 

measure plasma amino acids, especially in patients with 

nonspecific symptoms such as growth retardation, loss of 

appetite, and irritability. 

 

In our study, elevated AFP levels were observed in 81.8% 

of patients with the acute form of HT1, and 60% of those 

with the chronic form, whereas none of the patients with 

the subacute form exhibited elevated AFP levels. Among 

acute cases with normal AFP levels, the ages at diagnosis 

were notably early at 1 and 6 months. Similarly, Rokaite et 

al. (25) stated that AFP concentrations are often high in the 

acute form, and may be normal in the chronic form. 

Furthermore, a study conducted by Aktuglu-Zeybek et al. 

(5) in our country revealed that AFP elevations were 

statistically significantly higher in the acute form. Despite 

these arguments, the difference in AFP levels between 

clinical forms has limited efficacy as a definitive diagnostic 

marker for differentiation. However, high AFP levels are 
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still supportive and still an important indicator of 

response to treatment, especially in acute forms(4–6). 

 
Genetic variability 

A review of the literature reveals that the most common 

mutation identified in Turkish patients and in the 

Mediterranean region, consistent with our findings, is 

c.554-1G>T, detected in five patients (25%) in our cohort. 

In the analyses conducted by Dursun et al. (21), c.315-

3C>G, one of the three most frequent mutations in the 

Turkish population, was identified as the second most 

common mutation in our study. Furthermore, 

c.1062+5G>A, a mutation reported as rare globally in the 

literature review by Aktuğlu-Zeybek et al. (5), was found 

to be the third most frequent mutation in our cohort. 

Similar to other studies, no genotype-phenotype 

correlation was identified for the frequently observed 

mutations in our study. 

 

Long-term outcomes 

Tubulopathy was identified in 30% of the patients, with a 

prevalence of 80% (4/5) in those with the chronic form, 25% 

(1/4) in the subacute form, and 9% (1/11) in the acute form. 

As all patients were initiated on NTBC therapy 

immediately after diagnosis, it can be hypothesized that 

earlier initiation of NTBC treatment may effectively 

prevent the development of tubulopathy (1,3,6). Aktuğlu-

Zeybek et al. (5) reported tubulopathy in 85% of HT-1 

patients, while Yazıcı et al. (16) reported 66%. However, 

the lower acute case rates in these studies (35%, and 27%, 

respectively) may have contributed to the higher 

prevalence of tubulopathy. Similarly, Gokay et al. (26) also 

detected tubulopathy in 71% of patients, and the rate of 

acute forms in their study was 42%. However, the small 

sample size in this study significantly limits its 

generalizability. Dweikat et al. (13) detected tubulopathy 

half of the cases in acute form.  

 

HCC developed in patient 9, who experienced a re-

elevation of AFP levels despite treatment during follow-

up. It is generally accepted that secondary AFP elevation 

is a risk factor for the development of HCC and that 

patients who start treatment before the age of one have a 

lower risk of HCC. In our case, although treatment was 

started in the fourth month and AFP levels returned to 

normal, the development of HCC may have been due to 

the patient receiving a dose of 1 g/kg/day of NTBC. The 

inability to measure NTBC levels represents a limitation of 

our study. 

 

Future perspectives 

Over the years, there have been developments in 

treatment management, but there are still challenges in the 

long-term management of HT1. Monitoring for 

hepatocellular carcinoma is crucial, as the risk remains 

even during NTBC treatment. Gene therapy research can 

bring a potential curative approach, as it aims to address 

the underlying cause of the disease (27).Newer 

medications and improved biodistribution are also being 

developed to enhance NTBC adherence and treatment 

outcomes. 

 
CONCLUSION  
 
This study has some limitations. We were not able to 

measure nitisinone levels, which could provide important 

information on treatment efficacy and management. The 

retrospective nature of the study did not allow us to 

control for suspicious values. The fact that the 

examinations were performed in different centers may 

have caused variability in test results due to differences in 

methodologies and reference intervals. The follow-up 

period was relatively short, which limited our ability to 

evaluate long-term outcomes and disease progression.  

 

Tyrosinemia Type 1 is a complex metabolic condition that, 

if left untreated, can have serious morbidity and mortality 

consequences. The disease severity in HT1 changed 

dramatically with the emergence of NTBC, changing the 

picture of disease management from a lethal one to a 

chronic one. Further studies and effective integrative 

approaches are alike needed to solve the remaining issues 

and enhance the welfare of HT1 patients. It is crucial for 

the management of the condition that it is diagnosed as 

early as possible, that treatment is instituted without delay, 

and that the patient is monitored regularly. 
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ABSTRACT 

Objective: Chronic stress in early life can impact the gastrointestinal (GI) tract and increase cancer risk. 

Studies on mouse models have shown that maternal stress can cause lasting changes in the offspring's 

physiology and behaviour. These changes can be observed in the GI tract, where disturbances in cellular 

processes, such as apoptosis, can occur. This study examined mRNA expression in the GI tissues of 

maternally stressed mice, focusing on Sox2 and Bcl2 mRNA expressions. 

Materials and Methods: Pregnant Balb/c mice were randomly divided into three groups. The litters of the 

control were exposed to routine conditions. In contrast, others were randomly exposed to unpredictable 

maternal separation (MS) for three hours every day between 1-14 postnatal days (PND). Half of the MS 

dams were exposed to unpredictable maternal stress (MSUS) within these three hours. Five-week-old litters 

were sacrificed, and total RNA was isolated from the muscle, duodenum, and stomach tissues using the 

Phenol-Chloroform technique. Sox2, Bcl2 and Gapdh, mRNA expression was measured by Rotor-Gene Q. 

The data obtained were analysed using One-Way ANOVA tests and Kruskal-Wallis in GraphPad Prism9. 

Results: Although the Bcl2 mRNA expression in the stomach remained unchanged, it significantly increased 

in the duodenum of MS (p=0.0132). Similarly, while the Sox2 mRNA expression in muscle did not change 

substantially, it increased significantly in gastric tissue of MSUS (p=0.0030). Furthermore, a significant 

positive correlation was found between the Sox2 and Bcl2 genes in gastric tissue (p=0.005). 

Conclusion: Early life stress (ELS), GI dysfunction, and cancer susceptibility may be intricately linked. 

Understanding the molecular mechanisms involved in cancer susceptibility may have new implications for 

developing interventions that can reduce the risk of developing cancer. This research may also provide 

insights into new strategies for treating cancer in predisposed individuals. 
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INTRODUCTION 
 
Chronic stress, particularly during critical developmental 

periods in early life, has emerged as a significant factor 

influencing various aspects of health and disease 

susceptibility later in life (1). The GI tract is particularly 

vulnerable among the myriad physiological systems ELS 

affects. In mice and humans, this vulnerable gastric 

system’s epithelium comprises glandular units that 

produce acid, hormones, mucus, and digestive enzymes 

(2). The glandular stomach is divided into two parts—

antrum and corpus—with different cell ratios and 

turnover rates. SRY-box transcription factor 2 (Sox2) is 

believed to represent stem and progenitor cell 

compartments at the base of antral glands (3). Research has 

shown multipotent stem cells expressing Sox2 in the 

glandular stomach (4). Our study aims to investigate how 

ELS affects the mRNA expression level of Sox2 in the 

gastric corpus region. 

 

The GI tract serves as a primary interface for nutrient 

absorption and immune surveillance and harbours a 

complex ecosystem of microbes crucial for maintaining 

overall health. Emerging evidence suggests that ELS can 

profoundly disrupt the delicate balance within the GI tract, 

predisposing individuals to a spectrum of GI disorders 

and potentially impacting cancer susceptibility (5). 

 

The interplay between ELS, GI health and cancer 

susceptibility is fascinating and has garnered attention in 

recent research endeavours (5). This study uses maternally 

stressed mice models to gain insights into the molecular 

mechanisms underlying these associations.  

 

One intriguing aspect of this research is the examination 

of apoptotic pathways and the expression of critical 

regulatory genes within the GI tract, notably Sox2 and Bcl2 

mRNA expression. Sox2, a pivotal transcription factor 

known for its roles in embryonic development and stem 

cell pluripotency maintenance, has garnered interest for its 

potential involvement in GI homeostasis and cancer 

pathogenesis (6). Likewise, Bcl2, an anti-apoptotic protein 

crucial for cell survival, has been implicated in modulating 

apoptotic processes within the GI tract (7). 

 

Recent investigations have begun to detect the intricate 

connections between cancer and apoptosis by Sox2 and 

Bcl2 mRNA expression (6). It has been observed, 

suggesting a potential link between ELS, altered gene 

expression, and GI dysfunction. 

Considering these findings, understanding the impact of 

ELS on GI health and cancer susceptibility holds 

significant clinical implications. Insights gleaned from 

maternally stressed mice models may offer valuable 

avenues for developing targeted interventions to mitigate 

the long-term consequences of ELS on GI tract function 

and reduce the risk of GI malignancies (1,5). By elucidating 

the molecular underpinnings of these complex 

interactions, we can strive towards more effective 

strategies for promoting GI health and combating cancer 

in vulnerable populations. This study aimed to investigate 

Sox2 and Bcl2 genes mRNA expression in the GI tissues of 

the maternally stressed mouse model. 

 
MATERIALS AND METHODS 
 
Animals 
The study was performed with five-week-old Balb/c mice 

(n=36). These mice were housed in a temperature-

controlled room with a 12/12 light/dark cycle and 55% 

humidity. During the study, the mice had unlimited access 

to food and water. This study was performed according to 

the ethical standards outlined in the 1964 Declaration of 

Helsinki and its subsequent amendments, as well as the 

relevant guidelines and regulations (Ethics Committee 

Approval No. 001, 10 January 2023). 

 

Maternal stress mouse model 
This study consisted of three distinct groups: a control 

group (n=12), a group subjected to unpredictable maternal 

separation (MS) (n=12), and a group subjected to 

unpredictable maternal separation combined with 

unpredictable maternal stress (MSUS) (n=12). From PND 1 

to 14, dams and litters for MS and MSUS were subjected to 

three hours of proximal separation per day, chosen 

randomly. In addition, during this separation, MSUS 

dams were exposed to either 20-minute restraint or 6-

minute forced swim stress during the final 20 minutes of a 

three-hour unpredictable separation. Dams were placed in 

a 50-mL Falcon tube with holes for adequate air supply to 

induce 20 minutes of restraint stress. Dams were subjected 

to a forced swimming test where they swam for five 

minutes in a jar of cold water at 18°C (8). After weaning, 

the pups were raised in social groups of 3–4 mice per cage. 

The animals in the control group were not disturbed 

except for a once-a-week cage change. Mice were 

sacrificed at five weeks old. 

 

RNA isolation, cDNA synthesis and quantitative 
PCR (qPCR) analysis of Sox2 and Bcl2 genes 
All wet-lab experiments were conducted at the Research 

and Application Center (MERLAB) of Ankara Yıldırım 

Beyazit University. Fifty milligrams of the corpus region 

from the stomach, muscle from gastrocnemius lateralis 

and the start zone of the duodenum were removed and 

placed in 1 mL QIAzol Lysis Reagent (Qiagen, Germany) 
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solution for homogenisation (Bandelin SONOPULS 

ultrasonic homogeniser HD 2070, Berlin, Germany). Total 

RNA was extracted from the stomach using the Phenol-

Chloroform technique. The RNA samples were carefully 

preserved at a temperature of -80°C until they were ready 

to be used. The quantity and quality of RNA were 

estimated with NanoDrop 2000c (Thermo Fisher Scientific, 

Massachusetts, United States of America) (8). The 

concentration of total RNA was found to be greater than 

100 ng/μl. cDNA synthesis was performed with the First 

Strand cDNA Synthesis Kit for RT-PCR (Roche, 

Netherlands) from total RNA. The acquired cDNA 

samples underwent a dilution process where nuclease-free 

water was added in a 1:5 ratio. qPCR was performed using 

specific primers (Table 1) and FastStart™ Universal 

SYBR® Green Master (Roche, Nederland) on Rotor-Gene 

Q (Qiagen, Germany). The PCR cycling conditions were as 

follows: 10 minutes at 95°C, followed by 50 cycles of 20 

seconds at 95°C and 45 seconds at 60°C. The PCR 

experiment was repeated two times. Gapdh was utilised as 

a housekeeping gene. Ct values were used in a delta-delta-

Ct (2–∆∆Ct) analysis. The data were normalised to the 

same scale using the average values obtained from the 

control group. 

 

Statistical analyses 
The mRNA expression data in control, MS, and MSUS 

underwent statistical analysis using one-way ANOVA or 

Kruskal-Wallis test. GraphPad Prism 9.1.0 (GraphPad 

Software, California, United States) performed Tukey's or 

Dunn's multiple comparisons post hoc. Data distribution 

was evaluated using a histogram, q-q plot, and the 

Shapiro-Wilk test. Outliers were identified and removed 

based on David C. Hoaglin and Boris Iglewicz's approach. 

Repeated measure ANOVA followed by Tukey's post hoc 

was used to analyse the weight data. Pearson's or 

Spearman's correlation was used to assess the relationship 

between the data when appropriate. All tests were set at a 

significance level of p<0.05. 

 

 
 

RESULTS 

 
Maternal stress modulates Sox2 mRNA expression 
in stomach and Bcl2 mRNA expression in 
duodenum of mice 
This study examined the mRNA expression of the Sox2 

gene in stomach and muscle tissues and the Bcl2 gene in 

the stomach and duodenal tissues of mice exposed to 

maternal stress. The Sox2 mRNA expression was 

significantly higher in the MSUS group than in the control 

(p=0.0030) and MS group (p=0.0030) (Fig.1a). However, the 

mRNA expression of Bcl2 in the stomach (Fig.1b) and Sox2 

in the muscle tissue (Fig.2b) did not show any significant 

change among the groups. However, Bcl2 mRNA 

expression increased in duodenal tissue in both MS 

(p=0.0132) and MSUS (p>0.05) groups compared to the 

control group (Fig.2a). While there was a significant 

positive correlation between the Sox2 and Bcl2 genes in the 

stomach (p=0.005) (Fig.1c). No correlation was found 

between Bcl2 mRNA expression in duodenal tissue and 

stomach (p=0.76) (Fig. 2c). 

 

DISCUSSION 

 
SOX proteins, first identified through the sex-determining 

region Y gene (Sry) are transcription factors crucial for 

various developmental processes (9–11). One member of 

this family, the SOX2 protein, is critical in maintaining 

cancer stem cell properties and regulating gastrointestinal 

development, particularly in forming the stomach and 

oesophagus (6,11).  

 

In recent years, researchers have observed that different 

types of tumours, including lung, pancreatic, breast, 

colorectal, and gastric cancer, exhibit high levels of SOX2 

expression (11). SOX2 expression was significantly linked 

with larger tumour size, high tumour histological grade, 

increased risk of lymph node metastasis, and the 

Table 1: Primer pairs that are used for target genes. 

Primer Sequence (5’-3’ Amplicon Size 

Sox2 Forward: AACCCCAAGATGCACAACTC 

Reverse: CGCGGCCGGTATTTATAATC 

152 bp 

Bcl2 Forward:CTGGGATGCCTTTGTGGAAC Reverse:TCAAACAGAGGTCGCATGCT 51 bp 

Gapdh Forward: CTCTCTGCTCCTCCCTGTTC 

Reverse: TACGGCCAAATCCGTTCACA 

105 bp 
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aggressive triple-negative phenotype in 1713 breast cancer 

patients (12). In addition, solid tumours, like 

hepatocellular carcinoma (HCC), may produce tumour 

masses due to a small group of cells known as cancer stem 

cells (CSC) that can increase the number of differentiated 

cells (6). According to the CSC hypothesis, the 

tumorigenicity of CSCs might be linked to the production 

of tumour masses due to their self-renewal and 

multilineage differentiation abilities (13). However, the 

role of SOX2 expression in gastric cancer is quite complex. 

Although Sarkar et al. (3) compared gastric tissues of wild-

type mice with conditional Sox2 knockout mice using 

tamoxifen, a selective estrogenic receptor modulator, and 

found no changes in gastric epithelial remodelling and 

differentiation. It is known that overexpression of Sox2 is 

oncogenic in many types of cancer. The exception is gastric 

cancer, in which SOX2 is a tumour suppressor (10,14).  

Despite its oncogenic role in most cancers, the activity of 

SOX2 in gastric cancer is a topic of debate, as it may 

function as a tumour suppressor in certain circumstances 

(10,14). In a meta-analysis by Li et al. (11), 32 articles 

covering about 4,641 patients with gastric cancer were 

analysed. It was found that the expression of SOX2 was 

significantly reduced in cancerous tissue compared to 

para-cancerous tissue. This decrease in the expression of 

SOX2 protein was associated with clinicopathological 

parameters such as a shorter survival time but not with 

prognosis. Moreover, high levels of SOX2 expression 

indicate a better prognosis (11). As per Otsubo et al. (15), a 

decrease in SOX2 expression is linked to gastric cancer 

development and poor prognosis. SOX2 inhibits cell 

growth by inducing cell cycle arrest and apoptosis (15). 

Following a series of studies linking low SOX2 expression 

with poor patient prognosis, it has been confirmed that 

 

Figure 1. Comparison of Sox2 (a) and Bcl2 (b) mRNA expression in the stomach among the different groups. Correlation between 

Sox2 and Bcl2 mRNA profiles in the stomach (c) of the in vivo mouse model. 

 
Figure 2. Comparison of Bcl2 mRNA expression in the duodenal (a) and Sox2 mRNA expression in the muscle tissues (b) between 

the groups. Correlation of Bcl2 mRNA expression between duodenal and stomach tissue (c). 
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SOX2 inhibits proliferation, promotes apoptosis, and 

inhibits metastasis in vitro and in vivo (11,16). The 

mechanism is most likely thought to be that increased 

expression of interleukin 4 (IL-4) and bone morphogenetic 

protein-2 (BMP2) factors in gastric cancer leads to 

decreased SOX2 expression and increased caudal type 

homeobox gene 2 (CDX2) expression, causing normal 

gastric cells to progress towards malignant tumours (11). 

In this study, the mRNA expression of Sox2 did not change 

in muscle tissue, but it increased in gastric tissue in litters 

whose dams were exposed to physical and psychological 

stress during early life. After exposure to chronic stress 

early in life, the expression of Sox2 mRNA in the corpus 

region of the stomach may have increased to provide 

protection from stress-induced damage, adapt to stress-

induced changes, or act as an early indicator of gastric 

cancer onset. The cells in the lining of the stomach's corpus 

region are unique because they contain specialised cells 

called gastric glands, which produce gastric acid and 

digestive enzymes (17). Maternal stress may initially 

impact the stomach, and the overexpression of the Sox2 

gene in the corpus region may be derived from 

multipotent stem cells. The increased expression of Sox2 

could help counteract the negative impact of chronic stress 

in the early stages by promoting the growth of multipotent 

stem cells, inhibiting proliferation, and promoting 

apoptosis. On the other hand, the Sox2 protein is essential 

for self-renewal and repairing gastric gland cells (18). Thus, 

Sox2 may have assisted in repairing damage and 

inflammation in the stomach caused by this chronic stress.  

 

Apoptosis is a biological process that responds to 

developmental cues or cellular stress. Its impairment plays 

a central role in cancer development (19). The B-cell 

lymphoma 2 (BCL2), a co-regulator of apoptosis in the 

endoplasmic reticulum and mitochondria, can detect 

various types of stress (20,21). The Bcl2 protein family 

regulates pro- and anti-apoptotic activities. Maintaining 

the balance between these two activities is essential for 

healthy cells. However, if this balance is disrupted, it can 

lead to cell death or malignant cell growth (19,22). Sox2 is 

mainly responsible for controlling gene expression to 

preserve stem cells' ability to differentiate into various cell 

types, whereas Bcl2 prevents cell death and promotes cell 

survival. Sox2 and Bcl2 can have indirect connections or 

interactions in specific cellular environments. Despite 

their involvement in different cellular processes, there is 

no known direct functional relationship between Sox2 and 

Bcl2. However, they may indirectly intersect through 

shared signalling pathways or regulatory networks. In a 

single study found in the literature, it was discovered that 

there is a relationship between Sox2 and Bcl2. The study 

used qPCR to analyse mRNA expression levels of Sox2 and 

Bcl2 in paraffin-embedded tissues from patients with HCC. 

The findings revealed a significant increase in the mRNA 

expression levels of Sox2 and Bcl2. A significant positive 

correlation was also observed between the two (6). This 

study was conducted using only male mice, which limits 

the generalizability of our findings to females. Future 

studies should include both sexes to investigate potential 

sex-specific differences. Our research has shown that the 

levels of Sox2 mRNA expression in the stomach and Bcl2 

mRNA expression in the duodenum of litters exposed to 

chronic stress caused by early maternal separation and 

maternal stress have increased significantly. We also 

found a positive correlation between Sox2 and Bcl2 mRNA 

expression in gastric tissue. These findings support the 

results on HCC, the only known research in the literature 

that discusses the connection between Sox2 and Bcl2. The 

positive correlation between these genes in HCC and 

maternal stress may result from regulating a common 

epigenetic mechanism, albeit in different tissues from 

different organisms. On the other hand, maternal stress 

may have similarly increased Sox2 and Bcl2 expression 

and predispose to cancer development.  

 

Chronically stressed individuals may anticipate stress and 

exhibit a rapid cortisol response (23). This may increase 

individuals' vulnerability to oxidative stress (OXS).  OXS 

characterized by an imbalance between the production of 

reactive oxygen species (ROS) and antioxidant defences, 

can result in ROS-induced damage to DNA, proteins, and 

lipids, ultimately leading to cellular damage and 

inflammation (24). Chronic inflammation, with its 

persistent activation of the immune system, contributes to 

cancer development (25). While the exact mechanisms 

linking SOX2 to oxidative stress warrant further 

investigation, SOX2 has been shown to contribute to an 

aggressive, oxidative tumour phenotype with enhanced 

drug resistance and metastatic potential in melanoma (27). 

This study observed significantly increased Sox2 and 

positively correlated Bcl2 mRNA expression levels in the 

stomachs of the MSUS group. These findings suggest that 

chronic maternal stress in early life may increase oxidative 

stress and inflammation, potentially predisposing 

individuals to diseases such as gastric cancer later in life.  

 

Researchers have found that exposure to chronic stress 

during childhood or adolescence can have long-lasting 

effects on the body's stress response systems and immune 

function (28,29). Chronic stress can trigger the release of 

stress hormones such as cortisol, adrenaline, and 

inflammatory cytokines, signalling molecules in the 

immune response. When stress becomes chronic, these 

hormones and cytokines can disrupt the immune system, 

leading to persistent low-grade inflammation (30). Early 
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chronic stress may be so damaging to the stomach that 

Sox2 is trying to compensate for this damage by 

overexpressing. Despite this compensation of Sox2 

overexpression, individuals may be more susceptible to 

gastric cancer. New studies can be planned by conducting 

more in-depth family histories about the early life of 

patients diagnosed with gastric cancer. 

 

CONCLUSION  
 
Despite technological advancements, the reasons behind 

the rising incidence of cancer in the population are still 

unclear. Some individuals may be more prone to cancer 

due to the chronic stress they experience early in life. The 

mRNA expression of Sox2 and Bcl2 in GI tissues such as 

the stomach and duodenum shows a significant positive 

correlation due to maternal stress exposure. Thus, we 

suggest that chronic maternal stress during infancy may 

increase oxidative stress and inflammation, potentially 

making individuals more susceptible to diseases such as 

gastric cancer later in life. In future studies, it would be 

essential to consider family history when exploring 

whether patients diagnosed with gastric cancer were 

exposed to chronic stress, such as maternal separation and 

maternal stress, during the first months of their lives, such 

as the breastfeeding period. 
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ABSTRACT 

Objective: The objective of our study is to evaluate the clinical characteristics, diagnostic methods, surgical 

outcomes, and post-operative complications of penile fractures, based on extensive clinical experience over 

the past decade. While penile fracture (PF) is a well-established clinical condition, the originality of this 

study lies in its detailed analysis of both diagnostic approaches and surgical outcomes. 

Materials and Methods: A retrospective review was conducted on 33 patients who underwent surgery for 

penile fractures between March 2014 and March 2024. Medical records were systematically reviewed to 

obtain epidemiological data, patient history, clinical presentation, etiology, operative findings, and 

postoperative complications. Statistical analysis was performed using IBM SPSS Statistics. 

Results: The mean age of patients was 41.9 ± 13.17 years. The median time from the injury to presentation 

at the emergency department was 5 hours (range: 1–24 hours). The most common etiology was sexual 

intercourse-related trauma, observed in 57.6% of cases. Hematoma was present in all patients upon physical 

examination. Penile ultrasound was performed in 36.4% of cases, detecting cavernosal rupture in all cases. 

Surgical repair was performed within 24 hours of injury for all patients, with a median hospitalization of 1 

day. No early complications occurred, and none of the patients developed erectile dysfunction and penile 

curvature during follow-up. 

Conclusion: History and physical examination are usually sufficient for diagnosis. In uncertain cases, penile 

ultrasound by experienced radiologists is valuable. Surgical intervention within 24 hours, including pre-

hospital delay, minimizes erectile dysfunction and penile curvature, ensuring better functional outcomes. 
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INTRODUCTION 

 
A penile fracture (PF) occurs when the tunica albuginea, 

which surrounds the erectile tissues of the penis, ruptures. 

Its overall incidence is relatively low, accounting for 1 case 

per 175000 of the US male population (1). 

 

The causes of penile fracture can vary depending on 

geographical regions. In Western countries, trauma during 

sexual intercourse is the most common cause, whereas in 

the Middle East, a maneuver called "Taghaandan," 

involving the manual bending of an erect penis, is 

frequently observed (2). The primary diagnostic method is 

clinical evaluation, though imaging can help confirm the 

diagnosis and assess complications such as urethral 

involvement. Penile Doppler ultrasound (US) and 

magnetic resonance imaging (MRI) can be used in this 

purpose (3, 4). Patients often report hearing a cracking 

sound at the moment of injury, which is immediately 

followed by a loss of erection and the appearance of a 

purple-colored swelling resembling an eggplant 

deformity (5) 

The European Association of Urology Guidelines on 

Urological Trauma recommends early repair for PF to 

preserve erectile function and reduce the risk of penile 

curvature and painful erections (6). 

 

The subcoronal penile degloving technique is generally 

favored for incision, as it provides a clear view of the 

urethra and corpus cavernosa (7). Due to the thickness of 

the tunica albuginea, durable and slowly absorbable 

sutures are recommended for repair (2, 8, 9). 

 

This study aims to share our clinical experiences over the 

past decade and critically analyze PF in light of current 

literature. While the topic of PF has been explored 

previously, this study provides new clinical data and 

reinforces the importance of early intervention, the role of 

US in diagnosis, and the effectiveness of a standardized 

surgical approach, making it an original contribution to 

the field. 

 

MATERIALS AND METHODS 
 

This study followed the guidelines outlined in the 

Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement (10), and ethical 

approval was obtained from our local Ethics Committee. 

 

We conducted a retrospective analysis of data from 38 

patients who underwent surgery with a preoperative 

diagnosis of PF at our tertiary care hospital between March 

2014 and March 2024. Patient medical records were 

systematically reviewed to collect data on demographics, 

clinical presentation, etiology, surgical details, and 

postoperative outcomes. 

 

Inclusion criteria included patients who underwent PF 

repair, as documented in surgical records. Exclusion 

criteria comprised cases with an unclear history (1 patient), 

tunical tear repair due to sharp object injuries (1 patient), 

cavernosal repair for gunshot wounds (1 patient), missing 

surgical records, or incomplete anamnesis and physical 

examination notes (2 patient). 

 

Surgical decisions were primarily based on patient's 

history and physical examination findings (Figure 1, left). 

Penile Doppler ultrasonography (US) was performed 

when the diagnosis was uncertain. Preoperative 

assessment included a complete blood count, 

electrocardiogram (ECG), and chest X-ray, following a 

consultation with the anesthesia team. Surgical 

intervention was performed within 24 hours of 

presentation, and all patients provided written informed 

consent before the procedure.  

 

A circumferential subcoronal incision and degloving of 

the penis was made for accessing on tunical tear (Figure 1, 

middle). Hematoma evacuation was performed, and 

tunical tear was sutured using 2-0 polyglactin sutures with 

a simple interrupted technique (Figure 1, right). In cases 

with concomitant corpus spongiosum rupture and 

urethral injury, urethral tears were repaired with 4-0 

polyglactin sutures using a similar method. 

 

Prophylactic broad-spectrum antibiotics were 

administered 30 minutes before surgery. A foley catheter 

was inserted in all patients to aid in urethral identification. 

 

To ensure repair integrity, a saline-induced erection test 

was performed. Postoperatively, light-pressure elastic 

bandages were applied. Foley catheters were removed 

immediately in patients with dorsal vein rupture without 

tunical tears, while those with isolated tunical tear repair 

had their catheters removed the following day. The single 

patient with urethral repair had the catheter left in place 

for five days. 

 

Early postoperative complications, including hematoma, 

pain, and fever, were assessed during hospitalization. 

Long-term outcomes, such as erectile function and penile 

curvature, were evaluated at six weeks and six months 

post-surgery. Erectile dysfunction and penile curvature 
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were assessed through patient anamnesis and physical 

examination. As no patients reported complaints or 

showed pathological findings, erectile dysfunction 

questionnaires were not completed, and further 

evaluation was deemed unnecessary. Long-term 

complications were assessed during outpatient visits at six 

weeks postoperatively and through follow-up phone calls 

at six months. 

 

Statistical analysis was performed using IBM SPSS 

Statistics for Windows, Version 25.0. Continuous variables 

were reported as mean ± standard deviation (SD), and 

categorical variables were reported as frequencies and 

percentages. 

 

RESULTS 
 
This study included 33 patients who underwent surgery 

for PF. The patients' average age was 41.9 years, with a 

standard deviation of 13.17 years. Sexual intercourse was 

the leading cause of PF, accounting for 57.6% of cases. The 

median time from injury to presentation at the emergency 

department was 5 hours, ranging from 1 to 24 hours. 

Hematoma was the most common symptom, observed in 

all patients. Penile ultrasound (US) was performed in 36.4% 

of the patients in the emergency department, and 

cavernosal rupture was detected in all cases that 

underwent the procedure. Demographic data and clinical 

findings are presented in Table 1. 

 

A subcoronal degloving incision was performed in all 

patients. Among the 33 cases, 4 had dorsal vein rupture 

without tunical tears, requiring only hematoma 

evacuation. The remaining 29 patients underwent tunical 

defect repair. The urethral catheters were promptly 

discontinued after surgery in patients who did not have 

cavernosal defects. Foley catheters were removed on the 

first postoperative day in 96.5% of cases. The patient with 

urethral repair had the catheter removed on postoperative 

day five. No early complications were observed during 

hospitalization. The median length of hospitalization was 

1 day (range: 1-3 days). 

Table 1.The demographic and clinical data of penile 
fracture  

Complaint 
Regarding 
Application n, 
(%) 

Hematoma 33 (100) 

Detumesans 25 (75.8) 
Snapping sound 22 (66.7) 
Pain 13 (39.4) 

Etiology n, (%) 

Coitus 19 (57.6) 

Penil 
manipulation 

5 (15.2) 

Rolling in bed 4 (12.0) 

Falling on erect 
penis 

5 (15.2) 

Side of the 
lesion n, (%) 

No tunical 
defect 

4 (12.1) 

Right 
cavernosum 

20 (60.6) 

Left cavernosum 7 (21.2) 

Both corpora 
cavernosa 

2 (6.1) 

Emergency 
service 
application 
period n, (%) 

≤ 6 hours 22 (66.7) 

>6-12 hours 3 (9.1) 

≥ 12-24 hours 8 (24.2) 

Radiology n, 
(%) 

Penil USG 12 (36.4) 

 

Figure 1. Clinical Presentation of Penile Fracture on Physical Examination (Left), Tunical Tear Appearance After Penile Subcoronal 
Incision and Degloving (Middle), Repair of Tunical Tear (Right). 
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During the follow-up period, 65.5% (n=19) of the patients 

with tunical repair attended their six-week follow-up visit. 

All retained erectile function without penile curvature, as 

confirmed by medical history and physical examination. 

The same cohort was re-assessed six months 

postoperatively, and no long-term complications were 

observed. Details regarding defect localization, size, side, 

as well as the suture types used, are shown in Table 2. 
 
DISCUSSION 
 
This study's purpose is to present in detail the clinical 

characteristics and surgical findings during the treatment 

process of rarely encountered PF cases in urological 

emergencies in the light of current literature. 

 

When the penis is in a flaccid state, the thickness of the 

tunica albuginea is 2.4 mm. In an erect state, the tunica 

albuginea thins by 5-10 times. In an erect penis, high 

pressure occurs within the corpus cavernosum, which 

may lead to cavernosal injury in the case of trauma. The 

primary etiological factor for PF is trauma occurring 

during sexual intercourse. In a meta-analysis by Amer et 

al., PF was reported in 46% of patients, while a meta-

analysis by Falcone et al. found that approximately 80% of 

patients experienced PF during sexual intercourse (2, 11). 

Other injury mechanisms include penile manipulation 

(8%- 78%) (2, 11-13), rolling in bed (18.2%, and 21.5%) (13, 

14), and falling onto an erect penis (2.8%- 19.2%) (13-15). 

In our study, sexual intercourse was the most common 

etiological factor for PF, consistent with the findings of 

Amer et al. and Falcone et al., while other mechanisms, 

such as penile manipulation and rolling in bed, were less 

frequently observed. These data indicate that PF mostly 

occurs during physical activities, and transient traumas, 

such as sexual intercourse, are prominent risk factors. 

 

In anamnesis, the typical presentation involves the 

development of penile detumescence and sudden 

edematous swelling of the penis following the audible 

cracking sound during erection (5). In a meta-analysis by 

Falcone et al., the most commonly observed finding was 

penile hematoma, which occurred in 97.5% of cases. Other 

detectable findings included detumescence (79%), penile 

swelling (86%), a cracking sound (69%), and penile pain 

(79%). Additionally, urethral bleeding was identified in 14% 

of cases, and acute urinary retention was noted in 

7% (2). A study evaluating the emergency department 

presentations of PF patients in our country found 

hematoma in 87%, detumescence in 39.1%, cracking sound 

in 30.4%, and pain in 10.4% (12). In the study by Barros et 

al., sharing their 20 years of experience, hematoma was 

observed in all cases (100%), while detumescence was 

found in 82.6%, cracking sound in 76.3%, pain in 66.3%, 

urethral bleeding in 12.8%, and acute urinary retention in 

0.3% (7). The rate of accompanying urethral injury ranges 

from 3% to 38% (5).  Our findings are consistent with the 

literature regarding the incidence of concomitant urethral 

injury, although no cases of acute urinary retention were 

observed in our study. 

 

Although clinical diagnosis is considered the gold 

standard in the diagnosis of PF, radiological imaging may 

be required to confirm the diagnosis in some patients. In 

this context, penile doppler ultrasound (US) can be 

utilized (4, 16-18). The use of US in the literature varies 

between 0% and 100% (4, 16, 18, 19). In our study, the rate 

of US usage was found to be 36.4%. US is a useful tool for 

confirming the location of tears in the tunica albuginea and 

determining the presence of concomitant urethral injury. 

However, its operator dependency is a major drawback. In 

the study by De Luca et al., preoperative US was able to 

detect the exact localization of the tunica albuginea tear in 

all patients, while in the study by Koga et al., the success 

rate for detecting small tears was found to be 86% (4, 20). 

According to the study conducted by Küçüker et al., the 

success rate of US was determined to be 39.1%. (12). In our 

study, the 100% success rate of US in detecting the defect 

in all patients is consistent with the findings of De Luca et 

al., while differing from the lower success rates reported 

by Koga et al., Küçüker et al., Pavan et al., and Philips et 

al. This difference may be related to operator experience.  

 

In previous years, the treatment of penile fractures, 

including both surgical and conservative approaches, was 

a subject of debate. In the study by Özorak A. et al. 

Table 2. Surgical Findings and Outcomes Repair of penile 
fracture 

Incision techniques, 
n (%) 

Sub-coronal 
degloving 

33 (100) 

Penile fracture, n 

Tunical tear 
29 
(87.7) 

Dorsal vein rupture 4 (12.3) 

Localization of the 
lesion 

Proximal corpus 
cavernosum 

16 
(55.2) 

Mid corpus 
cavernosum 

12 
(41.4) 

Distal corpus 
cavernosum 

1 (3.4) 

Length of rupture 

<1 cm 5 (17.2) 

1-2 cm 
16 
(55.2) 

2-2,5 cm 8 (27.6) 
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published in 2014, which compared surgical and 

conservative treatments, no complications were observed 

in the early surgical group. In contrast, in the conservative 

group, 20% (2/10) of patients experienced erectile 

dysfunction, 20% (2/8) reported painful erections, and 20% 

(2/8) developed penile curvature (21). Today, the most 

common method for treating penile fractures is early 

surgical intervention. Additionally, the current European 

Association of Urology Guidelines on Urological Trauma 

recommend early repair of PFs (6). The definition of early 

repair is the performance of surgical repair within 24 hours 

of the patient's presentation (22). In several studies, the 

average time between the trauma and the patient's 

presentation at the hospital varied. One study reported a 

mean time of 13.9 ± 14.6 hours (23), and another found the 

mean time to be 6 ± 4 hours, with a range from 1 to 24 hours 

(13). In a third study, the time ranged from 2 to 504 hours, 

with an average of 18.5 hours (7). Kozacıoğlu et al. 

classified patients into three groups based on the time 

from initial trauma to surgery: one group for patients 

treated within 6 hours, a second group for those treated 

between 6 and 12 hours, and a third group for those 

treated between 12 and 24 hours. After an average follow-

up of 44.9 months, no significant differences in deformity 

or erectile dysfunction (ED) were observed between the 

three groups (24). In similar studies, early surgery is 

recommended in the treatment of PF due to its association 

with better ED and a lower incidence of complications 

such as penile curvature and painful erection (25, 26). In 

the study by Hatzichristodoulou et al., data for 

approximately half of the patients who underwent PF 

repair were obtained during follow-up, and ED was 

detected in 53.8% of these patients (mean follow-up was 

45.6 months) (3). In our study, all patients presented to the 

hospital within 24 hours. All patients underwent early 

surgical repair. No early complications were observed 

during hospitalization. During the follow-up period, 65.5% 

of the patients attended their follow-up visits within the 

first 6 weeks after surgery, and none of these patients 

reported experiencing ED, painful erections, or penile 

curvature in their results anamnesis. These findings align 

with the literature on the benefits of early surgical repair. 

However, longer follow-up is needed to assess long-term 

outcomes. 

 

Although the postoperative hospitalization period for PF 

patients is generally short, the most important factors 

determining the length of hospital stay are early 

complications and severe urethral injuries. According to 

Bozzini, the median length of stay is 3 days (range: 1-21 

days, with one patient staying 21 days due to an open 

wound) (27). In the study by Gedik et al., the average 

length of stay was 1-2 days, while in the study by El-

Bahnasawy, the average length of stay was found to be 2.3 

± 1.9 days (range: 1-12 days) (13, 25). In the 170 patients 

who underwent PF repair by Zargooshi et al., no 

significant complications occurred during or immediately 

after surgery, and the patients were discharged on the first 

day after surgery (28). In our series, patients were mostly 

discharged on the first postoperative day. The shorter 

length of stay in our study compared to many other 

studies in the literature is attributed to factors such as all 

patients being operated on within the first 24 hours, the 

absence of concomitant urethral injuries (except for one 

patient), and the lack of early postoperative complications. 

 

Strengths of our study include providing valuable insights 

into the outcomes of penile fracture repair, with a detailed 

analysis based on patient data from a specific cohort. This 

focused approach enhances our understanding of the 

treatment and recovery process, contributing meaningful 

data to the existing literature. However, the limitations of 

our study stem from its retrospective design, which 

inherently limits the ability to establish causality. 

Additionally, the absence of patient groups who 

underwent delayed penile fracture repair or those 

managed with conservative follow-up prevents us from 

making comparisons between these treatment approaches, 

which could have further enriched the findings and 

conclusions of our work. 

 
CONCLUSION  
 
In the diagnosis of penile fracture, history and physical 

examination are usually sufficient. In cases with 

diagnostic uncertainty, penile ultrasound performed by 

experienced radiologists can be an effective diagnostic tool. 

Prompt surgical intervention, within 24 hours of injury, 

including the time elapsed before hospital presentation, 

significantly reduces the risk of erectile dysfunction and 

penile curvature, leading to better functional outcomes in 

these patients. 
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ABSTRACT 

Objective: Recurrent pregnancy loss is defined as the loss of two or more pregnancies in some sources, or 

three or more in others, before 20-24 weeks of gestation. The causes being investigated include parental 

chromosomal abnormalities and hereditary thrombophilia. We aimed to reveal the frequency of parental 

chromosome abnormalities, Prothrombin G20210A mutations (PGM), and Factor V Leiden (FVL) in couples 

presenting with recurrent pregnancy losses and to test whether there is a significant difference between two 

and more than two pregnancy losses.  

Materials and Methods: A total of 171 couples who presented to the Medical Genetics outpatient clinics of 

two tertiary hospitals located in Bolu and Hatay provinces due to a history of recurrent pregnancy loss were 

evaluated. Demographic data, medical and family history, chromosomal analysis results of the couples, and 

FVL and PGM results of the women were recorded.  

Results: We detected chromosomal abnormalities in 2.9% of those evaluated. Factor V Leiden frequency 

was found to be 11.5% and PGM frequency was 3%. No statistically significant distinction was obtained 

between the groups, categorized as those with two and more than two pregnancy losses, in terms of the 

occurrence of chromosomal abnormalities (p=0.65), FVL (p=0.58), and PGM (p=0.65). 

Conclusion: A similar approach to requesting a test can be taken for both patient groups. Due to the limited 

number of patients, a meta-analysis of this result with other case series in Turkey would be beneficial. 
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INTRODUCTION 

 
Spontaneous termination of pregnancy between 

conception and 20-24 weeks of gestation is considered 

pregnancy loss (1). While some resources define recurrent 

pregnancy loss (RPL) as miscarriages of two or more 

pregnancies (1,2), some publications include at least three 

consecutive pregnancy losses within the scope of this term 

(3,4). The frequency of this condition is about 1-2% (1,2). 

The cause is unknown in 50-75% of cases (5). Recurrent 

pregnancy loss causes increased stress and depression, 

especially in women (6). 

 

In studies investigating RPL, factors such as genetics, 

uterine abnormalities, thrombophilia, endocrine disorders, 

infection, autoimmunity, sperm factors, and personal 

habits are considered (7). One of the causes of RPL is 

parental balanced chromosomal abnormalities. The 

frequency of this situation is 2-4% (8). European Society of 

Human Reproduction and Embryology (ESHRE) do not 

routinely recommend chromosomal analysis for parents 

(9). Whereas American Society for Reproductive Medicine 

(ASRM) recommends parental karyotyping (2). Royal 

College of Obstetricians and Gynaecologists (RCOG) 

recommends chromosomal analysis of abortion material, 

particularly after a third miscarriage or any miscarriage in 

the second trimester. Parental karyotyping is 

recommended if there is no sample or insufficient tissue, 

or if unbalanced structural chromosomal abnormalities 

are detected (4). Although different guidelines have 

contradictory recommendations regarding the indication 

for parental karyotyping, it is frequently performed in our 

country.  

 

Another issue where genetic testing is performed 

regarding RPL is hereditary thrombophilia. 

Thrombophilia is a condition in which there is a 

predisposition to venous thromboembolism. It may be 

inherited or acquired. Inherited thrombophilic disorders 

encompass deficiency of Protein C, Protein S or 

antithrombin, FVL, and PGM. Thrombosis in the placental 

circulation is thought to cause placental insufficiency (10). 

The substitution of arginine with glutamine at position 506, 

known as FVL, was initially unearthed by Bertina et al.. 

This variant interferes with the degradation of Factor V by 

activated protein C (11). Factor V Leiden mutation 

heterozygosity enhances the advent of venous thrombosis 

by 5-fold, whereas homozygosity increases the risk by 50-

fold (12). Factor V Leiden allele frequency was high among 

Europeans at 4.4% (13). The frequency of FVL in healthy 

Turkish population was found to be 7.9% (345/4276) (14). 

Prothrombin G20210A mutation was defined by Poort et 

al.. This particular variant is situated in the 3' untranslated 

region of the F2 gene, leading to elevated levels of 

prothrombin (15). Carriers are 2 to 3 times more prone to 

the development of thromboembolism (12). The 

prevalence of PGM in different geographic regions was 

reported to be 2% (16). In a study carried out in a Turkish 

population, this rate was 2.3% (17). In the ESHRE 

guideline, testing for hereditary thrombophilia is not 

routinely recommended in RPL, but recommended on a 

research basis or if there are additional risk factors for 

thrombophilia (9). The RCOG guideline states that FVL 

and PGM in second trimester abortions can ideally be 

investigated on a research basis in RPL (4). 

 

The role of PGM and FVL in RPL is controversial (18). 

There are studies comparing the frequencies of these 

mutations in individuals with two and more than two 

pregnancy losses. Different results were found in these 

studies (19,20). Some publications make comparisons in 

terms of chromosomal abnormality (20). 

 

We aimed to determine the rate of chromosomal 

abnormalities, FVL, and PGM in patients who were 

evaluated for at least two pregnancy losses and to test 

whether there is a significant difference between two and 

more than two pregnancy losses. 

 

MATERIALS AND METHODS 

 

Patients 

One hundred seventy-one couples who applied to the 

Medical Genetics outpatient clinics of Bolu Abant Izzet 

Baysal Training and Research Hospital between February 

1, 2020, and July 15, 2022, as well as those who applied to 

the Hatay Training and Research Medical Genetics 

outpatient clinics between March 1, 2021, and July 15, 2022, 

due to experiencing at least two pregnancy losses before 

20 weeks of gestation were included. Clinical and 

laboratory findings of the patients were examined 

retrospectively through the hospital registry system and 

files. Demographic data, medical and family history, 

number of pregnancies and births, total number and the 

gestational weeks of pregnancy losses, karyotype results 

of the couples, and FVL and PGM results of the women 

were recorded. The conduct of this study was attached to 

the principles of the Declaration of Helsinki, with all 

participants providing written informed consent. This 

study provided ethical approval from the Bolu Abant Izzet 
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Baysal Training and Research Hospital's Ethics Committee. 

(Date: 23.08.2022 Decision No: 2022/223). 

 

Chromosome analysis 

Peripheral blood samples were collected into sodium 

heparin tubes. Standard cytogenetic techniques were used 

in chromosome analysis. After adequate lymphocyte 

culture, a mitotic inhibitor (colcemid) was added. 

Application of hypotonic solution followed by fixation 

was performed. Chromosome slides were prepared, and G 

banding was applied. At least 20 metaphases were 

analyzed with a resolution of 500-700 bands. The 

International System for Human Cytogenetic 

Nomenclature (ISCN), version 2016, was utilized for 

reporting.  

 

Thrombophilia mutation test 
After DNA isolation was performed from EDTA-whole 

blood, seven different gene regions were amplified using 

the Thrombophilia panel kit (Seqline®, Istanbul, Turkey). 

A fragment analysis-based mutation detection method 

was employed on a capillary electrophoresis device to 

simultaneously detect hotspot mutations in FV (Leiden), 

FII (G20210A), FXIII (V34L), PAI-1 (4G/5G), MTHFR 

(C677T/A1298C) genes. Only the results for FVL and PGM 

have been evaluated due to their significance in 

comparison to other variants reported in the literature (1). 

 
Statistical analysis 
All collected data were analyzed with SPSS (IBM, 

Statistical Package for the Social Sciences) v.22 program. 

The Kolmogorov-Smirnov test was used to check whether 

the variables had a normal distribution or not. Frequencies 

for nominal and ordinal variables and medians with 

interquartile range for variables that did not follow a 

normal distribution were utilized. The presence or absence 

of chromosomal abnormality, FVL, and PGM were 

independent variables, and the number of pregnancy 

losses were dependent variables. The participants were 

categorized into two distinct groups based on their 

pregnancy history: those who experienced two pregnancy 

losses and those who had more than two. A comparative 

analysis was then conducted between these groups, 

examining the occurrence of chromosomal abnormalities 

and gene mutations using chi-square and Fisher's exact 

tests in cross-tables. Statistical significance was assigned 

by considering a p-value of less than 0.05. 

 

RESULTS 
 
Patients 
One hundred forty-five couples were from the province of 

Bolu, and 26 couples were from the province of Hatay. The 

median for female ages was 29 (range: 28 minimum: 18 

maximum: 46), and the median for men ages was 32 (range: 

31 minimum: 18 maximum: 49). The median number of 

pregnancy losses was 2 (range:4 minimum:2 maximum:6). 

57% of the couples had two pregnancy losses (n=97), 34.5% 

had three pregnancy losses (n=59), 4.7% had four 

pregnancy losses (n=8), 3.5% had five pregnancy losses 

( n=6), 0.6% had six pregnancy losses (n=1). 35.1% of the 

patients had a history of live birth, and 64.9% did not 

(Table 1). 

Chromosome analysis  
Chromosome abnormalities were detected in two women 

and three men out of 171 couples. There was a 

chromosomal abnormality in 2.9% of the couples. 

Chromosomal abnormalities are shown in Table 2. 

Reciprocal translocations were detected in four cases, and 

sex chromosome abnormality was detected in one case. 

Upon categorizing the cases into two groups based on the 

number of pregnancy losses, chromosomal abnormalities 

were detected at similar frequencies in both groups (n=2, 

2.1% in two pregnancy losses; n=3, 4.1% in more than two 

pregnancy losses, p=0.65). 

 

Table 1. Clinical and laboratory characteristics of the patients, 
N=171 

Age  

Female 
Median 29 (Range: 28, 
Min: 18, Max: 46)  

Male 
Median 32 (Range: 31, 
Min: 18, Max: 49). 

Number of 
pregnancy loss 

 

2 N=97 (57%) 

3 N=59 (34.5%) 

4 N=8 (4.7%) 

5 N=6 (3.5%) 

6 N=1 (0.6%) 

Healthy offspring  

Yes N=60 (35.1%) 

No N=111 (64.9%) 

Chromosome 
abnormality 

  

Female N=3 (1.75%) 

Male N=2 (1.17%) 

Factor V Leiden  
Wild N=147 (88.5%) 
Heterozygous N=19 (11.5%) 
Homozygous N=0 
Prothrombin 
G20210A 

 

Wild N=161 (97%) 

Heterozygous N=5 (3.0%) 

Homozygous N=0 
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Table 2 Parental chromosome abnormalities 

Chromosome Abnormality Number of patients (n) 
46,XX t(1;7)(p36.2;p21) 1 
46,XX,t(11;22)(q23;q11.2) 1 
46,XX,t(12;22)(q22;q11.2) 1 
46,XY,t(9;11)(q33;p15) 1 
mos 47,XYY[15]/46,XY[35] 1 

 

Factor V Leiden and Prothrombin G20210A 

Mutation 

Mutation analyses of 166 patients were evaluated. We 

excluded those with abnormal chromosome results. Factor 

V Leiden frequency was 11.5% (19/166), and PGM 

frequency was 3% (5/166) (Table 1). No homozygous or 

double heterozygous patients were detected. When 

compared between the two abovementioned groups, 

similar rates were detected for both FVL and PGM. (FVL 

(p=0.58); PGM (p=0.65)) (Table 3 and 4). No significant 

difference was detected between mutation carriers and 

noncarriers in the history of live birth. Whereas the live 

birth history rate was 32.9% (48/146) in noncarriers, 46.2% 

(12/26) of the mutation carriers had a live birth history 

(p=0.19). 

 
Table 3. Comparative analysis of Factor V Leiden mutation rate 
in cases with two pregnancy losses versus three or more 
pregnancy losses 

Factor V G1691A 
Two pregnancy 
losses (n=95) 

Three or more 
pregnancy losses 
(n=71) 

GG /Wild 83 (87.4%) 64 (90.1%) 
GA/Heterozygous 12 (12.6%) 7 (9.9%) 
AA/Homozygous 0 0 

Chi-square; p=0.58 

 
Table 4. Comparative analysis of Prothrombin G20210A mutation 
rate in cases with two pregnancy losses versus three or more 
pregnancy losses 

Prothrombin 
G20210A 

Two pregnancy 
losses (n=95) 

Three or more 
pregnancy losses 
(n=71) 

GG /Wild 93 (97.9%) 68 (95.8%) 
GA/ 
Heterozygous 

 2 (2.1%)  3 (4.2%) 

AA/ Homozygous 0 0 

Fisher’s exact test; p=0.65 

 

DISCUSSION 

 
Couples experiencing recurrent pregnancy loss are 

apprehensive about having another pregnancy loss. They 

want the underlying cause to be identified and the 

situation resolved as soon as possible. As geneticists, we 

carry out chromosome analysis and hereditary 

thrombophilia testing as part of our daily practice. When 

we evaluated the test results of 171 couples, we detected a 

chromosomal abnormality in 2.9% (5/171) of them. While 

balanced reciprocal translocations were detected in four 

cases, sex chromosome abnormalities were detected in one. 

The most frequently detected chromosomal abnormality is 

reciprocal translocation, which is consistent with the 

literature. The sex chromosome abnormality we detected 

has rarely been reported in RPL in the literature (21). The 

patient may be prone to meiotic nondisjunction (22). If a 

parental balanced structural change is detected, 

preimplantation genetic testing and invasive prenatal 

procedures should be recommended for future 

pregnancies. The chances of a healthy pregnancy are 

influenced by the gene regions involved and the type of 

rearrangement (7). Genetic counseling is crucial for these 

couples. Detected chromosomal translocation 

abnormalities should also be screened for other family 

members. It can be helpful not only for the couple but also 

for the other potential carrier relatives. Additionally, 

chromosome analysis and microarray investigations on 

abort materials will be very informative in some cases. 

Microarray analysis does not need viable cells, so they 

could be preferred when it is possible.  

 

Additionally, participants were categorized as having two 

or more pregnancy losses. Indistinguishable results were 

detected in two groups in terms of the frequency of 

chromosomal abnormality (n=2, 2.1% two pregnancy 

losses; n=3, 4.1% more than two pregnancy losses; p=1). 

Youssef et al. found no difference between the groups in 

the prevalence of chromosomal abnormalities in a study 

including 240 patients (23). Our result was in agreement 

with a meta-analysis (10 studies, OR 0.78, 95% CI 0.55–

1.10). The rate of chromosomal abnormality was found to 

be 5.3% in two pregnancy losses, whereas it was 6.6% in 

more than two pregnancy losses (20). Although the 

number of cases is limited in our study, a similar result 

was found. 

 

We evaluated hereditary thrombophilia risk factors in 

women. We found the frequencies of FVL and PGM in our 

patients to be 11.5% and 3%, respectively. Different RPL 

studies conducted in our country found varying rates, 

such as 7.9%, 9.5%, 10%, 11.2%, and 16.9% for FVL. The 

rates for PGM were 1.7%, 2.1%, 3.5%, 5.4% and 14.1% (24-

27,19). In two studies conducted in control groups, the 

frequency of FVL was 7% and 11%, and the frequency of 

PGM was 1.6% and 5% (24,27). The effects of hereditary 

thrombophilia in the etiology of RPL are controversial. 

Although some studies reveal that FVL and PGM are 

associated with it (28,29,30), others do not support this 

argument (31,32,33). Also, two studies from our country 

that compare RPL and control patients did not support this 
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relationship (24,27). Factor V Leiden and PGM continue to 

be investigated in the etiology of RPL. The pregnant 

women detected to have thrombophilia are using 

anticoagulant drugs for a healthy ongoing pregnancy. 

These drugs have some adverse effects, like a tendency to 

bleed, bruising at the application site, and pain. The 

confusion over whether thrombophilia is a contributing 

factor to recurrent pregnancy loss (RPL) requires 

clarification. A study was recently published reporting 

that Low Molecular Weight Heparin (LMWH) treatment 

did not lead to an improvement in the live birth rate. In 

this study, pregnancy success in cases with FVL was found 

to be 70.8% (68/96) in the group using anticoagulants and 

69.9% (58/83) in the group not using drugs. In prothrombin 

gene mutation, these rates were found to be 72.3% (26/36) 

and 73.2% (30/41), respectively (34). We compared the 

status of the healthy live birth history of the patients with 

thrombophilia mutation carriers and noncarriers. We did 

not obtain any significant difference. Whereas the live 

birth history rate was 32.9% (48/146) in noncarriers, 46.2% 

(12/26) of the mutation carriers had a live birth history 

(p=0.19). Although we do not know the patient's other risk 

factors for hypercoagulation, this result may also be 

related to the controversial effects of thrombophilia 

genetic factors in RPL etiology.  

 

There are studies comparing the frequencies of these 

mutations in patient groups with two and more than two 

pregnancy losses. We detected no remarkable difference 

between the groups regarding thrombophilia mutations 

(FVL p=0.58; PGM p=0.65). In contrast to our results, one 

study conducted with 2660 people from Turkey found that 

heterozygosity for FVL and PGM was more common in 

three or more pregnancy losses (p<0.01) (19). The findings 

of Karadeniz et al. were comparable to ours (35). In a study 

including 75 cases from Turkey, Kovalak et al. detected a 

higher FVL mutation rate in three pregnancy loss group 

compared to two (p=0.029). They did not find any 

significant difference for PGM. The number of patients are 

very limited in that study. The chromosome results are not 

convenient to evaluate since some polymophisms were 

evaluated as abnormalities (36). Our results were 

compatible with a meta-analysis (FVL (five studies, n=1109 

OR 0.79, 95% CI 0.43-1.47) and PGM (five studies, n=1330 

OR 1.08, 95% CI 0.44) -2.62)) (20).  

 

In this study, the results of the chromosomal analysis 

revealed no significant differences between the 

comparison groups. In the first group, consisting of two 

pregnancy losses (n=2), the rate was 2.1%. In contrast, the 

second group, which experienced more than two 

pregnancy losses (n=3), showed a rate of 4.1%. No 

statistical significance was found (p=1). Furthermore, the 

examination of thrombophilia mutations also showed no 

remarkable differences between the groups. Factor V 

Leiden mutations were found in 12 individuals (12.6%) in 

the two pregnancy loss group, and it was found in 7 

individuals (9.9%) in the three pregnancy loss group. No 

statistically significant difference was detected (p=0.58). 

Similarly, PGM were present in 2 individuals (2.1%) in the 

two pregnancy loss group and 3 individuals (4.2%) in the 

three pregnancy loss group, with a p-value of 0.65, 

indicating a lack of significant difference.  

 

While there is controversy between our thrombophilia 

results and several other studies from Turkey, our findings 

related to chromosomes and thrombophilia were 

consistent with a meta-analysis (20). We suggest that a 

similar approach of testing algortihm could be applied to 

both groups. However, further research is necessary to 

draw definitive conclusions. 

 

This study has several limitations. First of all, it is really 

difficult to divide these patients into different groups 

because, of course, there is a possibility that some women 

in the first group (with two pregnancy losses) will move to 

the second group (with more than two pregnancy losses) 

in the following years. Secondly, because the mutation 

frequencies are low, our sample can be considered a 

relatively small sample. The number of patients attending 

the clinic due to the effects of the Covid-19 pandemic is 

below expectations. However, we hope the presentation of 

2.5 years of patient data will contribute to the literature. 

Finally, in our study, we included all couples who 

presented to our clinic and experienced a pregnancy loss 

before 20 weeks gestation, with no exclusion criteria. For 

this reason, there may be couples in the sample whose 

pregnancy loss is due to non-genetic factors. However, 

given that the most common reason for referral to our 

clinic is that no other cause of pregnancy loss can be found 

and that genetic testing is often not requested when a 

known cause is present, this likelihood is not very high. 

 

CONCLUSION  

 
How many pregnancy losses should be considered as 

recurrent pregnancy loss is still a matter of debate. No 

statistically significant distinction was obtained between 

the groups, categorized as those with two and more than 

two pregnancy losses, in terms of the occurrence of 

chromosomal abnormalities, FVL, and PGM. A similar 

approach of testing algortihm can be applied for both 

groups. However, due to the limited number of patients, a 

meta-analysis combining our study with other case series 

in the Turkish population would be beneficial. In order to 
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gain a deeper understanding of the etiopathological 

connection of these genetic changes within the Turkish 

population, additional functional studies are needed. 
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ABSTRACT 

Objective: The aim of this study was to compare the Radiofrequency Thermocoagulation (RFT) applied at 

high temperatures and RFT combined Pulsed Radiofrequency (PRF) to improve the efficacy in trigeminal 

neuralgia. 

Materials and Methods: Demographic, clinical examination findings and VAS scores of the patients who 

underwent combined RFT + PRF and RFT for trigeminal neuralgia in the Algology clinic between May 2014 

and March 2022 were recorded before the procedure and  evaluated at 1 month, 12 months and 24 months 

after the procedure. 

Results: The results of 43 patients (24 females, 19 males) were evaluated in 2 groups according to whether 

20 patients underwent high-temperature RFT and 23 patients underwent PRF+ high-temperature RFT. At 1 

month, 12 months and 24 months post-procedure follow-up, VAS scores were significantly lower in both 

groups compared to pre-procedure (p<0.001, p<0.001, respectively). The duration of pain control was 

25.8±4.8 months in the RFT group and 25±3.4 months in the PRF+RFT group (p=0.5). At 24 months follow-

up, recurrence was observed in 3 patients (2 patients in RFT group, 1 patient in PRF+RFT group) (p=0.5). 

Complications (masseter atony and dermatomal hypoesthesia) occurred in 10 patients in the RFT group and 

5 patients in the PRF+RFT group (p=0.052). The mean time to resolution of complications was 75±35.61 days 

in the RFT group and 40±18.17 days in the RFT+PRF group (p=0.04). No irreversible complication was 

recorded in any patient. 

Conclusion: PRF combined with RFT at high temperatures is an appropriate treatment option to prevent 

complications and shorten the regression time to side effects. 
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INTRODUCTION 
 

Trigeminal neuralgia (TN) is characterized by transient, 

electric shock-like pain symptoms. Due to the severity of 

pain, patients' daily activities are significantly affected, 

and their quality of life is diminished. Surgical methods 

such as microvascular decompression and Gamma Knife 

radiosurgery can be applied in patients who cannot 

achieve adequate pain control through medical treatment 

or who cannot tolerate the side effects of medications. Less 

invasive percutaneous methods such as radiofrequency 

application, pulsed radiofrequency (PRF), and 

percutaneous balloon compression are preferred for 

patients who are unwilling or unsuitable for surgery (1). 

Gasserian ganglion RFT is a highly effective treatment for 

TN, with immediate pain relief achieved in 90-100% of 

cases (2). Comparative studies suggest that combined RFT 

and PRF treatment is more effective (3). In addition, some 

studies propose that combined RFT+PRF application 

reduces side effects, despite showing no difference in 

efficacy (4). There is no standardized protocol for 

temperature regulation in RFT. High-temperature RFT is 

often chosen to reduce the recurrence rate of TN; however, 

higher temperatures are associated with an increased risk 

of serious complications. In this study, we compared high-

temperature (85°C) RFT with combined high-temperature 

(85°C) RFT+PRF for TN , focusing on efficacy duration, 

recurrence, and safety, based on 24-month follow-up 

results. 

 

MATERIALS AND METHODS 
 
The study employed a comparative retrospective design 

by collecting and analyzing data from patients who 

underwent high-temperature (85°C) RFT and combined 

high-temperature (85°C) RFT + PRF for TN. 

 

Ethical approval was obtained from the Clinical Research 

Ethics Committee (2024/76, 527865). This study was 

conducted in accordance with the Declaration of Helsinki. 

Written informed consent was obtained from all patients.  

Demographic and clinical examination data, including 

gender, age, distribution of involved nerves, side, 

medications used, and VAS scores, were collected from 

patients who underwent combined RFT + PRF and RFT for 

TN in the Algology clinic between May 2014 and March 

2022. Visual Analog Scale (VAS) pain scores, clinical and 

neurological examination results, pain control duration, 

recurrence, and complications were recorded 24 months 

post-procedure. 

 

 

Primary endpoint 
Patients who underwent combined PRF+ high 

temperature RFT with high temperature RFT in TN were 

evaluated for pain control time and recurrence with long-

term follow-up. 

 

Secondary endpoint 
Patients who underwent combined PRF+ high 

temperature RFT with high temperature RFT in TN were 

evaluated with long-term follow-up for complications. 

 

 
Interventional Procedure (RFT, RFT and PRF) 

patient was taken to the operating room in the supine 

position. The patient was administered intravenous 

fentanyl (1 µcg/kg), midazolam (0.05 mg/kg) as mild 

sedation, provided he was awake enough to respond to 

the test with electrical stimulation. In fluoroscopy, oblique 

projection was angled to approximately 15 degrees lateral 

to approximately 30 degrees to caudal, and foramen ovale 

was seen in the upper inner quadrant. The entry point was 

2 to 3 cm side of the commissura labialis directed towards 

the pupil when viewed from the front of the face.  10 cm 

long 10 mm active tip radiofrequency cannula was 

inserted into the foramen ovale as a tunnel vision (Figure 

1a), fluoroscopy was taken laterally, and the cannula 

entered into the bone tunnel of the foramen ovale (Figure 

1b). The direction of the needle was verified in submental, 

lateral and Posterior-anterior view under fluoroscopy so 

that the tip of the cannula does not exceed 2 mm from the 

Clivus plane. Sensory and motor stimulis were given 

before radiofrequency. Paresthesia was taken in the 

appropriate dermatome area at 0.1- 0.5 V and 50 Hz at 

appropriate localization for sensorial stimulation. 

Masseter contraction was observed by stimulating 0.1 to 

1.5 V at 2 Hz for the mandibular branch for motor 

stimulation.  

 

Figure 1. (a) Fluoroscopic image of cannula positioned in the 
foramen oval in oblique position (b) Fluoroscopic image of the 
cannula positioned in the foramen oval in lateral position 
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In the combined PRF+high temperature RFT group, after 

the placement of the cannula in the foramen ovale and the 

completion of sensory and motor stimulation, PRF was 

first applied at 42°C for 240 seconds.After PRF, RFT was 

applied after the patient provided deep sedation with 

either midazolam, fentanyl and propofol (0.5mg/kg). RFT 

was performed at 85 °C for 60 seconds.  

 

In high temperature RFT group after the placement of the 

cannula in the foramen ovale and the completion of 

sensory and motor stimulation, patient provided deep 

sedation with either midazolam, fentanyl and propofol 

(0.5mg/kg). RFT was performed at 85 °C for 60 seconds.  

The patient was observed for 24 hours after the procedure 

for side effects. 

 

Statistical Analyses 
The research data were evaluated using the SPSS 21.0 

statistical program. The conformity of continuous 

variables to normal distribution was investigated using 

visual (histogram and probability graphs) and analytical 

methods (Kolmogorov-Smirnov/Shapiro-Wilk tests). 

Descriptive statistics of the study were summarized using 

number (n), percentage (%), mean, standard deviation 

(SD), median, minimum and maximum. Chi-Square Test 

was used to show whether there was a difference between 

categorical variables in the study. The Student-t Test was 

used to compare the parametric properties of continuous 

variables in independent groups, the Mann Whitney U 

Test was used to compare the non-parametric properties 

of continuous variables in independent groups, and the 

Wilcoxon Test or Friedman Test was used to compare the 

non-parametric properties of continuous variables in 

dependent groups. For statistical significance, a p-value 

lower than 0.05 was set. 

 

RESULTS 

The clinical and demographic characteristics of the groups 

were similar and are shown in the table (Table 1). The 

results of 43 patients (24 females, 19 males) were evaluated 

in 2 groups according to whether 20 patients underwent 

high-temperature RFT and 23 patients underwent 

PRF+high temperature RFT. VAS scores were significantly 

lower in both groups compared to the pre-procedure 

period at 1 month, 12 months and 24 months after the 

procedure (p<0.001, p<0.001, respectively)(Table 2).  

Table 1.Comparison of demographic and clinical 
characteristics of the groups 
 RFT 

 (n=20) 
RFT+PRF 
 (n=23) p 

Age     

 
Mean±SD 65.2±11.19 65.91±12.38 

0.845* Median  
(min-max) 

65 
(43-82) 65(42-86) 

Gender     

 
Female 8(40) 16(69.6) 

0.052 
Male 12(60) 7(30.4) 

 
Semptom 
Duration 
(year) 

    

 
Mean±SD 8.1±7.49 9.13±7.76 

0.651** Median 
(min-max) 

6.5 
(1-30) 6(1-30) 

Side     

 
Left 9(45) 10(43.5) 

0.92 
Right 11(55) 13(56.5) 

 Segment     

 

V2 8(40) 3(13) 

0.029 
V3 8(40) 11(47.8) 
V1+V2 2(10) 0(0) 
V2+V3 2(10) 9(39.2) 

Drug 
used     

 

Gabapenti
noid 2(10) 2(8.7) 

0.959 Carbamaz
epine 7(35) 9(39.1) 

Combined 11(55) 12(52.2) 

*Parametric test **Non parametric test 

Table 2. Comparison of VAS scores of both groups before 
and after the procedure at 1st month, 12th month and 24th 
month 

 RFT 
(n=20) 

RFT+PRF 
(n=23) 

p 
value 

VAS (0) 
Mean±SD 7.25±1.45 7.57±0.9 

0.543* Median 
(min-max) 

7 (3-9) 8 (6-9) 

VAS (1) 
Mean±SD 2.05±1.19 2.22±1.31 

0.706* Median 
(min-max) 

2 (0-4) 2 (0-5) 

VAS 
(12) 

Mean±SD 2.2±1.15 2.09±1.38 
0.516* Median 

(min-max) 
2(0-4) 2(0-6) 

VAS 
(24) 

Mean±SD 2.75±1.33 2.7±1.64 
0.687* Median 

(min-max) 
2.5(1-6) 2(1-8) 

p value <0.001*,1,2,3 <0.001*,1,2,3  
1 There is a statistically significant difference between VAS 0-VAS 1; 
2 There is a statistically significant difference between VAS 0-VAS 12; 
3 There is a statistically significant difference between VAS 0-VAS 24; 
*Non parametric test 

Table 3. Comparison of recurrence and pain relief duration of 
the groups 

 RFT 
(n=20) 

RFT+PRF 
(n=23) 

p 

Recurrence     

 
(-) 18(90) 22(95.7) 

0.59 
(+) 2(10) 1(4.3) 

Pain relief 
duration 

Mean±SD 25.8±4.8 25.04±3.4 0.553* 

*Non parametric test 
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The mean duration of pain control was 25.8±4.8 months in 

the RFT group and 25±3.4 months in the PRF+RFT group 

(p=0.5)(Table 3). At 24 months follow-up, 3 patients (2 

patients (10%) RFT group, 1 patient (4.3%) PRF+RFT group) 

recurrence was observed (p=0.5)(Table 3). Complications 

(masseter atony and dermatomal hypoesthesia) were 

observed in 10 patients in RFT group and 5 patients in 

PRF+RFT group. There was no significant difference 

between the two groups in terms of complications (p=0.052) 

(Table 4). The mean time to resolution of complications 

was 75±35.61 days in the RFT group and 40±18.17 days in 

the RFT+PRF group (p=0.04) (Table 4). No irreversible 

complication was recorded in any patient. 

 

CONCLUSION  

 
The temperature for RFT treatment varies widely (60°C to 

95°C), but there is no standardized temperature. High-

temperature RFT is used to enhance procedural efficacy 

and reduce recurrence rates. However, complications such 

as severe facial numbness, ptosis, keratitis, diplopia, 

mandibular deviation, and weakness of the masticatory 

muscles have been reported with high-temperature RFT 

(≥ 75° C). A recent review evaluated the long-term 

efficacy and complications of RFT at different 

temperatures (5). The studies concluded that while the 

long-term analgesic effects of high-temperature RFT were 

not superior to those of relatively lower-temperature RFT, 

the risk of complications increased with temperature (6,7). 

These studies primarily assessed pain relief percentages 

but did not evaluate pain control duration or recurrence 

rates. Some studies have examined recurrence rates to 

evaluate the efficacy of high-temperature RFT for 

trigeminal neuralgia. Fraioli et al. reported a mean pain-

free period of 8.8 years after RFT at 90–95°C for 10 minutes 

in 129 patients with trigeminal neuralgia. The recurrence 

rate was 7.8%, with a follow-up period of 11.6 years (8). 

Kosugi et al. observed that RFT at 90°C in patients with V2 

and/or V3 branch involvement resulted in 1-year and 2-

year pain-free rates of 40.5–80.2% and 17.1–54.9%, 

respectively (9). In this study, we evaluated the efficacy of 

high-temperature RFT in terms of pain regression rates, 

pain control duration, and recurrence. The mean duration 

of pain palliation was 25.8 months for RFT and 25 months 

for combined RFT + PRF. Our findings indicate that RFT + 

PRF treatment demonstrated equivalent efficacy in both 

short- and long-term follow-ups. The mean pain control 

duration was 25 months, with 24-month pain-free rates of 

90% and 95.7%. Unlike previous studies, our long-term 

pain-free rates were higher, suggesting that our high-

temperature RFT application was associated with a longer 

duration of efficacy. 

 

Higher temperatures are associated with increased 

complications, with facial numbness and masticatory 

weakness being the most commonly observed after RFT. 

Short-term facial numbness incidence after RFT treatment 

is reported to range from 85% to 100%, typically resolving 

within one month (10,11). Masticatory muscle weakness, 

commonly associated with the V3 branch, occurs at 

temperatures ≥65°C. Recovery time is approximately 

six months at ≤68°C (12) but extends to over one year at 

75°C (13). In our study, complications were observed in 

10 patients (50%) in the RFT group and 5 patients (21.7%) 

in the RFT + PRF group. While high temperatures are 

linked to higher complication rates, we found no 

irreversible complications in our cohort. The regression 

time of complications averaged 75 days in the RFT group 

and 40 days in the RFT + PRF group, demonstrating 

significantly shorter recovery times in the combined 

RFT+PRF group. Zhao et al. evaluated 80 patients 

undergoing combined RFT (70°C and 75°C) and PRF 

treatment of the Gasserian ganglion under computed 

tomography guidance (14). They found no significant 

differences in pain control, but sensory loss, masticatory 

weakness, and decreased corneal reflex improved more 

rapidly in the combined group. These findings suggest 

that, compared to the use of RFT alone, combining PRF 

with RFT may benefit trigeminal neuralgia treatment by 

reducing complications. 

 

In a prospective study, Yao et al. concluded that combined 

PRF and RFT application to the V1 branch in 56 patients 

reduced corneal hypoesthesia rates, shortened recovery 

times and decreased recurrence rates, while maintaining 

efficacy comparable to RFT alone (15). Elawamy et al. 

Table 4. Evaluation of complication development and 
complication regression duration of the groups 

 RFT 
(n=20) 

RFT+PRF 
(n=23) 

p 

Complication     

 
(-) 10(50) 18(78.3) 

0.052 
(+) 10(50) 5(21.7) 

Complication 
type 

    

 
Masseter 
atoni 

4(40) 1(25) 
0.615 

Hypoesthesia 6(60) 4(75) 
Complication 

relief duration 
 

   

 
Mean±SD 75±35.61 40±18.17 

0.04* Median(min-
max) 

75(15-
120) 

37.5(15-
60) 

*Parametric test 
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analyzed 43 patients in 3 groups and concluded that 

combined application of PRF and RFT may reduce RFT-

related complications (16). In line with these findings, our 

study showed that PRF treatment did not potentiate the 

efficacy of RFT but contributed to the regression process 

of side effects and side labels that may occur. We propose 

that the early resolution of complications associated with 

high-temperature RFT, applied to increase efficacy and 

reduce recurrence, is attributable to the adjunctive PRF 

application. 

 

The limitations of our study include the small sample size 

and retrospective design. Prospective controlled studies 

will guide our current findings. Prospective, controlled 

studies are needed to validate our findings. Other major 

limitations include the absence of neuropathic pain scale 

records and functional outcome scores. 
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ABSTRACT 

Objective: Community-acquired pneumonia (CAP) is a significant public health issue with high morbidity 

and mortality rates. This study aims to evaluate the risk factors contributing to the increase in cardiac 

biomarkers in patients with severe CAP. 

Materials and Methods: The study has a retrospective and cross-sectional design. A total of 70 patients 

diagnosed with CAP and followed in the Pulmonology Department and Intensive Care Unit of Aydın 

Adnan Menderes University between September 2015 and February 2020 were included in the study. 

Demographic data, comorbidities, vital signs, laboratory results, and cardiac biomarker levels (troponin, 

Pro-BNP, CK-MB) were recorded in detail, and comparisons were made between subgroups. 

Results: Of the patients, 68.6% were male, with a mean age of 73.05 ± 13.77 years. At least one comorbidity 

was present in 92.8% of the patients, with hypertension, COPD, and diabetes mellitus being the most 

frequently observed. CK-MB levels showed significant positive correlations with CURB-65 and Pneumonia 

Severity Index (PSI) scores. Troponin levels were significantly elevated in patients with impaired 

consciousness, Pro-BNP levels in those who developed arrhythmias, and CK-MB levels in patients with 

COPD. Additionally, LDH levels correlated positively with both troponin and Pro-BNP levels. 

Conclusion: This study highlights the importance of evaluating cardiac biomarkers in patients with severe 

CAP. Elevated levels of troponin, Pro-BNP, and CK-MB are reflective of increased cardiovascular risk and 

infection severity. These findings underscore the need for early and thorough monitoring of these 

biomarkers to identify and manage potential complications effectively, thereby improving patient outcomes. 

 

Keywords: Cardiac biomarkers, CK-MB, Community-acquired pneumonia, CURB-65, Troponin, Pro-BNP, 

PSI. 
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INTRODUCTION 
 
Community-acquired pneumonia (CAP) is defined as 

pneumonia that develops in individuals without a known 

immunodeficiency during their daily life (1). Despite 

advancements in vaccination policies and antibiotic 

treatments, CAP remains a significant public health 

concern with high morbidity and mortality rates (2,3). 

Scoring systems such as the Pneumonia Severity Index 

(PSI) and CURB-65 are widely used to assess disease 

severity, guide hospitalization decisions, and predict 

mortality in these patients (4). While PSI evaluates 20 

variables related to the patient, CURB-65 is a more 

practical assessment tool that includes five parameters: 

age, blood urea nitrogen (BUN), respiratory rate, altered 

mental status, and systolic blood pressure (5,6). Patients 

with a PSI class IV or V or a CURB-65 score ≥2 are 

generally recommended for inpatient treatment. Although 

pneumonia-related mortality is a major concern, 

cardiovascular complications such as myocardial 

infarction, arrhythmias, and acute heart failure 

significantly contribute to adverse outcomes in these 

patients (7). Studies have shown that elevated levels of 

cardiac biomarkers, particularly cardiac troponins (cTn) 

and B-type natriuretic peptide (BNP), are associated with 

increased mortality in patients with CAP, independent of 

preexisting coronary artery disease (8–10). Elevated 

cardiac troponins, including high-sensitivity troponin T 

(cTnT) and troponin I (cTnI), have been identified as 

strong predictors of both short- and long-term mortality in 

hospitalized CAP patients, potentially reflecting acute 

myocardial stress or direct cardiac injury due to systemic 

inflammation (8,9). Similarly, BNP levels have been found 

to correlate with pneumonia severity, pulmonary 

hypertension, and cardiac dysfunction, further aiding in 

risk stratification (10). Given the increasing recognition of 

cardiovascular complications in CAP patients, 

understanding the factors contributing to cardiac 

biomarker elevation is crucial for improving risk 

assessment and patient management. This study aims to 

investigate the risk factors contributing to the elevation of 

cardiac biomarkers in patients with severe community-

acquired pneumonia. 

 
MATERIALS AND METHODS 
 

This study has a retrospective and cross-sectional design. 

A total of 70 patients diagnosed with community-acquired 

pneumonia, who were followed in the Pulmonology 

Department or Intensive Care Unit of Aydın Adnan 
Menderes University between September 2015 and 

February 2020, were included in the study. Community-

acquired pneumonia (CAP) was defined as pneumonia 

acquired outside of a healthcare setting in individuals 

without recent hospitalization or significant 

immunosuppression (1). The diagnosis of CAP was based 

on clinical symptoms, including fever, cough, sputum 

production, and dyspnea, along with radiological findings 

such as new pulmonary infiltrates observed on chest X-ray 

or computed tomography, and laboratory markers 

indicative of infection, in accordance with established 

clinical guidelines (11).  Immunosuppression was 

defined as a condition or treatment that significantly 

compromises immune function. This included patients 

with HIV infection and a CD4 count below 200/mm³, those 

who had undergone solid organ or hematopoietic stem cell 

transplantation, individuals with active malignancy 

receiving chemotherapy or radiotherapy, and those on 

long-term immunosuppressive therapy. 

Immunosuppressive treatments were considered to 

include corticosteroids at a dose of 20 mg per day or more 

for longer than two weeks, biologic agents, or disease-

modifying antirheumatic drugs (12). Patients with a 

history of hospitalization or antibiotic use within the 14 

days prior to admission, those with another focus of 

infection, and immunosuppressed patients were excluded. 

 

The demographic characteristics of the patients (age, 

gender, smoking history), known comorbidities, vital 

signs at admission (temperature, level of consciousness, 

blood pressure, heart rate, respiratory rate), blood gas 

analyses [partial carbon dioxide pressure (pCO₂), partial 

oxygen pressure (pO₂), oxygen saturation (SaO₂), and pH], 

complete blood count parameters (hemoglobin, 

hematocrit, neutrophils, lymphocytes, platelets), and 

biochemistry results (sodium, albumin, lactate 

dehydrogenase, urea) were recorded in detail. 

Additionally, troponin-I, CK-MB, pro-BNP, CRP, 

procalcitonin, and D-dimer levels were also analyzed. 

 

The cases included in the study were divided into various 

subgroups, and cardiac biomarker levels were compared 

among these groups. The subgroups were defined 

according to the following criteria: CURB-65 score (2, 3, 

and 4); Pneumonia Severity Index (PSI) class (Group IV 

and Group V); level of consciousness (conscious and 

unconscious); comorbidity status [presence or absence of 

chronic obstructive pulmonary disease (COPD)]; and 

cardiovascular complication status (patients who 

developed complications within the first 7 days of 

hospitalization and those who did not). 

 

This study was approved by the Non-Interventional 

Clinical Research Ethics Committee of Aydın Adnan 
Menderes University Faculty of Medicine with the 

decision dated April 27, 2020, and numbered 18. 
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Statistical analysis  
Statistical evaluation was performed using SPSS software 

(SPSS 23, IBM Corp. Released 2015. IBM SPSS Statistics for 

Windows, Version 23.0, Armonk, NY, USA). Categorical 

variables were expressed as numbers and percentages. 

The conformity of variables to a normal distribution was 

determined using the Kolmogorov-Smirnov test. For 

continuous variables, the Student's t-test was used to 

compare two groups when normal distribution was 

observed, and the One-Way ANOVA test was applied for 

comparisons involving more than two groups. For 

variables not following a normal distribution, the Mann-

Whitney U test was used for two-group comparisons, and 

the Kruskal-Wallis variance analysis was applied for 

comparisons of more than two groups. Continuous 

variables not following a normal distribution were 

presented as medians (25th–75th percentiles), while those 

with a normal distribution were expressed as mean ± 

standard deviation. The relationships between categorical 

variables were evaluated using Pearson's chi-square test 

and Fisher's exact test. Spearman and Pearson correlation 

analyses were used to analyze relationships between 

variables. A p-value of <0.05 was considered statistically 

significant. 

 

RESULTS 
 
A total of 70 patients diagnosed with community-acquired 

pneumonia, followed in the ward or intensive care unit 

between September 2015 and February 2020, were 

included in the study. Of the patients, 68.6% (n=48) were 

male, and 31.4% (n=22) were female. The age range varied 

from 40 to 97 years, with a mean age of 73.05 ± 13.77 years. 

Among the patients, 68.6% (n=48) were either active 

smokers or former smokers (ex-smokers), while 31.4% 

(n=22) had never smoked. At least one comorbidity was 

identified in 92.8% (n=65) of the patients. The most 

common comorbidities were hypertension (44.3%, n=31), 

COPD (35.7%, n=25), and diabetes mellitus (25.7%, n=18). 

Among patients with a history of cardiovascular disease, 

44.3% (n=31) had hypertension, 24.3% (n=17) had coronary 

artery disease, 15.7% (n=11) had congestive heart failure, 

8.6% (n=6) had arrhythmia, and 1.4% (n=1) had a history 

of myocardial infarction (MI). The demographic 

characteristics and comorbidity distribution of the patients 

are presented in Table 1. 

 

According to the vital signs assessed at the time of 

hospitalization, the majority of the patients were conscious 

(91.4%). In the evaluation of body temperature, 48.6% of 

the patients had a normal temperature, while 27.1% were 

febrile (>38°C). Blood pressure measurements revealed 

normal values in 62.9% of the patients, hypotension 

(<90/60 mmHg) in 8.6%, and hypertension (>140/90 mmHg) 

in 28.6%. Tachycardia (>100 bpm) was observed in 45.8% 

of the patients. Detailed vital signs of the patients are 

presented in Table 2. 

 

Table 1. Demographic characteristics and comorbidities of 

patients 

Age, Mean ± SD  73.05 ±13.77 

Gender n (%) 

Female 

Male 

 

22 (31.4) 

48 (68.6) 

Smoking status n (%) 

Smoker 

Non-Smoker  

 

48  (68.6) 

22  (31) 

Cardiovascular Comorbidity n (%) 

Present 

Absent 

 

45 (64.2) 

25  (35.7) 

Hypertension n (%) 

Present 

Absent 

 

31 (44.3) 

39 (55.7) 

Arrhythmia n (%) 

Present 

Absent 

 

6 (8.6) 

64 (91.4) 

Coronary Artery Disease n (%) 

Present 

Absent 

 

17 (24.3) 

53 (75.7) 

History of Myocardial Infarction n (%) 

Present 

Absent 

 

1 (1.4) 

69 (98.6) 

Congestive Heart Failure n (%) 

Present 

Absent 

 

11 (15.7) 

59 (84.2) 

Non-Cardiovascular Comorbidity n (%) 

Present 

Absent 

 

58 (82.9) 

12 (17.1) 

Table 2. Vital signs of patients 

  n % 

Consciousness Normal 64 91.4 

Impaired 6 8.6 

Fever 

(°C) 

Normal 349 48.6 

Subfebrile (37.2°C -38°C) 17 24.3 

Febrile (>38) 19 27.1 

Blood Pressure 

(mmHg) 

Normal 44 62.9 

Hypotensive (<90/60 mmHg) 6 8.6 

Hypertensive (>140/90 mmHg) 20 28.6 

Pulse 

(/min) 

Bradycardia   (<60) 2 2.9 

Normal (60-100) 36 51.4 

Tachycardia   (>100) 32 45.8 

Tachypnea  

(/min) 

Present ( RR>24 /min) 5 7.1 

Absent 65 92.9 

RR: Respiratory Rate, mmHg: Millimeters of Mercury, /min: Per Minute 
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Laboratory results showed that the median urea level was 

52.5 mg/dL (25th–75th percentile: 38.0–68.0). Among 

inflammatory markers, the mean CRP level was 168.98 ± 

91.01 mg/L, and the median procalcitonin level was 0.60 

ng/mL (25th–75th percentile: 0.21–4.82). In the blood gas 

analysis, the median pH was 7.45 (25th–75th percentile: 

7.39–7.47), and the mean oxygen saturation was 87.62 ± 

5.52%. The mean PSI score, which assesses disease severity, 

was calculated as 116.73 ± 39.42, while the median CURB-

65 score was 2.0 (25th–75th percentile: 1.0–2.0). Details of 

these parameters are presented in Table 3. 

 

Table 3. Laboratory and clinical characteristics of patients 

Urea, mg/dL median (25%-75%) 52.50 (38.0-68.0) 

LDH, mg/dL median (25%-75%) 213.50 (186.25-300.75)  

Albumin, mg/dL mean ± SD 3.10 ± 0.45 

Sodium, mEq/L mean ± SD 136.54 ±5.32 

CRP, mg/L mean ± SD 168.98 ± 91.01 

Procalcitonin, ng/mL median (25%-

75%) 

0.60 (0.21- 4.82) 

D-Dimer, mg/L, mg/L median (25%-

75%) 

1609.0 (912.50-

2620.00) 

Neutrophil %, median (25%-75%) 87.00 (80.37-90.00) 

Neutrophil count, 10³/cells/µL (25%-

75%) 

12000 (7780.0-

17097.50) 

Lymphocyte %, median (25%-75%) 7.25 (4.150-10.925) 

Lymphocyte count, cells/µL median 

(25%-75%) 

955.0 (725.0-1420.0) 

Platelet count, platelets/µL mean ± 

SD 

265828.57 ± 1.01 

pH, median (25%-75%) 7.450 (7.390-7.470) 

PaO2, mmHg median (25%-75%) 53.60 (49.00-60.00) 

SpO₂, % mean ± SD 87.62 ± 5.516 

PSI, mean ± SD 116.728 ±39.424 

CURB-65, median (25%-75%) 2.00 (1.00-2.00) 
Continuous variables are presented as mean ± standard deviation or median (25th–
75th percentiles), depending on their distribution. LDH: Lactate Dehydrogenase, 
CRP: C-Reactive Protein, PaO₂: Partial Pressure of Oxygen, SpO₂: Peripheral 
Capillary Oxygen Saturation, PSI: Pneumonia Severity Index, CURB-65: 
Confusion, Urea, Respiratory Rate, Blood Pressure, Age ≥65 

 

Significant differences were observed in troponin, Pro-

BNP, and CK-MB levels. Troponin levels were 

significantly higher in patients with impaired 

consciousness (median: 123.00 ng/L; 25th–75th percentile: 

24.00–552.00) compared to those with normal 

consciousness (median: 13.45 ng/L; 25th–75th percentile: 

10.00–45.40) (p<0.05). Pro-BNP levels were significantly 

higher in patients who developed arrhythmias within 7 

days (median: 784.00 ng/L; 25th–75th percentile: 549.00–

985.00) compared to those without arrhythmias (median: 

185.00 ng/L; 25th–75th percentile: 100.00–580.00) (p=0.011). 

Similarly, CK-MB levels were significantly higher in 

patients with COPD (median: 2.20 ng/mL; 25th–75th 

percentile: 1.05–3.95) compared to those without COPD 

(median: 1.05 ng/mL; 25th–75th percentile: 0.70–1.974) 

(p=0.031). In the PSI-5 group, CK-MB levels (median: 1.80 

ng/mL; 25th–75th percentile: 0.85–3.70) were significantly 

higher than those in the PSI-4 group (median: 1.10 ng/mL; 

25th–75th percentile: 0.90–2.80) (p=0.038). Details of these 

findings are presented in Table 4. 

 

In our study, LDH levels were positively correlated with 

troponin levels (r=0.310; p=0.09) and Pro-BNP levels 

(r=0.355; p=0.040) (Figure 1). Additionally, CK-MB levels 

showed a significant negative correlation with lymphocyte 

count (r=-0.303; p=0.012) and a significant positive 

correlation with the CURB-65 score (r=0.234; p=0.012) and 

the PSI score (r=0.250; p=0.039), which assess pneumonia 

severity (Figure 2). 

 

Figure 1. Correlation Between LDH Levels and Troponin and Pro-

BNP Levels  

LDH: Lactate Dehydrogenase, Pro-BNP: Pro-Brain Natriuretic Peptide 
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DISCUSSION 

 

CAP is a common infectious disease worldwide, with high 

morbidity and mortality rates. The incidence of 

cardiovascular complications is also increased in patients 

who develop pneumonia, and the development of 

cardiovascular complications during follow-up further 

elevates the risk of mortality (13-15). In our study, 

troponin levels were significantly elevated in patients with 

impaired consciousness and severe pneumonia. Impaired 

consciousness is considered a marker of severe infection 

and systemic inflammation and is often associated with 

multiple organ dysfunction (16,17). Proinflammatory 

cytokines released during infection can cause direct 

myocardial cell damage and increase stress on the heart 

(18). Additionally, hypoxia in patients with impaired 

consciousness and severe pneumonia may create an  

 

environment where myocardial oxygen demand cannot be 

met, triggering subclinical myocardial ischemia (19). 

These patients often exhibit hemodynamic instability and 

increased sympathetic nervous system activity. This 

condition may increase the burden on the heart, 

contributing to elevated troponin levels (20,21). Therefore, 

impaired consciousness is an important indicator not only 

of the infection's severity but also of the risk of 

cardiovascular complications. Early evaluation of cardiac 

biomarkers in patients with impaired consciousness is 

critical for the prevention and management of 

cardiovascular complications. Our study suggests that 

troponin levels may serve as a marker of cardiovascular 

risk in this patient group and emphasizes the need for 

larger-scale, prospective studies to validate these findings. 

 

In our study, baseline Pro-BNP levels were significantly 

elevated in patients who developed arrhythmias within 7 

days after pneumonia. This finding suggests that Pro-BNP 

could be an important biomarker for the early prediction 

Table 4. Comparison of Troponin, Pro-BNP, and CK-MB levels according to clinical parameters 

Groups n (%) Troponin (ng/ml) p Pro-BNP (pg/mL) p CK-MB (IU/L) p 

COPD present 25 (35.7%) 12.00 (10.00-48.00) 
0.166 

234.00 (57.225-597.00) 
0.234 

2.20 (1.05-3.95) 
0.031 

COPD absent 45 (64.3%) 16.70 (10.00-65.00) 272.00 (132.500-1089.25) 1.05 (0.70-1.974) 

Conscious 64 (91.4%) 13.45 (10.00-45.40) 
0.005 

234.00 (73.450-581.00) 
0.423 

1.20 (0.80-2.30) 
0.201 

Unconscious 6 (8.6%) 123.00 (24.00-552.00) 272.00 (137.00-1038.00) 2.60 (1.10-4.20) 

Arrhythmia 

within 7 days 
10 (14.3%) 30.35 (10.00-73.50) 

0.347 

784.00 (549.00-985.00) 

0.011 

1.95 (1.10-4.40) 

0.133 
No arrhythmia 

within 7 days 
60 (85.7%) 13.55 (10.00-49.40) 185.00 (100.00-580.00) 1.20 (0.80-2.30) 

PSI 4 27 (38.6) 13.00 (10.00-26.60) 
0.163 

186.00 (100.45-891.50) 
0.908 

1.10 (0.90-2.80) 
0.038 

PSI 5 25 (35.7) 23.00 (10.00-77.75) 289.00 (119.00-784.00) 1.80 (0.85-3.70) 

CURB-65 2 34 (48.6) 16.50 (10.00%-54.75%) 

0.566 

313.50 (101.475%-975.675%) 

0.950 

1.20 (0.80%-2.425%) 

0.067 CURB-65 3 11 (15.7) 12.00 (10.00%-272.00%) 211.00 (64.50%-1793.50%) 1.70 (1.075%-8.025%) 

CURB-65 4 4 (5.7) 59.00 (20.50%-151.50%) 213.00 (121.00%-784.00%) 3.45(2.175%-12.30%) 
Comparisons between groups were performed using Student's t-test or Mann-Whitney U test for two-group comparisons and One-Way ANOVA or Kruskal-Wallis test 
for multiple-group comparisons. COPD: Chronic Obstructive Pulmonary Disease, PSI: Pneumonia Severity Index, CURB-65: Confusion, Urea, Respiratory Rate, Blood 
Pressure, Age ≥65. Note: Patients with a CURB-65 score of 1 and a PSI score lower than 4 or 5 were hospitalized due to hypoxemia. 

 
Figure 2. Correlation Between CK-MB Levels and Lymphocyte Count, CURB-65, and PSI Scores  

CK-MB: Creatine Kinase-MB, CURB-65: Confusion, Urea, Respiratory Rate, Blood Pressure, Age ≥65, PSI: Pneumonia Severity Index 
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of cardiovascular complications following pneumonia. 

Similarly, the study by Mendenez et al. demonstrated that 

baseline Pro-BNP levels were elevated in patients who 

developed cardiovascular events in the early period 

following pneumonia (14). This supports the prognostic 

value of Pro-BNP in cardiovascular risk assessment 

following infection. In a study conducted by Mojón-

Álvarez et al. on COVID-19 patients, Pro-BNP levels were 

reported to be higher, particularly in those who developed 

myocardial damage or hemodynamic instability (22). This 

finding illustrates that increased systemic inflammation 

and hemodynamic stress during infection trigger Pro-BNP 

release. Our study further highlights that Pro-BNP is a 

valuable biomarker for detecting cardiovascular 

complications in the early period following infection. 

However, it should be noted that Pro-BNP levels vary 

across different patient populations and types of infections 

in the existing literature. Therefore, caution should be 

exercised in the clinical use and interpretation of Pro-BNP, 

and further studies are needed in diverse patient groups. 

 

Although CK-MB is commonly used as a biomarker for 

myocardial damage, its sensitivity and specificity are 

known to be limited. The literature shows that CK-MB 

levels can also be elevated in conditions such as trauma, 

rhabdomyolysis, renal failure, and pulmonary infections 

(23-25). In the study by Fan et al., CK-MB levels were 

significantly elevated in patients with Mycoplasma 

pneumoniae pneumonia, and this was associated with the 

increased inflammatory response and myocardial stress 

during infection (26). Similarly, in Seedat et al.'s study, 

CK-MB levels were reported to increase due to 

inflammation and hypoxia in patients with severe 

pneumonia, and this increase was linked to cardiovascular 

complications (27). In our study, CK-MB levels were 

significantly higher in CAP patients with COPD compared 

to those without COPD. Additionally, a positive 

correlation was identified between CK-MB levels and 

CURB-65 and PSI scores. These findings suggest that CK-

MB levels in severe pneumonia cases reflect not only 

myocardial damage but also the severity of the infection 

and the inflammatory response. The literature supports 

the results obtained in our study, indicating that CK-MB 

may be an important parameter for cardiovascular risk 

assessment in patients with severe pneumonia. However, 

it should be noted that the specificity of CK-MB is limited 

in clinical practice, and it should be evaluated in 

conjunction with other biomarkers. 

 

LDH is an enzyme widely present in tissues and is 

considered a systemic marker of inflammation. In the 

study by Yamaguchi et al., LDH was found to represent 

myocardial damage and has prognostic value in acute 

decompensated heart failure (28). In our study, a positive 

correlation was also identified between LDH and troponin 

and Pro-BNP levels. This finding suggests that LDH may 

assist in determining the risk of cardiac complications in 

pneumonia patients. 

 

COPD is an independent risk factor for cardiovascular 

diseases, and elevated levels of Pro-BNP and troponin 

have been reported in these patients (29,30). In our study, 

CK-MB levels were found to be significantly higher in 

CAP patients with COPD; however, no significant 

differences were observed in troponin and Pro-BNP levels. 

This finding suggests that cardiac biomarkers should be 

carefully monitored in pneumonia patients with COPD 

and highlights the need for further studies in this patient 

group. 

 

The retrospective design of our study and the limited 

number of patients are the primary limitations affecting 

the generalizability of these findings. Nevertheless, these 

results highlight the critical importance of carefully 

evaluating cardiac biomarkers in patients with severe 

pneumonia for the early detection and management of 

cardiovascular complications. It should be noted, however, 

that the specificity of biomarkers is limited in clinical 

practice, and they should be evaluated in conjunction with 

other clinical parameters. Validation of these findings 

through larger-scale, prospective studies will enhance the 

understanding and management of cardiovascular risks 

following infection. 

 

CONCLUSION  
 
Our study demonstrated that the increase in cardiac 

biomarker levels in patients with severe community-

acquired pneumonia reflects both the severity of the 

infection and the risk of cardiovascular complications. The 

significantly elevated troponin levels in patients with 

impaired consciousness highlight the adverse cardiac 

effects of the systemic impacts of the infection. 

Furthermore, the prognostic value of Pro-BNP in 

predicting cardiovascular complications, such as 

arrhythmias, in the early stages has been emphasized. The 

positive correlation between CK-MB levels and both 

COPD patients and pneumonia severity scores (CURB-65 

and PSI) suggests that CK-MB could serve as an indicator 

of infection severity and inflammation. The positive 

correlation between LDH levels and troponin and Pro-

BNP underscores the need to consider LDH in 

understanding the cardiac effects of systemic 

inflammation. 
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Based on these findings, a structured approach for 

monitoring cardiac biomarkers in CAP patients may 

improve early risk stratification and guide clinical 

management. 

 

• Patients with severe pneumonia (CURB-65 ≥2, PSI 

class IV-V) and those with impaired consciousness or 

hemodynamic instability should undergo baseline 

troponin measurement at hospital admission. 

• For patients with elevated troponin levels, follow-

up measurements may be considered to assess trends and 

evaluate myocardial stress in collaboration with 

cardiology specialists. 

• In patients at high risk for cardiovascular 

complications, Pro-BNP levels may serve as an adjunctive 

biomarker, particularly for predicting arrhythmias and 

hemodynamic instability. 

• CK-MB and LDH levels, although less specific, 

could be considered complementary markers to further 

refine risk stratification. 

 

Incorporating a biomarker-driven monitoring strategy 

into CAP management could facilitate early identification 

of high-risk patients and allow for timely cardiovascular 

interventions, potentially improving clinical outcomes. 

Future prospective studies should focus on validating this 

approach and assessing its impact on patient prognosis.  
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USABILITY OF SATURATION/RESPIRATORY RATE AS A PARAMETER IN 
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ABSTRACT 

Objective: The first step of pulmonary thromboembolism (PTE) treatment management is the risk 

classification. The most commonly used scoring system for this purpose is the pulmonary embolism severity 

index (PESI). However, the large number of parameters it contains limits its usability. Therefore, the need 

for easily accessible, fast and accurate resulting parameters continues. This study was planned to evaluate 

the role of Saturation/Respiratory Rate (SPO2/RR) in determining the risk group. 

Materials and Methods: This study was conducted retrospectively in patients diagnosed with PTE between 

01.01.2020 and 01.11.2022 in Dışkapı Yıldırım Beyazıt Training and Research Hospital Emergency 

Department. Sociodemographic characteristics, vitals, laboratory results and radiological images of the 

patients were examined through the in-hospital information management system. 

Results: 188 patients were included in the study. The average age of the patients was 64.97±16.64 years. 

107(56.9%) of the patients in the study were women. When patients were divided into groups according to 

early mortality risk, 35 patients (18.6%) were high risk; 31 patients (16.4%) intermediate-high risk;65 patients 

(34.5%) were in the intermediate-low risk group and 57 patients (30.5%) were in the low-risk group. 

SpO2/RR was found 3.29±0.82;3.97±0.60;4.50±0.92;5.00±0.77 respectively(p<0.001). It was determined that 

SpO2/RR was a guide in determining the risk group. 

Conclusion: Saturation/respiratory rate can be used to determine risk groups in acute PTE and is also a 

guide in determining treatment management and mortality. 
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INTRODUCTION 

 
Pulmonary thromboembolism is an important cause of 

mortality, and its incidence increases every year (1). 

Therefore, PTE maintains its importance as a global 

burden of illness.  

 

The presenting clinic in acute PTE is variable. It may be the 

cause of cardiac arrest, or it may be diagnosed incidentally 

in imaging taken for another reason in an asymptomatic 

situation. Therefore, treatment management is also 

variable. The first step in determining treatment is to 

determine the patient's mortality risk. The most used 

scoring system for this purpose is the pulmonary 

embolism severity index (PESI). PESI was designed by 

Aujesky D et al in 2005 and includes 11 clinical predictive 

variables (2). PESI is not a fast and easily applicable scoring 

system because it contains many parameters. Therefore, 

the need for easily accessible, fast and accurate resulting 

parameters continues. 

 

Measurement of oxygen saturation in air (SpO2) with pulse 

oximetry is one of the most important parameters to be 

evaluated at the time of admission. Low oxygen saturation 

is a poor prognostic factor in PTE (3). Respiratory rate is 

another clinical parameter that should be evaluated in 

every patient. In acute PTE, hypoxia due to occlusion in 

the pulmonary artery subsequently causes 

vasoconstriction. This may result in an increase in right 

heart pressure and decompensation of the patient (4). 

Therefore, respiratory rate and saturation are guiding 

parameters in critical diseases (5). In a study conducted on 

intensive care patients, Fuentes et al. defined the 

respiratory rate as a parameter that can predict weaning 

failure by proportioning it to the oxygen level (6). It was 

stated by Myers et al. that it could predict intubation in 

COVID-19-related respiratory failure (7). In the light of 

these studies, evaluation of saturation and respiratory rate 

may be an early warning prognostic factor in PTE. For this 

purpose, the role of SpO2/RR in risk group classification 

and treatment management were evaluated. 

 

MATERIALS AND METHODS 
 

This study was designed retrospectively in patients 

diagnosed with PTE in the Emergency Department of 

Dışkapı Yıldırım Beyazıt Training and Research Hospital, 

as a single center. Because the study was designed 

retrospectively, no written informed consent form was 

obtained from patients. Artificial intelligence (AI) 

technology was not used in this study. Ethics committee 

approval was obtained with the decision of Ankara Etlik 

City Hospital Clinical Research Ethics Committee dated 

16.08.2023 and numbered AEŞH-EK1-2023-431, and it was 

conducted by following the ethical principles determined 

by the Declaration of Helsinki. 

 

Patients under 18 years of age and over 90 years of age, 

pregnant women, those who previously used long-term 

oxygen therapy due to respiratory failure, those with 

decompensated congestive heart failure, those with 

contraindications to thrombolytic therapy, and patients 

with missing data were excluded from the study. In 

addition, patients who developed acute respiratory failure 

due to pulmonary thromboembolism were included in the 

study, but patients who had previously used NIMV and 

LTOT due to chronic respiratory failure were excluded 

from the study.  

 

Demographic characteristics of the patients such as age 

and gender, additional diseases, symptoms at the time of 

admission, vital values, imaging tests (chest radiography, 

computed tomography pulmonary angiography), 

transthoracic echocardiography findings, laboratory 

values (complete blood count, biochemical tests, 

coagulation tests, D-dimer, Pro-BNP, troponin, blood gas 

values) and medical treatments were examined through 

HIMS and the Ministry of Health E-Pulse System. While 

evaluating the right ventricular dysfunction findings of 

the patients, right ventricular width and sPAP were 

examined. The sPAP values were divided into 4 separate 

groups as 24 and below, 25-35, 36-50 and over 50. The 30-

day mortality of the patients was recorded. 

 

PESI and sPESI (simplified PESI) indexes were used to 

determine risk groups by examining the comorbidities, 

vitals, blood tests, computed tomography images and 

echocardiography findings of the patients. Additionally, 

according to the current guideline of the European Society 

of Cardiology, patients were divided into risk classes as 

low risk, intermediate-low risk, intermediate-high risk 

and high risk in terms of early mortality. The saturation 

and respiratory rate which are the two criteria for the 

calculation of PESI and measured from the fingertip of 

these patients at the time of admission were evaluated. 

Patients' SpO2/RR values, risk groups, vital signs were 

examined according to mortality status and treatment 

applied, and it was checked whether there was a 

statistically significant difference between the groups. 

 

Statistical Analysis 

The data were analyzed using Statistical Package for the 

Social Sciences (SPSS) 25.0 (IBM SPSS Statistics for 

Windows, Armonk, NY: IBM Corp.). The suitability of the 

variables to normal distribution was examined using 
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visual (histogram and probability graphs) and analytical 

methods (Shapiro-Wilk test-Kolmogorov Smirrnov test), 

and parametric tests were used in normal distribution and 

non-parametric tests were used in non-normal 

distribution. Descriptive statistics were expressed as mean 

and standard deviation in normally distributed numerical 

data, median and minimum-maximum range in non-

normally distributed data, and number and percentage in 

nominal data. Numerical variables that did not show 

normal distribution were analyzed using the "Mann 

Whitney U test" between two groups and the "Kruskal 

Wallis" between three groups. Nominal data were 

evaluated between the two groups using the “Pearson Chi-

square test” or “Fisher's Exact test”. Spearman Correlation 

analysis was used to examine the relationship between 

numerical variables. In the analysis, a p-value < 0.05 was 

considered statistically significant. In ROC analysis, the 

area under the curve (AUC) was evaluated and the data 

were expressed with a 95% confidence interval. 

 

RESULTS 
 
188 patients were included in the study. The average age 

of the patients was 64.97±16.64. The demographic 

characteristics and the risk group of the patients are given 

in Table 1. Table 2 shows the patients’ blood tests, vitals, 

transthoracic echocardiography (TTE) findings and 

SPO2/RR values which are evaluated during emergency 

department admission. 

 

The patients were grouped by measuring the sPAP values 

of the patients with echocardiography (Table 2). The sPAP 

values were divided into 4 separate groups as 24 and 

below, 25-35, 36-50 and over 50. Each of these subgroups 

was compared separately according to the risk groups to 

evaluate whether there was a significant difference.  

 

According to the statistical analysis between the SPO2/RR, 

PESI and Early Mortality Risk Classes sub-groups, each 

sub-group varied significantly with one other. As the risk 

classification progressed towards higher levels, SpO2/RR 

decreased significantly (Table 3). 

 

The correlation analysis between saturation/respiratory 

rate and vital signs is shown in Table 4. A positive linear 

relationship was detected between SpO2/RR and systolic 

and diastolic blood pressure. A moderate negative linear 

relationship was detected between SpO2/RR and pulse. 

Saturation/respiratory number was found to be lower in 

patients with reperfusion treatment, while higher in 

patients who did not need thrombolytic treatment (Table 

5). There was a significant difference between the groups 

(p<0.001). With 80.6% sensitivity and 78.8% specificity, 

SpO2/RR cut off value was determined as 3.7. SpO2/RR was 

Table 1. Distribution of patients according to socio-
demographic characteristics and risk classifications 

 All patients 188 (100%) N(%) Mean±sd  

Age, years  64.97±16.64 

Gender Women 107 (56.9%) 

 Men 81 (43.1%) 

Acquired risk 
factor 

 174 (92.6%) 

 Immobilization 87(46.3%) 

Comorbidity  128 (68.1%) 

 Hypertension 73 (38.8%) 

 Diabetes Mellitus 40 (21.3%) 

 COPD* 30(15.9%) 

Symptoms  185 (98.4%) 

 Shortness Of 
Breath 

149 (79.3%) 

 Chest Pain 101 (53.7%) 

PESI 
classification 

Low risk 67 (35.6%) 

 Medium risk 44 (23.4%) 

 High risk 77 (41%) 

sPESI 
classification 

Low risk 58 (30.9%) 

 High risk 130 (69.1%) 

Evaluation of 
groups 
according  
to early 
mortality risk  

Low risk 

Medium-low risk 

Medium-high risk 

High risk 

 

56 (29.7%) 

64 (34.0%) 

32 (17.0%) 

36 (19.1%) 

 

* Chronic obstructive pulmonary disease 

 
  

 

Figure 1. Roc analysis in mortality prediction of 
saturation/respiratory rate in pulmonary thromboembolism 
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treatment (AUC: 0.863, 95 %CI 0.803-0.924, p <0.001). ROC 

analysis was given in Figure 1. 21 (11%) of the patients 

included in the study died within 30 days of follow-up. 

When the risk groups of the deceased patients were 

evaluated, 9 patients (25%) were in the high-risk group, 7 

patients (21.8%) were in the intermediate-high risk group, 

and 5 patients (7.8%) were in the intermediate-low risk 

group. It was observed that there were no deceased 

patients in the low-risk group. 

When the saturation/respiratory number was evaluated 

according to mortality, it was found to be lower in 

deceased patients. There was a significant difference 

between the groups (p=0.003) (Table 5). With 68.3% 

sensitivity and 71.4% specificity, SpO2/RR cut off value 

was determined as 3.9. SpO2/RR was found to be decisive 

in mortality estimation (AUC: 0.702, 95 %CI 0.593-0.812, p 

<0.001). ROC analysis was given in Figure 2. 

 

DISCUSSION 
 
Pulmonary thromboembolism is a cardiovascular 

emergency that develops as a result of varying degrees of 

obstruction of the pulmonary arteries. The clinical picture 

varies depending on the degree of obstruction in the 

vascular bed. It may result in sudden death, or it may be 

encountered incidentally during imaging taken for 

another reason in an asymptomatic condition. The risk of 

30-day mortality should be evaluated to make the 

treatment approach correctly. The most commonly used 

scoring systems in this prognostic assessment are the PESI 

and sPESI. The fact that these risk classification systems 

contain multiple parameters restricts the use of physicians. 

Therefore, the need for easily accessible, fast and accurate 

resulting parameters continues. This study was designed 

to evaluate the usability of SpO2/RR in risk classification. 

Acute PTE is often considered a disease of old age (8). In 

our study, the average age of the patients was 64.9 years. 

Although the clinical picture in acute PTE is variable, the 

most common symptoms are shortness of breath and chest 

pain (9). In our study, the most common symptoms were 

shortness of breath and chest pain. 

 

Figure 2 ROC Analysis in Mortality Prediction of 
Saturation/Respiratory Rate in Pulmonary 
Thromboembolism 

Table 3. Evaluation of saturation/respiratory rate according to 

risk groups 

  Saturation/ 
respiratory rate 
(Min-Max)  

p value 

PESI risk 
classification 

High risk 3.67 (1.43-6.64)  
0.004* 

Medium risk 4.50 (3.33-5.81) 
Low risk 5.06 (3.46-7) 

sPESI risk 
classification 

High risk 4.00 (1.43-6.64) <0.001** 
Low risk 5.08 (3.54-7) 

Classification 
according to 
early 
mortality 
risk 

High risk 3.42 (1.43-5.28) <0.001* 
Medium high 
risk 

3.91 (2.36-5.5) 

Medium low 
risk 

4.50 (2.11-6.64) 

Low risk 5.11 (3.54-7) 

* Kruskal Wallis-H Test was applied. ** Mann-Whitney U analysis was 

applied. 

Table 4. Correlation analysis results between 
saturation/respiratory rate and vital signs 

 Systolic 
blood 
pressure  

Diastolic 
blood 
pressure 

Pulse Respiratory 
rate 

SpO2/RR*  r 0.262 r 0.177 r -0.346 r -0.954 
  p<0.001 p<0.001 p<0.001 

* SpO2/RR: Saturation/respiratory rate. Spearmen correlation analysis 

was performed. 

Table 5. Evaluation of saturation/respiratory rate according to 
reperfusion therapy and mortality status 

  SpO2/RR* 
Median  
(Min-Max) 

p 
value** 

Treatment Reperfusion 
therapy 

  

N=33 (%17.6) 3.42 (2.80-3.75) <0.001 

 Absence of 
reperfusion 

4.50 (3.91-5.28)  

N=155 (%82.4) 

Mortality 
Status 

Ongoing 
survival 

  

N=167 (%89) 4.50 (3.71-5.22) 0.003 

 Mortality 
recorded 

  

N=21 (%11) 3.73 (3.29-4.15) 

*SpO2/RR: Saturation/respiratory rate ** Mann-Whitney U analysis was applied. 
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The development of right ventricular dysfunction in 

intermediate and high-risk PTE may cause a decrease in 

cardiac output. This may disrupt renal perfusion and 

cause an increase in urea. In the study conducted by Gök 

et al., right ventricular dysfunction was associated with 

intra -hospital mortality (10). Our study also showed that 

high-risk patients had renal dysfunction. This condition 

was associated with right ventricular dysfunction. 

 

In the meta-analysis conducted by Wang et al., it was 

stated that lactate level was associated with short- and 

long-term mortality, but it was stated that more studies 

were needed to evaluate it according to risk groups (11). 

In our study, lactate was observed to be significantly 

higher in the high-risk group. Hypoxia due to vascular 

obstruction in PTE is associated with increased lactate and 

may be a guide in determining the risk groups of patients. 

 

D-dimer is one of the fibrin degradation products which is 

formed as a result of the endogenous fibrinolytic system 

breaking down the thrombus. It is frequently used in the 

diagnosis and exclusion of PTE along with clinical 

probability scores. However, it has been reported that d-

dimer is higher in patients with high thrombus burden 

and reported to be predictive of right ventricular 

dysfunction (12). In our study, when patients were 

separated according to risk groups, it was observed that d-

dimer levels were lower in low-risk PTE, where thrombus 

burden was less. 

 

Brain natriuretic peptide and NT-proBNP are released as 

a result of increased ventricular filling pressure or in cases 

of myocardial ischemia. Elevated natriuretic peptide levels 

in acute PTE are associated with right ventricular (RV) 

dysfunction. Chen et al. stated that NT-proBNP is a very 

sensitive marker in determining RV dysfunction and 

mortality, and if it is detected low, mortality is 

significantly reduced (13). In the study conducted by Chen 

et al., it was stated that proBNP was higher in high-risk 

PTE patients and could be used in treatment management 

(13). In our study, NT-proBNP levels were found to be 

lower in the intermediate-low and low-risk groups. 

Because it is associated with right ventricular dysfunction, 

it can be used in treatment management in intermediate-

high and intermediate-low risk groups. 

 

In acute PTE, perfusion decreases because of occlusion of 

the vascular bed. This results in hypoxemia and reduced 

oxygen supply to tissues (14). Additionally, mechanical 

occlusion of the vascular bed by thrombus causes hypoxic 

vasoconstriction of the pulmonary arterial system. This 

results in an increase in pulmonary vascular resistance 

(PVD) and pulmonary artery pressure (PAP). A sudden 

increase in PAP may cause dilation and dysfunction in the 

RV, resulting in hypotensive shock (15). Therefore, 

hypoxia is a poor prognostic factor in acute PTE (16). In 

our study, saturation was observed to be lower in the high-

risk group, while it was higher in the low-risk group. 

Respiratory rate is the first parameter that should be 

evaluated in every patient presenting with shortness of 

breath. It is also included as a component in PESI. 

Tachypnea is associated with adverse outcomes in patients 

with PTE (2). In the study conducted by Becattini et al., it 

was stated that respiratory rate was a guide in grouping 

intermediate-risk PTE patients as intermediate-low and 

intermediate-high (4). In our study, it was shown that the 

respiratory rate was lower in low-risk patients. 

 

In 2019, Roca et al evaluated saturation and respiratory 

rate in determining the need for intubation in patients with 

acute hypoxemic respiratory failure due to pneumonia 

and monitored with high-flow nasal oxygen. They defined 

the ratio of these two parameters as the ROX index and 

described it as a parameter that can be easily used at the 

bedside to determine the need for intubation (17). It was 

later defined as an important parameter that should be 

evaluated in critical diseases (6,7). In his study, Jolobe 

pointed out that respiratory rate is a guiding parameter 

and its accurate measurement in patients with suspected 

pulmonary embolism (18). In our study, when patients 

were divided into groups according to risk groups, the 

increase in SpO2/RR was associated with low-risk disease. 

There was a significant difference between the groups 

when evaluated according to both PESI and early 

mortality risk.  SpO2/RR is a simple, easily applicable 

parameter that should be evaluated in each patient and 

can be used to determine risk classification. 

 

In high-risk PTE associated with hemodynamic instability, 

deaths usually occur within the first hours. There is still a 

need for parameters that can be applied quickly and 

provide accurate results in the detection of these patients. 

In the study conducted by Vedovati et al., the ratio of 

oxygen saturation to respiratory rate was called 

respiratory index and was shown to be an independent 

determinant of mortality in hemodynamically stable PTE 

patients (19). When the patients who received reperfusion 

therapy were examined, it was seen that SpO2/RR was 

lower.. In addition, SpO2/RR was lower in mortal patients 

and higher in surviving patients and was a guide for 

mortality evaluation. 

 

Our study has some limitations. Although we excluded 

patients with previously known heart failure, previous 

TTE findings of the patients included in the study were 

mostly unknown, so it is not clear whether right 
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ventricular dysfunction is associated with acute 

pulmonary thromboembolism. In addition, due to its 

retrospective design, the respiratory rate was obtained by 

scanning the files and it was not known for how many 

seconds it was evaluated. An evaluation could not be 

made between the rate at which the respiratory rate 

returned to normal and mortality. The fact that it was 

performed in a single center is another situation that 

causes limitations. Supporting it with multicenter studies 

will increase the value of our study. 

 

CONCLUSION  
 

As a result, SpO2/RR, which includes the first parameters 

that should be evaluated in every patient presenting with 

respiratory distress, can be an important early warning 

risk factor both in determining the risk group and 

management of treatment and in determining mortality in 

acute PTE patients. This parameter, which is easily and 

quickly applied with the advantage of being evaluated at 

the bedside, can be used in emergency departments. 
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ABSTRACT 

Objective: The study aimed to evaluate the accuracy and agreement of clinicians with different education 

levels and clinical experience in periodontitis diagnosis and treatment planning. 

Materials and Methods: Depending on the stage, grade, and extent components of periodontitis, a 

consensus diagnosis and treatment plan document prepared by two experienced periodontists was used as 

a gold-standard. An anonymous survey including 10 periodontitis cases was given to 15 participants (5 

periodontal experts (PE), 5 postgraduate periodontology students (PS), and 5 undergraduate dental students 

(DS)) and asked them to classify each case depending on the components of the disease and select their 

treatment plan from a multiple-choice questionnaire including 11 dental treatment options. The accuracy of 

the responses was detected by referring to the gold-standard and inter-examiner agreement levels were also 

assessed. 

Results: Except grade, no significant inter-group difference was found in the periodontitis components and 

this difference only existed in the PE group (p=0.012). PE group gave more accurate treatment planning 

responses compared to others. The agreement levels of all examiners for stage, grade, and extent were fair 

(κ=0.366, 0.222, and 0.287, respectively). Treatment planning showed low agreement (κ<0.31) except tooth 

extraction option (κ=0.554). Both diagnosis and treatment planning responses showed significant variations 

amongst groups. 

Conclusion: Although education level and experience showed superiority in terms of periodontitis 

diagnosis and treatment planning, the results with low accuracy indicate the need for calibration to reduce 

the variations and enhance the accuracy. 
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INTRODUCTION 

 

According to the recent periodontitis classification system 

(1), periodontitis is diagnosed by using interdental clinical 

attachment loss (CAL) as the primary criterion, followed 

by radiographic bone loss (RBL) (2). Once the diagnosis is 

achieved, the extent, stage, and grade of the disease are 

also recorded (3) together with the risk and complexity 

factors to highlight the largeness, severity, and the 

progression rate of the disease. All these data are used to 

determine the individual aspects of periodontitis in each 

case and develop personalized prevention and treatment 

planning, accordingly (3-6).  

 

Clinical decision-making is a complex process that is 

influenced by a wide variety of clinical and non-clinical 

factors such as clinicians’ educational level, experience, 

personal characteristics, daily work overload, and place of 

initial training (7-9) that create variety in the diagnosis and 

treatment planning amongst the clinicians. The correct 

diagnosis of periodontal disease is essential for the initial 

step of a successful treatment, as erroneous diagnoses may 

result in either undertreatment, overtreatment, or 

unnecessary applications.  

 

Concerning the recent periodontitis classification, 

previous studies reported high variations in accuracy and 

agreement levels for the diagnosis of periodontitis cases 

amongst examiners with different educational levels (10-

14). Moreover, age, gender, clinical experience, education, 

faith, socio-economic, and guidelines may affect the 

decision process causing increased variations between 

examiners. However, the number of studies investigating 

the variations between examiners by considering the 

education level and clinical experience in the use of the 

recent periodontitis classification in periodontal diagnosis 

and treatment planning is limited (12, 13). In the light of 

this information, the study hypothesizes that the 

variations between students and experts will be high. The 

purpose of the present study was to evaluate the variations 

and agreement between final-year dental students, 

postgraduate periodontology students, and periodontal 

expert groups in the implementation of the recent 

classification in periodontitis diagnosis and treatment 

planning. 

 
MATERIALS AND METHODS 
 

This study was conducted at the Department of 

Periodontology, Hacettepe University from April to 

November 2021 and was approved by the Ethical 

Committee of Hacettepe University, (GO 21/427). All 

participants were informed about the study and signed the 

informed consent forms. 

 

Study design and survey 
A survey consisting of 10 periodontitis cases was 

presented to the participants. They were asked to classify 

each case using stage, grade, and extent and then mark 

their treatment options. Fifteen participants were selected 

for the study and equally divided into three groups 

according to their education level and expertise in 

periodontology: (i) Periodontal experts (PE) selected 

amongst certified periodontists, (ii) Postgraduate 

periodontology students (PS) with three years of clinical 

experience, and (iii) Final year undergraduate dental 

students (DS)  

 

Preparation of periodontitis cases 
For the questionnaire, two experienced periodontists (N.T 

and H.G.K) who did not participate in the evaluation 

selected a total of 10 periodontitis cases based on the recent 

classification criteria and determined the correct diagnosis 

and treatment plan responses (gold-standard) using the S3 

clinical practice guideline, published by the European 

Federation of Periodontology (5) (Table S1). The selected 

cases included various stages and grades of periodontitis 

excluding other forms of the disease.  

 

Following information was included in the basic records 

of each case (Table S1): (i) age and gender, (ii) pertinent 

medical history, systemic diseases, and medication, (iii) 

smoking (number of cigarettes/ day), (iv) HbA1c values in 

diabetic patients, (v) dental history (gingival bleeding, 

tooth mobility, family history of periodontitis, use of 

interdental oral hygiene devices, parafunctional habits, 

previous periodontal treatment, the last dental 

examination and professional oral hygiene procedure (≤1 

year, >1 year or >3 years), and the number of tooth loss 

attributable to periodontitis, (vi) periodontal charting 

including (1) full-mouth plaque and bleeding scores 

(FMPS and FMBS), (2) bleeding on probing (BOP; +, -), (3) 

probing depth (PD) and CAL (recorded at six sites per 

tooth of the entire dentition), (4) furcation involvement 

(FI)(15), and (5) mobility (16), and (vii) radiographs 

(periapical and/or panoramic).  

 

Diagnosis and treatment planning of periodontitis 
cases 
According to the recent classification and treatment 

guidelines, the cases presented multiple options for 

diagnosis and treatment plans (5). The diagnosis options 

for each case were as follows: a) Stage: I / II /III / IV b) 

Grade: A/ B/ C c) Extent: Localized/ Generalized 
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The treatment plan options for the cases were as follows: 

a) tooth extraction, b) mechanical supragingival 

plaque/calculus removal, c) subgingival instrumentation, 

d) repeated subgingival instrumentation, e) resective 

periodontal surgery for pocket elimination, f) regenerative 

periodontal surgery for pocket elimination, g) resective 

periodontal surgery for furcation involvement, h) 

regenerative periodontal surgery for furcation 

involvement, i) supportive periodontal care > 6 months, j) 

supportive periodontal care < 6 months, and k) adjunctive 

therapies (host modulation, laser/ photodynamic therapy, 

subgingival antimicrobial, systemic antibiotics). 

 

Statistical analysis  
Qualitative data were expressed as numbers and 

percentages. The inter-examiner level of agreement was 

evaluated using the Fleiss Kappa statistics. The kappa 

value coefficient was interpreted according to the criteria 

proposed by Landis and Koch: less than 0.00 poor 

agreement, 0.01 to 0.20 slight agreement, 0.21 to 0.40 fair 

agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 

substantial agreement, and 0.81 to 1.00 almost perfect 

agreement (17). The rates of correct diagnosis between 

groups were calculated by comparing the column 

percentages by applying Bonferroni correction. The 

significance level was set at 5%. The data were analyzed 

with a statistical software package (IBM SPSS Statistics 

version 26.0). 

 

RESULTS 
 
Gold-standard diagnosis and treatment plans for each case 

were given in Table S1. Accordingly, the distribution of 

periodontitis cases by stage, grade, and extent was as 

follows: 1 case was defined as stage I (10%), 2 as II (20%), 

5 as III (50%), and 2 as IV (20%); 1 was assigned to grade A 

(10%), 3 to grade B (30%), and 6 to grade C (60%), and 8 

were assessed as generalized (80%) and 2 as localized 

(20%).  

 
Accuracy the diagnosis responses compared to the 
gold-standard (Table 1) 
The majority of the examiners selected the correct stage 

(58.7%), grade (53.3%), and extent (78%) responses for the 

periodontitis cases. The correct response rate for the stage 

component was highest in the PS group (66%), but no 

significant inter-group difference was found (p=0.296). DS 

diagnosed the grade component less accurately (38%) than 

PE and PS (68% and 54%, respectively) and the difference 

was statistically significant (p=0.012). 88% of PE, 72% of PS, 

and 74% of DS diagnosed the extent accurately, without 

any significant intergroup difference. 

 

Table 1. Accuracy of the diagnosis responses compared to the gold-standard 
 

DS PS PE Inter-
examiner 

All examiners 

correct 
response 

% correct 
response 

% correct 
response 

%  p-value correct 
response 

% 

Stage 25/50a                           50 33/50a                           66 30/50a                           60 0.296 88/150a                           58.7 

(I-IV) 

I 2/5 40 4/5 80 2/5 40 
 

8/15 53 

II 5/10 50 6/10 60 9/10 90 
 

20/30 67 

III 10/25 40 17/25 68 13/25 52 
 

40/75 53 

IV 8/10 80 6/10 60 6/10 60 
 

17/30 57 

Grade (A-
C) 

19/50b                   38 27/50a,b  54 34/50a  68 0.012 80/150  53.3 

A 1/5 20 2/5 40 2/5 40 
 

8/15 53 

B 5/15 33 5/15 33 6/15 40 
 

16/45 36 

C 13/30 43 20/30 67 26/30 87 
 

59/90 66 

Extent 37/50a  74 36/50a  72 44/50a  88 0.141 117/150  78 

Each subscript letter denotes a subset of group categories whose column proportions do not differ significantly from each other at the .05 level. DS: 

dental student, PS: postgraduate periodontology students, and PE: periodontal expert 
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Accuracy of the treatment plan responses 
compared to gold-standard (Table 2) 
The responses regarding the treatment option of tooth 

extraction, mechanical supragingival, and subgingival 

instrumentation showed a high rate of accuracy. In 

contrast, the highest inaccuracy existed in the supportive 

periodontal care option. Surgical periodontal treatment 

options showed high or moderate accuracy, particularly 

with the highest errors in cases 2, 3, 8, and 9. The PE group 

chose the most accurate responses compared to others. 

Regarding the furcation treatment option, the highest 

errors were seen in cases numbers 2,3, and 9. 

 
Agreement of diagnosis across examiners (Table 3) 
The agreement levels of all examiners were fair for either 

stage (κ=0.366), grade (κ=0.222), or extent (κ=0.287) 

components, respectively. PE showed moderate 

agreement for stage and extent (κ=0.498 and κ=0.5) and fair 

agreement for grade (κ=0.4). The agreement level of PS 

group was moderate for stage and extent (κ=0.442 and 

κ=0.542), and slight for grade (κ=0.159). DS group showed 

fair agreement for stage and grade (κ=0.29 and κ=0.108), 

while showed poor agreement for extent (κ=0). 

 

Agreement of treatment planning across examiners 
All examiners showed the highest agreement for tooth 

extraction (κ=0.554), while there was a poor agreement for 

all mechanical instrumentation options. Fair levels of 

agreement were exhibited in resective periodontal surgery 

option for pocket elimination (κ=0.255) and furcation 

involvement (κ=0.31). All examiners had slight levels of 

agreement for the following options: regenerative 

periodontal surgery (κ=0.161 and κ=0.073), supportive 

periodontal care (κ=0.106 and κ=0.092), and adjunctive 

therapy (κ=0.06) (Table 3).  

 
DS group mostly showed low agreement for all treatment 

options except tooth extraction (κ=0.65). While PS group 

had a poor agreement level for non-surgical treatment 

options (mechanical supragingival plaque/calculus 

removal, subgingival instrumentation, and repeated 

subgingival instrumentation) and supportive periodontal 

care and had low consistency for resective and 

regenerative periodontal surgeries for both pocket 

elimination and furcation involvement. PE group showed 

almost a perfect agreement level for tooth extraction (κ=0.811). 

PE group showed low consistency for the other treatment options 

Table 3. Intra and inter-examiner agreement regarding the diagnosis and treatment plan 

     DS (n= 5) PS (n= 5)  PE (n = 5) Overall (n=15) 

  Kappa p- 
value 

Kappa p-
value 

Kappa p-
value 

Kappa p-
value 

Diagnosis 
 

  
 

  
 

  
 

  

Stage 0.290 <0.001 0.442 <0.001 0.498 <0.001 0.366 <0.001 

Grade 0.108 0.089 0.159 0.017 0.4 <0.001 0.222 <0.001 

Extent 0 0.5 0.542 <0.001 0.5 <0.001 0.287 <0.001 

Treatment plan 
 

  
 

  
 

  
 

  

Tooth extraction 0.65 <0.001 0.397 <0.001 0.811 <0.001 0.554 <0.001 

Mechanical supragingival plaque/calculus 
removal   

. . -0.02 0.581 . . -0.007 0.586 

Subgingival instrumentation (SRP) 0.053 0.298 -0.111 0.867 -0.064 0.738 -0.002 0.521 

Repeated subgingival instrumentation (SRP) -0.146 0.928 -0.114 0.873 0.064 0.261 -0.047 0.935 

Resective periodontal surgery for pocket 
elimination 

0.039 0.35 0.175 0.04 0.548 <0.001 0.255 <0.001 

Regenerative periodontal surgery for pocket 
elimination 

-0.011 0.544 0.343 <0.001 0.235 0.009 0.161 <0.001 

Resective periodontal surgery for furcation 
involvement 

0.324 0.001 0.323 0.001 0.222 0.013 0.31 <0.001 

Regenerative periodontal surgery for 
furcation involvement 

0.035 0.363 0.253 0.006 0.31 0.001 0.073 0.009 

Supportive periodontal care >6 month 0.222 0.013 -0.025 0.599 0.324 0.001 0.106 <0.001 

Supportive periodontal care <6 month 0.148 0.07 -0.025 0.599 0.324 0.001 0.092 0.002 

Adjunctive therapies (Host modulation, 
Laser/ photodynamic therapy, subgingival 
antimicrobial, systemic antibiotics)  

0.119 0.118 0.066 0.254 0.039 0.35 0.06 0.026 

<0.00 poor agreement, 0.01 to 0.20 slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement 0.61 to 0.80 substantial agreement, 

and 0.81 to 1.00 almost perfect agreement DS: dental student, PS: postgraduate periodontology students, PE: periodontal expert, and SRP: scaling and 

root planning, 
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except resective periodontal surgery for pocket elimination 

(κ=0.548) (Table 3). 

 

DISCUSSION 
 

This study aimed to evaluate the impact of the education 

level and clinical experience, which are non-clinical factors, 

on diagnosis and treatment planning of periodontitis cases 

by referring the recent periodontitis classification. The 

results demonstrated that final-year dental students, 

postgraduate periodontology students, and periodontal 

experts had low to moderate accuracy in diagnosis and 

low agreement in treatment planning. 

 

Considering the stage, grade, and extent components of 

periodontitis, the highest accuracy belonged to the extent 

parameter probably due to its relatively uncomplicated 

determination method carried out by calculating the rate 

of affected teeth to whole dentition whereas stage and 

grade determination requires detailed RBL and CAL 

measurements as well as the comprehensive evaluation of 

patient’s age, risk factors, tooth loss due to periodontitis 

that makes their decision-process more complicated and 

thereby increasing the error rates. The low accuracy levels 

of DS and PS groups in determining grade levels also 

supported this phenomenon that shows consistency with 

the findings of Gandhi et al. (12). 

 

In a similar study, Abou-Arraj et al. (13) gave the 

diagnostic options to the participants by preparing a 

questionnaire, not compatible with the clinical reality of 

the diagnostic process, including only the randomly 

selected cases diagnosed with various combinations of 

stage, grade, and extent. Instead, a case list including all 

response possibilities was preferred in the present study 

and as result, overall accuracy rates related to stage, grade, 

and extent were 58.7%, 53.3%, and 78%, respectively. 

These results were consistent with the stage and extent 

findings of Ravidà et al. (18) (stage: 68.9%, grade: 73.8%, 

and extent: 80.7%) and Abrahamian et al. (10) (stage: 68.7%, 

grade: 82.4%, and extent: 75.5%) and with the extent 

results of Marini et al. (11) (stage: 76%, grade: 71.4%, extent: 

82.6%, and overall: 47.2%). The lower grade and stage 

scores compared to the relevant literature might be 

associated with the interindividual evaluation differences 

(8) owing to the absence of participants with higher 

expertise in periodontics or without an attendance to any 

special training prior to the study. On the other hand, the 

higher accuracy in the extent compared to the stage and 

grade components of all studies can be attributed to the 

errors made in the determination of CAL and bone loss 

that make the diagnostic process multidimensional and 

complex in the recent periodontitis classification. 

 

It was seen that stage component itself did not show an 

influence on the accuracy of diagnosis. On the contrary, 

compared to grade C, a lower accuracy was detected for 

grades A and B probably due to the obvious characteristics 

of grade C cases such as high bone loss/age ratio and risk 

factors, and these findings were in line with Marini et al 

(11). On the other hand, it was observed that the 

participants could add the risk factors to the equation with 

less accuracy in the detection of grade component 

revealing the need to improve the knowledge and 

experience of the clinicians by considering the quantitative 

effect of these factors on the diagnosis. 

The S3-level clinical practice guideline recommends that 

supportive periodontal care visits should be scheduled 

between 3- and 12-month intervals, and ought to be 

personalized according to the patient’s risk profile and 

periodontal conditions after active therapy (5). In the 

present study, the responses regarding to supportive 

periodontal care showed high inaccuracy. As a possible 

reason, although guidelines provide advantages in 

reducing variations, their availability did not guarantee 

their use possibly due to lack of interest, lack of agreement, 

lack of involvement, lack of outcome expectancy, lack of 

time, and fear of restricted professional autonomy (19). 

Therefore, the importance of supportive periodontal care, 

which was repeatedly highlighted by guidelines in the 

decision-making process, should be supported by 

education and experience. In detail, the present findings 

may also associated with the relatively novel decision-

making process of supportive care by including the risk 

factors to the determination of grade component (20). On 

the other hand, the responses regarding to surgical 

periodontal treatment option generally showed high or 

moderate accuracy. This may be due to the intensive 

preference of surgical interventions instead of preventive 

medicine in the country. However, the error tendency was 

higher in the selection of regenerative/resective 

periodontal surgery specifically for cases 2,3,8, and 9. This 

may be related to erroneous diagnosis and/or lack of 

knowledge in surgical treatment planning (18).  

In general, the agreement on the diagnosis was fair 

amongst all examiners. While it was lower in dental 

students (DS), periodontal experts (PE) showed better 

within-group agreement showing the influence of 

different education and experience levels to the 

compliance and variations in diagnosis. Consistent with 

our findings, Marini et al. (11) reported lower accuracy 

and inter-rater agreement of DS compared to PE in 

evaluating the stage and grade components of 

periodontitis. Similar to diagnosis, PE had a higher 

agreement in treatment planning compared to other 

participants and except tooth extraction (moderate 



  

 
 March 2025 (1): 86-93 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1554691 

 

92 

 

agreement), a poor to fair agreement was detected for all 

treatment modalities amongst the participants. These 

findings were in line with the relevant studies (12, 21, 22) 

and might indicate the lack of calibration, education, 

experience, and up-to-date information amongst the 

participants showing the necessity of advancement in the 

training and experience of the participants. 

 

CONCLUSION  
 
Limitations of this study were the small number of 

examiners and periodontitis cases. Within these 

limitations, the present findings showed that except the 

extent component, clinicians still cannot reach a high level 

of accuracy in periodontitis diagnosis referring to the 

recent periodontitis classification. Moreover, different 

education levels and clinical experience that caused high 

variations do not affect the accuracy of the decision for 

stage and extent but the grade which seems much more 

complicated and inconsistent amongst the clinicians. In 

terms of treatment planning, education level and 

experience provide differences in making decisions about 

phase I therapy, tooth extraction and supportive 

periodontal care. However, on the whole, the results with 

low accuracy show that the classification could not be 

implemented to various clinical scenarios and the 

education level and clinical experience lead to variations 

in clinical practice. To reduce the variations and enhance 

the levels of accuracy in classifying and planning the 

treatment of periodontitis cases, encouraging the use of 

guidelines and supporting clinical experience with 

supportive training can be recommended.  
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ABSTRACT 

Objective: This study aimed to examine the impact of repeated use of different implant impression analogs 

on the accuracy of the resulting impressions. 

Materials and Methods: Implant bodies from three brands (Group SA: Straumann, Switzerland; Group DA: 

Dio Implant, South Korea; and Group MA: Mode Implant, Turkey) were used to create master models. Five 

reference casts were then fabricated for each brand (n=5) from these master models. Ten impressions were 

taken from each reference cast using the same analogs, which were sterilized between each impression. Both 

the reference and working casts were digitized using a three-dimensional scanner. The working casts were 

aligned with their respective reference casts using software (Geomagic, USA). One-way ANOVA was used 

to compare the groups, while repeated-measures ANOVA was used to compare the impressions within each 

group. Multiple comparisons were performed using the Bonferroni, Tukey’s HSD, and Tamhane's T2 tests, 

with significance set at p<0.05. 

Results: The RMS value for Group SA was 0.002 mm for the first impression, while the first impression RMS 

values for the other two groups were 0.04 mm and 0.03 mm, respectively. By the tenth impression, the RMS 

value for Group SA had increased to 0.08 mm, while the tenth impression RMS values for Groups DA and 

MA had reached 0.14 mm. Group SA demonstrated statistically significant differences after the third 

impression, whereas Groups DA and MA exhibited significant differences after the first impression. 

Conclusion: The results of this in vitro study demonstrated that repeated use of the same implant 

impression analog had a negative impact on impression accuracy. 

 

Keywords: Dental implants, Dental prosthesis, Impression technic

Received: 27 November 2024 

Revised: 19 January 2025 

Accepted: 10 February 2025 

Published: 20 March 2025 

 

Copyright: © 2025 by the 

authors. Published by Aydın 

Adnan Menderes University, 

Faculty of Medicine and 

Faculty of Dentistry. This article 

is openly accessible under the 

Creative Commons 

Attribution-NonCommercial 

4.0 International (CC BY-NC 

4.0) License. 

mailto:tahamanav@gmail.com
https://orcid.org/0000-0002-8488-9681
https://orcid.org/0000-0003-4924-608X
https://orcid.org/0000-0003-2417-7372


  

 
 March 2025 (1):94-100 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1590982 

 

95 

 

INTRODUCTION 
 
Dental implant prosthetics represent one of the most 

rapidly expanding fields of dentistry with a notable 

impact on patient satisfaction. By expanding the range of 

possible treatments, these prosthetics have enabled the 

application of fixed implant-supported restorations in a 

variety of cases, thereby meeting patients' functional and 

aesthetic expectations more effectively (1). 

 

When implant-supported fixed restorations are seated on 

abutments and do not create static loads within the 

prosthetic system or surrounding bone tissue, this 

condition is referred to as passive fit. A passive fit 

represents the optimal compatibility between the implant 

and prosthetic components. The attainment of passive fit 

is contingent on the implementation of a meticulous 

impression procedure (2). 

 

Impressions in implant prosthetics can be obtained using 

a variety of techniques, which are broadly classified as 

conventional or digital. Impressions of conventional 

implants may be performed using either open-tray or 

closed-tray techniques. Impressions from implants differ 

from those from natural teeth in that they involve the use 

of impression copings and analogs, which vary depending 

on the chosen method and are screwed onto the implants. 

Impression copings, analogs, and screws connecting these 

components are critical elements that must be used with 

precision as they are essential for ensuring the accuracy of 

conventional implant impressions. The analog serves to 

replicate the implant embedded within the alveolar bone 

within the working cast, and remains a constituent part of 

the cast throughout the prosthetic fabrication process (3). 

A multitude of variables can affect impression accuracy. In 

conventional techniques, several factors can influence the 

accuracy of the impression, including the selected method 

of impression, modifications to the impression copings, 

manner of connection of the copings to the analogs, 

dimensional stability of the gypsum used for cast 

fabrication, number of implants, angulation of the 

implants, and depth of the implants (4,5). 

 

Manufacturers recommend that impression copings and 

analogs be used only once (6). However, owing to 

concerns regarding the cost and environmental impacts, 

these components are frequently reused. In light of these 

considerations, it is imperative to establish evidence-based 

guidelines for the reuse of impression components rather 

than relying on clinician preference. 

 

The existing literature contains several studies on the 

reuse of implant components (7,8). Although studies have 

been conducted on the impact of reusing impression 

copings on impression accuracy, research on the effect of 

reusing impression analogs remains limited (8,9). The 

primary aim of this study was to evaluate the effect of the 

repeated use of impression analogs from three different 

implant brands on impression accuracy and surface 

changes, both within and between brands. The null 

hypothesis of this study was that the repeated use of 

impression analogs has no effect on impression accuracy. 

 
MATERIALS AND METHODS 
 

The objective of this study was to assess the influence of 

the repeated use of implant analogs on the accuracy of 

impressions. The present study was approved by the 

Hatay Mustafa Kemal University Non-Interventional 

Clinical Research Ethics Committee (Approval date: April 

14, 2022; decision number: 34). 

 

Three master models were prepared for the three different 

implant brands to simulate an intraoral scenario with a 

missing maxillary first molar (tooth #16). To this end, tooth 

#16 regions were removed from the maxillary models 

(Frasaco Study Model ANA 4; Frasaco GmbH, Germany). 

Implant bodies from three different brands (Straumann 4.1 

mm Bone Level, Dio UFII 4.5 mm Bone Level, Mode 4.5 

mm Bone Level) were placed in the respective models with 

the aid of a parallelometer to ensure accurate positioning 

(Table 1). The implants were positioned within the sockets 

of tooth #16 until the implant neck was reached and then 

stabilized with cold acrylic resin (Integra, United Dental 

Group, Turkey). This process resulted in the creation of 

three maxillary models, which were divided into three 

groups. The resulting groups were designated as Group 

SA, Group DA, and Group MA. 

For each group, five reference casts were produced using 

a conventional impression technique with A-type silicone 

material (Zhermack Hydrorise, Italy). The reference casts 

Table 1. Details of dental implant analogs 

Groups Product 
Reference 
Number 

Material Brand 

Group 
SA 

RC 
Bone 
Level 

Implant 
Analog 

025.4101 

Titanium 
Alloy 

(Ti-6Al-
7Nb) 

Straumann, 
Straumann 

Group 

Group 
DA 

UFII 
Fixture 
Analog 
Regular 

SSFA4012 Titanium 

Dio 
Implant, 

Dio 
Implant 

Co. 

Group 
MA 

Analog 
RP 

08.00.00.35 

Stainless 
steel-

Cobalt 
alloy 

Mode 
Implant, 

Mode 
Medikal 
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were digitized using an intraoral digital scanner (YouJoy 

Pioneering Park C, China) and saved in STL format for 

subsequent analysis. 

 

Subsequently, repeated impressions were obtained from 

each reference cast until 10 working casts were obtained 

for each reference cast. Similarly, impressions were 

obtained using an A-type silicone material (Zhermack 

Hydrorise, Italy). To ensure accurate implant analog 

connections, a gingival simulator (Gingifast Rigid; 

Zhermack, Italy) was applied to the implant-level 

impressions to create a precise replica of the gingival 

margin. Subsequently, the impressions were poured with 

Type 4 gypsum (Elite Rock, Zhermack, Italy) to fabricate 

the working casts, which were then digitized and exported 

in the STL format. 

 

For reuse, the implant analogs were meticulously 

extracted from the gypsum casts using a mechanical 

breaking device (GERATECH Landmaschinen GmbH, 

Thuringia, Germany). The analogs were manually cleaned 

for a period of two minutes using a soft nylon brush. 

Subsequently, the implant analogs were sterilized in an 

autoclave (Sumer Inc., Turkey) at 134°C for ten minutes, 

followed by a fifteen-minute drying process. The same 

implant analogs were utilized for subsequent impressions, 

although new impression copings and screws were used. 

This procedure was repeated ten times for each reference 

cast, resulting in a total of 50 working casts per group. 

 

Digital working and reference casts were analyzed using 

Geomagic Control X software (Geomagic, USA). Prior to 

undertaking three-dimensional analyses, the reference 

casts for each group were aligned with their 

corresponding working casts using the "best fit alignment" 

feature of the software. The color-mapping feature of the 

software was employed to visualize the deviations 

between the aligned casts, with variations represented by 

a defined scale. Green areas indicated minimal deviations, 

while blue and red areas represented positive and 

negative deviations, respectively. Positive deviations (blue 

areas) indicated that the working cast was larger than the 

reference cast, whereas negative deviations (red areas) 

indicated narrower regions. These deviations were 

comparable to the expansion and shrinkage observed in 

conventional impressions. 

 

Deviation thresholds were defined in accordance with the 

standards set forth by the American Dental Association 

(ADA) for elastomeric impression materials (Standard No. 

19) (10). Green areas were regarded as acceptable, with 

deviations of ±20 µm, whereas blue and red areas were 

classified as deviations of ±100 µm. The software 

automatically calculated the three-dimensional 

displacements between scanned points using the Root 

Mean Square (RMS) value, which represents the square 

root of the mean squared deviation (Figure 1). 

Figure 1. Calculation of RMS value by comparing 3D 

discrepancies between analogs in two casts by using software. 

 

Statistical analyses were conducted using SPSS software 

(SPSS v23, IBM, USA). Comparison of RMS values based 

on impression order was performed using repeated-

measures analysis of variance (ANOVA), while one-way 

analysis of variance (ANOVA) was used for comparisons 

of RMS values between groups. Post-hoc comparisons 

were performed using Bonferroni, Tukey’s HSD, and 

Tamhane's T2 tests. Statistical significance was set at 

p<0.05. 

 

RESULTS 

In each group, five root mean square (RMS) values were 

obtained for each impression order. The mean RMS values 

in millimeters for each group are presented in Table 2. 

Statistical analysis was conducted to examine the 

differences in RMS values across impression orders and 

between the groups. Comparisons between impression 

orders are presented in Table 2, and comparisons between 

groups are presented in Table 3. Additionally, the 

calculated RMS values are visually represented in Figure 

2. 

For Group SA, there was a statistically significant 

difference in the mean root-mean-square (RMS) values 

across impression order (p<0.001). The first three 

impressions showed significant differences when 

compared with the 8th, 9th, and 10th impressions. 
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For Group DA, the mean RMS values showed a significant 

difference across impression order (p<0.001). In particular, 

the first impression showed a statistically significant 

difference from all subsequent impressions, and a similar 

pattern was observed for the second impression. The third 

impression exhibited similarities to the fifth impression 

only. Moreover, while the fourth impression exhibited 

similarities to the fifth impression, it demonstrated 

significant differences from all other impressions. 

For Group MA, the mean root-mean-square (RMS) values 

showed significant differences across impression order 

(p<0.001). However, no significant differences were 

observed between the fourth and fifth impressions, sixth 

and seventh impressions, or eighth and ninth impressions. 

A comparison of the groups showed that Group SA 

consistently exhibited more accurate results, with lower 

deviations than the other two groups for all repeated 

impressions, except for the sixth impression. No 

statistically significant differences were observed between 

the Groups DA and MA. 

Upon examination of the data regarding the repeated use 

of analogs, Group SA demonstrated no statistically 

significant differences in the root-mean-square (RMS) 

values during the initial three impressions. However, a 

notable increase in RMS values was observed from the 

fourth impression onwards, and this increase was 

statistically significant. In contrast, both Groups DA and 

MA exhibited a significant increase in RMS values from 

the first impression, with this increase remaining 

statistically significant throughout the impression order. 

Figure 2. Graphical representation of mean RMS values 

 
DISCUSSION 
 
The findings revealed statistically significant differences 

among repeated impressions for all three groups (p<0.05). 

These findings indicate that repeated use of implant 

analogs affects impression accuracy and therefore leads to 

rejection of the null hypothesis. 

Coordinate measuring machines (CMMs) are among the 

most used methods in the literature for mechanical 

evaluation; however, they have certain disadvantages. 

These include challenges associated with calibration and 

difficulties in consistently measuring the same point 

Table 2. Comparison of calculated mean RMS (mm) 

values according to the impression order. 

Imp Order Group SA Group DA Group MA 

Imp1 0.002±0.001cd 0.043±0.016g 0.033±0.017f 

Imp2 0.003±0.001cd 0.054±0.015f 0.055±0.017e 

Imp3 0.008±0.002cd 0.064±0.015e 0.065±0.016d 

Imp4 0.033±0.016d 0.076±0.017d 0.074±0.016c 

Imp5 0.045±0.016c 0.088±0.023cde 0.082±0.015c 

Imp6 0.044±0.016c 0.105±0.015c 0.104±0.035abcdef 

Imp7 0.055±0.017bc 0.115±0.016bc 0.106±0.046abcdef 

Imp8 0.064±0.015b 0.124±0.016b 0.124±0.016b 

Imp9 0.074±0.017a 0.134±0.013ab 0.133±0.015b 

Imp10 0.084±0.015a 0.141±0.015a 0.145±0.014a 

Test 

Statistics* 

81.646 519.591 3.155 

p <0.001 <0.001 0.007 

Imp: Impression; a-f: No statistical difference between measurements 

with the same letter within each group; *Repeated Measures ANOVA 

Table 3. Calculated mean RMS (mm) values comparison 
between groups. 

Imp 

Order 

Group 

SA 

Group 

DA 

Group 

MA 

Test 

Statistics* 
p 

Imp1 0.002 

±0.001a 

0.043 

±0.016b 

0.033 

±0.017b 

12.380 0.001 

Imp2 0.003 

±0.001a 

0.054 

±0.015b 

0.055 

±0.017b 

24.107 <0.001 

Imp3 0.008 

±0.002a 

0.064 

±0.015b 

0.065 

±0.016b 

52.427 <0.001 

Imp4 0.033 

±0.016a 

0.076 

±0.017b 

0.074 

±0.016b 

10.238 0.003 

Imp5 0.045 

±0.016a 

0.088 

±0.023b 

0.082 

±0.015b 

8.168 0.006 

Imp6 0.044 

±0.016a 

0.105 

±0.015b 

0.104 

±0.035b 

10.359 0.002 

Imp7 0.055 

±0.017a 

0.115 

±0.016a 

0.106 

±0.046a 

3.194 0.077 

Imp8 0.064 

±0.015a 

0.124 

±0.016b 

0.124 

±0.016b 

22.586 <0.001 

Imp9 0.074 

±0.017a 

0.134 

±0.013b 

0.133 

±0.015b 

24.622 <0.001 

Imp10 0.084 

±0.015a 

0.141 

±0.015b 

0.145 

±0.014b 

26.632 <0.001 

Imp: Impression; a-b: No statistical difference between measurements 

with the same letter. *One-way ANOVA 
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across repeated evaluations (10,11). Accordingly, research 

indicates that virtual measurements may offer greater 

reliability than their mechanical counterparts (10,11). In 

this study, digital measurement methods were employed 

to obtain more precise and repeatable results. Additionally, 

studies employing digital measurement methods can be 

found in the literature (12).  

The results revealed significant differences in RMS values 

for Group SA after the third impression, whereas 

significant differences were observed starting from the 

first impression for the remaining two groups. It was 

found that repeated impression-taking, cast fabrication, 

and sterilization procedures affect the accuracy of implant 

impressions. Cleaning and sterilization processes have the 

potential to induce thermal and chemical stress on 

materials, which may result in changes in their surface 

morphology (13). Several studies have examined the 

impact of sterilization on reusable medical devices, with 

some indicating that morphological changes resulting 

from sterilization processes may affect clinical outcomes 

(14,15). For example, Yang et al. (15) determined that intra-

aortic balloons could not be reused because of structural 

surface changes resulting from cleaning and sterilization 

processes. Furthermore, the reuse of balloon catheters has 

been linked to a decline in their mechanical properties (14). 

Conversely, other studies indicated that sterilization does 

not affect the clinical performance of specific medical 

devices. Gorokhovsky et al. (16) discovered that 

sterilization had no adverse effects on the clinical efficacy 

of stainless steel curettes. Similarly, Pernier et al. (17) 

reported that although autoclave sterilization caused a 

slight increase in surface roughness of orthodontic wires, 

it did not compromise their mechanical properties or 

clinical performance. Moreover, a study examining the 

influence of sterilization on the accuracy of impression 

copings and analogs revealed that sterilization did not 

affect impression accuracy (18). However, the findings of 

our study are not consistent with this conclusion, as it was 

determined that repeated impression-taking and 

sterilization stages exerted an influence on impression 

accuracy. The factors that may be responsible for this 

include damage incurred during the removal of the analog 

from the gypsum cast or deformation caused by repeated 

loosening and tightening of the screws.  

It is possible that the screws used to secure impression 

copings to the analogs may have contributed to the 

observed deviations. It is possible that the increased 

deviations observed in this study may be attributed to 

deformation in the threads of the analog's screw receptacle, 

potentially resulting from repeated tightening. In a related 

study, Laskar et al. (19) examined the threads of implant 

analog screws made from different materials after 

repeated use and found significant wear, particularly in 

the screw threads. Yalavarthy et al. (7) advised that 

titanium implant analog screws should not be reused more 

than six times. In this study, new impression copings and 

screws were used for each impression. Nevertheless, 

analogous deformation may have occurred in the screw 

threads within the analogs. The occurrence of wear and 

damage at connection points represents a significant 

challenge for the accuracy of conventional impression 

techniques. 

Another potential cause of analog non-reusability is 

damage incurred during the removal of the analog from 

the gypsum cast. When the connection region between the 

impression coping and the analog is damaged, it becomes 

impossible to accurately transfer the implant position to 

the impression. To ensure consistency, an industrial 

breaking device was employed in this study to remove the 

analogs, and all procedures were conducted by a single 

operator. Notwithstanding the implementation of 

standardization procedures and the utilization of 

automated devices, deviations were still discernible in the 

impressions. Given that in routine clinical workflows, the 

manual removal of analogs is standard practice and 

standardization is not maintained, the possibility of 

analog deformation increases. 

Implant analogs are manufactured from various metal 

alloys, including stainless steel, aluminum, and titanium, 

depending on the implant system. The resistance of these 

alloys to changes during sterilization and reuse varies (20). 

In this study, Group SA analogs were composed of a 

titanium alloy (Ti-6Al-7Nb, TAN), Group DA analogs 

were made of titanium, and Group MA analogs were 

composed of a stainless steel-cobalt alloy. The 

discrepancies in accuracy observed among the groups 

may be attributed to variations in material composition. 

The TAN alloy exhibited superior corrosion resistance 

compared with grade 5 titanium and stainless steel (21). 

Additionally, the TAN alloy exhibited the lowest 

corrosion behavior among the titanium alloys and was 

therefore considered the most suitable for biomedical 

applications among the materials compared (22). This 

superior resistance may have resulted in less wear during 

the sterilization and removal processes, thereby 

explaining the higher accuracy and reduced deviations in 

repeated use observed for Group SA. 

The literature contains an ongoing debate regarding the 

acceptability of deviations in impressions. Ma et al. (23) 

introduced the concept of "machining tolerance," which 

refers to the inherent inconsistency in implant impressions 
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due to the spatial relationships between metal components. 

The tolerances for these impressions ranged from 22 µm to 

100 µm. Discrepancies in implant components may be 

attributed to the manufacturing process. Nevertheless, 

Assunçao et al. (24) proposed that deviations of up to 50 

µm along any axis might be acceptable for well-made 

impressions. Some studies have utilized this threshold for 

the interpretation of their findings (25).  In a review of 41 

studies on impression accuracy, Lee et al.(5) reported that 

clinically acceptable deviations ranged from 0.6 to 136 µm. 

Consequently, there is no consensus in the literature 

regarding the definition of a clinically acceptable level of 

deviation. Even when the upper limit of 136 µm was used 

as a reference, only Group SA permitted up to 10 repeated 

impressions with the same analog. Given the limited 

literature on the reuse of analogs, further research is 

required. 

A limitation of this study is the reliance on root-mean-

square (RMS) values to evaluate the accuracy of 

impressions. While RMS provides a measure of overall 

three-dimensional accuracy, it does not offer detailed data 

on coronal, angular, or rotational deviations. Additionally, 

this study was conducted in vitro, and therefore factors 

such as the effects of saliva, temperature, and soft tissue 

on impression materials, as well as conditions specific to 

the oral cavity, were not simulated. 

CONCLUSION  
 
Considering the limitations of this study, the following 

conclusions were drawn:  

Statistically, Group SA analogs can be reused up to three 

times, whereas analogs from the other groups should 

ideally be used only once.  

Given the lack of consensus in the literature on clinically 

acceptable deviation thresholds and the fact that the 

analogs were removed by breaking the casts, the reuse of 

impression analogs carries inherent risk. 
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ABSTRACT 

Objective: This study aimed to investigate the factors affecting arterial stiffness in cancer patients receiving 

immunotherapy. 

Materials and Methods: The height, weight, body mass index (BMI), age, sex, type of cancer, previous 

cancer treatment, agents used in the treatment, current immunotherapy agents, comorbid conditions, 

smoking history of 42 patients diagnosed with renal cell carcinoma (RCC), lung cancer, malignant 

melanoma and receiving immunotherapy treatment were recorded at the time of their first application and 

their arterial stiffness levels were measured. Following the first measurement, the patients were observed 

again in the third and sixth therapy cycles and their measurements were repeated and recorded. Factors 

affecting the arterial stiffness level of the patients were evaluated. 

Results: Pulse wave velocity (PWV) increased with increased age (p<0.01). No significant difference was 

found between cancer type and PWV; however, patients with lung cancer had higher pulse pressure at the 

first measurement than other patients. No significant difference was found between immunotherapy agents 

and PWV. The PWV was found to be significantly higher in patients those with concomitant diseases 

(p<0.005). Pulse pressure was found to be higher in smokers than in non-smokers (p<0.007). 

Conclusion: Smoking, sex and cancer type were effective in changing of pulse pressure in cancer patients 

receiving immunotherapy, and there was no significant difference in other factors; PWV increased with age; 

and that PWV was higher in those with additional diseases. 
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INTRODUCTION 
 
Immunotherapy has become the standard treatment for 

cancer in recent years. Immunotherapies aim to prevent 

tumor cells from escaping the immune system by 

activating inhibitory signals at the immune control points 

of tumor cells (1). Especially renal cell carcinoma (RCC), 

malignant melanoma, head and neck cancers and lung 

cancer are cancers that benefit the most from 

immunotherapy treatment (2). 

 

Cardiovascular disease (CVD) is a cause of mortality and 

morbidity in humans. Since cardiovascular events are 

significantly seen in people without risk factors, studies 

have been conducted to find various factors that can detect 

the development of atherosclerosis at an early stage, 

independent of known risk factors. Thus, has the concept 

of arterial stiffness emerged to assess the integrity of the 

arterial structure (3). 

 

The patient's age, hypertension (HT), smoking, 

dyslipidemia, diabetes mellitus (DM), obesity and 

systemic inflammation are risk factors for atherosclerosis 

and increased vascular stiffness. Arterial stiffness, which 

occurs as a result of thickening of the arterial wall and loss 

of elasticity, has become an indicator of atherosclerosis (4). 

In hypertensive patients with renal failure and patients 

with coronary artery disease (CAD), arterial stiffness is a 

marker of morbidity (infarction, fatal stroke) and 

cardiovascular mortality. Cardiovascular toxicity is a 

cause of early morbidity and mortality after treatment 

with chemotherapeutic agents in cancer patients. Arterial 

stiffness can be used as a marker to predict subclinical 

cardiovascular damage (5). 

 

The aim of our study is to investigate the factors affecting 

the level of arterial stiffness in cancer patients receiving 

immunotherapy in our clinic. There are no publications in 

the literature regarding the investigation of factors 

affecting arterial stiffness levels in patients who have 

previously received immunotherapy.   

 
MATERIALS AND METHODS 
 
This study was conducted prospectively by obtaining 

informed voluntary consent forms from 42 patients aged 

between 18-80 years who were diagnosed with malignant 

melanoma, lung cancer, RCC and received 

immunotherapy treatment and who applied to Adnan 

Menderes University Faculty of Medicine Medical 

Oncology Clinic between 01.06.2021 and 01.06.2022. 

 

At the time of the first application, weight, height, age, 

BMI, sex, type of cancer, previous treatment received for 

cancer, agents used in the treatment received, current 

immunotherapy agents used, comorbid conditions, 

smoking history of the patients receiving immunotherapy 

were recorded and arterial stiffness levels were measured.  

 

The effects of these factors on arterial stiffness were 

evaluated. BMI was calculated for the patients whose 

height and weight were measured using the weight (kg) / 

height² (m²) formula. The patients' smoking status was 

evaluated as "smoker-nonsmoker" and their comorbidity 

status was evaluated as "additional disease-no additional 

disease" and recorded. This disease was also recorded in 

those with additional diseases. 

 

Following the first measurement, the patients were seen 

again in the third and sixth cycles, and their measurements 

were repeated and recorded. The measured data of the 

patients including pulse wave velocity (PWV), 

augmentation index (Alx), diastolic blood pressure 

(mmHg), systolic blood pressure (mmHg), mean arterial 

pressure (mmHg), heart rate (minute), pulse pressure 

(mmHg), stroke volume (ml), cardiac output (l/min), 

peripheral resistance (s*mmHg/ml), cardiac index 

(l/min*1/m²), reflection magnitude (%), augmentation 

pressure (mmHg), were recorded using the brachial cuff 

based oscillometric device Mobil-OGraph (IEM, Stolberg, 

Germany) and HMS CS (Hypertension Management 

System Client Server) software system. 

 

Statistical analysis 

The IBM-SPSS Statistics 23 program was used for 

statistical analysis. Descriptive statistics were presented as 

numbers and percentages for categorical variables and as 

mean, standard deviation, median, minimum and 

maximum for numerical variables. For numerical 

variables, ANOVA Test was used in multiple independent 

group comparisons when the normal distribution 

assumption was met; T Test was used in pairwise 

independent group comparisons when the normal 

distribution assumption was met. Pearson test was used 

for correlations where normal distribution was achieved 

in the association between numerical data. General Linear 

Model Test was used to reveal the effect of the 

independent variable on the dependent variable. The 

statistical significance was set at p value less than 0.05. 

 
RESULTS 

 
Demographics of the subjects are summarized in Table 1; 

age, height, weight, BMI values are summarized in Table 
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2. Comparative evaluation of patient data is shown in 

Table 3. For each given parameter, the 1st measurement 

value, 2nd measurement value, and 3rd measurement 

value of the patients were recorded and no significant 

difference was found between the measurements. 

 

Table 4 summarizes the changes in pulse pressure 

measurements according to sex, smoking status and 

cancer type. When the pulse pressure of women was 

examined, it was found to be higher than that of men in 

the first measurement (p= 0.009). When the pulse 

pressures of smokers and non-smokers were compared, it 

was seen that the pulse pressure of smokers was higher 

(p= 0.007). While no significant difference was found when 

PWV measurements were compared according to cancer 

type in the study, a significant difference was found when 

pulse pressures were examined according to cancer type 

(p= 0.026). At the first measurement, the pulse pressure of 

patients with lung cancer was higher than that of patients 

with malignant melanoma and RCC. No correlation was 

found between the patients' BMI and PWV measurements 

(Table 5). However, when looking at age, it was seen that 

there was an increase in PWV as age increased (1st 

Measurement r:0.900, 2nd Measurement r:0.909 3rd 

Measurement r:0,907; all measurements p<0.01). As seen in 

Table 6, PWH of those with and without additional 

diseases were compared. PWV was higher in patients with 

additional diseases. However, when PWV was examined 

among patients with HT, DM, or CAD, no significant 

difference was found in PWV between the diseases. 

 

DISCUSSION 

 
In our study, we investigated the factors affecting the level 

of arterial stiffness in cancer patients who received 

immunotherapy as oncological treatment in our clinic. 

There are no publications in the literature regarding the 

investigation of factors affecting arterial stiffness in 

patients who have previously received immunotherapy. 

 

Table 1. Demographics of the subjects 

  N (%) 

Age 65 years old> 22 (52.3) 

 65 years old≤ 20 (47.7) 

Sex Male 35 (83.3) 

 Female  7 (16.7) 

Smoking  Smoker 30 (71.4) 

 Non-smoker 12 (28.6) 

BMI <30  37 (88.1) 

 ≥30 5 (11.9) 

Cancer type RCC 6 (14.3) 

 Malignant melanoma 9 (21.4) 

 Lung cancer 27 (64.3) 

Immunotherapeutic agent  Nivolumab 41 (97.6) 

 Pembrolizumab 1 (2.4) 

Additional disease No 18 (42.9) 

 Yes  24 (66.1) 

CT (Cancer treatment)  Received  30 (71.4) 

 Not received  12 (28.6) 

Tyrosine kinase inhibitor Received  8 (19.0) 

 Not received 34 (81.0) 

   

 

Table 2: Age, height, weight, BMI values of the 

subjects 

 Mean Median SD Minimum Maximum 

Age 63.79 66.00 9.37 35.00 80.00 

Height 

(cm) 
168.81 168.50 9.20 145.00 185.00 

Weight 

(kg) 
72.33 70.00 15.27 52.00 110.00 

BMI 

(kg/m²) 
25.43 24.95 5.44 16.40 45.20 
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In the study conducted by Yersal et al. on HER2 positive 

Table 4: Change in pulse pressure measurement according to sex, smoking status and cancer type 

 1st measurement (mean±SD) 3rd measurement (mean±SD) p 

 

SEX 

Male (n:35) 

Female (n:7) 

 

 

40.94±13.16 

42.00±6.60 

 

40.40±11.01 

39.86±11.15 

 

0.009 

SMOKING 

Smoker (n:30) 

Non-smoker (n:12) 

 

42.27±13.81 

38.25±6.67 

41.03±11.40 

38.50±9.77 
0.007 

CANCER TYPE 

Malignant melanoma (n:9) 

RCC (n:6) 

Lung cancer (n:27) 

 

39.00±7.29 

40.00±9.35 

42.07±14.17 

 

41.11±10.37 

38.67±8.80 

40.41±11.77 

0.026 

 

Table 3: Comparative evaluation of patient data 

n:42 1st measurement (mean±SD) 
2nd measurement 

(mean±SD) 

3rd measurement 

(mean±SD) 
p 

Systole (mmHg) 119.10±19.55 114.98±15.95 115.95±17.71 0.568 

Diastole (mmHg) 77.98±13.36 75.17±12.91 75.64±75.64 0.990 

MAP (Mean arterial pressure) 

(mmHg) 
91.83±23.03 93.81±12.78 94.14±14.08 0.994 

Pulse pressure (mmHg) 41.12±12.25 39.10±10.13 40.31±10.90 0.323 

Pulse (1/min.) 76.86±14.50 75.24±14.57 75.02±15.35 0.848 

Stroke volume (ml) 63.31±14.57 63.85±14.12 64.14±13.35 0.298 

Cardiac output (L/min) 4.70±0.63 4.68±0.82 4.67±0.77 0.135 

Environmental resistance 1.24±0.20 1.23±0.20 1.23±0.19 0.308 

Cardiac index 2.59±0.46 2.58±0.59 2.60±0.57 0.198 

PWV 9.01±1.54 8.94±1.39 8.91±1.43 0.636 

Augmentation pressure 8.37±5.88 7.83±4.79 11.52±9.52 0.073 

Reflection magnitude 59.30±11.33 60.16±8.56 62.50±11.04 0.104 

Alx 23.11±12.33 22.00±11.37 22.92±12.45 0.117 

 

Table 5: Correlation between age, BMI and PWV measurements 

 1st PWV 2nd PWV 3rd PWV 

AGE 

r 

p 

 

0.900 

<0.01 

 

0.909 

<0.01 

 

0.907 

<0.01 

BMI 

r 

p 

 

0.032 

0.839 

 

0.088 

0.978 

 

-0.013 

0.935 
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breast cancer patients and control group patients, it was 

found that the mean pulse wave velocity was higher in 

breast cancer patients. Pulse wave velocity was 

significantly higher in patients taking aromatase inhibitors 

(5).  

In the study conducted by Visvikis et al., in which 70 

colorectal cancer patients receiving adjuvant 

FOLFOX/XELOX treatment were included, cardiovascular 

evaluation was performed at the beginning and end of 

chemotherapy. Carotid-radial PWV, carotid-femoral PWV 

and AIx were found to be significantly higher in patients 

after chemotherapy (p<0.001). These results were found to 

be significant when examined separately in each treatment 

subgroup. (6). 

In our study, PWV was measured in patient with RCC, 

malignant melanoma and lung cancer patients receiving 

immunotherapy. No difference was found in terms of 

PWV among cancer types. No significant difference was 

found between the immunotherapy agent used and PWV.  

In the study conducted by Novo et al. to evaluate the 

subclinical vascular effects of anthracyclines and 

trastuzumab (TRZ), it was observed that in patients 

treated with anthracycline-containing chemotherapy, 

arterial stiffness indices increased significantly at 3 months, 

but not at 6 or 12 months, when anthracycline treatment 

was discontinued and patients were under treatment with 

taxanes and TRZ. There was no significant change in blood 

pressure values during follow-up. Changes in arterial 

stiffness parameters in patients occur immediately after 

initiation of anthracycline therapy and are thought to be 

reversible when anthracycline therapy is discontinued. (7).  

 

In our study, the patients' parameters were measured and 

evaluated at the beginning of the immunotherapy 

treatment and in the 3rd and 6th cycles. No significant 

difference was found between immunotherapy agents and 

PWV measurements. The effects of immunotherapy 

agents (nivolumab, pembrolizumab) on arterial stiffness 

have not yet been demonstrated. 

 

In a review by Smulyan et al., mean systolic blood pressure 

was found to be lower in women than in men. However, 

systolic blood pressure increased linearly and significantly 

with age in both men and women. Regarding diastolic 

blood pressure, lower values were found in women than 

in men, and there was a significant increase in this 

parameter with age. In the same study, when PWV was 

examined in diabetics and non-diabetics, it was 

significantly higher in diabetics than in non-diabetics (8).  

 

In our study, there was no significant difference in both 

systolic blood pressure and diastolic blood pressure 

between men and women. No significant difference was 

found when PWV was examined between diabetic and 

non-diabetic patients. 

 

In the study conducted by Demir et al. including 110 

patients diagnosed with Type 2 DM without a history of 

coronary artery disease, PWV values were found to be 

higher in those receiving antihypertensive treatment. In 

the same study, no statistically significant difference was 

found between BMI and PWV (9). In the study conducted 

by Theilade et al., PWV was found to be statistically 

significantly higher in patients with a history of coronary 

artery disease than in patients without coronary artery 

disease (p<0.001) (10). In the study conducted by Dahlen 

et al . , a statistically significant positive correlation was 

found between PWV and BMI (p=0.001; r=0.127; r=0.175, 

respectively) (11). In the study by Evans et al. examining a 

cohort of patients meeting the criteria for stage 3 chronic 

kidney disease, a statistically significant negative 

association was found between BMI and PWV (p<0.001) 

(12). 

 

In our study, PWV was higher in patients with additional 

diseases such as HT, DM and CAD than in those without. 

However, when PWV was examined among patients with 

any of HT, DM, or CAD, no significant difference was 

found between the diseases. In our study, similar to the 

study by Demir et al., no statistically significant difference 

was found between BMI and PWV.  

Table 6: PWV measurement of those with and without additional diseases 

 1st measurement (mean±SD) 2nd measurement (mean±SD) 3rd measurement (mean±SD) 

ADDITIONAL 

DISEASE 
   

With additional disease 

(n:24) 

Without additional 

disease (n:18) 

9.50±1.26 

8.36±1.67 

9.45±1.13 

8.26±1.43 

9.38±1.15 

8.27±1.56 

p 0.016 0.004 0.011 
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A review by Dupont et al also found that women had 

greater increases in pulse pressure and wave reflection 

compared with men of the same age (13). In our study, 

when we looked at pulse pressure, pulse pressure was 

higher in women than in men. When PWV was examined, 

no significant difference was found in PWV when men 

and women were compared. However, an increase in 

PWV was also detected as age increased. 

In a comparative study by Rehill et al. of AIx and PWV 

measured in smokers and the period after these patients 

quit smoking, AIx was significantly higher in smokers.  

 

However, there was no significant difference in PWV (14). 

In our study, there was no significant difference in PWV 

measurement between smokers/nonsmokers; there was no 

significant difference in AIx measured in 

smokers/nonsmokers. In our study, pulse pressure was 

higher in smokers than in nonsmokers. 

 

CONCLUSION  
 
In conclusion, our study, it was found that smoking, sex 

and cancer type had an effect on pulse pressure changes in 

cancer patients receiving immunotherapy, that there was 

no significant difference in other factors; PWV increased 

with age; and PWV was higher in those with additional 

diseases.      

 

The limitations of our study include the small number of 

patients and the fact that immunotherapy agents could not 

be compared with the same number of patients. There are 

no previous publications in the literature regarding the 

investigation of factors affecting arterial stiffness levels 

related to immunotherapy. The use of promising 

immunotherapy agents in oncological treatments is 

increasing and more studies are needed to determine 

factors affecting the level of arterial stiffness. 
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Abstract 

Objective: This study aimed to evaluate the effect of different fit-indicating materials and preparation 

designs on the marginal and internal fit of 3D-printed permanent endocrowns. 

Materials and Methods: Maxillary right first molar typodont teeth were prepared with two designs and 

divided into two groups (N=80): Group 1-butt joint margin and a 4 mm pulp chamber depth, and Group 2-

shoulder margin design and a 4 mm pulp chamber depth. The groups were scanned with a digital intraoral 

scanner, and 3D-printed master dies and permanent endocrowns were fabricated. Endocrowns were seated 

using vinyl polyether silicone (VPES) and polyvinyl siloxane (PVS) fit-indicating materials.  

Superimposition of prepared and fit-indicating material-applied master die scans was performed using 3D-

analysis software. Multi-point measurements at standard points determined marginal, internal, pulp 

chamber and overall gap values, which were compared between the groups. Statistical analysis included 

Two-Way ANOVA for normally distributed data and Spearman's rho for non-normally distributed data 

(α=0.05). Pairwise comparisons were conducted with post hoc Tukey tests. 

Results: VPES exhibited lower marginal and internal gap values than PVS (p<0.001). PVS usage in the butt-

joint design showed the highest marginal gap, while the lowest internal gap was observed with VPES usage 

in the shoulder design (p<0.001).  

Conclusion: Using different fit-indicating materials with different preparation designs affects the fit of 

endocrowns. VPES provides a more accurate determination of the internal fit of a 3D-printed endocrown in 

the shoulder margin design and the marginal fit of the endocrown with butt-joint margin design. 
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INTRODUCTION 

 
Endocrowns are popular monoblock restorations for 

endodontically treated teeth with substantial coronal 

structure loss, combining the crown and core into a single 

unit that covers all cusps, typically with a circular butt 

margin and shoulder or chamfer margin design extending 

to the pulpal floor (1,2). The macromechanical retention of 

endocrowns is achieved by anchoring them within the 

pulp chamber and adapting them to cavity margins, with 

varying depths and configurations of the chamber and the 

margin design, which plays a critical role in their 

mechanical performance (3).  

 

The marginal and internal adaptation of a restoration is 

key in determining its longterm clinical performance (4). 

Marginal and internal adaptation of restoration was 

commonly evaluated using two-dimensional (2D) 

methods, which limit the number of cross-sections and 

measurement points used to describe overall adaptation 

(5). In contrast, digital techniques—especially three-

dimensional (3D) analysis combined with intraoral 

scanners—offer a more comprehensive assessment, 

allowing unlimited measurements of the gap between the 

restoration and abutment tooth and enabling evaluation of 

both adaptation and cement gap volume (4). This 3D 

analysis digitally aligns the scans of the tooth preparation 

and fit-indicating material over the preparation and 

allows the gap measurement. 

 

Fit-indicating materials are elastomeric materials used in 

the fit assessment of restorations and clearly reveal gaps 

between the restoration and abutment tooth, facilitating 

precise adjustments (6,7). The light-body consistency form 

of polyvinylsiloxane (PVS) is a commonly used fit-

indicating material in studies (8,9). Vinyl polyether 

silicone (VPES), marketed as Fit Checker, is an alternative 

impression material specifically designed to evaluate the 

marginal and internal fit of restorations (6,7). During the 

silicone disclosing procedure, they contact the 

restoration's internal surface and the prepared tooth 

(10,11). 

 

Innovations in 3D-printing technology have provided 

alternative material options by offering several 

advantages, such as high accuracy and reduced material 

waste (12). Recently, 3D-printed ceramic-filled hybrid 

materials have emerged with application areas of single-

tooth restorations, inlays, onlays, tabletops, veneers, and 

three-unit bridges in posterior areas. The manufacturer 

claims this material has high dimensional stability, 

flexural strength, and modulus and can be used as a 

permanent restorative material (Bego; VarseoSmile Triniq 

technical product information data sheet. n.d.). 

 

To the best of the authors' knowledge, there are studies in 

the literature evaluating the marginal and internal fit of 

endocrowns with different preparation designs using 

different fit-indicating materials. However, no study has 

evaluated the fit of 3D-printed ceramic-filled permanent 

endocrowns with different preparation designs by 

comparing them with different fit-indicating materials 

through 3D analysis. Therefore, the present study aims to 

evaluate the effect of different fit-indicating materials and 

preparation designs on the marginal and internal fit of 3D-

printed permanent endocrowns. The null hypotheses for 

this study were as follows; there would be no effect of 

different fit-indicating materials on the marginal and 

internal fit of endocrowns, there would be no effect of 

different preparation designs on the marginal and internal 

fit of endocrowns  

 
MATERIALS AND METHODS 
 

The sample size calculation was performed using a 

statistical software program (G*Power v3.1.9.2) using data 

from another study by Seo et al. (13) the minimum sample 

size of 20 specimens for each group achieved 95% power 

to detect differences, with a significance level of 0.05, to 

test the null hypotheses.   

 

A pilot study was performed with four samples for each 

group before the present study. During the pilot study, 

one operator experienced performing the final 

preparations after multiple preparation trials under a 

dental operation microscope and scanning them with a 

digital intraoral scanner. Master dies were designed and 

fabricated as single and in sets of four. An attempt was 

made to produce all prepared samples as single master 

dies. Because it provided ease of measurement. The 

endocrowns were adhered to the master dies using 

different fit-indicating materials and were applied with a 

standard 50 N force on each master die three times. When 

attempting to apply this force using finger pressure, 

gradual increases and decreases in pressure were 

observed. Therefore, it was decided to use an electric 

motor-driven machine to ensure the application of a 

constant force. To enable easy separation of the 

endocrowns from the master die, water, petroleum jelly 

(Vaseline), and hand lotion (Geistlich Pharma AG, 

Bahnhofstrasse, Wolhusen) were tested. The best and most 

controlled results were achieved with Vaseline. Multiple 
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3D analysis attempts were made by another operator. 

Based on these findings, the main study proceeded as 

outlined below. 

 

Tooth preparations were performed by one operator 

according to different preparation designs on typodont 

maxillary first molars (AG-3 ZE, Frasaco GmbH, Tettnang, 

Germany) using a dental operation microscope (Zumax 

OMS 2000, Zumax, China) at x18.4 magnification. The 

groups were as follows:  

• Group 1: Butt-joint margin and a 4 mm pulp 

chamber depth  

• Group 2: Shoulder (1 mm) margin and a 4 mm 

pulp chamber depth 

 

Figure 1.(A) The preparation scan of Group 1, (B) The preparation 
scan of Group 2, (C&D) Buccolingual section images taken via 
STL data superimposition in Oracheck 3D analysis software, (E&F) 
Mesiodistal section images taken via STL data superimposition in 
Orach 

A 2 mm occlusal reduction was performed on each group 

using a green belt occlusal-reduction diamond bur (Frank 

Dental GmbH D.828.017.G.FGA, Gmund, Germany) as the 

first step in the preparation process. In Group 1, a 2 mm 

wide circumferential butt-joint margin is prepared using a 

green belt wheel diamond bur (Meisinger 909G-031-FG 

Coarse 5/Pk, Neuss, Germany). The pulp chamber is 

subsequently prepared using a red belt conical diamond 

bur (Frank Dental GmbH D.845KR.016.G.FGA, Gmund, 

Germany) with an internal taper of 8° axial walls (14). 

Additionally, the internal line angle was rounded down, 

irregularities were eliminated, and a flat, polished surface 

was created using a red belt medium round-end tapered 

diamond bur (Frank Dental GmbH D.850.016.FG, Gmund, 

Germany). The preparation design of Group 1 is shown in 

Fig.1A. The identical burs used in Group 1 were utilized 

throughout the whole preparation process in Group 2. The 

primary difference was that in contrast to Group 1, a red 

belt modified shoulder fine W diamond bur (Meisinger 

848WF-018-FG, Gmund, Germany) was used to prepare 

the 1 mm shoulder margin following occlusal reduction 

with an occlusal-reduction diamond bur and pulp 

chamber preparation with a conical diamond bur. The 

preparation design of Group 2 is shown in Fig.1B. 

Following the preparations, a periodontal probe and a 

digital calliper (Digimatic, Mitutoyo Corporation, Japan) 

were utilized to confirm the measurements of pulp 

chamber depths, margin widths, and occlusal reductions.  

 

A digital intraoral scanner (CEREC AC, Primescan, 

Dentsply Sirona, York, PA, USA) was used to scan the 

prepared teeth for each group, and Sirona InEos X5 

software (InEos X5, Dentsply-Sirona, York, PA) to process 

the external CAD data. Then, Shapr 3D (Shapr 3D, 

Budapest, Hungary), a CAD program for generating and 

creating ready models, was used to import standard 

tessellation language (STL) files. Drawing bases beneath 

the prepared teeth STLs for various groups allowed for the 

design of the single master dies. Forty single master dies 

of each group were then printed with a layer thickness of 

50 µm using a 3D printer (Asiga Ultra (50), ASIGA, Sydney, 

Australia) and 3D-printed model resin (VarseoWax Model, 

Bego, Bremer, Germany). Following printing, the dies 

were cleaned with 99% isopropanol alcohol for 3 minutes 

(Form Wash, Formlabs®, Somerville, USA) and post-

cured twice for 20 minutes at 60° (Form Cure, Formlabs®, 

Somerville, USA). 

 

Figure 2. (A) Vaseline application to the inner surface of 
endocrown (B) Loading of endocrown using VPES fit-indicating 
(C&D) Application of 50 N force over endocrown until the setting 
of fit-indicating material is completed (E) Removal of excess fit-
indicating material using a surgical blade under the dental 
microscope. 

Typodont maxillary molar teeth were scanned before and 

after preparation for the endocrown design. The exocad 

DentalCAD program (exocad GmbH, Darmstadt, 

Germany) was utilized to process these STL data. 

Endocrown designs were created on the prepared tooth 

STLs, to reflect the tooth's initial morphology.  In the 
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chairside CAD design, the cement space was specified at 

80 µm. The endocrowns were subsequently printed with a 

50 µm layer thickness using a 3D printer and 3D-printed 

ceramic-filled hybrid material (VarseoSmile Triniq, Bego, 

Bremer, Germany). Following the manufacturer's 

instructions, the 3D-printed endocrowns were rinsed with 

99% isopropanol alcohol for a total of 5 minutes (Form 

Wash, Formlabs®, Somerville, USA), and post-cured twice 

for 20 minutes at 60° (Form Cure, Formlabs®, Somerville, 

USA).  

Figure 3. (A) Marginal and internal fit analysis of Group 1 from 
11 points in the image taken via STL data superimposition in 
Oracheck 3D analysis software. (B) Marginal and internal fit 
analysis of Group 2 from 19 points in the image taken via STL data 
superimposition in Oracheck 3D analysis software. *Images 
represent mesiodistal (MD) sections, and each square is 1 mm2. 

A proprietary software (OraCheck, Cyfex AG, Zurich, 

Switzerland) program specifically designed for the 

CEREC system was used for the 3D analysis of the fit of 

endocrowns. Using the digital intraoral scanner, the 

endocrown preparation dies were initially scanned and 

saved as the preparation's master digital file.  

 

The inner surface of each endocrown was gently wiped 

with Vaseline as a lubricant (Fig. 2A). Each group was 

divided into two subgroups according to the fit-indicating 

material (n=20). The VPES (Fit Checker; GC Europe, 

Leuven, Belgium) and PVS fit-indicating materials (Elite 

HD+ light-body; Zhermack SpA, Badia Polesine (RO), Italy) 

were used to load endocrowns before seating on master 

dies (Fig.2B). The force was standardized by applying 50 

N while seating (15). For each group, after the endocrowns 

were seated on the master dies, 50 N was applied with an 

electric motor-driven machine (Surgic Pro, NSK, IL, USA) 

to mimic a 5 kg weight until the setting times of the fit-

indicating materials were completed (Fig.2C&D). The 

setting time was 2 min and 4 min for VPES and PVS fit-

indicating material, respectively. Under the dental 

microscope, excess fit-indicating material was gently 

removed from the margins using a surgical blade (no. 12; 

Feather Safety Razor Co., Ltd., Osaka, Japan) (Fig. 2E).  

 

The digital intraoral scanner was utilized to perform a 

second scan with the fit-indicating material covering the 

preparation die after the endocrown was removed from 

the preparation. For every tested group, the two recorded 

scans were digitally superimposed in STL files using the 

3D analysis software. The distances between each surface 

point in the first data set and the surface points in the 

second data set were calculated for the subtractive analysis. 

Approximately 20,000 points were chosen for each surface 

matching by the software's best-fit algorithm (9). To assess 

the means of the marginal gap (MG), internal gap (IG), 

pulp chamber gap (PCG), and overall gaps (OG) of Group 

1 and Group 2 in all three dimensions over the 

superimposition views, vertical sections were chosen from 

the core region of each superimposition in the 

buccolingual (Fig.1C&D) and mesiodistal directions 

(Fig.1E&F). The mean values for Group 1 were determined 

by making the MG measurement at points 1 and 11, the IG 

measurement at points 2 to 10, the PCG measurement at 

points 3 to 9, and the OG measurement at points 1 to 11 

(Fig.3A). The means of the MG measurement points 1 and 

19, the IG measurement points 2 to 18, the PCG 

measurement points 7 to 13, and the OG measurement 

points 1 to 19 were computed for Group 2 (Fig.3B). The 

PCG assessment was also included in the IG evaluation. 

Furthermore, both IG and MG evaluation areas are 

included in the OG measurements.  

 

The data were analyzed with IBM SPSS V23 (IBM Statistics, 

Armonk, NY). The normality of distribution was 

examined with the Shapiro-Wilk and Kolmogorov-

Smirnov Test. Spearman's rho Correlation Coefficient was 

used to examine the relationship between the parameters 

that were not normally distributed. A Two-Way ANOVA 

was used to compare the parameters that were normally 

distributed according to the fit-indicating material and 

preparation design. For pairwise comparisons, the post 

hoc Tukey test was applied. The results were presented as 

mean ± standard deviation. The significance level was set 

as p<0.05. 
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RESULTS 
 

MG, IG, PCG, and OG measurements were compared 

according to the main effects of different fit-indicating 

materials, different preparation designs and the 

interaction between the two, as shown in Table 1. The only 

statistically non-significant difference was observed in the 

main effect of preparation design on the IG values (p=0.317) 

(Table 1). 

When comparing the mean values of gap measurements 

using different fit-indicating materials, VPES showed 

lower results than PVS in all groups (p<0.001). Lower gap 

values were obtained in Group 1 than in Group 2 among 

MG, PCG, and OG measurements in different preparation 

design evaluations (p<0.001). Regarding the interaction 

between different fit-indicating materials and preparation 

designs, VPES used in Group 1 resulted in lower MG 

values (0.0184 ± 0.0053 mm) than PVS and Group 1 (0.0501 

± 0.0134 mm). VPES and Group 2 showed lower values 

(0.0736 ± 0.0055 mm) compared to PVS and Group 2 

(0.1078 ± 0.0081 mm) in IG measurements. PCG 

measurements revealed a higher value in PVS and Group 

2 (0.1503 ± 0.0124 mm) than VPES and Group 2 (0.0759 ± 

0.0069 mm). Additionally, while PVS and Group 2 (0.1014 

± 0.0082 mm) showed a higher OG, VPES and Group 1 

showed a lower value (0.0673 ± 0.0065 mm) (Table 2). The 

mean differences between groups are shown in Figure 4. 

 
Figure 4 The column chart of mean differences of the marginal, 
internal, pulp chamber and overall gap values of different 
preparation designs using different fit-indicating materials. 
(VPES; Vinyl polyether silicone, PVS; Polyvinyl siloxane, Group 
1; Butt joint design and 4 mm pulp chamber depth, Group 2; 
Shoulder design and 4 mm pulp chamber depth, MG; Marginal 
gap, IG; Internal gap, PCG; Pulp chamber gap, OG; Overall gap) 

 

The results of the Spearman correlation coefficient test are 

presented in Table 3. A significant weak positive 

correlation was found between MG and IG measurements 

(r=0.372, p=0.001) as well as between MG and PCG 

measurements (r=0.337, p=0.002). 

 

Table 1. Comparison of marginal, internal, pulp chamber 
and overall gap values according to fit-indicating material 
and preparation designs 

Marginal Gap Measurements (MG) 

 F p PES 

Fit-indicating material 46.89 <0.001 0.382 

Preparation design 29.43 <0.001 0.279 

Fit-indicating 

material*Preparation 

design 

42.66 <0.001 0.359 

Internal Gap Measurements (IG) 

 F p PES 

Fit-indicating material 57.54 <0.001 0.431 

Preparation design 1.01 0.317 0.013 

Fit-indicating 

material*Preparation 

design 

5.31 0.024 0.065 

Pulp Chamber Gap Measurements (PCG) 

 F p PES 

Fit-indicating material 166.17 <0.001 0.686 

Preparation design 50.64 <0.001 0.400 

Fit-indicating 

material*Preparation 

design 

59.76 <0.001 0.440 

Overall Gap Measurements (OG) 

 F p PES 

Fit-indicating material 69.42 <0.001 0.477 

Preparation design 23.85 <0.001 0.239 

Fit-indicating 

material*Preparation 

design 

17.23 <0.001 0.185 

F: Two-Way ANOVA Test Statistic; PES: Partial Eta Square. 

Statistically significant at p<0.05. 

 
Table 3. Correlation analysis between parameters based on 
average marginal, internal, pulp chamber, and overall gap 
measurements 

    1 2 3 4 
Marginal Gap (MG) 
Measurements (1) 

r 1 
   

  p ---       
Internal Gap (IG) 
Measurements (2) 

r 0,372 1 
  

  p 0.001 ---     
Pulp Chamber Gap 
(PCG) 
Measurements (3) 

r 0,337 0,925 1 
 

  p 0,002 <0,001 ---   
Overall Gap (OG) 
Measurements (4) 

r 0,487 0,937 0,913 1 

  p <0,001 <0,001 <0,001 --- 

r: Spearman’s rho correlation coefficient 
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In contrast, a moderate positive correlation was observed 

between MG and OG measurements (r=0.487, p<0.001). 

Additionally, a very strong positive correlation was found 

between IG measurements and both PCG (r=0.925, p<0.001) 

and OG measurements (r=0.937, p<0.001). Similarly, PCG 

and OG measurements exhibited a very strong positive 

correlation (r=0.913, p < 0.001) 

 

DISCUSSION 

 
Marginal and internal fit are essential factors for the long-

term success of restorations (2). While the poor marginal  

fit raises the likelihood of plaque accumulation, gingival 

inflammation, secondary caries, and cement dissolution 

(16), the internal fit has a major impact on the mechanical 

characteristics of the restoration, including retention (17). 

The present study evaluated the effect of different fit-

indicating materials and preparation designs on the 

marginal and internal fit of 3D-printed permanent 

endocrowns. The results of this study showed that using 

different fit-indicating materials and preparation designs 

affected the determination of marginal and internal fit of 

3D-printed permanent endocrowns. Thus, the null 

hypotheses were rejected. 

The 3D analysis technique used in this study requires the 

use of a fit-indicating material since it involves 

superimposing the endocrown preparation surface with 

that of fit-indicating material. The properties of the fit-

indicating material used may cause differences in the 

marginal and internal gap values of the restoration. The 

weight and density of the fit-indicating material, finger 

pressure, material flow and the base/catalyst ratio are 

critical factors influencing the accuracy of marginal and 

internal gap measurements (18). Thus, we aimed to clarify 

this by comparing the VPES and PVS fit-indicating 

materials to evaluate the marginal and internal fit of 

endocrowns. In the present study, the VPES material 

showed lower values than the PVS material in the gap 

measurements of endocrowns by standardizing the 

applied force. Habib et al. (19) stated in their study that 

VPES showed lower film thickness in the fit-indication 

performed before cementation of restorations compared to 

PVS material, similar to this study. The reason for this 

might be that the film thickness of VPES material is lower, 

and its fluidity is higher. Considering that the main 

purpose of using the material is to check the fit of 

restorations, this is an expected result. 

 

The preparation design of endocrown is another 

influential factor in its adaptation (20). Farghal et al. (21) 

reported that a butt-joint design reduces marginal and 

internal gaps in endocrown restorations, while the 1- and 

Table 2. The marginal, internal, pulp chamber and overall gap values (mm) of different groups 

Gap 

Measurements 

Preparation  

design 

Fit-indicating material Mean ± SD p 

Values Vinylpolyether silicone  

(VPES) 

Polyvinyl siloxane  

(PVS) 

Marginal Gap 

(MG) 

Group 1 0.0184 ± 0.0053B 0.0501 ± 0.0134A 0.0343 ± 0.0189 < 0.001 

 
Group 2 0.0468 ± 0.0057A 0.0475 ± 0.0145A 0.0471 ± 0.0109 

Mean ± SD 0.0326 ± 0.0154 0.0488 ± 0.0138 0.0407 ± 0.0167 

Internal Gap 

(IG) 

Group 1 0.0781 ± 0.0074B 0.0963 ± 0.0283A 0.0872 ± 0.0224 0.024 

Group 2 0.0736 ± 0.0055B 0.1078 ± 0.0081A 0.0907 ± 0.0186 

Mean ± SD 0.0759 ± 0.0068 0.1020 ± 0.0214 0.089 ± 0.0205 

Pulp Chamber 

Gap (PCG) 

Group 1 0.0781 ± 0.0077C 0.0967 ± 0.0279B 0.0874 ± 0.0223  

Group 2 0.0759 ± 0.0069C 0.1503 ± 0.0124A 0.1131 ± 0.0389 < 0.001 

Mean ± SD 0.0770 ± 0.0073 0.1235 ± 0.0345 0.1002 ± 0.0341  

Overall Gap 

(OG) 

Group 1 0.0673 ± 0.0065C 0.0781 ± 0.0200B 0.0727 ± 0.0157 < 0.001 

Group 2 0.0691 ± 0.0049BC 0.1014 ± 0.0082A 0.0853 ± 0.0177 

Mean ± SD 0.0682 ± 0.0058 0.0897 ± 0.0192 0.0790 ± 0.0178 

Mean ± Standard Deviation (SD); No difference between values with the same letter in all directions between rows and columns of each gap measurement. 

Statistically significant at p<0.05. Group 1; Butt joint design and a 4 mm pulp chamber depth, Group 2; Shoulder design and a 4 mm pulp chamber dep 
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2-mm ferrule (shoulder) design offers greater retention.  

According to Seo et al. (13), the marginal fit is improved in 

endocrowns with a 1 mm shoulder margin design due to 

the higher surface area available for bonding. Additionally, 

PVS was used as fit-indicating material in both studies 

mentioned. In this study, consistent with the findings of 

Farghal et al. (21), the butt-joint margin design 

demonstrated a better marginal gap than the shoulder 

design. This difference may result from the easier removal 

of fit-indicating material from the two axial wall 

configuration of the butt-joint design compared to the four 

walls in the shoulder margin design. However, while the 

PVS and butt-joint preparation design resulted in the 

highest marginal gap, the VPES and butt-joint design 

provided the lowest gap values. This underscores the 

significant impact of the chosen fit-indicating material on 

the determination of the fit of endocrown. The flow 

characteristics of the VPES may have caused this result. 

 

The internal fit plays a crucial role in the ability of 

restoration to provide adequate retention (17). 

Considering that there are studies stating that the shoulder 

margin design offers a larger bonding area and greater 

retention than the butt-joint (13,14,21), it is reasonable to 

expect the shoulder design to demonstrate superior fit. 

However, in the present study, no significant difference 

was found between butt-joint and shoulder margin 

designs regarding internal fit. Notably, the best internal fit 

was determined with VPES and shoulder margin designs, 

while the highest internal gaps were observed with PVS 

and shoulder design, highlighting the critical influence of 

fit-indicating materials on outcomes. 

 

In the present study, pulp chamber gap measurements are 

incorporated into the internal gap assessment to provide a 

more comprehensive evaluation of the fit within the pulp 

chamber. Furthermore, the pulp chamber gap results in 

this study are similar to the internal gap results. In a study 

by Hajimahmoudi et al. (22), a PVS impression material 

was used as a fit indicator, and it was reported that the 

pulpal floor had the greatest gap in endocrowns with butt-

joint preparation design, regardless of the ceramic 

materials used. However, in the present study, the 

shoulder design showed a higher pulp chamber gap than 

the butt-joint. This may be due to the technical limitations 

of digital intraoral scanners during scanning. In addition, 

the lowest pulp chamber gap values observed with the 

VPES and the highest gap values observed with PVS 

material in the fit evaluation are both seen in the shoulder 

margin design, which may also be influenced by the fit-

indicating materials. Although there are studies that used 

VPES to assess the fit of crowns (23,24), there is no study 

using it to assess the marginal and internal fit of 

endocrowns. During this study, observations showed that 

while the PVS material exhibited separation and tearing 

from the die, VPES remained stable on the surface. The 

setting time and flow of VPES likely contributed to better 

results. Given the 4 mm pulp chamber depths in the 

preparation designs, it is crucial to remove the fit-

indicating material without tearing, especially in pulp 

chamber gap measurements, as this may have influenced 

the results. 

 

The fit of restorations is commonly evaluated using 2D, 

such as the silicone replica method, which measures gaps 

at specific points through sectional image analysis (25). 

However, 2D evaluations are limited in precision and 

cannot easily be compared across studies as the 

measurements were made from artificially set reference 

points. This study employs 3D analysis software for more 

accurate assessments without data loss, allowing 

unlimited measurements at multiple points across all 

dimensions (9,10). The 3D analysis method involves 

scanning both the prepared tooth and fit-indicating 

material surface, then superimposing the scans for 

comprehensive marginal and internal gap evaluation. 

Thus, fit evaluation was conducted with better 

reproducibility, allowing for a greater number of 

measurements to be performed easily in this study. 

 

To strengthen the validity of this study, the methodology 

of this study is based on the results obtained from a pilot 

study conducted beforehand. Despite using natural 

human teeth, typodont maxillary first molar teeth were 

chosen to standardize the measurements. All preparations 

were performed by one experienced operator. PVS and 

VPES fit-indicating materials were applied with a 

standard 5 kg force on each master die three times. The 

single master dies have been fabricated to apply fit-

indicating materials within their working times. 3D 

analysis of the gaps was performed from two different 

sections after multiple trials under blinded conditions and 

by another operator. 

 

The limitations of this in vitro study were that the 

restorations were not cemented, which may have 

contributed to the increase in the overall gap, the 

difference in setting times of fit-indicating materials, and 

the possibility of Vaseline remaining on the surface. 

Furthermore, different results can be obtained with 

different intraoral scanners, 3D printers, and materials. To 

add new insights to the literature, various materials and 

equipment would be beneficial to incorporate. Addressing 

these limitations in future in vitro research is 

recommended, particularly studies comparing PVS and 

VPES fit-indicating materials to evaluate the fit of 
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endocrowns on natural human teeth. Additionally, in vivo 

studies are essential to evaluate the findings of this study 

under clinical conditions. 

 
CONCLUSION  
 
Using different fit-indicating materials and preparation 

designs affects the fit values of endocrowns. Vinyl 

polyether silicone provides a more accurate evaluation of 

the fit of 3D-printed permanent endocrown restorations 

compared to polyvinyl siloxane. Specifically, vinyl 

polyether silicone enhances accuracy in assessing the 

internal fit of 3D-printed endocrowns with a shoulder 

margin and a 4 mm pulp chamber depth, yielding results 

comparable to the butt-joint design while also offering 

greater precision in evaluating the marginal fit in the latter. 
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Abstract 

Aim: This study aimed to examine whether different framework and superstructure materials in All-on-4 

prosthetic restorations affect load distribution in peri-implant bone. 

Materials and Methods: Four implants were placed according to the All-on-4 concept, with distal implants 

angled at 30 degrees. Framework materials (cobalt-chromium alloy, titanium, PEEK, zirconia) and 

superstructure materials (composite, zirconia) created eight combinations. 3D models were designed using 

Rhinoceros 4.0 (3670 Woodland Park Ave N, Seattle, Washington, USA) and VRMesh (VirtualGrid Inc, 

Bellevue City, Washington, USA), then imported into Algor Fempro (ALGOR, Inc., 150 Beta Drive, 

Pittsburgh, Pennsylvania, USA) for finite element analysis. A 150N force was applied perpendicular to the 

occlusal surfaces of the left first molar and premolar. 

Results: The PEEK framework group showed the highest maximum principal stress (HMaxPS) values in the 

cortical bone (CB) near the applied force. The zirconia superstructure exhibited lower maximum principal 

stress values than the composite superstructure. Minimum principal stress (MinPS) was lower in the 

composite superstructure than in the zirconia superstructure. In the cantilever section, peak MinPS values 

in the cortical bone decreased as the elastic modulus of the frameworks increased, following the order: PEEK > 

titanium > Cr-Co > zirconia. 

Conclusions: The PEEK framework and composite superstructure generated higher tensile forces in the 

cortical bone surrounding the implants. The highest compression values were observed in the PEEK 

framework, followed by titanium, Cr-Co, and zirconia. Greater stress accumulation occurred in the cortical 

bone with the composite superstructure compared to the zirconia superstructure. 
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INTRODUCTION 
 
When planning dental implant placement in the 

edentulous mandible, reduced residual alveolar bone 

height due to bone resorption or anatomical limitations 

such as the mandibular canal can pose challenges, 

particularly in the posterior region. Long-term clinical 

data has demonstrated that fixed prostheses supported by 

four implants in the mandible exhibit similar prosthesis 

and implant survival rates as those supported by a greater 

number of implants (1). Increasing the number of implants 

is essential to reduce stress on implants and prosthetic 

components and ensure even load distribution on the 

underlying bone. However, in patients with severe 

alveolar bone loss, the area available for implant 

placement is limited. In some completely edentulous 

patients, implant-supported prostheses are almost 

impossible to fabricate without complex procedures such 

as nerve transposition, grafting in the posterior maxilla 

and mandible (2). 

 

The All-on-4 concept has been introduced as an alternative 

to bone augmentation procedures. The All-on-4 concept, 

developed by Malo, is one of the most widely used 

methods for treating complete mandibular edentulism 

with angled implants. The All-on-4 concept involves 

placing four implants in the interforaminal region of the 

completely edentulous mandible followed by the use of a 

fixed prosthesis (1). The posterior implants are angled at 

30 degrees to reduce cantilever length. The angulation of 

the posterior implants should not exceed 45 degrees (2). 

Distal angulation of the implants provides advantages 

such as the use of longer implants and better cortical 

support (3). 

 

In full-mouth restorations, long spans can lead to more 

complications with the prosthetic substructure compared 

to short spans. A prosthesis spanning the entire arch may 

be subject to more deformation and bending. Therefore, 

cases with long spans may experience more stress. In cases 

with long spans, especially in the presence of cantilevers, 

the prosthetic substructure material becomes even more 

important in ensuring the stability of the system (4). 

Titanium alloys, cobalt-chromium, zirconia, and 

polyetheretherketone are frequently utilized in the 

manufacture of implant substructures (5). 

 

Cobalt-chromium (Co-Cr) alloys can be defined as high-

strength, non-magnetic, biocompatible alloys that are 

resistant to heat, wear, corrosion, and tarnishing. Thanks 

to their high elastic modulus, they provide the necessary 

strength and rigidity without the need to increase the 

material thickness and, consequently, the weight (6). 

Cobalt-chromium alloys are frequently used as prosthetic 

substructure materials in implant-supported prostheses 

due to their low cost, low density, and good mechanical 

properties (4). 

 

Titanium is one of the most commonly used materials in 

the substructure of All-on-4 prostheses. This is due to its 

biocompatibility, low cost, and good mechanical 

properties (7). Titanium is a practical material for the 

production of implant-supported prosthetic substructures 

(8). CAD/CAM-manufactured titanium substructures 

have a high degree of fit in full-arch or partial-arch 

restorations. Titanium substructures can cause aesthetic 

complications due to their grayish color (9). They can 

cause metal allergies (10). 

 

PEEK is a type of linear high-performance polymer due to 

its mechanical properties, high temperature stability, and 

chemical resistance. PEEK also has a tooth-like color, is 

lightweight, and is an alternative for patients with metal 

allergies (11). PEEK is an organic, thermoplastic, high-

performance polymer. It is similar to human bone in terms 

of weight, strength, and other chemical properties (7). 

While the elastic modulus of metal substructures is 

between 100-200 GPa, that of PEEK is around 4 GPa. 

Despite this difference in the mechanical properties of 

these two materials, it is assumed that PEEK can be an 

alternative as a substructure material in implant-

supported fixed prosthetic restorations (12). 

 

Zirconia is the most preferred bioengineering ceramic 

among all ceramic products. With its excellent 

biocompatibility, low thermal conductivity, high flexural 

strength, and suitability for white aesthetics, it is an ideal 

material (13). The reason for its popularity in dentistry is 

its transformation toughening property. This property 

helps prevent crack propagation and increases localized 

fracture resistance. 3 mol% Y2O3 stabilized zirconia, or 

yttria-stabilized tetragonal zirconia polycrystal (3Y-TZP), 

is the most commonly preferred zirconia when a hard 

material is needed (13). The use of zirconia as a 

substructure material helps to mask the substructure color 

and has survival rates similar to metal (10). Zirconia can 

also be used as a superstructure material in All-on-4 

prostheses. 

 

Composites are among the materials used for veneering in 

implant-supported prostheses. Composites have 

advantages such as stress distribution, reduction of 

prosthesis weight, and reduction of treatment costs. They 

are a good alternative to porcelain in full-mouth implant-

supported prosthetic restorations (9). 
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Finite element analysis (FEA) is a widely used, non-

destructive computational approach for modeling and 

examining the mechanical behavior of systems under 

various conditions. By partitioning structures into discrete 

elements, this technique is applied in engineering and 

dentistry to assess both material performance and design 

efficacy (5). It is a useful approach because it allows for the 

unlimited repetition of experiments under different 

scenarios—experiments that cannot be exactly reproduced 

in clinical settings—and also makes it possible to conduct 

tests that cannot be performed on patients for ethical 

reasons, without bearing ethical responsibility. In 

implants, intermittent forces during oral functions lead to 

bone resorption by creating overload that results in high 

stress and strain, rather than insufficient mechanical 

stimulation of the bone. Since direct measurement of bone 

strain via strain gauge needles in patients is impractical, 

indirect mathematical approaches like FEA are frequently 

employed to calculate values such as strain, stress, and 

deformation.  

 

The finite element analysis results provided valuable 

insights into stress distributions within the bone and 

implant components under various loading conditions. 

This information is crucial for the design and optimization 

of dental implants, aiming to improve their long-term 

performance and patient outcomes. 

 

In our literature review, we did not encounter any study 

that simultaneously evaluates the relationship between 

substructure and superstructure in all-on-4 prostheses 

with a Toronto design and examines the resulting stress on 

the bone. Based on the results of our study, we may have 

a clinical prediction regarding which substructure and 

superstructure in all-on-4 prostheses could lead to less 

bone loss. 

 

The null hypothesis of the study is that there is no 

difference in the effect of different substructure and 

superstructure materials used in All-on-4 prosthetic 

restorations on bone stress distribution. 

 
MATERIALS AND METHODS 
 

Software 
This study utilized Rhinoceros 4.0 for 3D (3- dimension) 

modeling, VRMesh for mesh processing, and Algor 

Fempro for finite element analysis. 

 

Implant and prosthetic Design 
Conical implants at bone level were used in the study. 

Implants with a diameter of 4.1mm (millimeter) and a 

length of 12mm were selected. Four implants were 

positioned in the mandible: the anterior implants were 

placed vertically, and the posterior two implants were 

angled distally at 30°. The anterior implants were aligned 

with the lateral teeth, and the screw access points of the 

posterior implants aligned to the second premolar tooth. 

Multi-unit abutments were placed on the implants. The 

anterior multi-unit abutments were modeled without an 

angle, while the posterior two multi-unit abutments were 

modeled at a 30° angle to compensate for the implant angle. 

The prosthetic solution was planned as an All-on-4 

prosthesis design. A prosthetic substructure was designed, 

and crowns were designed on top of the framework. The 

prosthetic substructures were made of cobalt-chromium 

alloy, titanium, PEEK, and zirconia. The prosthetic 

superstructures were made of composite and zirconia. A 

total of eight different combinations were obtained by 

using the substructures and superstructures together: 

cobalt-chromium substructure with composite 

superstructure, PEEK substructure with composite 

superstructure, titanium substructure with composite 

superstructure, zirconia substructure with composite 

superstructure, cobalt-chromium substructure with 

zirconia superstructure, PEEK substructure with zirconia 

superstructure, titanium substructure with zirconia 

superstructure, and zirconia substructure with zirconia 

superstructure. 

 

The prosthetic restoration was designed with 12 teeth. The 

screw access holes opening to the occlusal surface of the 

distal implants were modeled to exit the occlusal surface 

of the second premolar tooth. The modeling was done so 

that the distance from the exit point of the screw holes to 

the distal surface of the first molar tooth (cantilever length) 

was 9mm. The distance between the line passing through 

the anterior implant and the line passing through the 

posterior implant was 9 mm. The cantilever 

length/anterior-posterior implant distance (A-P distance) 

ratio is 1. 

 

Load Application 
Forces were applied perpendicular to the occlusal surface 

of the left first molar tooth and the occlusal surface of the 

left first premolar tooth (Fig. 1 e,f). The force magnitude 

was 150N (Newton)(4). 

This study employed a multi-stage computational 

approach for the finite element analysis of mandibular 

implants. A 3D scan of the mandible was acquired using 

an Activity 880 optical scanner. The acquired data was 

then processed on a workstation equipped with an Intel 

Xeon® R CPU 3.30 gigahertz processor, 500 gigabyte hard 

disk, 14 gigabyte RAM, and Windows 7 Ultimate 

operating system. 
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The initial 3D models of the mandible and prosthetic 

components were generated in VRMesh software. These 

models were subsequently exported in the industry-

standard STL(Standard Triangle Language) format for 

compatibility with Algor Fempro, a finite element analysis 

software. STL format ensures the preservation of crucial 

node coordinate information during data transfer between 

different software packages. 

Figure 1. (a) Modeling from an occlusal view; (b) Modeling from 

a frontal view; (c) Model with the mandible separated and 

substructures faded; (d) Mesh view of implants within the 

mandible; (e, f) Force application to the left first molar (e) and the 

left first premolar (f). 

 

Within Algor Fempro, the models were assigned 

appropriate material properties, including Young's 

Modulus and Poisson's ratio (Table 1), to accurately reflect 

the mechanical behavior of each component. Assuming 

linear elastic, homogeneous, and isotropic material 

behavior, the software proceeded with the meshing 

process. 

 

To achieve optimal mesh quality, 8-node brick elements 

were predominantly used. In regions with complex 

geometries, elements with fewer nodes were incorporated 

to ensure complete mesh coverage. This approach aimed 

to balance mesh refinement with computational efficiency. 

Furthermore, sharp and narrow features within the jaw 

models, which can pose challenges for accurate analysis, 

were smoothed to improve mesh quality and stability. 

 

 

Table 1. Material properties 

Material Young’s 

Modulus (MPa) 

Poisson’s 

Ratio 

Cortical Bone 13700 0.3 

Spongy Bone 1370 0.3 

Zirconia Substructure 210000 0.3 

PEEK Substructure 4200 0.36 

Titanium 110000 0.28 

Composite 15000 0.24 

Cr-Co Substructure 200000 0.3 

Zirkonya Superstructure 213700 0.31 

 

The number of elements within the finite element mesh 

was maximized within the computational constraints of 

the system (Table 2), considering the dimensions of the 

mandible model. This maximization aimed to enhance the 

accuracy of the subsequent stress analysis. 

 

Table 2. Node and element numbers of substructure and 

superstructure combinations. 

Combinations 
Node 

Numbers 

Element 

Numbers 

Cr-Co Substructure – 

Composite Superstructure 
470975 1932039 

PEEK Substructure – 

Composite Superstructure 
470975 1932050 

Titanium Substructure 

–Composite Superstructure 
470975 1932052 

Zirconia Substructure – 

Composite Superstructure 
470975 1932039 

Cr-Co Substructure – 

Zirconia Superstructure 
470975 1932039 

PEEK Substructure – 

Zirconia Superstructure 
470975 1932052 

Titanium Substructure 

– Zirconia Superstructure 
470975 1932050 

Zirconia Substructure – 

Zirconia Superstructure 
470975 1932052 

 

Following the initial analysis in Algor Fempro, the models 

were further refined in Rhinoceros 4.0 3D Software. In this 

stage, prosthetic components such as screws, implants, 

and abutments were precisely aligned with the bone 

structures using Boolean operations, ensuring accurate 

representation of their spatial relationships. 

 

Bone tissues were segmented based on Hounsfield units, a 

technique commonly used in medical imaging. The 

segmented regions were then rendered into a 3D model, 

and subsequently simplified using 3D-Doctor software to 

optimize model complexity and reduce computational 

demands. This simplified model served as a reference for 
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the creation of a new bone model, incorporating 

anatomical measurements from the Wheeler atlas. 

 

The newly created bone model underwent dimensional 

and topographic adjustments in VRMesh software to 

achieve greater anatomical accuracy. Cancellous bone was 

extracted from the bone tissue using the offset method, 

allowing for the accurate representation of the distinct 

bone microstructures. 

 

Finally, the refined models, including the mandible, 

prosthetic components, and bone tissues, were imported 

back into Algor Fempro for the final finite element analysis. 

Boundary conditions were applied to the model to 

simulate real-world constraints, such as fixation at the base 

of the mandible. 

 

RESULTS 
 
Results of maximum principal stress in cortical 
bone around the implant 
In the Cr-Co substructure with a composite superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 4.699767 N/mm², while the lowest was 

found in the CB of the right anterior implant region at 

1.453774 N/mm² (Fig.2a) (Table 3). When force was 

applied to the cantilever portion of the same combination, 

the highest MaxPS was found in the CB of the right 

anterior implant region at 19.011616 N/mm², and the 

lowest in the CB of the right posterior implant region at 

4.401233 N/mm² (Fig.2b)(Table 3). 

 

In the PEEK substructure with a composite superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 6.299223 N/mm², while the lowest was 

found in the CB of the right posterior implant region at 

2.757486 N/mm² (Fig.2c) (Table 3). When force was applied 

to the cantilever portion of the same combination, the 

highest MaxPS was found in the CB of the left posterior 

implant region at 12.984744 N/mm², and the lowest in the 

CB of the right posterior implant region at 2.373965 N/mm² 

(Fig2d) (Table 3).  

 

In the titanium substructure with a composite 

superstructure, when force was applied between the two 

implants, the highest MaxPS was observed in the CB of the 

left anterior implant region at 4.930487 N/mm², while the 

lowest was found in the CB of the right anterior implant 

region at 1.522162 N/mm² (Fig.2e) (Table 3). When force 

was applied to the cantilever portion of the same 

combination, the highest MaxPS was found in the CB of 

the right anterior implant region at 18.022934 N/mm², and 

the lowest in the CB of the right posterior implant region 

at 4.066457 N/mm² (Fig.2f) (Table 3). 

Figure 2. Composite Superstructure Maximum Principal Stress; (a, 

b) Cr-Co Substructure (a: anterior load, b: posterior load); (c, d) 

PEEK Substructure (c: anterior load, d: posterior load); (e, f) 

Titanium Substructure (e: anterior load, f: posterior load); (g, h) 

Zirconia Substructure (g: anterior load, h: posterior load). 

 

Figure 3. Zirconia Superstructure Maximum Principal Stress; (a, 

b) Cr-Co Substructure (a: anterior load, b: posterior load); (c, d) 

PEEK Substructure (c: anterior load, d: posterior load); (e, f) 

Titanium Substructure (e: anterior load, f: posterior load); (g, h) 

Zirconia Substructure (g: anterior load, h: posterior load). 
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Table 3. Maximum principal stress (MaxPS) values (N/mm²) in 

cortical bone around the implant for different substructure and 

superstructure combinations. 

 

 

In the zirconia substructure with a composite 

superstructure, when force was applied between the two 

implants, the highest MaxPS was observed in the CB of the 

left anterior implant region at 4.680983 N/mm², while the 

lowest was found in the CB of the right anterior implant 

region at 1.449526 N/mm² (Fig.2g) (Table 3). When force 

was applied to the cantilever portion of the same 

combination, the highest MaxPS was found in the CB of 

the right anterior implant region at 19.078002 N/mm², and 

the lowest in the CB of the right posterior implant region 

at 4.424193 N/mm² (Fig2h) (Table 3). 

 

In the Cr-Co substructure with a zirconia superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 4.106259 N/mm², while the lowest was 

found in the CB of the right anterior implant region at 

1.493344 N/mm² (Fig.3a) (Table 3). When force was 

applied to the cantilever portion of the same combination, 

the highest MaxPS was found in the CB of the right 

anterior implant region at 19.839220 N/mm², and the 

lowest in the CB of the right posterior implant region at 

4.323566 N/mm² (Fig.3b) (Table 3). 

 

In the PEEK substructure with a zirconia superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 5.028194 N/mm², while the lowest was 

found in the CB of the right anterior implant region at 

1.209262 N/mm² (Fig.3c) (Table 3). When force was applied 

to the cantilever portion of the same combination, the 

highest MaxPS was found in the CB of the right anterior 

implant region at 18.166266 N/mm², and the lowest in the 

CB of the right posterior implant region at 3.998480 N/mm² 

(Fig.3d) (Table 3). 

 

In the titanium substructure with a zirconia superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 4.242281 N/mm², while the lowest was 

found in the CB of the right anterior implant region at 

1.452275 N/mm² (Fig.3e) (Table 3). When force was 

applied to the cantilever portion of the same combination, 

the highest MaxPS was found in the CB of the right 

anterior implant region at 19.868105 N/mm², and the 

lowest in the CB of the right posterior implant region at 

4.329700 N/mm² (Fig.3f) (Table 3). 

 

In the zirconia substructure with a zirconia superstructure, 

when force was applied between the two implants, the 

highest MaxPS was observed in the CB of the left anterior 

implant region at 4.095691 N/mm², while the lowest was 

found in the CB of the right anterior implant region at 
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1.496259 N/mm² (Fig.3g) (Table 3). When force was 

applied to the cantilever portion of the same combination, 

the highest MaxPS was found in the CB of the right 

anterior implant region at 19.824913 N/mm², and the 

lowest in the CB of the right posterior implant region at 

4.321727 N/mm² (Fig.3h) (Table 3). 

 

Results of minimum principal stress in the cortical 
bone around the implant  
When force was applied between two implants in a Cr-Co 

substructure with a composite superstructure, the lowest 

MinPS was observed in the CB of the left posterior implant 

region at -10.416149 N/mm², while the highest MinPS was 

observed in the CB of the right posterior implant region at 

-1.520808 N/mm² (Fig.4a) (Table 4). When force was 

applied to the cantilever portion of a the same combination, 

the lowest MinPS was observed in the CB of the left 

posterior implant region at -37.027302 N/mm², and the 

highest MinPS was observed in the CB of the right anterior 

implant region at -4.175044 N/mm² (Fig.4b) (Table 4). 

Figure 4. Composite Superstructure Minimum Principal Stress; (a, 

b) Cr-Co Substructure (a: anterior load, b: posterior load); (c, d) 

PEEK Substructure (c: anterior load, d: posterior load); (e, f) 

Titanium Substructure (e: anterior load, f: posterior load);(g, h) 

Zirconia Substructure (g: anterior load, h: posterior load). 

 

In the PEEK substructure with a composite superstructure, 

when force was applied between the two implants, the 

lowest MinPS was observed in the CB of the left posterior 

implant region at -11.570927 N/mm², while the highest was 

found in the CB of the right anterior implant region at -

1.091225 N/mm² (Fig.4c) (Table 4). When force was applied 

to the cantilever of the same combination, the lowest  

Table 4. Minimum principal stress values (N/mm²) in the cortical 

bone around the implant for different substructure and 

superstructure combinations. 
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MinPS was observed in the CB of the left posterior implant 

region at -43.813800 N/mm², and the highest was found in 

the CB of the right anterior implant region at -2.999020 

N/mm² (Fig.4d) (Table 4). 

 

When force was applied between two implants in a 

titanium substructure with a composite superstructure, 

the lowest MinPS was observed in the CB of the left 

posterior implant region at -10.632292 N/mm², while the 

highest MinPS was observed in the CB of the right 

posterior implant region at -1.487134 N/mm² (Fig.4e) 

(Table 4). When force was applied to the cantilever of the 

same combination, the lowest MinPS was observed in the 

CB of the left posterior implant region at -38.483984 

N/mm², and the highest MinPS was observed in the CB of 

the right anterior implant region at -4.031745 N/mm² 

(Fig.4f) (Table 4). 

 

When force was applied between two implants in a 

zirconia substructure with a composite superstructure, the 

lowest MinPS was observed in the CB of the left posterior 

implant region at -10.398420 N/mm², while the highest 

MinPS was observed in the CB of the right posterior 

implant region at -1.521998 N/mm² (Fig.4g) (Table 4). 

When force was applied to the cantilever of the same 

combination, the lowest MinPS stress was observed in the 

CB of the left posterior implant region at -36.904036 

N/mm², and the highest MinPS was observed in the CB of 

the right anterior implant region at -4.181418 N/mm² 

(Fig.4h) (Table 4). 

 

When force was applied between two implants in a Cr-Co 

substructure with a zirconia superstructure, the lowest 

MinPS was observed in the CB of the left anterior implant 

region at -10.126320 N/mm², while the highest MinPS was 

observed in the CB of the right posterior implant region at 

-1.416865 N/mm² (Fig.5a) (Table 4). When force was 

applied to the cantilever of the same combination, the 

lowest MinPS was observed in the CB of the left posterior 

implant region at -33.900477 N/mm², and the highest 

MinPS was observed in the CB of the right anterior 

implant region at -4.142041 N/mm² (Fig.5b) (Table 4). 

 

When force was applied between two implants in a PEEK 

substructure with a zirconia superstructure, the lowest 

MinPS was observed in the CB of the left posterior implant 

region at -10.584618 N/mm², while the highest MinPS was 

observed in the CB of the right anterior implant region at -

1.416865 N/mm² (Fig.5c) (Table 4). When force was applied 

to the cantilever of the same combination, the lowest 

MinPS was observed in the CB of the left posterior implant 

region at -37.598654 N/mm², and the highest MinPS was 

observed in the CB of the right anterior implant region at -

3.479953 N/mm² (Fig.5d) (Table 4). 

 

When force was applied between two implants in a 

titanium substructure with a zirconia superstructure, the 

lowest MinPS was observed in the CB of the left posterior 

implant region at -10.130849 N/mm², while the highest 

MinPS was observed in the CB of the right posterior 

implant region at -1.432913 N/mm² (Fig.5e) (Table 4). 

When force was applied to the cantilever of the same 

combination, the lowest MinPS was observed in the CB of 

the left posterior implant region at -34.797301 N/mm², and 

the highest MinPS was observed in the CB of the right 

anterior implant region at -4.110895 N/mm² (Fig.5f) (Table 

4). 

 

When force was applied between two implants in a 

zirconia substructure with a zirconia superstructure, the 

lowest MinPS was observed in the CB of the left anterior 

implant region at -10.136509 N/mm², while the highest 

MinPS was observed in the CB of the right posterior 

implant region at -1.415330 N/mm² (Fig.5g) (Table 4). 

When force was applied to the cantilever of the same 

combination, the lowest MinPS was observed in the CB of 

the left posterior implant region at -33.819820 N/mm², and 

the highest MinPS was observed in the CB of the right 

anterior implant region at -4.140722 N/mm² (Fig.5h) (Table 

4). 

Figure 5. Zirconia Superstructure Minimum Principal Stress; (a, b) 

Cr-Co Substructure (a: anterior load, b: posterior load); (c, d) 

PEEK Substructure (c: anterior load, d: posterior load); (e, f) 

Titanium Substructure (e: anterior load, f: posterior load);(g, h) 

Zirconia Substructure (g: anterior load, h: posterior load). 
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DISCUSSION  
 

The null hypothesis of the study “there is no difference in 

the effect of different substructure and superstructure 

materials used in All-on-4 prosthetic restorations on bone 

stress distribution” was rejected. In our study, different 

stress distributions in the bone were observed with 

different substructure and superstructure materials. 

 

In implant-supported prostheses, the use of polymeric 

materials such as PEEK (polyether ether ketone), 

manufactured by CAD-CAM(Computer Aided Design-

Computer Aided Manufacturing) milling, has been 

suggested as an alternative to high-elastic modulus, rigid 

materials like titanium, Cr-Co, and zirconia due to 

advantages like lower cost, light weight, and shock 

absorption (14,15). It is thought that PEEK substructures 

with an appropriate elastic modulus may be beneficial for 

patients with temporomandibular joint complaints (16). 

Some studies have shown that rigid, non-polymeric 

substructures with high elastic modulus do not absorb 

shock, thus transmitting more stress to the bone-implant 

interface (17). Zoidis argued that polymeric materials like 

PEEK, which can be milled using CAD-CAM, could be 

used instead of rigid substructures like Cr-Co, zirconia, or 

titanium (18). However, other studies have reported that 

using a rigid substructure provides better stress 

distribution and reduces stresses in the surrounding bone 

of the implant (19,20). There is limited information on the 

biomechanical behavior of polymeric and non-polymeric 

materials in implant-supported fixed prostheses and their 

effect on stress distribution in the surrounding bone(21).  

Oral microflora adhesion to PEEK surfaces is lower 

compared to zirconia, titanium, and PMMA.  

 

There are some limitations in finite element analysis. The 

models used in this study are defined as linear elastic, 

homogeneous, and isotropic. While these assumptions are 

common in finite element analysis, the actual clinical 

behaviors cannot be fully simulated(7). 

 

Modeling the mechanical behavior of cortical or trabecular 

bone is difficult because bone is highly anisotropic, 

heterogeneous, and depends on many parameters such as 

age, gender, and bone type. As a result, it is not easy to 

define the exact material properties of a specific bone 

being studied numerically. Therefore, in most finite 

element analyses, the mechanical properties of bone are 

assumed to be isotropic. 

 

In finite element analysis studies, MaxPS is generally used 

to observe tensile stress, and minimum principal stress is 

used for compressive stress. Given the flexible and brittle 

response of bone, it is appropriate to use compressive 

stress/strain to analyze the biomechanical behavior of the 

bone surrounding the implant(22). 

 

Using the same superstructure is used in all force 

applications, higher MaxPS values are observed in the CB 

surrounding the implants in the PEEK substructure group 

compared to the other substructure groups, in the 

direction of force. Applying force between implants 

produces the highest MaxPS is observed in the CB of the 

left anterior implant region. Under these conditions, a 

combination of PEEK substructure and composite 

superstructure yields a MaxPS value of 6.299223 N/mm² in 

the CB surrounding the left anterior implant region. 

Applying force to the cantilever section results lower 

MaxPS values are observed in the zirconia superstructure 

group compared to the composite superstructure group in 

the same substructure combinations. In all combinations 

where force is applied to the cantilever section, the highest 

MaxPS values are observed in the CB surrounding right 

anterior implant. Applying force to the cantilever section 

with the same superstructure material results in lower 

MaxPS values in the CB of the implant farthest from the 

force in the PEEK substructure group, compared to other 

substructure groups. The highest MaxPS value is observed 

in the CB surrounding the right anterior implant in the 

titanium substructure and zirconia superstructure 

combination, which is 19.868105 N/mm². The low Young’s 

modulus of the PEEK substructure causes it to flex, 

generating more tensile stress in the CB near the force 

application site. Rigid substructures, on the other hand, 

absorb the force as a whole and transmit it to the opposing 

arch, creating a more homogeneous stress distribution 

with the opposite arch stabilizing the CB. 

 

Using the same superstructure results in the lowest 

minimum principal stresses in all combinations in the CB 

surrounding the left posterior implant in the PEEK 

substructure group. 

 

Force application to the cantilever section results in MinPS 

values in the CB following the order from lowest to highest 

as: left posterior implant region, left anterior implant 

region, right posterior implant region, and right anterior 

implant region. 

 

Force application to the cantilever section also leads to 

MinPS values in the CB in the direction of force (left 

anterior and posterior implant regions) following the 

order from highest to lowest as: zirconia, Cr-Co, titanium, 

and PEEK. These values increase as the Young’s Modulus 

increases(Young’s Modulus: PEEK 4,200 MPa, Titanium 

110,000 MPa, Cr-Co 200,000 MPa, Zirconia 210,000 MPa). 
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In combinations where force is applied to the cantilever 

section and the same substructure is used, the MinPS 

values in the composite superstructure are lower than in 

the zirconia superstructure. 

 

When force is applied between two implants and the same 

substructure is used, the MinPS values in the CB of the left 

posterior implant region are lower in the composite 

superstructure compared to the zirconia superstructure. 

The compression values in the CB are concentrated in the 

region closest to the force. Higher stress peak values are 

observed in PEEK substructure and composite 

superstructure materials with low elastic modulus. The 

low elastic modulus of the PEEK substructure and 

composite superstructure material allows more 

compression forces to be transmitted to the CB closest to 

the force application site. 

 

Some authors have mentioned the cushioning effect of 

PEEK material in stress transmission to the peri-implant 

region. Wang et al. stated that the combination of PEEK 

substructures and PMMA crowns could show an elastic 

cushioning effect under chewing forces compared to 

metal/zirconia substructures with high elastic moduli (16). 

Therefore, it was noted that metal/zirconia substructures 

might increase stress concentration in the alveolar crest 

between implants. Seemann et al. reported that the 

combination of PEEK substructures with resin 

superstructures could reduce the transmission of occlusal 

forces (23). Zoidis suggested that combining PEEK 

substructures with acrylic teeth, both with low elastic 

moduli, might act as stress breakers and reduce occlusal 

stresses (18). Conserva et al. reported that rigid 

substructures with high elastic moduli do not absorb 

shock, transmitting more stress to the implant-bone 

interface, potentially leading to prosthetic failures, bone 

and implant loss (17). 

 

Other authors recommend using relatively rigid 

substructure materials to prevent failure. In the study by 

Bacchi et al., it was reported that using more rigid 

materials resulted in lower stress in the bone (24). In the 

in-vitro study by Sirandoni et al., it was found that, despite 

the cushioning effect of polymeric materials, stress 

reduction in the substructure occurred, but there was an 

increase in stress in the surrounding implant bone (21). 

This increase was attributed to the high elasticity of the 

material and the lack of a rigid substructure. In the study 

by Jaros et al., Ni-Cr and PEEK substructure bars were 

compared using finite element analysis in an All-on-4 

design (11). Although both systems showed similar results 

in stress distribution in the surrounding bone under axial 

force, the PEEK bar system transmitted more stress to the 

implant surrounding bone under oblique forces. In the 

study by Kelkar et al., zirconia, titanium, and PEEK 

substructure materials in All-on-4 prostheses were 

evaluated using finite element analysis (8). In that study, 

the least displacement was observed with zirconia 

substructures, while similar values were observed for 

PEEK and titanium. Excessive micromovements at the 

implant-bone interface can have harmful effects. In the 

photo-elastic stress study by Çalışkan and Yöndem on All-

on-4 prostheses, metal and zirconia showed lower stress 

values compared to PEEK (25). Based on these results, the 

authors suggested that an increase in the elastic modulus 

of the substructure material reduces the stress transmitted 

to the bone and implants. Our study found similar results 

to these conclusions. We believe that non-rigid 

substructures transmit more force to the implants in the 

region closest to the force application. 

 

Limitations of the Study 
Although we attempt to recreate intraoral structures in a 

computer environment using finite element analysis, 

intraoral conditions cannot be fully simulated, and long-

term clinical studies are needed to support the data 

obtained from our study. The application of unidirectional 

and static force may not fully represent real-life conditions, 

and given the brittle nature of zirconia, different outcomes 

could be observed under cyclic loading, such as during 

chewing (4). The data obtained in our study should be 

supported by long-term clinical studies. 

 

CONCLUSION  
 
I. Higher tensile forces were observed in the cortical bone 

surrounding the implant in the direction of the applied 

force in the PEEK substructure and composite 

superstructure groups. In these groups, strain forces in the 

cortical bone surrounding the implant were higher in the 

direction of the force compared to the direction opposite 

to the force. Rigid substructures absorbed the strain forces 

as a whole and transmitted less force to the cortical bone 

in the direction of the applied force, while transmitting 

more force to the cortical bone in the opposite arch. 

 

II. The compressive values in the cortical bone 

surrounding the implant were ranked by substructures 

from highest to lowest as follows: PEEK, titanium, Cr-Co, 

and zirconia. The low elastic modulus of the PEEK 

substructure and composite superstructure caused more 

compression forces to be transmitted to the cortical bone 

near the force application site due to their flexibility. 

 

III. In the composite superstructure, higher stress 

accumulation values were observed in the cortical bone in 
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the direction of the applied force compared to the zirconia 

superstructure.  
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ABSTRACT 

Objective: Non-alcoholic fatty liver disease (NAFLD) is a chronic condition characterized by excessive fat 

accumulation in the liver accompanied by inflammation. This study aims to know the diagnostic value of 

NLR (neutrophil to lymphocyte ratio) in stages of NAFLD. 

Materials and Methods: A retrospective case-control study was performed, including 49 NAFLD patients 

with NAFLD Grade 1, 48 with NAFLD Grade 2, 52 with NAFLD Grade 3, and 103 healthy control (HC) 

individuals. Neutrophil/Lymphocyte ratios as well as RBC, HGB, HCT, MCHC, MPV, WBC, NEUT#, RDW-

CV, BASO%, MCH, LYMPH%, PDW, PCT, NLR, EO%, RDW-SD, MONO%, PLT, MCVvalues were 

examined. 

Results: As the disease stages progressed (G3), a significant decrease (p=0.005*) in MPV values and a 

significant increase (p<0.05#) in NLR values were observed. No statistically significant difference was found 

between the groups in RBC (p=0.061), HCT (p=0.097), MCHC (p=0.747), MCV (p>0.05), MCH (p>0.05), PDW 

(p>0.05), PCT (p>0.05), MONO (p>0.05) and EO (p>0.05) parameters. 

Conclusion: MPV and NLR may be considered as effective biomarkers for monitoring the progression of 

NAFLD and evaluating the inflammatory status of patients. 
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INTRODUCTION 
 
Non-alcoholic fatty liver disease (NAFLD) is recognized as 

the most prevalent form of chronic liver disease 

worldwide and defined as the accumulation of fat above 

5% of hepatocytes or liver weight that is not caused by 

alcohol intake or secondary causes (1). The incidence of 

NAFLD is increasing due to the increase in obesity and 

diabetes and the lack of effective treatment methods. 

Global NAFLD incidence was eported at approximately 

4.600/100.000 person years, with higher rates observed in 

men, individuals who are overweight or obese, and a more 

than threefold increase in incidence from 2000 to 2015 (2, 

3). Although the development of non-alcoholic 

ateatohepatitis (NASH) is a multifaceted process that 

remains incompletely understood, in the pathogenesis of 

the disease; the ‘two-hit’ theory, which includes several 

stress factors, has been replaced by the ‘multiple hit’ 

model, which includes many factors such as lipotoxicity, 

innate immune system activation and microbiome (4). 

Type 2 diabetes mellitus, obesity  and dyslipidaemia are 

among the risk factors for NAFLD (5). NAFLD progresses 

in four main grading: Simple Fatty Liver (Steatosis), 

NASH, Fibrosis, and Cirrhosis (4). Liver biopsy is used as 

the gold standard for identification of NAFLD by 

evaluation of the degree of fibrosis and inflammation. 

However, this method may have serious risks such as 

bleeding and bile leakage. Although various inflammatory 

biomarkers have been used as both prognostic and 

predictive biomarkers in NAFLD, they have limitations (6). 

 

Although some associations have been identified between 

certain blood cells and NAFLD, the exact role of blood cells 

in NAFLD has not been fully elucidated (7). Inflammation 

causes a stress response in hepatocytes, may lead to lipid 

accumulation and therefore may lead to steatosis. Studies 

have highlighted the significant presence of inflammatory 

factors in NAFLD, this study aimed to investigate the 

inflammatory indicators neutrophil to lymphocyte ratio 

(NLR) and Platelet/Lymphocyte ratios in the grades of 

NAFLD (8). 

 

NLR is an easily accessible and low-cost indicator. The use 

of NLR in the prognosis of diseases such as chronic kidney 

disease and some cancers has increased over time (9). The 

NLR is considered an indicator of systemic inflammation. 

In NAFLD, fatty liver and inflammation may affect the 

immune response. An increase in this ratio may indicate 

increased inflammation and disease progression. 

However, there are few studies on whether this ratio 

differs between NAFLD stages. his study aims to analyze 

and compare the NLR, which has the potential to provide 

important information in terms of diagnosis and 

management of the disease, in NAFLD stages and to 

examine its status in healthy subjects.   
 
MATERIALS AND METHODS 
 
The study was planned as a retrospective study and was 

conducted by accessing the clinical files of individuals 

who applied to Amasya University Sabuncuoğlu 

Şerefeddin Training and Research Hospital between 2020-

2024 and met the inclusion criteria for our study and 

evaluating the data from the hospital archive. According 

to the diagnoses in the patient file information, staging 

information of NAFLD was obtained. Separate groups 

were created for each staging. (Grade 1, Grade 2, Grade 3, 

Grade 4). A control group consisting of healthy 

individuals was created. Routine hematology and other 

information of the individuals included in the groups was 

obtained from the hospital archive. (RBC, HGB, MCV, 

MCH, HCT, MCHC, MPV, PLT, NLR, RDW-CV, BASO%, 

WBC, PCT, EO%, RDW-SD, LYMPH%, NEUT#, PDW, 

MONO%) Individuals with a history of alcohol 

consumption (those who consume more than 20 grams of 

alcohol per day). Individuals with anemia, leukemia or 

other hematological diseases, under age 18 and those 

receiving anti-inflammatory, immunosuppressive or 

hormone therapy were not included in the study. Amasya 

University Non-Interventional Clinical Research Ethics 

Committee approval was received for the study ( 2024/144). 

 

Statistical analyses 

Statistical analyses were conducted using SPSS software 

version 25 (SPSS Inc., Chicago, IL, USA). The normality of 

continuous variables was assessed visually (histograms 

and Q-Q plots) and analytically (Kolmogorov-

Smirnov/Shapiro-Wilk tests). 

Variables showing normal distribution according to the 

Shapiro-Wilk test were analyzed using one-way ANOVA, 

and homogeneity of variances was evaluated by Levene’s 

Test. When p > 0.05, variances were considered 

homogeneous, and Tukey Post-Hoc Test was applied for 

pairwise comparisons. Results for normally distributed 

variables are presented as mean ± standard deviation (SD).  

For variables that did not show normal distribution, the 

Kruskal-Wallis test was used, and results were reported as 

median and interquartile range (IQR). For pairwise 

comparisons in non-normally distributed data, the Mann-

Whitney U test was applied. 

Qualitative variables were compared using the Chi-square 

test, and results were expressed as n (%). A p-value < 0.05 

was considered statistically significant. 
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RESULTS 

 

A statistically significant difference was found between 

the groups in age values (p = 0.02). In the post-hoc analysis, 

a significant difference was found between HC and G3; the 

mean age was highest in the Grade 3 group. According to  

the results of the Chi-Square test, there was no significant 

difference in gender distribution between the groups (p = 

0.56). The proportion of males appears to be higher in the 

G1 and G2 groups. 

 

No statistically significant difference was found between 

the groups in RBC (p=0.061), HCT (p=0.097), MCHC 

(p=0.747), MCV (p>0.05), MCH (p>0.05), PDW (p>0.05), 

PCT (p>0.05), MONO (p>0.05) and EO (p>0.05) parameters. 

HGB (a significant difference was found between the 

groups (p = 0.037); however, no significant difference was 

found in post hoc analysis. Especially the HGB value of the 

HC group was higher than the other groups. A significant 

difference was found between the groups in MPV values 

(p = 0.005). The results are shown in Table 1. Especially in 

the G3 group, MPV value was lower than the other groups. 

There was a significant difference between the groups in 

WBC values (p < 0.05). In the pairwise comparison made 

by Mann Whitney- U test, WBC values were found to be 

significantly higher in the G2 group compared to the HC 

group and the G1 group. A significant difference was 

found between the groups in PLT values (p < 0.05). In the 

pairwise comparison made by Mann Whitney- U test, it 

was significantly higher in G2 and G3 groups compared to 

G1 group. A significant difference was found between the 

groups in NLR values (p < 0.05). In the pairwise 

comparison made with Mann Whitney- U test, NLR values 

were significantly higher in G1 and G2 groups compared 

to HC group. It is shown in the Figure 1a, b, c, d, e. A 

significant difference was found between the groups in 

BASO values (p < 0.05). In the pairwise comparison made 

with Mann Whitney- U test, especially in G2 and G3 

groups, BASO value is significantly higher than HC and 

G1 groups 

Table 1: Descriptive Statistics of Hematological Parameters and Comparisons Between Groups 

 HC 

(n=103) 

G1 

(n=49)  

G2 

(n=48)  

G3 

(n=52)  
p-values 

Age (years) 55.87 ± 7.8 55 ± 12.09 55.4 ± 12.1 52.6 ± 12.7a 0.02* 

Gender (n/%) 
M: 49/47.6 

F: 54/52.4 

M: 34/69.4 

F: 15/30.6 

M: 31/64.6 

F: 17/35.4 

M: 31/59.6 

F: 21/40.4 
0.56† 

RBC 4.94 ± 0.5 4.70 ± 0.63 4.77 ± 0.53 4.86 ± 0.52 0.061* 

HGB 14.04 ± 1.7 d 13.32 ± 1.55 13.44 ± 1.83 13.98 ± 1.73 0.037* 

HCT 42.55 ± 4.57 41.15 ± 4.67 40.80 ± 4.7 42.29 ± 4.67 0.097* 

MCHC 33.04 ± 1.27 32.86 ± 1.63 32.89 ± 1.41 33.10 ± 1.29 0.747* 

MPV 10.48 ± 0.99 10.36 ± 1.2 10.16 ± 0.99 9.84 ± 1.15d 0.005* 

WBC 6.61 (2.35) 7.09 (2.59) 7.67 (1.89) a.b 7.47(2.40) <0.05# 

MCV 87 (6.4) 87 (5.3) 86 (6.5) 86.7 (6.7) >0.05# 

MCH 28.9 (2.9) 28.9 (2.8) 28.4 (2.3) 29.5 (2.6) >0.05# 

PLT 235 (66) 228 (101) 254 (105) b 262 (89) b <0.05# 

RDW-SD 40.6 (3.3) 43.2 (6)a 43 (5.68) a 41.8 (4.25) a.b <0.05# 

RDW-CV 12.8 (1.2) 13.8 (2.39) a 13.7 (1.55) a 13.1 (1.5) a.c <0.05# 

PDW 12.6 (3.2) 13.2 (4.2) 12.1 (4.7) 13.2 (4.9) >0.05# 

PCT 0.25 (0.1) 0.24 (0.1) 0.26 (0.08) 0.26 (0.11) >0.05# 

NEUT# 3.7 (1.67) 4.1 (1.98) 4.47 (1.58) a 4.2 (1.35) a <0.05# 

LYMPH% 2.3 (0.7) 1.9 (1.05) a 2.3 (1.04) b 2.3 (1.24) b <0.05# 

NLR 1.57 (0.78) 1.9 (1.03) a 1.89 (1.32) a 1.88 (1.2) <0.05# 

MONO% 0.5 (0.21) 0.45 (0.25) 0.6 (0.26) 0.5 (0.21) >0.05# 

EO% 0.13 (0.1) 0.13 (0.14) 0.15 (0.13) 0.15 (0.11) >0.05# 

BASO% 0.3 (0.4) 0.3 (0.2) 0.4 (0.3) a.b 0.4 (0.3) a.b <0.05# 

a: Compared to HC. b: compared to G1. c: compared to G2. d: compared with other groups.*One-way ANOVA, #Kruskall-Wallis, †Ki-square test.  

M: Male, F: Female, HC: healthy controls, G. grade; red blood cells (RBC), white blood cell (WBC), platelet (PLT), hemoglobin (HGB), hematocrit (HCT), 

neutrophil (NEUT#), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), red cell distribution width-coefficient of variation 

(RDW-CV), red cell distribution width-standard deviation (RDW-SD), platelet distribution width (PDW), plateletcrit (PCT), lymphocyte (LYMPH), 

eosinophil (EO), lymphocyte percentile (LYM%), monocyte percentile (MONO%), eosinophil percentile (EOS %), basophil percentile (BASO%), 

neutrophil lymphocyte ratio (NLR). MPV. mean platelet volume; NLR. neutrophil lymphocyte ratio. 
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DISCUSSION 

 
Metabolic dysfunction-associated liver disease (MASLD) 

is a substance-independent condition with microvesicular 

steatosis in ≥5% of liver cells, including several disease 

classes such as NASH, liver cirrhosis, non-alcoholic fatty 

liver and fibrosis (10). The incidence of the disease is 

increasing and studies on it also reveal its relationship 

with other diseases. While NAFLD accounts for 40% of 

deaths from cardiovascular disease, research shows that 

this disease can increase cardiovascular risk     

independently of typical risk factors and impacts up to 70% 

of diabetic patients (11). Recent studies have shown that 

NAFLD is higher in men and obese individuals, has 

increased three-fold between 2000 and 2015, treatment 

options are limited, and prevention of NAFLD should 

continue to be the focus of public health strategies (2). 

Additionally, this procedure is costly, prone to significant 

sampling error considering the ratio of the obtained 

sample to liver volume, has poor reproducibility, and is 

susceptible to post-analytical errors during interpretation 

(12, 13). 

 

This study demonstrated that changes in haematological 

parameters become prominent in the progressive stages of 

NAFLD and these changes have the potential to shed light 

on the pathophysiology of the disease. In particular, 

significant increases in WBC, RDW-SD, RDW-C, NEUT 

and LYMP values suggest that inflammation and systemic 

immune response could contribute significantly to the 

progression of NAFLD. In our study, significant decrease 

in MPV values (p= 0.005*) and a significant increase in 

NLR values (p<0.05#) were observed as the disease stages 

 progressed (G3). These two parameters indicate that 

platelet functions and inflammatory processes should be 

evaluated together in the progression of NAFLD. 

However, parameters such as RBC and HGB remained 

constant, suggesting that red blood cells and heemoglobin 

may be less affected by the stages of the disease. Decreased 

MPV may reflect changes in platelet activation and 

potentially microvascular dysfunction. Lower MPV values 

may be associated with progression of inflammation and 

liver fibrosis. Increased NLR indicates exacerbation of 

systemic inflammation and the emergence of a neutrophil-

dominated immune response. This finding supports that 

  

Figure 1 a: Comparison of NLR results according to NAFLD grades,b: Comparison of WBC results according to NAFLD grades, c: 
Comparison of HGB results according to NAFLD grades, d: Comparison of PLT results according to NAFLD grades e: Comparison 
of RDWSD results according to NAFLD grades, a: Compared to HC. b: compared to G1. c: compared to G2. d: compared with 
other groups. 
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inflammation is a fundamental mechanism in the 

pathogenesis of NAFLD. 

 

NAFLD is a major health concern and is projected to 

become the primary reason for liver transplantation 

within the next decade (14). As a result of  cumulative 

meta analysis of NAFLD studies and a meta-analysis of 

changes in metabolism-related parameters, Akdas et al. 

showed that NAFLD patients have a high risk of metabolic 

dysfunction and that most of the Turkish NAFLD patients 

identified in previous studies may have MASLD. Also 

Akdas et al. showed that elevated levels of ferritin, 

hemoglobin, creatinine, CRP, and ESR, along with 

metabolism disorders related wtih glucose, 

hyperlipidemia, impaired liver function, and high blood 

pressure values, were observed in NAFLD patients in 

Türkiye (15). It has been shown how important NAFLD is 

and how it causes various changes in metabolism. In 

another metanalysis study, Shavakhi et al. showed that 

NLR may be suitable biomarker to help in the prediction 

and prevention of NASH and fibrosis in patients with 

NAFLD (16). 

 

NLR ratio has the advantage of simple calculation.  It is 

considered potential noninvasive markers for predicting 

advanced disease. In parallel with our work,  Abdel-

Razik et al. found that NLR ratio was higher in NASH 

group than in non-NASH patients (17). In their study, 

Wenyi et al. showed that there were negative correlations 

between high NLR levels and patients with NAFLD 

exhibiting severe inflammatory activity and substantial 

fibrosis (18). Otherwise, a large cohort study by Kara et al. 

revealed that NLR was not linked to the severity of 

NAFLD.- (19). Although a large study on this condition, 

Kara et al.'s study had limitations: The study group mainly 

included mild NAFLD cases, limiting its applicability to 

severe cases (19). 

 

In contrast to the literature which found a correlation 

between non-alcoholic steatohepatitis and NLR, Acar et al. 

did not find a correlation between simple fatty liver 

disease and NLR in their study (20).  Wang et al. reported 

that NLR levels were positively linked to the the extent of 

liver fibrosis in individuals with NAFLD (21). But the 

initial stage of the disease or between other stages was not 

examined. In a case-control study conducted by Duan et al 

in children with NAFLD, they found that NLR showed no 

significant difference between the two study groups (22).  

Karaoğullarından et al., in contrast to our study, showed 

that MPV was notably higher in the NAFLD group 

compared to the control group. Additionally, Kocabay et 

al. indicated that there was no difference in MPV levels 

between NAFLD patients and the control group (23, 24). 

In the study conducted by Alavarez et al., NAFLD patients 

who experienced cardiovascular events (CE) were 

retrospectively examined and compared with NAFLD 

patients who did not experience CE. It was found that the 

overall change in MPV level was higher in the CE group 

compared to the non CE group. They suggested that this 

finding might indicate MPV as a potential marker for 

elevated cardiovascular risk in NAFLD patients (25). 

 

MPV and NLR represent different but interrelated aspects 

of NAFLD. MPV indicates microvascular damage and 

coagulopathy processes through changes in platelet 

activity, while NLR provides information about the 

severity of systemic inflammation. The combined 

assessment of these two parameters provides a valuable 

approach to understanding the critical roles played by 

both inflammatory and haemostatic processes in the 

progression of NAFLD. 

 

CONCLUSION  
 
In conclusion, the combined assessment of MPV and NLR 

can be considered as effective biomarkers to monitor the 

progression of NAFLD and evaluating the inflammatory 

status of patients. Validation of these parameters in clinical 

applications may provide a better understanding of both 

their diagnostic and prognostic value. 
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