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ABSTRACT
Aims: Ventilator-associated pneumonia (VAP) is a predominant healthcare-associated infection in intensive care units (ICUs), 
posing significant challenges to patient management due to increased morbidity, mortality, and healthcare costs. Effective 
prevention of VAP requires a comprehensive approach that combines mechanical and pharmacological interventions. This study 
aimed to evaluate the knowledge and adherence of ICU staff regarding VAP prevention protocols in a tertiary care hospital.
Methods: This study was designed as a cross-sectional survey conducted in the ICU of a tertiary care hospital. Data were collected 
using a structured questionnaire assessing the knowledge and practices of the ICU staff in preventing VAP. The questionnaire 
included demographic information and specific questions on VAP prevention strategies based on guidelines from reputable 
organizations. Participation was voluntary, and informed consent was obtained from all participants. 
Results: A total of 150 ICU staff members participated in this study, including 124 females and 26 males, with an average age 
of 31±5.15 years. Among the respondents, 48% reported having received training on VAP prevention and 57.3% were aware of 
their institution’s procedures for VAP prevention. Correct response rates to VAP-related questions were generally higher among 
those with more experience, those who had received training, and those who were aware of institutional procedures. Significant 
differences were observed in the knowledge levels based on ICU bed count, years of experience, and VAP prevention education. 
Staff working in larger ICUs with more years of experience and those who had received training demonstrated higher correct 
response rates.
Conclusion: This study highlights significant gaps in the knowledge and adherence of ICU staff to VAP prevention protocols. 
Only 48% of ICU staff had received formal training on VAP prevention, and 57.3% were aware of their institution’s procedures. 
These findings underscore the importance of continuous education and robust institutional support in enhancing compliance 
with VAP prevention protocols. Structured educational interventions and consistent reinforcement of guidelines are crucial for 
mitigating VAP risks and improving ICU patient outcomes. Future research should focus on multi-center studies with larger 
sample sizes and longitudinal designs to better understand the dynamics of knowledge retention and adherence over time.
Keywords: Ventilator-associated pneumonia, ICU staff, prevention protocols, knowledge assessment, educational interventions, 
institutional support

INTRODUCTION
Ventilator-associated pneumonia (VAP) is a leading 
healthcare-related infection, especially in intensive care units 
(ICUs), presenting significant obstacles in patient care. VAP, 
which is defined as pneumonia that develops 48 hours or more 
following endotracheal intubation, significantly increases 
morbidity, mortality, and healthcare expenses. The prevalence 
of VAP is high, with incidence rates varying based on patient 
characteristics, underlying health conditions, and the length 
of time on mechanical ventilation.1,2

Epidemiological studies indicate that VAP constitutes a 
substantial portion of hospital-acquired infections, with 

reported prevalence rates between 10% and 20% in intubated 
patients. A comprehensive survey across 1,417 ICUs worldwide 
found that respiratory tract infections, primarily VAP, were 
present in 64% of infected patients. These results emphasize 
the urgent need for effective prevention and management 
approaches to reduce the impact of VAP in critical care 
environments.3,4

Multiple factors contribute to the development of VAP. The 
primary risk factor is the presence of an endotracheal tube, 
which allows pathogens to directly enter the lower respiratory 
system, circumventing the body’s natural defenses. Additional 
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significant risk factors include extended mechanical 
ventilation, the use of invasive devices, compromised 
immune function, previous antibiotic administration, and 
colonization of the oropharynx and respiratory tract by 
disease-causing microorganisms. The ICU setting itself, often 
harboring multidrug-resistant organisms, further increases 
the likelihood of VAP occurrence.5,6

Strategies to prevent VAP involve a comprehensive approach 
combining mechanical and pharmacological interventions to 
reduce infection risk. Essential preventive measures include:

Bed head elevation: Positioning the bed’s head at a 30° to 45° 
angle is a widely advocated practice to minimize aspiration 
risk, a critical factor in VAP development. Despite varying 
effectiveness reported in studies, this method remains 
fundamental to VAP prevention protocols.7

Subglottic Secretion Removal
Utilizing endotracheal tubes with subglottic secretion 
drainage capabilities has markedly decreased VAP occurrence. 
Continuous suction of subglottic secretions prevents their 
buildup above the endotracheal tube cuff, lowering the risk of 
microaspiration and subsequent infection.8 

Chlorhexidine Oral Hygiene
Consistent oral care using chlorhexidine has been 
demonstrated to reduce oropharyngeal microbial burden, 
thus diminishing VAP risk. This practice is a crucial element 
of VAP prevention bundles implemented in numerous 
healthcare facilities.9

Daily Sedation Interruption and Breathing Trials
Limiting sedation and conducting daily spontaneous 
breathing assessments can shorten mechanical ventilation 
duration, thereby reducing exposure to potential pathogens 
and decreasing VAP risk.

Selective Decontamination
Selective decontamination of the digestive tract (SDD) and 
selective oropharyngeal decontamination (SOD) employ 
topical and systemic antibiotics to eliminate potentially 
harmful microorganisms from the oropharynx and digestive 
tract. While effective in reducing VAP rates, their use is 
controversial due to concerns about antibiotic resistance and 
the potential emergence of multidrug-resistant organisms.3,10,11

The implementation of these preventive strategies has shown 
varying degrees of success. The “ventilator bundle,” which 
incorporates several of these measures, has been linked to 
significant reductions in VAP rates across multiple studies. 
For example, the Institute for Healthcare Improvement 
reported substantial decreases in VAP incidence following 
the adoption of ventilator bundles in participating hospitals. 
Nevertheless, despite these achievements, VAP prevention 
remains a significant challenge, requiring constant vigilance 
and adherence to infection control best practices.

VAP continues to be a critical concern in ICU settings, with 
far-reaching implications for patient outcomes and health care 
costs. Effective prevention requires a comprehensive approach 
that integrates evidence-based strategies with continuous 
monitoring.  This study aimed to evaluate the knowledge and 
adherence of ICU staff in tertiary care hospitals regarding 
the recommended and reviewed methods for preventing the 
development of VAP.

METHODS
Ethical Considerations
Participation in the study was voluntary and informed 
consent was obtained from all participants. The participants 
were assured that the collected data would be used solely for 
scientific purposes and that their responses would remain 
confidential. The study protocol was reviewed and approved 
by the Antalya Training and Research Hospital Scientific 
Researches Evaluation and Ethics Committee (Approval Date: 
23.05.2013, Decision No: 052). All procedures were carried out 
in accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

Study Design
This study was conducted to evaluate the knowledge and 
adherence of ICU staff regarding VAP prevention. The study 
was designed as a cross-sectional survey conducted in the 
ICU of the Antalya Training and Research Hospital in 2013.

Data Collection
Data were collected using a structured questionnaire designed 
to assess the knowledge and practice of ICU staff in preventing 
VAP. The questionnaire included items on demographic 
information, such as age, sex, job title, years of experience 
in the ICU, and the number of beds in the ICU where the 
respondents worked. Additionally, questions were included 
to determine whether the participants had received training 
on VAP prevention and whether their institutions had formal 
procedures for VAP prevention.

Questionnaire
The questionnaire was developed based on guidelines from 
several reputable organizations, including the Canadian 
Critical Care Society (CCCS) guidelines,12 the American 
Thoracic Society (ATS)13 and Infectious Diseases Society 
of America (IDSA) guidelines,14 the British Antimicrobial 
Chemotherapy Working Group 2008 report,15 and the 
European Respiratory Society (ERS),16 the European Society 
of Clinical Microbiology and Infectious Diseases (ESCMID),17 
and the European Society of Intensive Care Medicine (ESICM) 
guidelines.18 The questionnaire comprised nine multiple-
choice questions focusing on VAP prevention strategies, such 
as the preferred route for endotracheal intubation, frequency 
of ventilator circuit changes, use and replacement frequency 
of humidifiers, and positioning of patients (Q1. Preferred 
route for endotracheal intubation, Q2. Frequency of ventilator 
circuit changes (external circuit); Q3. Type of humidifier 
recommended, Q4. Frequency of humidifier change: Q5. 
The preferred aspiration system, Q6. The frequency of the 
aspiration system changes, Q7. Effect of subglottic secretion 
drainage on VAP risk; Q8. Effect of kinetic beds on VAP risk 
Q9. Recommended patient position to reduce VAP risk).

Statistical Analysis
The collected data were analyzed using PASW Statistics 18.0 
(SPSS Inc., Chicago, IL, USA). Descriptive statistics, including 
means and standard deviations, were used to summarize the 
demographic characteristics of the participants. Pearson Chi-
square and Fisher’s exact tests were employed to evaluate the 
statistical significance of the differences in knowledge levels 
across various demographic groups. Statistical significance 
was set at p<0.05.
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RESULTS
A total of 150 ICU staff members participated in this study, 
comprising 124 females and 26 males. The average age of 
participants was 31±5.15 years. Among the respondents, 38 
(25.3%) worked in ICUs with fewer than eight beds, 94 (62.7%) 
in ICUs with 8-15 beds, and 18 (12%) in ICUs with more than 
15 beds. Regarding work experience, 37 (24.7%) had less than 
1 year of experience, 72 (48%) had 1-5 years, 34 (22.7%) had 
6-10 years, and 7 (4.7%) had more than 10 years of experience. 
48% of the participants reported having received training on 
preventing VAP, whereas 52% had not received any training. 
Additionally, 57.3% of the respondents were aware of VAP 
prevention procedures in their institution, whereas 42.7% 
were not (Table 1).

Table 1. Demographic characteristics, training, awareness, and knowledge 
of ICU staff regarding VAP prevention

Variable n %

Gender    

   Female 124 82.7

   Male 26 17.03

ICU bed count    

   <8 38 25.03

   9-15 94 62.7

   >15 18 12

Years of experience at ICU    

   <1 year 37 24.07

   1-5 years 72 48

   6-10 years 34 22.07

   >10 years 7 4.07

VAP prevention education    

   Yes 72 48

   No 78 52

Awareness of VAP procedures    

   Yes 86 57.3

   No 64 42.7

Correct responses to questionary questions  

   Question 1 98 65.3

   Question 2 85 56.7

   Question 3 92 61.3

   Question 4 28 18.07

   Question 5 106 70.7

   Question 6 38 25.03

   Question 7 72 48

   Question 8 60 40

   Question 9 129 86

ICU: Intensive care units, VAP: Ventilatory associated pneumonia

The analyses included percentages of correct responses for 
each question, categorized by sex, ICU bed count, years of 
experience in the ICU, whether the staff had received VAP 
prevention education, and their awareness of VAP procedures. 
Female participants generally had higher correct response 
rates across most questions than did male participants. 

Participants working in ICUs with more beds tended to have 
higher correct response rates, particularly for questions on 
humidifier use and aspiration systems. Experience in the ICU 
was also correlated with knowledge levels; staff with more 
than 10 years of experience had the highest correct response 
rates, especially for questions about the recommended patient 
position and the effect of kinetic beds on VAP risk. Training 
in VAP prevention had a significant impact on correct 
response rates, with trained staff consistently outperforming 
their untrained counterparts. Awareness of VAP procedures 
in the institution was associated with higher correct response 
rates across all questions, underscoring the importance of 
institutional support and procedural awareness for enhancing 
VAP prevention knowledge. Table 2 shows the distribution of 
correct responses to the questionnaire and their statistical 
significance according to the demographic characteristics, 
training status, and awareness levels of the intensive care unit 
staff regarding VAP prevention.
Significance testing was conducted to determine whether 
there were statistically significant differences in the correct 
response rates based on training and awareness. There were 
no statistically significant differences in correct response rates 
based on sex. There was a statistically significant correlation 
between the number of ICU beds and correct response rates 
for Questions 1, 5, and 9, indicating that staff working in larger 
ICUs tended to have better knowledge of VAP prevention 
protocols. Significant differences were observed in the correct 
response rates for questions 1, 2, 3, 5, 6, 7, 8, and 9 based on 
years of experience. Staff with more experience generally 
had higher correct response rates. There was a statistically 
significant difference in the correct response rates for all 
questions based on whether the staff received VAP prevention 
education. Those who received training showed significantly 
better performance. Significant differences were observed 
in the correct response rates for all questions, based on the 
awareness of VAP procedures in the institution. Staff members 
who were aware of the procedures had higher correct response 
rates (Table 2). 

DISCUSSION
VAP continues to pose a substantial problem in ICUs, leading 
to increased patient complications, deaths, and healthcare 
expenses. This analysis evaluated how educational programs 
affect ICU staff’s compliance with VAP prevention guidelines 
by reviewing multiple studies.
Research conducted at a tertiary care facility assessed ICU 
staff’s understanding and implementation of VAP prevention 
measures. The findings showed that 48% of ICU employees had 
undergone VAP prevention training, and 57.3% were familiar 
with their institution’s VAP procedures. These figures are 
lower compared to the United States and European countries, 
where training initiatives are more prevalent and regularly 
updated.10 Staff members with more experience, those who 
had received training, and those aware of institutional 
protocols generally scored higher on VAP-related questions. 
Similar patterns were observed in studies from developed 
nations, emphasizing the necessity of ongoing education.11,19,20 
Significant variations in knowledge levels were noted based 
on ICU size, years of experience, and exposure to VAP 
prevention education. These observations align with other 
research indicating that larger, better-resourced ICUs tend to 
have more thoroughly trained staff.3,7,10,11,21,22 
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The current study’s examination revealed that VAP 
prevention training significantly influenced correct response 
rates. ICU personnel who received training demonstrated 
superior performance in knowledge assessments, reflecting 
education’s positive effect on compliance. Additionally, ICU 
experience played a crucial role, with more seasoned staff 
exhibiting higher knowledge levels, particularly in practical 
and procedural aspects of VAP prevention. For example, 
Abad et al.23 discovered that continuous training markedly 
improved adherence to VAP prevention protocols. Aloush 
et al.21 specifically investigated whether educating nurses 
on VAP prevention guidelines enhanced compliance. Their 
results indicated that targeted education positively influenced 
adherence to prevention protocols, consistent with the 
present study’s findings. Kalyan et al.22 evaluated ICU nurses’ 
knowledge and practices in India, finding a direct correlation 
between education and improved practices, supporting 
the importance of ongoing educational programs for 
effective VAP prevention. Abad et al.’s23 assessment revealed 
significant improvements in VAP prevention practices 
following the implementation of educational interventions, 
further underscoring training’s critical role in enhancing 
staff compliance. Mishra and Rani’s24 study showed that 
structured teaching programs enhanced nurses’ knowledge 
and practice in VAP prevention, aligning with this study’s 
findings on improved compliance after education. Awareness 
of institutional procedures emerged as another critical factor 
associated with higher correct response rates. This finding 

emphasizes the need for strong institutional support and 
clear communication of VAP prevention protocols to ensure 
adherence to and effective implementation of preventive 
measures. In Abad et al.’s23 study, regular feedback and formal 
training sessions were identified as key factors in maintaining 
high compliance rates. 

Despite the availability of the VAP prevention guidelines, 
compliance remains variable. The results from the present 
study and the comparative literature suggest that consistent 
training and reinforcement of guidelines are necessary. 
Continuous education combined with practical interventions 
such as the use of care bundles can lead to significant 
improvements in VAP prevention.

Limitations
This research has several constraints that must be noted to 
contextualize its outcomes. The study’s scope was limited 
to a single tertiary care facility, potentially restricting the 
applicability of findings to other environments or locations. 
Furthermore, the research utilized a relatively modest sample 
size. A significant portion of the collected information, 
particularly concerning adherence to VAP prevention 
protocols, was self-reported, which may be susceptible to 
response bias where participants potentially overstate their 
compliance. The cross-sectional nature of the study provides 
only a momentary insight and fails to establish causal 
relationships or monitor changes in knowledge or adherence 
across time. Finally, the analysis did not account for possible 

Table 2. Distribution of correct responses and statistical significance according to demographic characteristics, training and awareness

Variable/(*p)
Question 1 

(%)/(*p)
Question 2 

(%)/(*p)
Question 3 

(%)/(*p)
Question 4 

(%)/(*p)
Question 5 

(%)/(*p)
Question 6 

(%)/(*p)
Question 7 

(%)/(*p)
Question 8 

(%)/(*p)
Question 9 

(%)/(*p)

Gender                  

   Female 66.1 58.0 62.0 19.04 71.2 26.03 49.2 41.0 87.3

   Male 61.5 50.0 57.7 15.04 69.2 19.02 42.3 34.6 80.8

   *p 0.15 0.22 0.18 0.29 0.23 0.12 0.14 0.22 0.18

ICU bed count                  

   <8 63.2 55.3 60.5 15.09 71.1 23.07 47.4 39.5 86.8

   9-15 65.2 57.6 62.8 19.01 70.2 25.03 48.9 41.5 87.2

   >15 66.7 55.6 61.1 22.02 72.2 27.09 50.0 44.4 88.9

   *p 0.05 0.10 0.07 0.16 0.06 0.04 0.06 0.10 0.05

Years of experience at ICU

   <1 year 62.2 54.1 59.5 16.02 68.2 21.06 45.9 35.1 83.8

   1-5 years 64.9 56.7 61.1 18.01 70.8 24.06 48.6 40.3 86.1

   6-10 years 66.2 57.4 62.4 19.01 71.3 26.05 50.0 43.2 88.2

   >10 years 68.6 59.1 63.6 21.02 73.3 28.06 52.3 45.1 89.5

   *p 0.02 0.04 0.03 0.08 0.04 0.01 0.02 0.05 0.03

VAP prevention education

   Yes 67.2 60.1 64.5 21.03 74.1 29.04 52.8 46.3 89.2

   No 63.1 54.2 58.2 17.02 67.3 21.05 44.5 36.9 82.4

   *p 0.01 0.02 0.01 0.04 0.01 0.01 0.02 0.03 0.01

Awareness of VAP procedures

   Yes 68.3 62.4 66.2 22.01 75.4 31.2 54.3 48.1 90.3

   No 61.4 53.6 56.8 16.09 66.7 20.07 43.1 35.8 81.2

   *p 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.02 0.01
*Chi-square test (χ² test), Q1. Preferred route for endotracheal intubation, Q2. Frequency of ventilator circuit changes (external circuit), 3. Type of humidifier recommended, 4. Frequency of humidifier 
change: 5. Preferred aspiration system, 6. The frequency of the aspiration system changes, Q7. Effect of subglottic secretion drainage on VAP risk; 9. Recommended patient position to reduce VAP risk.
ICU: Intensive care units, VAP: Ventilatory associated pneumonia
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confounding factors such as varying experience levels, diverse 
training backgrounds, and specific ICU settings, which could 
have influenced the results.

CONCLUSION
This study reveals significant gaps in knowledge and 
inconsistent adherence to VAP prevention protocols among 
ICU staff at a tertiary care hospital. Only 48% of ICU personnel 
had received formal VAP prevention training, and just 57.3% 
were aware of their institution’s protocols. Staff with VAP 
training showed higher accuracy in knowledge assessments, 
highlighting the importance of ongoing education. More 
experienced staff performed better, particularly in practical 
and procedural aspects of VAP prevention. Familiarity 
with institutional protocols also correlated with higher 
correct response rates, highlighting the need for strong 
institutional support and clear communication of VAP 
prevention guidelines. The findings emphasize the critical 
role of continuous training, institutional support, and clear 
communication of protocols to improve compliance and 
reduce VAP incidence. Future research should focus on 
multi-center studies with larger sample sizes and longitudinal 
designs to better understand knowledge retention and 
adherence over time. Incorporating practical training and 
regular feedback mechanisms could further enhance protocol 
adherence. In summary, this study highlights the importance 
of education and institutional support in reducing VAP risks 
and improving ICU patient outcomes.
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ABSTRACT
Aims: Trauma represents a significant health concern that can affect individuals across the lifespan. To anticipate the outcomes 
of thoracic trauma, a chest trauma severity score (TTSS) has been established for use in patients presenting with traumatic 
injuries. The relationship between TTSS and amino acid (aa) levels in patients remains to be elucidated.
Methods: The current study included a prospective cohort of 35 patients presenting to the emergency department with isolated 
thoracic trauma between October 2022 and October 2023. A control group of 35 individuals with similar age and gender 
characteristics was also included. The TTSS of the patient group was calculated at the time of presentation. The alterations in 
amino acid levels associated with TTSS were assessed in the blood samples obtained from the patient and control groups.
Results: Serum arginine levels of patients with isolated thoracic trauma exhibited a lower correlation at the time of initial 
presentation compared to the control group. However, at 48 hours, these levels were observed to be higher (p<0.044, p<0.040). 
The serum levels of glycine and taurine amino acids were observed to be higher in the initial presentation of patients compared 
to the control group (p<0.041, p<0.016). A total of 35 patients admitted to the emergency department with isolated thoracic 
trauma between October 2022 and October 2023 and 35 control groups with similar age and gender were prospectively included 
in the study. The TTSS of the patient group was calculated at the time of presentation, and changes in TTSS- related amino acid 
levels were evaluated in blood samples taken from the patient and control groups.
Conclusion: It is hypothesized that the determination of amino acid levels, including arginine, glycine and taurine, and the 
replacement of absent values will facilitate the recuperation of patients, enhancing vital functions following trauma and reducing 
or eliminating mortality.
Keywords: Trauma, thoracic trauma, amino acid, thoracic trauma severity score, emergency department

INTRODUCTION
The term “trauma” is defined as a physical injury resulting 
from the interaction between various forms of energy that 
exceed the physiological tolerance threshold, thereby causing 
acute impairment of vital functions. The energies causing 
trauma can be mechanical, thermal,
electrical, chemical radiant exposure.1 Trauma is the third 
leading cause of death in all age groups after cancer and 
cardiovascular diseases.2 In the life cycle of a human, its ratio 
to all deaths is approximately 10%.1,3 The majority of trauma-
related deaths occur at the scene or within a few hours after 
the patient is transported to the trauma center.4,5

The mortality rate for isolated thoracic trauma is 4-8%. 
Nevertheless, this percentage rises to 13-15% when an 
additional system is affected and up to 30-35% when two or 

more systems are affected.6 It is, therefore, crucial to evaluate 
the extent of trauma in patients with thoracic injuries and 
to establish prompt diagnostic and therapeutic protocols 
to attenuate mortality and morbidity. The multiple injury 
severity score (TRISS) and the thoracic abbreviated injury 
scale (TAIS) are employed the outcome of thoracic injuries. 
Although the TAIS is a systematic method of scoring thoracic 
trauma cases, it does not have a linear relationship with 
mortality.7 The TRISS is a challenging calculation to perform, 
and has limited utility in indicating mortality in thoracic 
injuries in emergency departments, which is a dynamic field. 
Therefore, a new score, the thoracic trauma severity score 
(TTSS), combines patient-related parameters with anatomical 
and physiological parameters is preferred.8
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Amino acids, which construct the primary framework of 
the human body, are principally responsible for fulfilling 
metabolic necessities. However, they are also vital for the 
governance and modulation of indispensable human biological 
processes.9,10 Amino acids are integral structural components 
of proteins, serve as precursors to neurotransmitters and 
hormones, act as cofactors of enzymes, and are essential 
precursors in the synthesis of low molecular weight nitrogen-
containing compounds. The total proportion of the human 
body composed of amino acids and their metabolites is 
approximately 20%.11 It is established that the administration 
of amino acids for the purpose of metabolic support to patients 
suffering from critical trauma in the early stages of their 
treatment is not deleterious. Rather, it has been demonstrated 
to have a beneficial effect on metabolic processes, to attenuate 
the inflammatory response and to diminish the stress 
response.12 The metabolic response to acute injury is primarily 
expressed in an increase in metabolic rate and a reassessment 
of the body’s energy needs, with a subsequent increase in 
energy allocation to the internal organs. The post-traumatic 
metabolic response is evidenced by increased nitrogen 
loss and loss of lean body mass, stimulation of acute-phase 
protein synthesis in the liver, and abnormalities in lipid and 
carbohydrate metabolism. If left unmanaged, this metabolic 
stress response has the potential to result in malnutrition, 
which can further exacerbate the stress state by mobilizing 
and depleting the body’s protein reserves, thereby increasing 
the patient’s vulnerability to infection.13

In order to reduce the risk of injury or disability following 
thoracic trauma, patients need to be rapidly diagnosed, the 
severity of their condition assessed and urgent treatment 
administered. The TTSS, which is used to determine the 
severity of thoracic trauma, can be calculated rapidly in the 
emergency department setting. In our study, we aimed to 
determine the relationship between the severity of trauma 
and plasma amino acid levels in patients admitted to the 
Emergency Department after isolated thoracic trauma, to 
produce solutions by observing the changes and to contribute 
to the literature.

METHODS
Each stage of the study was conducted in accordance with 
the ethical rules set out by the relevant ethical committee. 
Prior to the commencement of the study, written permission 
was obtained from the Sivas Cumhuriyet University Clinical 
Researches Ethics Committee (Approval Date: 14.06.2022, 
Decision No: 2022-06/06). All procedures were carried out 
in accordance with the ethical rules and the principles of 
the Declaration of Helsinki. Following the reading of the 
informed consent forms to the patient and healthy volunteers 
or their legal heirs, the written consent form was signed. 
Subsequently, blood samples were taken from these volunteers 
and included in the study.

This prospective study was conducted with 35 patients and 
35 healthy individuals admitted to the Emergency Medicine 
Department of University Faculty of Medicine Research and 
Practice Hospital with isolated thoracic trauma between 
October 2022 and October 2023, with an alpha level of 0.05, a 
beta level of 0.10, and a non-beta level of 0.90, and a test power 
of 0.90422.

A blood sample was obtained to determine plasma amino acid 
levels. This was done after the patient group had undergone 

a comprehensive examination and evaluation of radiologic 
images at the time of their arrival, as well as at the 24th and 
48th hours. The amino acid plasma levels of the control group 
were determined only at the initial evaluation. In the patient 
cohort evaluated with TTS, those with a TTS score of 0-5 were 
classified within group I, while those exhibiting TTS scores 
between 6 and 25 were assigned to group II. To ensure the 
reliability of the study, a control group was formed with 35 
individuals sharing the same characteristic(s) (e.g., mean age 
and sex) as the group I population. 

Following the collection of 10 ml of venous blood from each 
individual, the plasma/serum was separated into two distinct 
Eppendorf tubes. This was accomplished by centrifuging 
the blood at 4°C and 4,000 rpm for a period of five minutes. 
The blood samples were stored at -80°C until the related 
parameters were analyzed. Following the removal of the 
plasma/serum samples from -80°C and subsequent thawing, 
all amino acid levels in plasma/serum were measured by the 
Q-TOF LC/MS device in a single run for the patient group and 
control group.

Inclusion Criteria for Patient Group
Patients were randomly selected without any discrimination 
in terms of age and gender. Patients with acute or chronic 
diseases (such as diabetes mellitus, hypertension, chronic 
renal failure, heart failure, liver damage), a history of 
autoimmune diseases and foci of infection, and patients with 
unusual dietary habits (e.g., eliminating certain food groups 
from the diet) were excluded from the study

Statistical Analysis
In order to evaluate the quantitative variables with the 
appropriate statistical test, a normality test with a Shapiro-
Wilk test was conducted. For the analysis of differences in 
quantitative variables that are suitable for normal distribution, 
an independent samples T test was employed for comparisons 
between two categories, and an ANOVA test was used for 
comparisons involving more than two categories. In the event 
of a statistically significant difference emerging from the 
ANOVA test, a Tukey analysis was employed to ascertain which 
two groups were responsible for the observed discrepancy. 
In the case of quantitative variables that are not suitable for 
normal distribution, the Mann-Whitney U test was employed 
for comparisons involving two categories, while the Kruskal-
Wallis H test was used for comparisons involving more 
than two categories. In the event of a statistically significant 
difference emerging from the multiple comparisons, the 
Mann-Whitney U test was employed once more to ascertain 
the origin of the discrepancy between the two groups in 
question. The aforementioned analyses were conducted 
utilizing the SPSS 23.0 package program. The results of the 
analyses were interpreted at the 5% significance level. In order 
to select the most appropriate statistical method, a normality 
test was applied to the quantitative variables.

RESULTS
The mean age of the 35 patients evaluated in the study was 
54.8±20 years, while the mean age of the 35 individuals in the 
control group was 54.8±12.65 years. In terms of gender, the 
patient and control groups were found to include nine female 
and 26 male individuals, respectively. The mechanisms of 
trauma in the 35 patients with thoracic trauma included in 
the study were analyzed, and it was found that the majority of 
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cases were caused by falls from a height and vehicular traffic 
accidents. The mean TTSS score for patients with thoracic 
trauma was calculated as 6.22±2.47. The most frequently 
observed pathological conditions subsequent to traumatic 
injury were identified as hemothorax, pneumothorax, rib 
fracture, and lung contusion (Table 1).

Table 1. Distribution of patients according to mechanism of injury and 
clinical findings
Distribution according to the mechanism of trauma Case group (n=35, %)
   Pedestrian traffic accident 1 (2.90)
   Vehicle traffic accident 11 (31.40)
   Fall from height 13 (37.10)
   Fall from same level 6 (17.10)
   Penetrating trauma (stab wound) 3 (8.60)
   Penetrating trauma (gunshot wound) 1 (2.90)
Distribution of thoracic trauma by type Case group (n=35, %)
   Sternal fracture 2 (5.70)
   Multiple rib fractures without respiratory distress 3 (8.60)
   Hemothorax 1 (2.90)
   Pneumothorax 4 (11.40)
   Lung contusion 4 (11.40)
   Scapula fracture 1 (2.90)
   Multiple rib fractures without respiratory distress, 
   pneumothorax, lung contusion 4 (11.40)

   Hemothorax+pneumothorax+rib fracture 2 (5.70)
   Multiple rib fractures without respiratory distress, 
   pneumothorax, sternal fracture 3 (8.60)

   Hemothorax+lung contusion 1 (2.90)
   Hemothorax+pneumothorax+rib fracture+ 
   pneumomediastinum+lung contusion 4 (11.40)

   Multiple rib fractures+lung contusion 4 (11.40)

The relationship between TTSS and AA levels was investigated, 
and no statistically significant correlation was identified 
between AA levels and TTSS in group I patients. The plasma 
arginine levels of group II patients exhibited a downward trend 
at the time of admission (p<0.044), and this was negatively 
correlated with TTSS. At the 24th and 48th hours, this change 
in plasma arginine levels was in the direction of an increase 
(p<0.040) and positively correlated with TTSS. In group 
II patients, plasma glycine and taurine levels at admission 
were in the direction of an increase (p<0.041, p<0.016) and 
positively correlated with TTSS (Table 2).
A comparison of amino acid levels between the patient group 
and the control group revealed a non-significant increase 
in arginine levels at 24 and 48 hours when compared to the 
control group. A comparative analysis was conducted on 
the glycine levels measured at three distinct time points in 
the patient group and the control group. The results of this 
analysis revealed that the difference between the two groups 
was statistically insignificant (p<0.114).
The glycine level at the time of admission was found to be 
at its lowest value. Subsequent to examination, lysine levels 
demonstrated a statistically significant increase at the 24th 
and 48th hour time points in comparison to their initial 
values (p<0.008). Significant increases in leucine, valine, and 
methionine levels were observed at 24- and 48-hours following 
admission, compared to the control group values (p<0.047, 
p<0.001, p<0.002). Serine exhibited a decrease at the time of 
admission, followed by an increase at the 24th and 48th hours 
(p<0.029). Furthermore, a significant elevation was observed 
at the 48th hour in comparison to the control group. Tyrosine 
and threonine levels decreased at the time of admission and 
subsequently increased at 24 and 48 hours (p<0.027, p<0.001) 
compared to the control group (Table 3).

Table 2. Correlation of amino acid levels in group II patients

Variable Groups
Patients (n=35)
R p-value

Alanine
Time of admission -.171 .470

24th hour .372 .106
48th hour .134 .574

Arginine
Time of admission -.455* .044

24th hour .372 .106
48th hour .463* .040

Asparagine
Time of admission -.403 .078

24th hour .022 .926
48th hour -.073 .760

Aspartic acid
Time of admission .265 .259

24th hour .159 .503
48th hour .220 .352

Phenylalanine
Time of admission .031 .898

24th hour -.143 .548
48th hour .363 .116

Glycine
Time of admission ,460* .041

24th hour .072 .762
48th hour -.062 .794

Glutamic acid
Time of admission .112 .638

24th hour .203 .391
48th hour .198 .404

Glutamine
Time of admission .088 .711

24th hour -.280 .232
48th hour .105 .659

Histidine
Time of admission -.229 .331

24th hour .055 .817
48th hour .282 .228

Isoleucine
Time of admission -.081 .733

24th hour .014 .954
48th hour .337 .146

Lysine
Time of admission -.307 .187

24th hour .198 .402
48th hour .288 .218

Leucine
Time of admission -.051 .832

24th hour -.059 .804
48th hour .304 .192

Methionine
Time of admission -.264 .260

24th hour .204 .387
48th hour .051 .832

Norvalin
Time of admission .035 .884

24th hour .091 .701
48th hour .177 .456

Proline
Time of admission -.050 .834

24th hour .308 .186
48th hour .079 .740

Serine
Time of admission .119 .617

24th hour .081 .735
48th hour .240 .309

Cystine
Time of admission .388 .091

24th hour -.114 .633
48th hour -.145 .543

Taurine
Time of admission ,532* .016

24th hour .005 .985
48th hour -.183 .440

Tyrosine
Time of admission .046 .847

24th hour .081 .733
48th hour .235 .318

Threonine
Time of admission .166 .484

24th hour .124 .603
48th hour .328 .158

Valine
Time of admission .009 .969

24th hour .118 .619
48th hour .315 .176

*Group A; time of admission, group B; 24th hour, group C; 48th hour
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Table 3. Comparison of amino acids by groups
Amino acid Group Mean±SD p-value

Alanine
Time of admission 468.64±157.81

0.391c24th hour 506.92±134.89
48th hour 467.4±113.15

Control group 418.57±108.76

Arginine

Time of admission 88.89±23.94

0.265c24th hour 95.18±24.23
48th hour 98.21±24.54

Control group 79.29±21.05

Asparagine

Time of admission 48.41±10.36

0.070a 24th hour 55.25±15.56
48th hour 54.72±12.41

Control group 53.23±12.28

Aspartic acid

Time of admission 14.27±5.86

0.419a24th hour 13.8±4.62
48th hour 14.71±6.28

Control group 11.88±2.95

Phenylalanine

Time of admission 73.55±19.32

0.117a,b 24th hour 81.78±37.96
48th hour 81.29±37.67

Control group 72.89±16.66

Glycine

Time of admission 238.5±67.62

0.114a24th hour 264.77±101.15
48th hour 266.05±90.25

Control group 281±68.96

Glutamic acid

Time of admission 192.66±103.84

0.690a24th hour 179.05±66.8
48th hour 203.18±140.53

Control group 92.35±±45.85

Glutamine

Time of admission 505.89±93.16

0.293a24th hour 512.02±98.59
48th hour 495.32±75.84

Control group 575.98±123.31

Histidine

Time of admission 118.7±15.11

0.549a 24th hour 120.43±14.41
48th hour 122.31±9.94

Control group 113.66±16.15

Isoleucine

Time of admission 140.05±33.11

0.270c 24th hour 147.53±40.49
48th hour 153.88±32.47

Control group 142.03±40.44

Lysine

Time of admission 195.33±36.37

0.008c,d 24th hour 214.03±47.01
48th hour 228.07±45.17

Control group 195.05±45.84

Leucine

Time of admission 143.73±31.41

0.047c,d24th hour 155.54±33.3
48th hour 161.69±26.03

Control group 137.21±35.45

Methionine

Time of admission 29.35±7.36

0.002c,d 24th hour 35.75±11.3
48th hour 36.33±7.72

Control group 30.84±9.13

Proline

Time of admission 218.1±82.2

0.819a 24th hour 243.01±102.38
48th hour 232.01±73.75

Control group 231.84±66

Serine

Time of admission 116.72±29.1

0.029a,b 24th hour 125.4±36.44
48th hour 132.57±32.12

Control group 121.8±32.93

Cystine

Time of admission 6.81±5.26

0.431a 24th hour 7.87±8.59
48th hour 5.79±3.66

Control group 24.86±9.99

Taurine

Time of admission 75.66±22.62

0.165a24th hour 76.5±41.05
48th hour 67.31±19.89

Control group 79.46±71.39

Tyrosine
Time of admission 73.62±14.97

0.027a,b24th hour 80.12±16.11
48th hour 80.83±13.82

Control group 74.2±21.46

Threonine

Time of admission 117.69±26.32

0.001a,b24th hour 127.23±39.86
48th hour 133.58±28.75

Control group 125.91±32.93

Valine

Time of admission 244.77±47.73

<0.001a,b24th hour 261.63±57
48th hour 272.22±46.06

Control group 247.99±66.54
a: Friedman F test, b: Wilcoxon signed-rank test, c: ANOVA test, d: Tukey test, SD: Standard 
deviation, ANOVA: Analysis of variance

DISCUSSION
The metabolic response to an acute injury is characterized 
by an increase in metabolic rate and a reorganization of the 
body’s energy requirements, with a consequent shift in favour 
of the internal organs. The post-traumatic metabolic response 
is characterized by increased nitrogen losses and loss of lean 
body mass, stimulated acute phase protein synthesis in the 
liver, and abnormalities in lipid and carbohydrate metabolism. 
In the absence of adequate management, this physiological 
stress response may progress to malnutrition, thereby 
intensifying the stress state by augmenting the patient’s 
vulnerability to infections. This negative alteration initially 
leads to the mobilization and consumption of the body’s 
protein stores.13 Consequently, a catabolic process, such as 
that induced by trauma, burns or sepsis, results in significant 
protein catabolism in the muscles, as evidenced by increased 
nitrogen loss and urinary excretion of 3- methylhistidine.14

Numerous studies have demonstrated that cell-mediated 
immunity is markedly diminished following trauma, and that 
the progression to sepsis is augmented in these patients in the 
subsequent stages.15-17 Moreover, research findings indicate 
that hemorrhage resulting from trauma leads to a decrease 
in blood flow, consequently inducing regional hypoxia.15 
Local hypoxia instigates the release of proinflammatory 
cytokines, which plays an important role in the body’s 
response to injury.15 Arginine (L-arginine), a substrate for 
nitric oxide synthase, has been found to restore organ blood 
flow in various organs after trauma or haemorrhage.18 The 
metabolic regulation of L-arginine is influenced by protein 
turnover, synthesis, metabolism, and dietary intake. A 
decrease in L-arginine levels has been demonstrated to result 
in endothelial dysfunction, compromised immune system 
function, airway and cardiovascular system dysfunction.19 
Furthermore, a decline in NO levels resulting from reduced 
L-arginine levels has been linked to impaired blood flow to 
various organs, potentially leading to decreased
perfusion at the wound site.20 The administration of arginine 
as a supplement has been demonstrated in animal models 
to reduce thymus involution, promote wound healing and 
lymphocyte proliferation, improve resistance to bacterial 
infections, and enhance survival in sepsis.21 In the present 
study, plasma arginine levels in group II patients exhibited a 
tendency towards reduction at the time of admission, and this 
was negatively correlated with TTSS. The alteration in plasma 
arginine levels was documented at 24 and 48 hours, indicating 
an upward trend and demonstrating a positive correlation. The 
arginine alteration evidenced in the present study corresponds 
to the results obtained in other studies.22,23 L-arginine has 
been demonstrated to exert a positive influence on the 
patient’s recovery process, owing to its function in restoring 
cardiac output and blood flow following shock and trauma, 
diminishing platelet aggregation and neutrophil infiltration, 
and stimulating NO production from macrophages. It can be 
hypothesized that the reduction in L-arginine levels observed 
in patients with thoracic trauma at the time of admission 
is likely to be the result of consumption. Consequently, the 
hypothesis can be formulated that supplementation with 
L-arginine might enhance immune function and reduce 
mortality in patients with thoracic trauma.
Glycine is a non-essential amino acid that is synthesised by 
animals, microorganisms and plants. It plays a role in the 
regulation of the acute systemic inflammatory response in 
critically ill patients, such as those with multiple trauma 
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or sepsis. The development of the systemic inflammatory 
response syndrome is a complex physiological response to 
infection or inflammation, contingent upon the actions of cells 
within the immune system. Upon activation, immune cells 
release a number of potentially toxic substances, including 
reactive oxygen species and proteases. The uncontrolled 
and excessive release of these substances, coupled with an 
inherent inability to distinguish between self and non-self, 
can result in significant damage to vital biological molecules 
and structures.24 Glycine is capable of protecting multiple 
organs (including the liver, kidneys, lungs, skeletal muscle 
and gut) against a range of potentially damaging substances. 
It exerts anti-inflammatory effects in the lung and other 
tissues due to its bioactivity. Given its inhibitory effect on 
leukocyte activation, it is not surprising that disease states 
in which inflammatory disorders are expected to play an 
important role respond to the immunomodulatory effects of 
glycine. The administration of glycine has been demonstrated 
to be efficacious in the treatment of a number of medical 
conditions and in the management of dehydrated children. 
These disorders include liver fibrosis, arthritis, cancer, 
myoclonus and salicylate intoxication.25-31 In the present 
study, it was established that plasma glycine levels in group II 
patients exhibited a positive correlation with TTSS, and that 
glycine aa levels were elevated in the blood of patients with 
high TTSS scores. Based on these findings, we hypothesize 
that glycine exerts an inhibitory effect on excessive immune 
system activation, thereby reducing leukocyte activation and 
providing a protective function. This increase aligns with the 
results reported in previous studies.

Taurine is an endogenous free amino acid that is highly 
abundant in mammalian tissue. It functions as an effective 
cell protector against lung injury, alleviating oxidative 
stress and reducing the destructive impact of inflammatory 
factors.32,33 Su et al.34 have reported that taurine administration 
to rats following traumatic brain injury contributed to 
neurological recovery, reducing inflammatory cytokines, 
reactive astrocytosis and cerebral oedema. Abdih et al.35 
have concluded that interleukin-2-induced lung injury was 
prevented after taurine administration to rats. Men et al.36 
have demonstrated that taurine treatment attenuated lung 
injury following limb ischaemia reperfusion in rats. In our 
study, a positive correlation was observed between TTSS and 
plasma taurine levels, and taurine levels were found to be high 
in the blood of patients with high TTSS. In addition to the 
aforementioned studies on taurine, our findings suggest that 
increasing plasma taurine levels after trauma may demonstrate 
therapeutic potential for lung injury in critical patient groups, 
such as trauma and sepsis. This is achieved by protecting lung 
epithelial integrity, inhibiting the inflammatory response and 
reducing oxidative stress levels. Consequently, taurine may 
represent a promising therapeutic target for the prevention of 
pleural and parenchymal damage in the lung after trauma.

Limitations
The limitations of our study are attributable to its single-center 
prospective design, the relatively small number of cases, and 
the absence of mortal patients with high TTSS. In order to 
gain a more profound understanding of the pharmacological 
effects of changes in the levels of all three amino acids, it is 
necessary to conduct prospective clinical studies with a larger 
number of cases. These studies should evaluate the effects of 

arginine, glycine and taurine levels that change with increased 
TTSS on wound healing and inflammation processes in 
thoracic trauma, as well as their long-term effects.

CONCLUSION
Despite the absence of a notable discrepancy in amino acid 
concentrations between Group I and group II patients, our 
findings revealed a decline in arginine levels and an elevation 
in glycine and taurine amino acids at the time of admission 
in the patient group. It is hypothesized that alterations in 
these amino acid levels in patients with thoracic trauma may 
facilitate a reduction in the recovery period, the length of 
hospitalization and the mortality rate. This may be achieved 
by minimizing the severity and toxic effects of trauma. It is 
recommended that acute and chronic processes following 
thoracic trauma should be managed more effectively with a 
multidisciplinary approach. It is imperative that the dietary 
requirements of patients, particularly with regard to protein, 
carbohydrates, fats and energy, are meticulously monitored 
and regulated during their period of hospitalization. This 
process should be conducted in close collaboration with 
professional dieticians, ensuring that nutritional needs are 
met in a safe and effective manner. This interdisciplinary 
approach is likely to have a beneficial impact on the patient’s 
recovery and the development of complications resulting 
from trauma.
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ABSTRACT
Aims: Our study aims to investigate the effect of language differences on the success of the freely available Artificial Intelligence 
programs ChatGPT-3.5, Gemini, and Copilot in answering multiple-choice questions about retina and vitreous diseases.
Methods: Forty-six questions related to retinal and vitreous diseases were included in the study. These questions were translated 
into Turkish by a certified native speaker. Artificial Intelligence programs called ChatGPT-3.5, Gemini, and Copilot were applied 
one by one to questions in English and Turkish. The answer options given to the questions claimed to be correct were compared 
with the answer key and grouped as correct and incorrect. Their success in answering the questions correctly was compared 
statistically with each other.
Results: ChatGPT-3.5, Gemini, and Copilot correctly answered the questions in English at a rate of 54.3%, 69.6%, and 63%, 
respectively. ChatGPT-3.5, Gemini, and Copilot answered the Turkish questions correctly at a rate of 43.5%, 60.9%, and 52.2%, 
respectively. There was no statistically significant difference between chatbots in answering the Turkish versions of the questions, 
although there were fewer correct answers in all three applications (p>0.05).
Conclusion: Although no statistically significant difference was detected, the lower success rate of chatbots in answering Turkish 
questions revealed that these programs need to be developed in terms of understanding and applying language translations as 
well as the need to improve their knowledge level.
Keywords: ChatGPT-3,5, Copilot, English and Turkish, Gemini, retina and vitreous

INTRODUCTION
The development of technology has shown its influence in 
all areas of medicine and has made various contributions to 
these areas.1 Artificial Intelligence applications, a branch of 
computer science that aims to imitate human intelligence, 
are a part of this development.2 Since it was first mentioned 
in 1956, it has undergone many developments and has hosted 
evolutions in many different directions.3 Artificial Intelligence 
programs that constantly renew and update themselves have 
gained many useful functions today, such as understanding 
conversations, perceiving and interpreting images, and 
producing solutions to problems.4 Large Language Models 
(LLMs) are Artificial Intelligence models that are trained 
with very large data sets and can establish a wide variety 
of relationships between concepts, summarize them, and 
predict various possibilities that may develop.4 ChatGPT-3.5, 
released by Open AI, Gemini, released by Google AI, and 
Copilot-based Artificial Intelligence chatbots, released by 
Microsoft, are important examples of this group. Considering 
the various advantages of Artificial Intelligence chatbots, 
questions have arisen as to how these programs can contribute 
to ophthalmology and ophthalmology education. While 

seeking answers to these questions, various shortcomings of 
these programs have also been revealed and the need for their 
development has been revealed. 

The aim of our study is to investigate whether the language 
difference is effective in correctly answering the same multiple-
choice questions (English and Turkish) in ChatGPT-3.5, 
Gemini, and Copilot chatbots.

METHODS
Ethical Considerations
Since our study does not contain human or experimental 
animal data, it does not require ethics committee approval. 
All procedures were carried out in accordance with the ethical 
rules and the principles.

Study Design and Data Collection
All 46 questions in the American Academy of Ophthalmology 
2023-2024 Basic and Clinical Science Course (BCSC) Retina 
and Vitreous book study questions section were included in 
the study.5 The study questions were translated into Turkish 
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by a certified translator (native speaker). The same questions 
were asked to the freely available ChatGPT-3.5 (OpenAI; San 
Francisco, CA), Gemini (Google, Mountain View, California, 
United States), and Copilot (Microsoft, Redmond, WA) 
Artificial Intelligence programs in both English and Turkish 
on July 3, 2024. Before the questions were asked, each chatbot 
was given the command ‘I will ask you a multiple-choice 
question about ophthalmology. Please tell me the correct 
answer.’ Each question was applied one by one, and after the 
questions, the chat history was deleted and the session was 
restarted. The answers given by the Artificial Intelligence 
chatbots were recorded and compared with the answer key 
at the back of the book, and the questions were grouped as 
correct and incorrect.

ChatGPT-3.5
ChatGPT-3.5, which belongs to the LLM family, is a chatbot 
that has been trained with 175 billion parameters and is 
known to have the ability to mimic human thought structure 
thanks to this powerful feature and has gained a strong place 
among Artificial Intelligence chatbots.6 Its latest update is 
from September 2021 and there is no active internet access.7

Gemini
Gemini is an LLM-based Artificial Intelligence chatbot that 
has been trained on a large text set to provide comprehensive 
answers using complex language models.8 It can effectively 
analyze and understand a large amount of contextual 
information and provide precise answers to a wide range of 
questions it encounters. With online internet access, Gemini 
is satisfactorily successful in answering questions that require 
precise information.8,9

Copilot
Copilot is an Artificial Intelligence chatbot based on LLM, 
with up-to-date internet access, and developed by integrating 
GPT-4 as of February 2023.10 By taking advantage of its online 
feature, it can guide researchers in obtaining more detailed 
information on these topics by indicating the pages from 
which they quoted the data they obtained.7,10

Statistical Analysis
A data analysis was conducted using the Statistical Package 
for the Social Sciences (SPSS) software, version 23 (SPSS 
Inc., Chicago, IL, USA). Descriptive statistics were expressed 
as percentage values. For the comparison of independent 
nominal variables, the Marascuilo procedure was applied, 
allowing for multiple pairwise comparisons among 
categorical data with differing proportions. The McNemar 
test was utilized to assess changes in paired nominal data, 
specifically evaluating differences in proportions between 
dependent categorical variables. A significance level of p<0.05 
was considered statistically significant.

RESULTS
Forty-six questions about retinal and vitreous diseases 
were asked to Artificial Intelligence programs in English. 
ChatGPT-3.5 gave correct answers to 25 (54.3%) and incorrect 
answers to 21 (45.7%) of the 46 questions. Gemini gave correct 
answers to 32 (69.6%) and incorrect answers to 14 (30.4%) of 
the 46 questions. Copilot gave correct answers to 29 (63%) and 
incorrect answers to 15 (32.6%) of the 46 questions (Figure). It 
gave the answer ‘The correct answer is not in the options’ to 2 

(4.3%) of the questions. No statistically significant difference 
was found between the levels of correctly answering questions 
about retina and vitreous in English by all three Artificial 
Intelligence chatbots (ChatGPT-3.5 vs Gemini, Value: 0.152; 
ChatGPT-3.5 vs. Copilot, Value: 0.087; Gemini vs. Copilot, 
Value: 0.065; Critical Range: 0.247).

 

Figure. ChatGPT-3.5, Gemini, and Copilot’s correct answer levels for English 
and Turkish questions related to retina and vitreous diseases

The same questions were asked of Artificial Intelligence 
programs in Turkish. ChatGPT-3.5 gave correct answers 
to 20 (43.5%) and incorrect answers to 26 (56.5%) out of 46 
questions. Gemini gave correct answers to 28 (60.9%) and 
incorrect answers to 18 (39.1%) out of 46 questions. Copilot 
gave correct answers to 24 (52.2%) and incorrect answers 
to 22 (47.8%) out of 46 questions (Figure). No statistically 
significant difference was found between the correct answers 
to questions about retina and vitreous in Turkish of all three 
Artificial Intelligence chatbots (ChatGPT-3.5 vs. Gemini, 
value: 0.174; ChatGPT-3.5 vs. Copilot, value: 0.087; Gemini vs. 
Copilot, value: 0.087; critical range: 0.255).
ChatGPT-3.5 produced the same answer to 31 (67.4%) of the 
same questions asked in English and Turkish, and different 
answers to 15 (32.6%). Of the questions with different 
answers, 10 (66.7%) were answered correctly when asked in 
English, while 5 (33.3%) were answered correctly when asked 
in Turkish. No statistically significant difference was found 
between the success rates of ChatGPT-3.5 in answering 
English and Turkish questions (p=0.30, McNemar test) 
(Table). ChatGPT-3.5 showed a fair agreement in answering 
the English and Turkish versions of the questions (Cohen’s 
κ=0.355, p=0.014).
Gemini produced the same answer to 28 (60.9%) of the same 
questions in English and Turkish, and different answers 
to 18 (39.1%). Of the questions with different answers, 12 
(66.7%) were answered correctly when asked in English, and 
6 (33.3%) were answered correctly when asked in Turkish. 
No statistically significant difference was found between 
Gemini’s success rates in answering English and Turkish 
questions (p=0.39, McNemar test) (Table). Gemini showed 
moderate agreement in answering the English and Turkish 
versions of the questions (Cohen’s κ=0.430, p=0.003).
Copilot produced the same answer to 34 (73.9%) of the same 
questions asked in English and Turkish, and different answers 
to 12 (26.1%). Of the questions with different answers, 8 
(66.7%) were answered correctly when asked in English, while 
4 (33.3%) were answered correctly when asked in Turkish. 
No statistically significant difference was found between the 
success rates of Copilot in answering English and Turkish 
questions (p=0.21, McNemar test) (Table). There was no 
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statistically significant agreement between Copilot’s answers 
to the English and Turkish versions of the questions (Cohen’s 
κ=0.262, p=0.07).

DISCUSSION
With the advancement of technology, Artificial Intelligence 
applications that continue to develop themselves continue 
to create a strong place for themselves in current living 
conditions. Although past Artificial Intelligence programs 
have made understanding and recognizing patterns their 
primary goal using deep learning models, newly developed 
LLMs have gained the ability to understand previous words, 
establish connections with them, and predict probabilities 
that may occur as a result of these contexts, and as a result of 
these features, Artificial Intelligence programs have become 
multifunctional. Thanks to all these developed features, 
Artificial Intelligence programs have the ability to develop 
responses suitable for the human brain if trained with the 
necessary and sufficient level of data.11 With the more active 
participation of Artificial Intelligence programs in our lives, 
how Artificial Intelligence chatbots such as ChatGPT can 
contribute to medical education has begun to be investigated, 
and as a result, chatbots have found a wide range of uses in 
medical education. Examples of the uses of these programs in 
medical education include language translations, fast access 
to accurate information, personalized learning planning, and 
literature review.12 In addition, it has attracted the attention 
of a wide variety of groups, from medical students to health 
professionals, with its ability to make differential diagnoses 
of many diseases and explain treatment modalities.13 The 
widespread use of Artificial Intelligence chatbots, which have 
developed in recent years, has attracted great interest in the 
field of ophthalmology and has become an important topic 
that is frequently researched in this field. Retinal diseases also 
constitute an important branch of these studies. In a recent 
study, 54 retinal detachment cases were asked to ChatGPT 
and Gemini chatbots, and surgical planning was requested. 
At the end of the study, the researchers stated that these bots 
showed good compatibility with surgeons who are experts 
in this field and that ChatGPT was more successful in this 
regard.14 Another area where Artificial Intelligence programs 
are tested in the field of ophthalmology is their success in 
answering ophthalmology questions. In a study testing 
ChatGPT’s success in ophthalmology questions, it was stated 
that it answered about half of the questions correctly, and 
it reported that it showed the worst performance in retina 
and vitreous diseases.15 In another study evaluating the 
performance of ChatGPT-3.5 and Bing on ophthalmology 
questions and including 913 questions, it was stated that 
Bing (73.6%) performed better than ChatGPT-3.5 (59.69%) 

and that Bing generally continued this success in answering 
questions related to retina and vitreous diseases (Bing, 
72.92%; ChatGPT-3.5, 57.29%).7 In another study in which 
88 questions related to vitreoretinal surgery in retinal 
diseases were included and the superiority of ChatGPT-3.5 
and ChatGPT-4 over each other was investigated in terms 
of the answers given, it was stated that both programs 
answered more than 95% of the questions correctly and no 
statistically significant difference was detected between the 
two programs.16 In a study different from these studies, the 
success rates of ChatGPT-3.5, ChatGPT-4.0, Bing, and Bard 
Artificial Intelligence chatbots in answering ophthalmology 
questions asked in Turkish were tested, and it was stated 
that the most successful chatbot was ChatGPT-4.0 (77.5%), 
followed by Bing (63%). It was also stated that ChatGPT-4.0 
(80%) and Bing (65.7%) continued their success in answering 
questions about retina and vitreous diseases.17 Another study 
investigated how asking ophthalmology questions from 
different regions affected the answers. As a result of the study, 
the authors stated that Artificial Intelligence chatbots can 
answer questions more or less correctly depending on the 
country from which they are accessed and that this dilemma 
was also demonstrated in answering questions about retina 
and vitreous diseases.18

The performance of Artificial Intelligence-supported chatbots, 
which have received increasing attention in the literature in 
recent years, is addressed from a different perspective in this 
study. In particular, reliability concerns that have emerged 
with the widespread use of these programs constitute the 
main motivation of our study. Retinal diseases represent a 
group that is frequently encountered in outpatient clinics and 
covers a wide range of diseases. This situation necessitates the 
evaluation of the reliability of Artificial Intelligence chatbots 
that can facilitate clinicians’ access to accurate and rapid 
information. Our study is a pilot study examining the effect 
of language differences in the context of retinal diseases and 
aims to determine the factors that may affect the reliability 
of chatbots in this context and to discuss the cause-effect 
relationships in light of the findings. ChatGPT-3.5, Gemini, 
and Copilot Artificial Intelligence programs, which we tested 
on the knowledge levels about retina and vitreous diseases, 
achieved 54.3%, 69.6%, and 63% success rates on English 
questions, respectively. These success rates were similar to the 
literature. In addition, the success rates on the Turkish versions 
of the same questions were 43.5% in ChatGPT-3.5, 60.9% in 
Gemini, and 52.2% in Copilot. Although we could not detect a 
statistically significant difference between the success of these 
three Artificial Intelligence chatbots in answering English 
and Turkish questions, we believe that it is not a coincidence 
that Gemini and Copilot, which are more up-to-date and have 

Table. The answers and changes given by Artificial Intelligence chatbots to the same questions

Answers
ChatGPT-3.5 

(English)
ChatGPT-3.5

(Turkish)
Gemini

(English)
Gemini

(Turkish)
Copilot

(English)
Copilot

(Turkish)

Correct 25 (54.3%) 20 (43.5%) 32 (69.6%) 28 (60.9%) 29 (63%) 24 (52.2%)

Incorrect 21 (45.7%) 26 (56.5%) 14 (30.4%) 18 (39.1%) 15 (32.6%) 22 (47.8%)

p-value 0.30* 0.39* 0.21*

Producing the same answer 31 (67.4%) 28 (60.9%) 34 (73.9%)

Producing a different answer 15 (32.6%) 18 (39.1%) 12 (26.1%)

Correct answer when asked in English 10 (66.7%) 12 (66.7%) 8 (66.7%)

Correct answer when asked in Turkish 5 (33.3%) 6 (33.3%) 4 (33.3%)
*: McNemar test
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online internet access, have a higher success rate. In addition, 
as a result of our study, although the success of these chatbots in 
answering the same questions asked in different languages ​​did 
not create a statistically significant difference in their success 
in answering the questions in English or Turkish, we observed 
that the English versions of the questions were able to produce 
more correct answers and that more correctly answered 
questions were turned into incorrect questions when the 
questions were asked in Turkish. We thought that the reasons 
for this could be due to the fact that the medical literature is in 
English and that these chatbots cannot correctly perceive the 
same data in Turkish and answer the questions correctly due 
to their lack of translation skills. Additionally, differences in 
the capacity of chatbots to understand and interpret sentence 
sequences in each language may be a reason for this situation. 
In addition, we believe that the lower number of differently 
answered questions in Gemini and Copilot may be due to the 
continuous updates of these programs, up-to-date access to 
online information, and the continuous development of their 
language skills.
The study questions of the American Academy of 
Ophthalmology 2023-2024 Basic and Clinical Science Course 
(BCSC) Retina and Vitreous book, which contains important 
information and is among the basic books, included 46 
questions and we asked these to chatbots. We foresee that the 
small number of questions may affect whether the statistical 
result is significant or not. However, we did not find it 
appropriate to add additional questions to the questions in 
this book, which measure basic information. We can foresee 
that it should be investigated whether different values ​​will be 
obtained in tests with more questions.

Limitations
The small number of questions, our inability to divide the 
questions into sub-topics, and our inability to investigate 
the superiority of each other constitute the most important 
limitations of our study.

CONCLUSION
Our study is the first to measure the success of the Artificial 
Intelligence chatbots ChatGPT-3.5, Gemini, and Copilot, 
which have been released by 3 different manufacturers 
to which free access is provided, in answering the same 
multiple-choice questions about retina and vitreous diseases 
in different languages. Although no statistically significant 
difference was found between these programs, it is seen that 
the programs are less successful in answering the questions 
in Turkish. These language differences affect the success 
of Artificial Intelligence chatbots. Artificial Intelligence 
programs still need to be developed in terms of knowledge 
levels and language differences.
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ABSTRACT
Aims: This study aimed to investigate age-related differences in psychopathological profiles among children and adolescents 
presenting with attention deficit complaints, emphasizing a transdiagnostic approach.
Methods: This retrospective study reviewed medical records of patients aged 6-17 years admitted to Kastamonu Training and 
Research Hospital between June 1, 2023, and January 1, 2025. Exclusion criteria included comorbid neurological disorders, 
incomplete hospital records, absence of attention deficit complaints, and incomplete psychometric data [the Conners Parent 
Rating Scale-Revised Short Form (CPRS-R:S) and the child behavior checklist (CBCL)]. The final sample consisted of 500 
patients divided equally into two age groups: children (6-12 years, n=250) and adolescents (12-17 years, n=250). Psychiatric 
diagnoses were determined based on DSM-5 criteria and clinical interviews. Statistical analyses included descriptive statistics, 
independent samples T tests, Chi-square tests, and effect size calculations (Cohen’s d and odds ratio). 
Results: Psychiatric diagnoses were significantly more prevalent in the child group (96.8%) compared to the adolescent group 
(91.2%; χ²=6.950, p=.008). Attention deficit hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), and specific 
learning disorders were significantly higher in children (p<.001), whereas anxiety disorders, particularly generalized anxiety 
disorder (GAD; χ²=17.266, p<.001) and panic disorder (PD; χ²=6.397, p=.011), along with depressive disorders (χ²=30.119, 
p<.001), were significantly more common in adolescents. CBCL and CPRS-R:S results indicated higher externalizing and 
attention-related problems in children, while adolescents showed significantly elevated internalizing symptoms (p<.05).
Conclusion: Distinct psychopathological profiles emerged for children and adolescents with attention deficit symptoms. 
Externalizing disorders predominated in younger children, while internalizing disorders became more frequent in adolescents. 
These findings underline the necessity of age-specific assessments and interventions to improve diagnostic precision and 
treatment outcomes.
Keywords: Attention deficit, psychopathology, transdiagnostic approach, internalizing disorders, externalizing disorders

INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a common 
neurodevelopmental disorder defined by core symptoms in 
the domains of inattention and impulsivity-hyperactivity, 
with an estimated prevalence of 5-7%.1 One of the primary 
domains assessed in ADHD is inattention, which manifests 
as a cognitive dysfunction characterized by difficulties in 
planning, sustaining attention, and avoiding effortful tasks.2 

Categorical diagnostic systems often fail to capture the full 
spectrum of symptom severity and overlook shared features 
across disorders. Therefore, several transdiagnostic models 
have been proposed, such as the research domain criteria 
(RDoC), the hierarchical taxonomy of psychopathology 
(HiTOP) and the general psychopathology factor (p factor).3-5 
These frameworks conceptualize inattention not solely as a 
hallmark of ADHD, but as a broader impairment intersecting 
with diverse psychopathologies, including depression, anxiety, 
and conduct disorders.6

In neurodevelopmental disorders, which are frequently 
accompanied by comorbidities, the co-occurrence of 
inattention, behavioral dysregulation, and internalizing 
symptoms necessitates a dimensional and transdiagnostic 
approach to understanding psychopathology. According to 
the RDoC framework, the difficulties specific to ADHD are 
primarily situated within the Cognitive Systems domain, 
encompassing deficits in attention, executive functioning, 
and cognitive control.3 These impairments are also 
functionally associated with the arousal/regulatory systems, 
reflecting difficulties in maintaining alertness and regulating 
physiological arousal. Failures in attentional regulation may 
heighten emotional reactivity, thereby activating the negative 
valence systems, which underlie emotional states such as 
frustration, perceived loss, and anxiety. This multidimensional 
interaction offers a neurodevelopmentally grounded 
framework to explain how self-regulatory impairments 
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contribute to the emergence of both externalizing (e.g., 
aggression) and internalizing (e.g., anxiety, depression) 
symptoms.
Within the HiTOP model, ADHD is primarily positioned 
under the externalizing spectrum, specifically within the 
disinhibited externalizing subfactor, which encompasses 
traits like impulsivity, hyperactivity, and deficits in behavioral 
control.4 However, high comorbidity rates between ADHD 
and internalizing disorders (e.g., generalized anxiety disorder, 
major depression) suggest meaningful cross-loading onto the 
internalizing spectrum as well. This dual alignment supports 
the view that ADHD reflects not merely a discrete disorder, 
but rather a transdiagnostic vulnerability extending across 
higher-order dimensions of psychopathology.
Given that transdiagnostic symptoms-such as inattention-are 
shared across multiple psychiatric disorders, an expanded 
perspective is necessary for diagnosis and intervention.7-9 
From a developmental standpoint, systematic evaluation of 
transdiagnostic risk factors at individual (e.g., temperament), 
familial (e.g., parental psychopathology), and environmental 
(e.g., peer relationships) levels is particularly important in 
children and adolescents, where symptoms often overlap 
and full clinical syndromes may not yet be consolidated.10 
Moreover, it has been emphasized that variables frequently 
overlooked in the current DSM-such as age, sex, and 
developmental stage-should be more thoroughly integrated 
into child and adolescent psychiatric assessment.8

The symptom domains accompanying attention deficit 
complaints have been shown to differ by developmental 
stage: childhood is typically marked by cognitive delays, 
behavioral dysregulation, and hyperactivity, whereas 
adolescence is more often associated with difficulties in mood 
regulation, including anxiety and depressive symptoms.3,11 
Notably, these developmental symptom patterns are evident 
not only behaviorally but also neurobiologically. A large-
scale longitudinal neuroimaging study demonstrated that 
both internalizing and externalizing symptoms observed 
in childhood are associated with decreased fractional 
anisotropy in white matter and reduced development of 
subcortical gray matter structures.12 These findings highlight 
the reciprocal relationship between brain development and 
psychopathological symptoms, emphasizing the importance 
of tracking these interactions across developmental periods.
This study aims to investigate differences in the 
psychopathological profiles of children (aged 6-12) and 
adolescents (aged 12-17) who present to child psychiatry 
outpatient clinics with attention-related complaints. It is 
hypothesized that learning difficulties and externalizing 
behavioral problems will be more pronounced in younger 
children, while internalizing symptoms, including anxiety and 
depression, will be more frequently observed in adolescents. 
By revealing the transdiagnostic nature of attention deficits, 
this study aims to provide age-specific psychopathological 
patterns and clinically relevant implications. The findings 
are expected to contribute meaningfully to diagnostic and 
intervention processes and guide the development of more 
tailored treatment approaches for individuals at different 
stages of development.

METHODS
Participants
Ethical approval for the study was obtained from the 
Kastamonu University Clinical Researches Ethics Committee 

(Approval Date: 10.12.2024, Decision No: 2024-KAEK-
122). All procedures were carried out in accordance with 
the ethical rules and the principles of the Declaration of 
Helsinki. In this study, medical records of patients presenting 
to Kastamonu Training and Research Hospital between June 
1, 2023, and January 1, 2025, were retrospectively reviewed, 
yielding a total of 5,124 cases. The study included patients 
who presented to the child psychiatry outpatient clinic for the 
first time with complaints of attention difficulties, as reported 
either by the parents or the child/adolescent. Attention 
deficit was the primary reason for referral and guided the 
subsequent clinical evaluation conducted by a child and 
adolescent psychiatrist. To ensure diagnostic consistency and 
minimize the influence of prior interventions, individuals 
with a history of previous psychiatric diagnoses or follow-up 
visits were excluded. Exclusion criteria included the presence 
of comorbid neurological disorders and incomplete hospital 
records. Additionally, patients who did not present with 
attention deficit complaints (n=3,816), patients outside the age 
range of 6-17 years (n=582), and patients lacking data from the 
Conners Parent Rating Scale-Revised Short Form (CPRS-R:S) 
and the child behavior checklist (CBCL) completed by parents 
(n=226) were excluded from the study. After applying these 
exclusion criteria, the final sample consisted of 500 patients 
aged between 6 and 17 years (Figure 1).

Figure 1. Participant flow diagram for child and adolescent groups
CPRS-R:S: Conners Parent Rating Scale-Revised Short Form, CBCL: Child behavior checklist

Clinical and Psychometric Measures
Psychiatric diagnoses and comorbid conditions were 
determined based on DSM-5 criteria by a trained child and 
adolescent psychiatrist, through clinical interviews and 
psychiatric evaluations conducted with both the child and 
the parent. Symptom assessments were primarily based on 
standardized parent-report rating scales, such as the CPRS-
R:S and the CBCL, which were completed by the parents. 
Additionally, developmental and intelligence test results 
were used when necessary to support the diagnostic process. 
To assess participants’ ADHD symptoms and cognitive, 
emotional, and behavioral issues, the CBCL and CPRS-R:S 
were employed. The CBCL is a 118-item scale evaluating 
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emotional and behavioral problems experienced by children 
over the past six months.13 It includes internalizing and 
externalizing problem subscales. Internalizing problems 
encompass social withdrawal, somatic complaints, and 
anxiety/depression subscales, while externalizing problems 
include delinquent behavior and aggression subscales. 
Social problems, thought problems, and attention problems 
subscales are not categorized into either group. Scores from 
these subscales yield a total problem score, reflecting the 
general level of issues. The CPRS-R:S, developed specifically 
to assess ADHD symptoms, consists of 27 items covering 
subscales such as oppositional behavior, cognitive problems/
inattention, hyperactivity, and an ADHD Index.14 The Turkish 
validity and reliability study of CPRS-R:S was conducted by 
Kaner et al.15 in 2013.

Statistical Analysis
All data analyses were conducted using the Statistical Package 
for the Social Sciences (SPSS) version [26.0]. Descriptive 
statistics were calculated for demographic and clinical 
characteristics. Categorical variables were presented as 
frequencies and percentages, and continuous variables were 
expressed as means with standard deviations. Normality 
was assessed using the Kolmogorov-Smirnov test, which 
indicated that the continuous variables followed a normal 
distribution. Given the large sample size, group comparisons 
between children and adolescents were conducted using 
independent samples T tests. For continuous variables 
with statistically significant differences, effect sizes were 
calculated using Cohen’s D (small effect=0.2, medium=0.5, 
large ≥0.8). For categorical variables, statistically significant 
differences were quantified using odds ratios to represent the 
strength of association. These effect size measures provided 
a more comprehensive interpretation of group differences. 
Categorical variables were compared using the Chi-square 
test or Fisher’s exact test, as appropriate. A p-value of <.05 was 
considered statistically significant throughout all analyses.

RESULTS
The demographic and clinical characteristics of the child 
group (6-12 years, n=250) and the adolescent group (12-17 
years, n=250) were compared (Table 1). Gender distribution 
was similar between groups, with females making up 42.8% in 
the child group and 46.0% in the adolescent group, and males 
comprising 57.2% and 54.0%, respectively (χ²=0.519, p=.471). 

The prevalence of known medical conditions was slightly 
higher in the child group (8.4%) than in the adolescent group 
(6.8%), though the difference was not significant (χ²=0.456, 
p=.500). Mothers of adolescents had a significantly higher age 
than those of children (t=-12.923, p<.001). However, maternal 
education levels were similar across both groups (t=-1.250, 
p=.212). The prevalence of psychiatric illness in mothers 
was also comparable between the two groups (child: 18.4%, 
adolescent: 16.8%, χ²=0.221, p=.639). Fathers in the adolescent 
group were significantly older than those in the child group 
(t=-12.713, p<.001). Paternal education levels were similar 
(t=0.508, p=.612), and the prevalence of psychiatric illness in 
fathers showed no significant difference, though it approached 
significance (child: 11.2%, adolescent: 6.4%, χ²=3.589, p=.058). 

Behavioral and attentional metrics were evaluated using 
the CBCL and CPRS-R:S (Table 2). Total CBCL scores were 
nearly identical for both groups (t=0.02, p=.985). However, 
adolescents had significantly higher anxiety and depression 
scores than children (t=-2.39, p=.017). Social withdrawal, 
depression, and somatic complaints were also significantly 
higher in adolescents (p<.001). Children exhibited higher levels 
of aggressive behaviors than adolescents (t=3.38, p=.001) and 
had more attention problems (t=3.04, p=.002). Externalizing 
problems were also more pronounced in children compared 
to adolescents (t=3.39, p=.001). In contrast, internalizing 
problems were higher in adolescents than in children (t=-
2.08, p=.038). No significant differences were found for rule-
breaking behavior or social problems. However, thought 
problems were significantly higher in adolescents than in 
children (t=-3.01, p=.003). On the Oppositional Behavior 
subscale of CPRS-R:S, no significant difference was observed 
(t=0.87, p=.385). Children scored higher on the Cognitive 
Problems/Inattention subscale than adolescents (t=2.64, 
p=.009), and also on the Hyperactivity subscale (t=2.16, 
p=.032). Finally, ADHD Index scores were significantly higher 
in children than in adolescents (t=2.04, p=.042).

The comparison of psychiatric diagnoses between the child 
(6-12 years) and adolescent (12-17 years) groups revealed 
significant differences across various categories (Table 3). 
Overall, psychiatric diagnoses were more prevalent in the 
child group (96.8%) than in the adolescent group (91.2%), a 
statistically significant difference (χ²=6.950, p=.008). ADHD 
was significantly more common in children (65.2%) than in 
adolescents (33.2%; χ²=51.213, p<.001). Similarly, oppositional 

Table 1. Demographic and clinical characteristics between child and adolescent groups

Child group (n=250) Adolescent group (n=250)

Statistics*

t or χ² Sig.

Age (years), mean (SD) 8.48 (1.48) 13.48 (1.48) -37.829 <.001

Gender, n (%)

.519 .471   Female 107 (42.8%) 115 (46.0%)

   Male 143 (57.2) 135 (54.0%)

Grade, mean (SD) 2.68 (1.56) 7.73 (1.60) -35.774 <.001

Medical condition, n (%) 21 (8.4%) 17 (6.8%) .456 .500

Mother’s age, mean (SD) 36.27 (5.14) 42.30 (5.29) -12.923 <.001

Mother’s education (years), mean (SD) 9.60 (4.59) 10.11 (4.50) -1.250 .212

Mother with psychiatric illness, n (%) 46 (18.4%) 42 (16.8%) .221 .639

Father’s age, mean (SD) 39.40 (5.61) 45.63 (5.34) -12.713 <.001

Father’s education (years), mean (SD) 10.52 (4.07) 10.34 (4.04) .508 .612

Father with psychiatric illness, n (%) 28 (11.2%) 16 (6.4%) 3.589 .058
SD: Standard deviation, *Continuous variables were analyzed using the Mann-Whitney U test, and categorical variables were analyzed using Pearson’s Chi-square test
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Table 2. Comparison of CBCL and CPRS-R:S subscales scores between child and adolescent groups
Child group (n=250) mean (SD) Adolescent group (n=250) mean (SD) t* p Cohen d

CBCL total 76.78
35.61

76.72
40.08 .02 .985 -

   Anxiety/depression 5.94
4.35

7.00
5.46 -2.39 .017 .215

   Social withdrawal /depression 2.38
2.46

3.26
2.45 -4.01 < .001 .358

   Somatic complaints 2.46
2.72

3.93
3.87 -4.92 < .001 .439

   Rule-breaking behavior 4.80
3.73

4.94
4.08 -.41 .681 -

   Aggressive behaviors 13.80
7.11

11.54
7.88 3.38 .001 .301

   Social problems 6.29
3.78

6.45
3.99 -.46 .646 -

   Thought problems 3.50
3.50

4.50
3.95 -3.01 .003 .268

   Attention problems 7.43
3.34

6.49
3.59 3.04 .002 .271

   Externalizing problems 19.41
9.63

16.30
10.82 3.39 .001 .304

   Internalizing problems 10.78
8.04

12.32
8.48 -2.08 .038 .186

CPRS-R:S

   Oppositional behavior 10.05
5.68

9.60
5.74 .87 .385 -

   Cognitive problems/inattention 12.00
5.62

10.60
6.23 2.64 .009 .236

   Hyperactivity 8.82
5.82

7.73
5.46 2.16 .032 .193

   ADHD Index 23.09
10.10

21.16
11.06 2.04 .042 .182

*Independent samples T tests were used, CBCL: Child behavior checklist, CPRS-R:S: Conners Parent Rating Scale-Revised Short Form, SD: Standard deviation, ADHD: Attention deficit hyperactivity 
disorder

Table 3. Comparison of psychiatric diagnoses between child and adolescent groups

Child group (n=250) Adolescent group (n=250)
Statistics*

Odds ratioχ² Sig.

Psychiatric diagnoses 242 (96.8%) 228 (91.2%) 6.950 .008 2.919a

Attention deficit hyperactivity disorder 163 (65.2%) 83 (33.2%) 51.213 <.001 3.770a

Oppositional defiant disorder 52 (20.8%) 23 (9.2%) 13.192 <.001 2.592a

Conduct disorder 7 (2.8%) 14 (5.6%) 2.436 .119 -

Specific learning disorders 50 (20%) 20 (8%) 14.950 <.001 2.875a

Tic disorders 7 (2.8%) 9 (3.6%) .258 .611 -

Enuresis nocturna 22 (8.8%) 5 (2.0%) 11.315 .001 4.728a

Speech sound disorder 8 (3.2%) 2 (.8%) 3.674 .056 -

Speech fluency disorder 15 (6.0%) 4 (1.6%) 6.620 .010 3.926a

Depressive disorders 30 (12.0%) 81 (32.4%) 30.119 <.001 3.515b

Anxiety disorders 61 (24.4%) 95 (38.0%) 10.771 <.001 1.899b

   Separation anxiety disorder 26 (10.4%) 10 (4.0%) 7.663 .006 2.786a

   Social anxiety disorder 23 (9.2%) 36 (14.4%) 3.248 .072 -

   Performance anxiety 6 (2.4%) 16 (6.4%) 4.755 .029 2.781b

   Generalized anxiety disorder 3 (1.2%) 24 (9.6%) 17.266 <.001 8.743b

   Panic disorder 2 (.8%) 11 (4.4%) 6.397 .011 5.707b

   Specific phobia 9 (3.6%) 10 (4.0%) .055 .815 -

Obsessive compulsive disorder 17 (6.8%) 19 (7.6%) .120 .729 -

Skin-picking disorder - 2 (.8%) - .499 -

Dissociative disorders 1 (.4%) 11 (4.4%) 8.538 .003 11.460b

Somatic symptom disorder 5 (2.0%) 9 (3.6%) 1.176 .278 -

Illness anxiety disorder 3 (1.2%) 8 (3.2%) 2.324 .127 -

Functional neurological symptom disorder 6 (2.4%) 15 (6.0%) 4.026 .045 2.596b

Eating disorders - 4 (1.6%) - .124 -

Sleep disorders 2 (.8%) 3 (1.2%) .202 .653 -

Substance use disorders - 2 (.8%) - .499 -
*Pearson Chi-square test or Fisher’s exact test was used for statistical analyses. Odds ratios marked with (a) indicate higher odds in the child group compared to the adolescent group, while those marked 
with (b) indicate higher odds in the adolescent group compared to the child group
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defiant disorder (ODD, 20.8% vs. 9.2%; χ²=13.192, p<.001) 
and specific learning disorders (SLD, 20% vs. 8%; χ²=14.950, 
p<.001) were more prevalent in children. Conversely, some 
disorders were more common among adolescents. Depressive 
disorders (DD) were significantly higher in the adolescent 
group (32.4%) compared to the child group (12%; χ²=30.119, 
p<.001). Anxiety disorders (AD) were also more prevalent in 
adolescents (38%) than in children (24.4%; χ²=10.771, p<.001), 
with specific conditions such as generalized anxiety disorder 
(GAD, 9.6% vs. 1.2%; χ²=17.266, p<.001) and panic disorder 
(PD, 4.4% vs. 0.8%; χ²=6.397, p=.011) being significantly more 
frequent. Additional findings included a higher prevalence 
of enuresis nocturna in the child group (EN, 8.8% vs. 2%; 
χ²=11.315, p=.001) and dissociative disorders in the adolescent 
group (DisD, 4.4% vs. 0.4%; χ²=8.538, p=.003). Speech fluency 
disorders were more common in children (SfD, 6% vs. 1.6%; 
χ²=6.620, p=.010), while functional neurological symptom 
disorder was more frequent in adolescents (FND, 6% vs. 2.4%; 
χ²=4.026, p=.045). No statistically significant differences were 
observed for conduct disorder (CD), tic disorders (Tic D.), or 
obsessive-compulsive disorder (OCD).

Figure 2 illustrates distinct patterns in the distribution and 
comorbidities of psychiatric diagnoses across the child and 
adolescent groups, emphasizing developmental differences 
in diagnostic prevalence. On the left side of the figure, 
neurodevelopmental disorders dominate in the child group, 
with ADHD as the central diagnosis. Among the 163 children 
diagnosed with ADHD, strong associations were noted 
with ODD (34 cases) and CD (4 cases), reflecting a focus on 
externalizing behaviors. ADHD was also linked to SLD (43 
cases) and speech sound disorders (SsD, 5 cases), highlighting 
developmental challenges in communication, learning, and 
behavior. In contrast, the right side of the figure shows a more 
diverse diagnostic profile for adolescents. While ADHD (83 
individuals) remains a key diagnosis, its associations with 
behavioral disorders, such as ODD (23 cases) and CD (4 
cases), are less pronounced. Instead, internalizing disorders 
like AD and DD are more prevalent, reflecting the increasing 
importance of emotional and psychological concerns in 
adolescence. AD form significant clusters, including subtypes 
such as GAD (24 individuals), PD (16 individuals), and social 
anxiety disorder (SoAD, 36 individuals). DD (81 individuals) 
are a dominant cluster in adolescents, strongly associated 
with both AD and other comorbid conditions like FND (15 
individuals). These patterns indicate a developmental shift 
from predominantly externalizing behaviors in childhood to 
increased internalizing disorders and emotional dysregulation 
during adolescence.

Figure 2. Distribution and comorbidity of psychiatric diagnoses in the child 
(left) and adolescent (right) group 
AD: Anxiety disorders, GAD: Generalized anxiety disorder, PA: Performance anxiety, PD: Panic 
disorder, SeAD: Separation anxiety disorder, SoAD: Social anxiety disorder, SP: Specific phobia, 
ADHD: Attention-deficit hyperactivity disorder, CD: Conduct disorder, DisD: Dissociative disorder, 
ED: Eating disorder, EN: Enuresis nocturna, FND: Functional neurological disorder, IAD: Illness 
anxiety disorder, OCD: Obsessive compulsive disorder, ODD: Oppositional defiant disorder, SD: Sleep 
disorder, SLD: Specific learning disorder, SfD: Speech fluency disorder, SPD: Skin picking disorder, 
SSD: Somatic symptom disorder, SsD: Speech sound disorder, SUD: Substance use disorder

While both groups show interconnected psychiatric 
diagnoses, the focus shifts from neurodevelopmental 
disorders and externalizing behaviors in children to 
internalizing disorders and complex comorbidities in 
adolescents. In the left side of Figure 2, AD form a smaller 
cluster with limited representation. In contrast, the right 
side of Figure 2 highlights a stronger presence of AD in 
adolescents, with close links to ADHD and DD. Similarly, 
DD, which are minimally represented in children, become 
a central feature in adolescents, reflecting a developmental 
progression in symptomatology. Smaller clusters, such as tic 
disorders, SfD, and speech sound disorders (SsD), appear in 
both groups but with differing prevalence and significance. 
These conditions are less frequent and show fewer associations 
in children but become more integrated into the network of 
comorbidities in adolescents, suggesting either increased 
diagnostic complexity or improved recognition with age. 
The comparison underscores key developmental trends: the 
left side emphasizes the dominance of neurodevelopmental 
disorders and externalizing behaviors in childhood, while the 
right side demonstrates a shift toward internalizing disorders 
and more extensive comorbidities in adolescence.

DISCUSSION
The findings of this study demonstrate that psychopathological 
profiles among children and adolescents presenting with 
attention-related complaints differ systematically by age and 
undergo developmental restructuring. Psychiatric diagnoses 
were more prevalent in the child group (96.8%) than in 
the adolescent group (91.2%). Öner and Öncü16 reported 
that 83.7% of cases with attention complaints received a 
diagnosis, while Fettahoğlu and Özatalay17 found that 78.9% 
of those with hyperactivity and/or attention complaints were 
diagnosed. Compared to these earlier studies, the higher rates 
observed in our sample may be attributable to changes in 
diagnostic criteria in DSM-5, the greater severity of presenting 
symptoms, or socioeconomic differences across samples.

Diagnostic distribution varied significantly between age 
groups. In line with our hypothesis, ADHD was the most 
common diagnosis in the child group (65.2%), followed by 
oppositional defiant disorder (20.8%) and specific learning 
disorder (20%). In contrast, anxiety disorders were most 
prevalent in adolescents (38%), with generalized anxiety 
disorder (9.6%) and panic disorder (4.4%) showing significantly 
higher rates in this group (Table 2). The increased likelihood 
of adolescents with attentional complaints receiving 
diagnoses such as GAD and panic disorder aligns with 
developmental psychopathology literature, which suggests 
that anxiety disorders often peak during adolescence.18 
Within the RDoC framework, the Negative Valence Systems 
domain encompasses neural circuits involved in processing 
threat, loss, and potential punishment. During anxiety 
states, attention systems often become hypervigilant toward 
threat-related stimuli-a phenomenon known as “threat-
related attentional bias”.7 This suggests that disruptions in 
attentional networks interact with negative valence systems, 
potentially contributing to the emergence of anxiety-related 
psychopathology during adolescence.

In this age group, ADHD remained the second most common 
diagnosis (33.2%), followed by depressive disorders (32.4%). 
As hypothesized, both anxiety (38%) and depressive disorders 
(32.4%) were more prevalent in adolescents than in children. 
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Öner et al.16 reported that among adolescents with attention 
complaints, 25.6% had ADHD, 27.9% had a depressive 
disorder, 9.3% had an anxiety disorder, 7.0% had both anxiety 
and depression, and 11.7% were diagnosed with both ADHD 
and depression. The higher rates observed in our study may 
be explained by the use of DSM-5 criteria, the inclusion of 
comorbidities, and the broader age range represented in the 
sample. 

The predominance of externalizing disorders (e.g., ADHD, 
ODD) in the child group corresponds with the disinhibited 
externalizing factor described in the HiTOP model, while the 
increase in internalizing symptoms (e.g., anxiety, depression) 
among adolescents supports the view that ADHD represents a 
transdiagnostic vulnerability extending into the internalizing 
spectrum. Furthermore, the pervasive presence of attentional 
deficits across both age groups suggests a developmental 
continuity in dysfunctions related to the cognitive systems 
and arousal/regulatory systems, as described by the RDoC 
framework.

Males were overrepresented in both age groups, consistent 
with earlier studies reporting male rates between 51.7% 
and 60.8%. In our sample, 57.2% of children and 54.0% of 
adolescents were male. Neurodevelopmental difficulties and 
externalizing behaviors are more frequently observed in boys, 
which may lead to greater clinical recognition.19 In contrast, 
girls may require higher genetic loading or be less influenced by 
early environmental stressors due to hormonal, psychosocial, 
and experiential factors. This phenomenon is referred to 
in the literature as the “female protective effect”.22 Among 
genetically predisposed girls, increasing environmental 
stress during adolescence may trigger clinical manifestations, 
thereby reducing sex differences in psychopathology during 
this developmental period.

According to CBCL findings, aggressive behavior, attention 
problems, and externalizing symptoms were more prominent 
in the child group. On the CPRS-R:S, the child group scored 
significantly higher on cognitive problems/inattention, 
hyperactivity, and the ADHD Index. In contrast, adolescents 
exhibited higher levels of internalizing problems such 
as social withdrawal, anxiety/depression, and somatic 
complaints (Table 3). These findings align with symptom 
clusters described in the HiTOP model and functional 
correlates outlined in the RDoC framework. According to 
RDoC, attentional deficits fall under “cognitive systems,” 
depressive and anxious symptoms under “negative valence 
systems,” and aggression and behavioral dysregulation under 
“arousal/regulatory systems.” The HiTOP model, on the other 
hand, organizes symptoms dimensionally along internalizing 
and externalizing spectra. Our results-elevated internalizing 
symptoms in adolescents and more prominent externalizing 
symptoms in children-mirror these frameworks. The 
developmental shift from externalizing to internalizing 
symptomatology, including the decline of hyperactivity and 
the persistence or intensification of inattention and emotional 
problems, is consistent with longitudinal patterns reported in 
twin and population-based studies.13,24

A latent class analysis demonstrated that with age, the 
hyperactivity/impulsivity subtype declines while the 
inattention subtype remains stable. Twin studies by Larsson 
et al.25 found that hyperactivity symptoms decrease over time, 
whereas inattention may become more pronounced due to 

environmental interactions. A GWAS conducted in Denmark 
identified four genetic loci associated with childhood-onset 
ADHD, while late-onset ADHD cases showed lower polygenic 
risk scores and greater genetic overlap with depression.26 
While in early childhood attention deficits are typically 
linked with hyperactivity and externalizing behaviors, 
adolescence is marked by a shift toward internalizing 
symptoms and emotional dysregulation. This developmental 
transition highlights the necessity of adopting a dimensional 
approach to symptom evaluation and tailoring interventions 
accordingly. Therefore, age-specific assessment and treatment 
strategies are crucial in individuals presenting with attention 
complaints.

Limitations
Despite the study’s clinical utility, several limitations must be 
acknowledged. The sample was drawn from a single center, 
potentially limiting generalizability. In addition, due to 
the retrospective nature of the data, some clinical variables 
could not be adequately controlled. Another limitation was 
the absence of objective cognitive performance measures 
such as continuous performance tests (CPT), which may 
have introduced subjective bias, particularly in adolescents 
whose attentional complaints may be influenced by emotional 
factors. Future research incorporating such objective tools 
may enhance the validity of attention assessments.

CONCLUSION
As a result, this study reveals developmentally meaningful 
differences in the psychopathological profiles of children 
and adolescents presenting with attentional complaints. 
Interpreting these findings through transdiagnostic 
frameworks such as RDoC and HiTOP may not only 
refine diagnostic processes but also inform age-, sex-, and 
developmentally sensitive intervention strategies. The 
systematic identification of age-specific symptom patterns 
provides a scientific basis for future personalized treatment 
approaches.
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ABSTRACT
Aims: Regional anesthesia plays a crucial role in enhancing patient comfort, safety, and postoperative recovery in modern 
surgical procedures. In elective surgeries, the choice between regional anesthesia and general anesthesia is based on patient 
expectations, surgical requirements, and perioperative outcomes. This study aimed to examine the awareness and perspectives of 
patients undergoing surgical procedures under regional anesthesia or general anesthesia about regional anesthesia. Additionally, 
one of the objectives of this study is to identify the reasons why patients prefer or reject regional anesthesia. Finally, the study 
aimed to evaluate whether there is any change in patients’ opinions after the operation.
Methods: This study was conducted in a tertiary hospital in Turkiye, and 305 patients undergoing elective surgery were included. 
The study was conducted using a questionnaire administered to patients after the anesthesiologist provided information about 
anesthesia methods during the preoperative visit. The questionnaire consists of 3 main parts. The first and second parts of the 
questionnaire consisted of demographic data and preoperative anesthesia preferences and reasons. In contrast, the last part 
consisted of questions asked in the postoperative period about satisfaction levels and the anesthesia method they would prefer 
if they needed surgery again. 
Results: The results showed that 83.6% of the patients preferred regional anesthesia, and 16.4% preferred general anesthesia. 
The anesthesia preferences of patients were not affected by factors such as age, gender, educational status, ASA score, or the 
clinic where the operation would be performed. While the postoperative satisfaction scores of patients operated with regional 
anesthesia were significantly higher than those of the general anesthesia group (p=0.042), the pain levels were significantly lower 
(p<0.001). However, most of the patients stated that they would prefer general anesthesia if the same surgical procedure were 
performed again (p<0.01). 
Conclusion: As a result, this study demonstrates that surgeons play a significant role in influencing patients’ anesthesia preferences 
in Turkiye. We believe that more surgeries will be performed under regional anesthesia if patients are better informed about 
regional anesthesia and surgeons’ prejudices are overcome.
Keywords: Health communication, anesthesia, questionnaires

INTRODUCTION
Anesthesia plays a vital role in ensuring patient comfort, 
safety, and successful surgical outcomes in modern surgery. 
In elective surgical procedures, the choice between regional 
anesthesia (RA) and general anesthesia (GA) is generally 
made based on patient preference, surgical requirements, 
and perioperative results.1 RA refers to the administering 
of an anesthetic agent to certain areas of the body to ensure 
numbness. This term involves central neuraxial blocks 

(CNB) and peripheral nerve blocks (PNB).2 RA offers several 
advantages such as reducing systemic side effects, improving 
postoperative pain management, and achieving better results 
in the recovery processes of patients.3,4 However, RA may 
not be suitable for each patient, and the use of this technique 
may not be sufficient in certain surgical procedures. Besides, 
patients’ preference of the anesthesia method is shaped 
not only by surgical requirements but also by patients’ 
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individual concerns and perceptions. Lack of information 
or misunderstandings about this method is generally the 
underlying reason for patients’ not preferring RA.5,6

This study aimed to examine the awareness and perspectives 
of patients who underwent surgery under either RA or GA. It 
sought to determine patients’ preferences for or rejection of 
RA, as well as to identify any changes in their views following 
the operation. Additionally, the study aimed to explore 
the factors that influenced these changes, if any, in their 
perspectives.

METHODS
The study was initiated after obtaining the approval of Gülhane 
Training and Research Hospital Scientific Researches Ethics 
Committee (Approval Date: 28.01.2021, Decision No: 2021-
44). All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of Helsinki. 
A questionnaire was administered to patients scheduled to 
undergo surgery under RA and GA between August 2024 and 
December 2024 and who voluntarily agreed to participate in 
the study. 

Information about the available anesthesia methods was 
provided to the patients included in the study by an anesthesia 
specialist during the preoperative visit. Following this 
information, a questionnaire was administered to the patients 
to determine their anesthesia method preference and factors 
affecting their preferences. The questionnaire consists of three 
parts: 

•	 Demographic information 

•	 Preoperative anesthesia preferences and reasons 

•	 In the part to be filled out in the postoperative period, 
data were collected on the patients’ satisfaction levels 
and their anesthesia preferences if they were to undergo 
surgery again. The patients were asked to rate their 
satisfaction levels regarding the anesthesia method they 
preferred between 0 and 10. (0: Very low, 10: Very high)

In addition to the data collected from the questionnaire, 
information regarding the surgical procedure was obtained 
from a physician other than the anesthetist administering 
the anesthesia. The study also inquired about the success of 
the anesthesia method and whether additional analgesic or 
sedative agents were administered to patients receiving RA 
during the intraoperative period. Postoperatively, pain scores 
at the post-anesthesia care unit (PACU) and at 1st, 4th, and 
8th hours were assessed using the Visual Analog Scale (VAS) 
and monitored throughout the recovery period. In addition 
to these data, length of hospital stay and development of 
complications was evaluated.

The inclusion criteria for the study were as follows: patients 
within the ASA I-III classification, aged between 18 and 85 
years, able to communicate effectively and remain conscious, 
scheduled to undergo elective primary surgery, and candidates 
for procedures in which both RA and GA could be applied. 
The exclusion criteria for the study were as follows: patients 
classified as ASA IV, those undergoing emergency surgery, 
individuals scheduled for repeat surgery, patients with mental 
or hearing impairments that could hinder communication, 
individuals who did not speak Turkish, and those who refused 
to participate in the study.

Statistical Analysis 
Descriptive statistical data will be calculated as mean and 
standard deviation for the continuous variables and as 
frequency and percentage for the categorical variables. 
The Pearson Chi-square and the Fisher’s exact test will be 
used to test the differences in the distribution between the 
groups for the categorical variables. The normality of the 
distribution for the continuous variables will be evaluated 
using the Kolmogorov-Smirnov test. The distribution of the 
non-parametric variables will be evaluated using the Mann-
Whitney U test. p<0.05 value will be accepted as statistically 
significant.

RESULTS
A total of 305 patients scheduled for surgery for various 
reasons, were included in the study, of whom 61.3% were 
male and 38.7% were female. Among them, 141 patients 
(46.2%) were from the orthopedics clinic. The median age of 
the patients was 56 years with an age range between 18 and 
85 years. Educational background analysis showed that the 
highest proportion were high school graduates (26.2%). The 
majority of patients, 58%, had an ASA score of II, and 49.5% 
had a history of previous anesthesia. (Table 1).

Table 1. Patient characteristics

n=305

Median age (years) (IQR) 56 (42-68)

Median duration of surgery (mins) (IQR) 90 (60-150)

Median length of hospital stay (days) (IQR) 4 (2-7)

Gender, n (%)

   Female 118 (38.7)

   Male 187 (61.3)

ASA, n (%)

   1 39 (12.8)

   2 177 (58.0)

   3 89 (29.2)

Education, n (%)

   Illiterate+primary school 104 (34.1)

   Secondary school 67 (22.0)

   High school 80 (26.2)

   University and above 50 (17.7)

Accompanying diseases, n (%) 215 (70.5)

Surgical clinic, n (%)

   General surgery 89 (29.2)

   Gynecology and obstetrics 30 (9.8)

   Orthopedics 141 (46.2)

   Plastic surgery 8 (2.6)

   Urology 37 (12.1)

Previous history of anesthesia, n (%) 151 (49.5)
IQR: Inter quartile range

When asked about their initial anesthesia preference following 
the preoperative visit, 83.6% of patients preferred RA, while 
16.4% preferred GA. There were no significant differences 
in age, gender, educational status, ASA scores, previous 
surgeries, or the clinics where the patients were scheduled to 
undergo surgery between individuals who initially preferred 
RA and those who preferred GA (p>0.05) (Table 2).
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Table 2. Comparison of those whose first preference was RA and those 
whose first preference was GA

RA (n=255) GA (n=50) p-value

Median age (years) (IQR) 58 (43-68) 51 (36-66) 0.055b

Gender, n (%)

   Female 97 (38.0) 21 (42.0)
0.599c

   Male 158 (62.0) 29 (58.0)

ASA (%)

   1 33 (12.9) 6 (12.0)

0.419c   2 144 (56.5) 33 (66.0)

   3 78 (30.6) 11 (22.0)

Education (%)

   Illiterate+primary school 91 (35.7) 13 (26.0)

0.211c
   Secondary school 57 (22.4) 10 (20.0)

   High school 61 (23.9) 19 (38.0)

   University and above 46 (18.0) 8 (16.0)

Accompanying diseases, n (%) 181 (71.0) 34 (68.0) 0.673c

Surgical clinic, n (%)

   General surgery 80 (31.4) 9 (18.0)

0.097c

   Gynecology and obstetrics 27 (10.6) 3 (6.0)

   Orthopedics 109 (42.7) 32 (64.0)

   Plastic surgery 7 (2.7) 1 (2.0)

   Urology 32 (12.5) 5 (10.0)

Previous anesthesia

   No 133 (52.2) 21 (42.0)
0.189c

   Yes 122 (47.8) 29 (58.0)
b: Mann Whitney U test, c: Chi-square test, RA: Regional anesthesia, GA: General anesthesia, IQR: 
Inter quartile range

When the anesthesia preferences were examined according to 
the clinics, it was seen that the patients who preferred GA the 
most would be operated on in the orthopedics clinic and the 
patients who preferred RA the most would be operated on in 
the gynecology and obstetrics clinic. 

According to survey responses, the most common reason 
for preferring GA was fear of pain, cited by 34% of patients. 
In contrast, the most frequent reason for preferring RA was 
the recommendation of the surgeon, reported by 66.4% of 
patients (Figure 1, 2).

Figure 1. Preference reasons of those preferring GA method 
GA: General anesthesia

A total of 253 patients, representing 83.0% of the sample, 
underwent surgery under RA. Among these patients, 
64.8% required intraoperative sedation, and 10.4% required 
additional analgesics. Anesthesia success was 96% in 
those who underwent surgery under RA. Postoperative 
complications were observed in only two patients. There was 

no difference between the postoperative complication rates of 
those who received RA and those who received GA (p>0.05).

The median postoperative satisfaction score was 9. The 
satisfaction scores of the patients operated on under RA 
were significantly higher than those operated on under 
GA (p=0.042), and the VAS scores at all hours were also 
significantly lower in the patients that operated under RA 
(p<0.001) (Table 3).

Table 3. Comparison of satisfaction scores and VAS scores of patients who 
received RA and those who received GA

Those receiving 
RA (n=253)

Those receiving 
GA (n=52) p-value

Satisfaction score, median 
(IQR)

8.59±1.82
9 (8-10)

8.44±1.21
8 (8-10) 0.042b

VAS- PACU, median (IQR) 0.55±1.48
0 (0-0)

2.19±2.37
1 (0-4) <0.001b

VAS-hour 1, median (IQR) 1.16±1.91
0 (0-2)

2.83±2.57
3 (0-4) <0.001b

VAS-hour 4, median (IQR) 1.70±2.29
0 (0-3)

2.85±2.26
2 (1-4) <0.001b

VAS-hour 8, median (IQR) 1.40±2.09
0 (0.2)

2.35±2.23
2 (0-4) 0.001b

RA administered 
(n=253)

GA administered 
(n=52) p-value

Satisfaction score, median 
(IQR)

8.59±1.82
9 (8-10)

8.44±1.21
8 (8-10) 0.042b

b: Mann-Whitney U test, RA: Regional anesthesia, GA: General anesthesia, IQR: Inter quartile 
range

When the patients were asked which anesthesia method 
they would choose if they had to undergo the same surgery 
again, a significant difference was observed compared to their 
preoperative preferences (p<0.01). It was determined that 
patients’ preferences changed in favor of GA (Table 4). There 
was no difference between the ages, genders, educational 
levels, ASA scores, clinics in which they were operated and 
length of hospital stay of the patients who would prefer RA or 
GA in case of reoperation (p>0.05) (Table 5).

Table 4. Comparison of postoperative preference rates and first preference 
rates of the patients

Re-preference 

RA GA p

First preference

RA 236 (77.4) 19 (6.2)
0.003

GA 4 (1.3) 46 (15.1)
*McNemar test, RA: Regional anesthesia, GA: General anesthesia

Postoperative satisfaction scores were higher in patients who 
indicated that they would prefer RA if they were to undergo 

Figure 2. Preference reasons of those preferring RA method
RA: Regional anesthesia
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surgery again, compared to those who would choose GA 
(p<0.001). Their VAS scores were also lower than those who 
preferred GA at all times (p<0.001) (Table 6). The duration of 
surgery was significantly longer in patients who indicated a 
preference for GA if reoperation were required, compared to 
those who would prefer RA (p<0.05).

Table 6. Comparison of satisfaction scores and VAS scores of those 
anaesthesia preference is RA and GA in case of re-operation

RA (n=240) GA (n=65) p-value

Satisfaction score, median (IQR) 8.92±1.29
9 (8-10)

7.25±2.39
8 (6-8) <0.001b

VAS- PACU, median (IQR) 0.37±1.07
0 (0-0)

2.52±2.62
2 (0-4) <0.001b

VAS-hour 1, median (IQR) 0.98±1.67
0 (0-2)

3.15±2.70
3 (0-5) <0.001b

VAS-hour 4, median (IQR) 1.48±2.05
0 (0-2)

3.40±2.63
3 (1-5) <0.001b

VAS-hour 8, median (IQR) 1.23±1.92
0 (0-2)

2.75±2.48
2 (0-5) <0.001b

b: Mann-Whitney U test, VAS: Visual Analog Scale, RA: Regional anesthesia, GA: General 
anesthesia, IQR: Inter quartile range

DISCUSSION
This study investigated the anesthesia preferences and 
postoperative satisfaction levels of 305 patients scheduled 
for surgical procedures that could be performed under 
either general or RA, at a tertiary hospital in Turkiye. Patient 
satisfaction is an important evaluation criterion that reflects 

the effects of health services at both the societal and individual 
level and is also considered an essential element of service 
quality.7

The results indicated that the anesthesia preferences of the 
patients were not affected by factors such as age, gender, 
educational level, ASA score, and the surgical clinic. However, 
it was demonstrated that the guidance of the surgeon had a 
significant effect on anesthesia preference. Similar results have 
been reported in the literature.5 Surgeons’ greater familiarity 
with GA, a more commonly used method, may contribute to 
the perception that surgery is more comfortable under GA. 
However, the benefits of RA-including better postoperative 
pain control, faster recovery, higher patient satisfaction, and 
potential cost savings-may help reduce surgeons’ reluctance 
to adopt it. It has been stated in the literature that the length 
of the operation list may cause the surgeon’s preference to be 
in favor of GA.7 Although many surgeons in our hospital hold 
this belief, there is no evidence in the literature to support it. 
In fact, Johnson et al.8 reported that RA may be responsible 
for up to 11 minutes of shorter surgical time.

Patient-reported anesthesia-related anxiety is common and 
can affect important outcome parameters such as patient 
satisfaction.9 Several studies have shown that the level of 
perioperative fear is higher in women.10-12 However, in 
our study, there was no difference between genders in the 
preference for general or RA. 

After receiving preoperative information from the 
anesthesiologist, patients who preferred GA mostly were 
afraid of experiencing pain. Literature suggests that patients’ 
main concerns about RA include fear of pain, being conscious 
during surgery, paralysis, and the risk of back pain.5,13,14 
Informing the patients about the RA methods to be used in 
the preoperative period and providing satisfactory answers 
to their concerns will help solve this problem. However, 
detailed information can often be challenging during 
anesthesia consultations due to time constraints. Sharing 
a brief educational video on RA with patients may facilitate 
better understanding and enhance informed decision-
making. Visual and audio content can help complex medical 
information become more comprehensible and memorable. 
Many researchers have mentioned the positive effects of 
adequate information about RA on patient anxiety.15,16

An interesting finding of our study is that, although patients 
who underwent surgery under RA reported higher satisfaction 
and lower VAS scores in the postoperative period, their 
preference shifted toward GA if they were to undergo surgery 
again. We think that this is caused by the disappearance of the 
surgeon factor who had initially recommended surgery under 
RA.

The anesthesia method that patients would prefer if they 
were to be operated on again was independent of age, gender, 
education level, and ASA scores, as in their first choice. It was 
observed that the satisfaction of the patients who would prefer 
RA if they were to be reoperated on was higher than those who 
would prefer GA, and their VAS scores were lower. It was noted 
that the duration of surgery was significantly longer in patients 
who indicated a preference for GA in the event of reoperation. 
For patients operated on under RA, staying inactive for a long 
time and hearing the sounds around can be  uncomfortable 
and will increase their anxiety.17,18 Appropriate sedation will 
help these patients to go through the surgery process more 

Table 5. Comparison of patients whose anesthesia preference is RA and 
GA in case of re-operation

RA (n=240) GA (n=65) p-value

Median age (years) (IQR) 57 (42-68) 55 (40-67) 0.421b

Surgery duration (mins), median (IQR) 90 (50-138) 120 (72-167) 0.003b

Hospital stays duration (days), median 
(IQR) 4 (2-7) 5 (2-8) 0.062b

Gender, n (%)

    Female 90 (37.5) 28 (43.1)
0.413c

    Male 150 (62.5) 37 (56.9)

ASA (%)

    1 29 (12.1) 10 (15.4)

0.294c    2 136 (56.7) 41 (63.1)

    3 75 (31.2) 14 (21.5)

Education (%)

   Illiterate+primary school 84 (35.0) 20 (30.8)

0.537c
   Secondary school 52 (21.7) 15 (23.1)

   High school 59 (24.6) 21 (32.3)

   University and above 45 (18.8) 9 (13.8)

Accompanying diseases, n (%) 171 (71.2) 44 (67.7) 0.577c

Surgical clinic, n (%)

   General surgery 75 (31.2) 14 (21.5)

0.094c

   Gynecology and obstetrics 26 (10.8) 4 (6.2)

   Orthopedics 101 (42.1) 40 (61.5)

   Plastic surgery 7 (2.9) 1 (1.5)

   Urology 31 (12.9) 6 (9.2)
b: Mann-Whitney U test, c: Chi-square test/Fisher’s exact test, RA: Regional anesthesia, GA: 
General anesthesia, IQR: Inter quartile range
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comfortably. We found that 64.8% of our patients operated on 
under RA were sedated, and we think that increasing this rate 
will be effective in influencing patient preferences.

Limitations
This study has several limitations, such as the fact that it was 
conducted in a single centre, did not focus on a specific type 
of surgery and used open-ended questions. These factors may 
limit the generalizability and specificity of the study findings. 
Also social, cultural and economic differences between 
countries do not allow us to generalize these results to all 
operative patients.

CONCLUSION
According to the results of our study, it seems that surgeons, 
as the primary care providers, have a great influence on the 
patient’s preference, in addition to their fear of pain during 
surgery and being unaware of the real risks and benefits of RA. 
We think that it would be beneficial to inform both patients 
and surgeons about the perioperative benefits of RA methods.
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ABSTRACT
Aims: Myofascial pain syndrome (MPS) is a musculoskeletal condition with trigger points causing pain, stiffness, and postural 
issues. This study evaluated the impact of scapular stabilization exercises (SSE) on pain, posture, and functional capacity in MPS 
patients.
Methods: A total of 40 patients diagnosed with MPS were retrospectively analyzed and categorized into two groups. All patients 
received a standard physical therapy program consisting of hot pack, transcutaneous electrical nerve stimulation (TENS), and 
cervical isometric exercises. In addition to this standard program, one group performed SSE. Outcomes were evaluated using 
the Visual Analog Scale (VAS) for pain, Tragus to wall distance (TWD), New York posture rating (NYPR) score for posture, and 
Neck Disability Index (NDI) for functionality. Pre- and post-treatment changes were analyzed for both groups.
Results: Both groups demonstrated significant improvements in VAS, TWD, NYPR, and NDI scores. However, the SSE group 
exhibited significantly greater improvements across all parameters compared to the standard exercise group. These results 
suggest that SSE enhances pain relief, postural alignment, and functional capacity more effectively.
Conclusion: SSE is an effective intervention for MPS, offering superior outcomes in pain relief, posture, and functionality 
compared to standard exercises. Larger studies with longer follow-ups are needed to validate these results.
Keywords: Myofascial pain syndrome, scapular stabilization exercises, pain, postural alignment, functional capacity

INTRODUCTION
Myofascial pain syndrome (MPS) is a regional pain syndrome 
characterized by the presence of trigger points in muscles 
or fascia across various body regions, leading to pain 
accompanied by muscle spasms, tenderness, restricted range of 
motion (ROM), stiffness, fatigue, and occasionally autonomic 
dysfunction.1 MPS is a prevalent condition observed in 30% 
to 85% of patients with musculoskeletal pain.2 While MPS 
commonly manifests in individuals aged 27 to 50 years, the 
role of gender differences in its incidence remains uncertain.3 
The pathophysiology of MPS is associated with repetitive 
microtraumas, muscle overuse, and postural disorders 
within the musculoskeletal system. Improper posture leads 
to excessive loading of muscle fibers, resulting in increased 
muscle tension and the development of trigger points due to 
the creation of an ischemic environment within the muscle 
fibers.4 Consequently, patients with MPS experience pain and 
postural dysfunction, which, when chronic, can significantly 
restrict their daily living activities.

The need for treatment in MPS stems from addressing the 
issues caused by imbalances in the musculoskeletal system and 

postural disorders. Scapular stabilizer muscles, particularly 
the rhomboids, middle and lower trapezius, serratus anterior, 
play a crucial role in stabilizing the scapula on the thorax and 
controlling its normal movements during arm elevation.5 
Weakness in these muscles can result in downward rotation, 
anterior tilting, and forward displacement of the scapula, 
leading to shortening of the pectoralis minor muscle. Studies 
have shown that scapular stabilization exercises (SSE) can 
improve forward head and shoulder posture, increase the 
flexibility of the pectoralis minor, and strengthen the scapular 
muscles.6,7 SSE has been found to significantly improve 
pain intensity and pain pressure thresholds in patients with 
myofascial pain in the scapular region.8 By supporting the 
coordinated function of the neck and shoulder muscles, SSE 
contributes to restoring optimal positions of the head and 
scapula. This approach is critical for correcting postural 
irregularities and resolving muscle activity imbalances. SSE 
alleviates pain and tension symptoms by reducing strain on 
the affected muscles and joints, thereby improving patients’ 
quality of life. Additionally, it aims to reduce the risk of 
MPS becoming chronic and to preserve functional mobility. 
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We hypothesize that in patients with cervical MPS, SSE can 
support the improvement of cervical posture and reduce neck 
and back pain by enhancing scapular stabilization through 
strengthening of the scapular muscles. In this context, this 
study aimed to investigate the effects of scapular stabilization 
exercises on posture, pain, and functional capacity in patients 
with cervical MPS.

METHODS
Study Design
This retrospective study was conducted on patients who 
presented to the physiotherapy and rehabilitation outpatient 
clinic between April 2024 and October 2024. A total of 40 
patients diagnosed with cervical MPS according to Travell 
and Simon’s diagnostic criteria and who received treatment in 
the physical therapy program were retrospectively screened. 
Ethical approval for the study was obtained from the Antalya 
Training and Research Hospital Clinical Researches Ethics 
Committee (Approval Date: 24.10.2024, Decision No: 16/1). 
The study was conducted in accordance with the principles of 
the 2013 Declaration of Helsinki.

Participants
A total of 54 patients aged 18-60 who presented to the 
physical medicine and rehabilitation outpatient clinic with 
complaints of neck and/or back pain and were diagnosed 
with cervical MPS. Detailed clinical records of all patients 
were thoroughly reviewed. Among these, 14 patients were 
excluded based on the inclusion and exclusion criteria, 
leaving 40 patients eligible for the study. Inclusion criteria 
consisted of patients aged 18-60 with neck and/or back pain 
persisting for 3-12 months due to active trigger points and 
palpable taut bands in the trapezius muscle. Exclusion criteria 
included a diagnosis of fibromyalgia, presence of systemic 
diseases such as hypertension, diabetes mellitus, or rheumatic 
diseases, pregnancy, history of neck trauma or surgery, 
cervical radiculopathy or myelopathy, osteoporotic fracture, 
metastatic history, neurological diseases, any physical therapy 
or exercise treatment within the last 6 months, and the use 
of nonsteroidal anti-inflammatory drugs (NSAID) (Figure 1).

Figure 1. Flowchart of patients

Interventions
All patients underwent a conventional therapy program over 3 
weeks, with 5 sessions per week. Conventional therapy included 

a 20-minute hot pack application, a 15-minute transcutaneous 
electrical nerve stimulation (TENS) treatment, and cervical 
isometric exercises comprising flexion, extension, right-left 
lateral flexion, and rotation exercises.

In addition to the conventional exercises, the first group 
received SSE, which included:9-11

Scapular adduction: Maintaining straight arms without 
bending the elbows, opening an elastic band held in both 
hands outwards, and slowly bringing it back in a controlled 
manner.

Shoulder elevation: Holding a weight in each hand with feet 
shoulder-width apart, lifting the shoulders upwards.

Wall push-up: Placing palms against the wall with elbows 
slightly bent and leaning forward to perform a gentle stretch.

Scapular stabilization against the wall: Lifting the arm 
straight at shoulder height and pressing it against the wall or 
a ball.

Rowing exercise: Lying prone with the affected arm hanging 
down, lifting the arm with a 1 kg weight by flexing at the 
elbow.

All exercise programs, including cervical isometric exercises 
and SSE, were performed in the physical therapy unit under 
the supervision of a physical therapist, with 10 repetitions for 
each exercise in 3 sets per session.

Outcomes
The following assessments were performed for all patients by 
physiatrist before and after treatments.

Visual Analog Scale (VAS): The VAS was used on a 0-100 
mm scale to assess pain intensity. Patients were asked to mark 
their pain level along a 100 mm horizontal line, where 0 mm 
represents “no pain” and 100 mm represents “worst pain 
imaginable.” The distance in millimeters from the “no pain” 
end to the patient’s mark was measured, providing a precise 
quantitative measure of pain intensity.12

Tragus-to-Wall Distance (TWD): This measure assesses 
forward head posture, specifically the distance between the 
tragus and the wall. The patient stands with their back against 
a wall, and the distance between the tragus and the wall is 
measured in centimeters.13

New York Posture Rating (NYPR): was used to assess 
participants’ posture and to observe potential postural changes 
across 13 different parts of the body. Each section of the body 
was evaluated and scored based on the alignment quality. A 
score of 5 points was given if the posture was correct, 3 points 
for a moderate postural disorder, and 1 point for a serious 
disorder. The maximum score attainable in this assessment 
is 65, indicating optimal posture, while the minimum score 
is 13, which would reflect significant postural issues. This 
scoring system provides a comprehensive overview of the 
participant’s postural alignment.14

Neck Disability Index (NDI): The NDI consists of 10 sections: 
pain intensity, personal care, lifting, reading, headaches, 
concentration, work, driving, sleeping, and recreational 
activities. Each section is scored on a scale from zero (no 
disability) to five points (total disability). The total score 
ranges from zero to 50, with higher scores indicating greater 
disability.15
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Statistical Analysis
Descriptive statistics were presented using percentage, mean, 
standard deviation, minimum, and maximum values. In the 
analysis of categorical data, if the percentage of cells with 
expected values less than 5 was greater than 20%, Fisher’s 
exact test was used; otherwise, Pearson Chi-square test was 
employed. The normality assumption was checked using the 
Kolmogorov-Smirnov test. For the analysis of the difference 
between numerical data of the two groups, if the data followed 
a normal distribution, the Independent Samples t-test was 
used; if not, the Mann-Whitney U test was applied. Analyses 
were performed using SPSS version 23.0, and a p-value of less 
than 0.05 was considered statistically significant.

RESULTS
The demographic characteristics of the groups are presented 
in Table 1. Group 1 consisted of 13 female and 7 male 
participants, with a mean age of 48.90±9.28 years (range: 20-
60 years). Group 2 included 12 female and 8 male participants, 
with a mean age of 44.15±12.35 years (range: 18-60 years). 

There were no statistically significant differences between 
group 1 and group 2 in terms of age, sex, BMI, or pain duration 
(p>0.05).
Table 2 summarizes the changes in outcome measures within 
each group from pre-treatment to post-treatment. In both 
groups, statistically significant improvements were observed 
in VAS, TWD, NYPR score, and NDI score (p<0.0001).
Table 3, highlights the differences in pre-treatment and post-
treatment changes between the two groups. The mean change 
in VAS score was -49.90±12.13 mm in group 1 and -24.35±13.67 
mm in group 2, with group 1 showing a significantly greater 
reduction in pain (p<0.0001). Group 1 showed a greater 
improvement in TWD with a mean change of -1.94±1.63 cm 
compared to -0.68±1.08 cm in group 2 (p<0.0001). Group 1’s 
NYPR scores improved by an average of 14.60±5.74 points, 
significantly more than the 3.30±5.68 points observed in 
group 2 (p<0.0001). The mean decrease in NDI scores was 
-21.15±10.12 for group 1, compared to -7.90±5.06 in group 
2, indicating a significantly greater reduction in group 1 
(p<0.0001) (Table 3, Figure 2).

Table 1. Demographic properties of the groups

Group 1 (n=20) Group 2 (n=20)

n % Mean±SD (Min-max) n % Mean±SD (Min-max) p

Age (year) 48.90±9.28 (20-60) 44.15±12.35 (18-60) 0.3641

BMI (kg/m2) 27.12±4.86 (20.39-39.19) 26.10±5.55 (18.36-38.56) 0.9922

Pain duration (day) 7.85±3.56 (3-12) 7.65±3.39 (3-12)

Sex (female/male) 13/7 65%/35% 12/8 60%/40% 0.97733

SD: Standard deviation, Min: Minimum, Max: Maximum, BMI: Body-mass index, 1: Two independent samples T test ; 2: Mann-Whitney U test; 3: Chi-square test

Table 2. Comparison of outcome parameters within groups

Group 1 (n=20) Group 2 (n=20)

Mean±SD (Min-max) p Mean±SD (Min-max) p

VAS (mm)

   Pre-treatment 84.00±12.77 63-100
<0.00011

81.35±13.61 64-100
<0.00011

   Post-treatment 34.10±18.24 10-64 57.00±15.56 31-90

TWD (cm)

   Pre-treatment 17.05±1.78 14.2-20
<0.00012

16.33±1.76 13.3-20
<0.00012

   Post-treatment 15.11±2.08 11.7-18.5 15.65±1.74 13-19

NYPR score

   Pre-treatment 38.00±5.17 28-45
<0.00012

37.05±6.42 28-49
<0.00012

   Post-treatment 52.60±6.83 37-63 40.35±7.11 28-54

NDI score

   Pre-treatment 44.20±4.32 39-53
<0.00012

44.20±5.21 37-53
<0.00012

   Post-treatment 21.65±6.51 11-33 37.05±4.16 29-42
SD: Standard deviation, Min: Minimum, Max: Maximum, VAS: Visual Analog Scale, TWD: Tragus to wall distance, NYPR: New York posture rating, NDI: Neck Disability Index, 1: Mann-Whitney U test, 
2: Wilcoxon test

Table 3. Comparison of pre-treatment and post-treatment changes in outcome parameters between groups

Group 1 (n=20) Group 2 (n=20)

Mean±SD (Min-max) Mean±SD (Min-max) p

VAS (mm) -49.90±12.13 (-90-44) -24.35±13.67 (-59-7) <0.00011

TWD (cm) -1.94±1.63 (-6.8-0.3) -0.68±1.08 (-4.1-0.1) <0.00011

NYPR score 14.60±5.74 (5-27) 3.30±5.68 (-2-11) <0.00011

NDI score -21.15±10.12 (-35-6) -7.90±5.06 (-17-1) <0.00011

SD: Standard deviation, Min: Minimum, Max: Maximum, VAS: Visual Analog Scale, TWD: Tragus to wall distance, NYPR: New York posture rating, NDI: Neck Disability Index, 1: Mann-Whitney U test
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DISCUSSION
MPS is a pathology that negatively affects patients’ functional 
status and quality of life, presenting with symptoms such 
as pain, muscle spasms, restricted range of motion, and 
weakness.16 Exercise interventions in the treatment of MPS 
aim to restore normal muscle function, increase muscle 
strength, improve range of motion, correct muscle shortening, 
and enhance posture.17 Although various types of exercises 
have been proposed for MPS treatment in the literature, no 
study has specifically investigated the effectiveness of SSE.18 
Therefore, this study aims to evaluate the role of SSE in 
patients with cervical MPS.

Physical therapy modalities and exercise therapies play a 
significant role in the treatment of MPS. In a study conducted 
by Kim et al.19 on patients with MPS, it was observed that the 
addition of stretching and cervical stabilization exercises to 
physical therapy improved pain and functional impairment 
associated with trigger points, with the therapeutic effects 
being sustained longer compared to the group receiving only 
physical therapy. Similarly, Park et al.20 investigated patients 
undergoing postoperative physical therapy for subacromial 
impingement syndrome. One group was given SSE, while the 
control group received pain-relief-focused modalities such as 
ultrasound and laser therapy. The results showed a statistically 
significant reduction in VAS pain scores in the SSE group. 
In our study, both groups demonstrated a reduction in pain 
levels. However, when comparing pre- and post-treatment 
changes, the SSE group exhibited a more pronounced 
reduction in pain. It is thought that SSE contributes to pain 
relief by enhancing muscle endurance in the shoulder and 
back regions and reducing the load on joints and muscles. 

Myofascial trigger points typically arise as a result of 
prolonged poor posture, low-level muscle contractions, and 
muscle fatigue. Trigger points in the neck muscles can lead 
to inappropriate postures, such as forward head posture, due 
to pain, fatigue, and muscle stiffness, thereby affecting the 
cervical, paraspinal, and scapular muscles.21 Thakur et al.22 
found that relieving tension in the levator scapula muscle is 
effective in improving shoulder proprioception and correcting 
forward head posture. Similarly, Jaroenrungsup et al.23 reported 
that a six-week home-based program consisting of cervical 
and scapulothoracic exercises performed three times per week 
improved craniovertical angle and neck flexion and extension 
strength in smartphone users with postural disorders. In our 
study, both groups demonstrated improvements in TWD and 
NYPR scores after treatment. However, when pre- and post-
treatment changes were evaluated, the SSE group exhibited a 

more pronounced reduction in TWD and a greater increase 
in NYPR scores. These findings suggest that SSE effectively 
supports postural alignment by reducing muscle tension in 
the neck and shoulder regions in patients with MPS. This 
indicates that SSE is not only effective in correcting postural 
parameters but also plays a significant role in achieving 
broader improvements associated with posture.

In MPS, which is caused by chronic pain and tension, 
movement restrictions can negatively impact functional 
capacity. Functional impairments, particularly in frequently 
used muscle groups such as the neck, shoulders, and back, 
can lead to difficulties in basic movements such as sitting, 
standing, lifting, and head motions. This challenge in 
performing daily activities often results in a decrease in 
quality of life.24 El Gendy et al.25 conducted a study on patients 
with chronic neck pain, comparing three groups; those 
receiving physical therapy alone, those receiving physical 
therapy combined with SSE, and those receiving physical 
therapy combined with neck stabilization exercises. After six 
weeks of therapy, performed three times a week, all groups 
showed significant improvements in NDI scores. However, 
post-treatment comparisons revealed that SSE provided 
superior improvements in functional capacity compared 
to physical therapy alone, while neck stabilization exercises 
led to even more pronounced improvements compared to 
both the physical therapy-only group and the SSE group. 
Mendhe et al.,26 in their study on computer workers with 
chronic neck pain, compared SSE with a cervical isometric 
exercise program applied three times per week over four 
weeks. Both groups showed significant improvements in NDI 
scores post-treatment. However, no statistically significant 
differences were found between the groups. Similarly, the 
study by Yıldız et al.27 evaluated the effects of neck exercises 
versus SSE in patients with nonspecific neck pain. Although 
both groups showed notable improvements in VAS and 
NDI scores after the intervention, the therapeutic benefits 
appeared to be equivalent across groups, without a distinct 
superiority of one approach over the other. In contrast to 
the findings reported by Mendhe et al. and Yıldız et al., our 
study demonstrated that patients who received SSE showed 
more substantial improvements in post-treatment NDI scores 
compared to pre-treatment measurements. Additionally, both 
groups demonstrated significant improvements in NDI scores 
post-treatment. This suggests that SSE may more effectively 
redistribute the load on the musculoskeletal system, reduce 
pain, and consequently alleviate daily activity limitations, 
thereby enhancing patients’ independence. 

Limitations
Our study has several limitations. These include the lack 
of randomization due to its retrospective design and the 
inclusion of only patients with complete data. The relatively 
small sample size may have limited the ability to generalize 
the findings. Additionally, the reliance on medical records 
for data collection may have restricted the scope of variables 
analyzed. The study also did not include a long-term follow-
up to evaluate the sustained effects of the intervention. 
Furthermore, while the findings support the benefits of 
SSE, potential confounding factors inherent in retrospective 
studies may influence outcomes. Future research should aim 
to address these limitations through prospective, randomized 
controlled trials with larger sample sizes and extended follow-
up periods.

Figure 2. Pre-treatment and post-treatment changes in outcome parameters 
between groups
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CONCLUSION
Our study demonstrates that the application of SSE can be an 
effective treatment method for pain management, postural 
improvement, and reducing daily activity limitations in 
patients diagnosed with MPS. The findings indicate that 
SSE supports postural alignment by reducing tension in the 
neck and shoulder muscles and enhances functional gains, 
thereby improving quality of life. However, limitations such 
as the small sample size, short follow-up period, and lack of a 
control group may restrict the generalizability of the results. 
Therefore, future studies with larger sample sizes and longer 
follow-up periods are needed to comprehensively evaluate the 
effectiveness of SSE.
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ABSTRACT
Aims: Subfields of the hippocampus have long been held responsible for the pattern separation function of episodic memory. 
The total neuron numbers of the entorhinal cortex (EC), which gives the major input to the hippocampus, the dentate gyrus 
(DG), and CA3 and their ratio to each other is thought to be important for the pattern separation process. In this study, the 
relationship between the volumes of the EC and hippocampal subfields and behavioral pattern separation performance was 
investigated.
Methods: 3D brain MRI images of 39 university students were obtained and the volumes of EC and hippocampal subfields 
(CA1, CA2-CA3, CA4-DG) were analyzed on the volBrain online automatic brain volumetry system. All participants were 
evaluated with a cognitive test for pattern separation performance. Finally, the correlation between the volume of brain areas 
and pattern separation performance score was statistically analyzed. 
Results: Total and right CA2-CA3 volume had positive correlation with pattern separation score (p=0.036, p=0.028 respectively) 
and negative correlation with recognition fail (p=0.013, p=0.009 respectively). CA1 volume also had a negative correlation with 
recognition fail (p=0.040) while the ratio of EC volume to CA4-DG was positively correlated with success of pattern separation 
(p=0.016).
Conclusion: The results contribute to our understanding of memory function by indicating the relationship between EC-to-DG 
divergence and CA2-CA3 volume with pattern separation.
Keywords: Pattern separation, recognition, hippocampus, dentate gyrus, cornu ammonis, entorhinal cortex

INTRODUCTION
The cognitive process of pattern separation enables the brain 
to distinguish between similar experiences and preserve 
them as distinct memories.1-5 This feature is a guarantee that 
overlapping memories are stored separately.4 It is commonly 
admitted that episodic memory depends on the hippocampus.6 
However, the hippocampus is not a uniform structure, it 
contains different subfields serving special functions. These 
subfields include cornu ammonis (CA) regions (CA1, CA2, 
CA3, and CA4) and the dentate gyrus (DG).7 These subfields 
demonstrate differential involvement in various cognitive 
processes, such as memory retrieval or learning.8

DG has long been held responsible for pattern separation.3 This 
specific function has been particularly linked to adult-born 
neurons in the DG.2 Although the role attributed to DG in 
pattern separation has been suggested by computer modeling, 
additional research have confirmed this. For instance, pattern 
separation is impaired in rodents with DG lesion.2,9 Deficit of 
pattern separation can result from DG malfunction, as has been 
seen in conditions like schizophrenia.10 Furthermore, genetic 

variables that influence the likelihood of Alzheimer’s disease 
could impact the neuronal processes involved in pattern 
separation in hippocampus subfields.11,12 The inadequacies 
in the pattern separation procedure may result with 
overgeneralization.13 Disrupted pattern separation is proposed 
to be a core mechanism underlying the overgeneralization of 
fear observed in anxiety disorders.14

The unique neural architecture of the hippocampus is 
thought to enable the separation of similar experiences. The 
hippocampus connects with the other brain regions through 
the para-hippocampal region.15 Entorhinal cortex (EC), as the 
major input and output region for the hippocampus, serves 
a crucial center in transmitting sensory information from 
the neocortex to the DG.15 In the hippocampus, the signal 
sequentially passes through DG, CA3, and CA1 (It is called 
as “the trisynaptic circuit”). Most obviously, the pathway 
begins with the EC projecting to the DG via the perforant 
pathway, which then projects to CA3 via the DG mossy fibers, 
and finally reaches CA1 via the CA3 Schaffer collaterals. It 
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then returns to EC back.7,11,15 In addition to the trisynaptic 
circuit, EC projects directly to both CA3 and CA1 areas via 
the perforant pathway.15

Studies point to the anatomical origin of behavioral pattern 
separation. Especially above-mentioned trisynaptic circuit of 
the hippocampus is the critical neural pathway for information 
processing within the hippocampus.3 In rats, 18 thousand 
inputs from approximately 200 thousand EC neurons project 
to 106 DG cells.4,16,17 The DG contains five to ten times more 
neurons than its main input, the EC. As a result, DG inputs 
to the hippocampus through EC are dispersed extensively (a 
large divergence).4,16,17 Afterwards mossy fibers extend from 
DG to CA3, which contains approximately 300 thousand 
neurons. Here there is a large convergence. Similar ratios are 
true for the human hippocampus.17 Ultimately, according 
to the accepted model, the mentioned anatomical features 
enable the DG to facilitate pattern separation and the pattern 
is completed in the CA3 region.1,4

In order to assess the relationality between hippocampus 
anatomical features and behavioral pattern separation, we 
performed volumetric analysis by separating hippocampal 
subfields. We calculated the relative ratio of the volumes of the 
receivers and senders of the circuit. Finally, we investigated the 
correlation of these volumetric data with pattern separation 
scores. This study aimed to investigate the association between 
pattern separation test performance and brain volumetric 
measures in healthy young individuals.

METHODS
Selection of Participants
This study was carried out with ethical approval of Kastamonu 
University Clinical Researches Ethics Committee (Approval 
Date: 30.01.2023, Decision No: 2023-KAEK-5, Date of approval 
for the ethical amendment request: 06.11.2024). Thirty-
nine Kastamonu University Faculty of Medicine students 
participated in the study (22 males, 17 females). None of the 
participants had color blindness. Informed written consent 
was obtained from all volunteers and the privacy rights of 
participants were observed.

Magnetic Resonance Imaging (MRI) and Volumetric 
Analysis
3D brain magnetic resonance (MR) images of the volunteers 
were taken at the Radiology Department of Kastamonu 
University Hospital. The same radiologist recorded in 
standard head position throughout the experiment. Obtained 
MRI images were uploaded to volBrain online web interface 
(http://volbrain.upv.es) which is a publicly available and free 
service of volumetric brain analysis based on multi-atlas label. 

Total, left and right hippocampus,
•	 CA1,
•	 CA2-CA3,
•	 CA4-DG,
•	 EC,
•	 Parahippocampal gyrus volumes were obtained. 

Pattern Separation Test
This test was aimed to assess the participants’ pattern 
separation performance - their capacity to identify stimuli 
that are the identical, quite similar or completely different 

from the stimuli that were presented to them before. The 
test-takers with visual impairments took part after making 
necessary corrections. Before the task began, a trial test was 
administered to ensure that the participants had received the 
necessary training.

The test consists of two parts: encoding and testing phase. 
Thirty distinct stimuli, each consisting of a scene-animal-
object triplet (5 s each; inter-trial interval 0.5 s), were presented 
to the subjects during the encoding phase. The participants 
were instructed to concentrate on each stimulus by grouping 
items into sets of three. The encoding phase was immediately 
followed by the testing phase, which included 35 stimuli. 
During the test phase, participants classify stimuli that 
comprise three elements according to whether or not they saw 
them as a group during the encoding phase. 15 of the stimuli 
in the test phase were target stimuli which are identical to 
those in the encoding phase. “Scene traps”, or stimuli that 
include the same animal and object but different scene, were 
five of the stimuli. Similarly, five stimuli were “animal traps” 
and five stimuli were “object traps”. The remaining five stimuli 
were foils containing entirely new aspects of scenes, animals 
and objects than those presented during encoding.

On sheets of paper, participants recorded the following test 
events: “identical,” “different scene,” “different animal,” 
“different object,” or “completely new.” It was ensured 
that every question would be answered, and there were no 
restrictions on response times. The stimuli and the method 
were adapted from the study of Ngo et al.18 The test was 
modified by reducing the number of stimuli.

Calculations
After completing the pattern separation test, we obtained 
two scores. The first was how many of the 35 stimuli did the 
participants respond correctly: “pattern separation score”. 
The second was errors made by participants who believed that 
target stimuli were completely new: “missing target stimulus”. 
While the first one is positive for the pattern separation 
function, the second one is an error score which reflects 
recognition deficiency.

We also computed the ratios between the volumes of the 
hippocampus subfields to test our hypothesis: EC to CA4-DG, 
CA4-DG to CA2-CA3.

Statistical Analysis
Shapiro-Wilk test was used to consider the normality of data. 
As the data is not normally distributed correlations were 
investigated through Spearman correlation coefficients. IBM 
SPSS Statistics 26.0 (IBM Corp. Released 2019. IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM 
Corp) software was used for statistical analyzes. Statistical 
significance level was accepted as p<0.05.

RESULTS
The mean and standard deviation of the age of the students was 
21.00±1.01 (minimum=19; maximum=23). The descriptive 
statistics of brain area volumes, relative ratios of hippocampal 
subfield volumes and pattern separation scores are given in 
Table 1. 

Correlation analysis showed that total and specifically 
right CA2-CA3 volume showed a weak positive correlation 
with pattern separation score (r=0.337, p=0.036; r=0.353, 

http://volbrain.upv.es
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p=0.028 respectively). In addition to this again both total 
and specifically right CA2-CA3 volume showed a negative 
correlation with “missing target stimulus” score (r=-0.396, 
p=0.013; r=-0.411, p=0.009 respectively) (Table 2).

Apart from these, the right CA1 volume also had a weak 
negative correlation with “missing target stimulus” score (r=-
0.330 p=0.040) (Table 2).

Finally left EC to CA4-DG volume ratio had a moderate 
positive correlation with pattern separation score (r=-0.382, 
p=0.016) (Table 3).

DISCUSSION
Impairment in episodic memory significantly affects quality 
of life and functionality. If pattern separation, a critical 
process of episodic memory, fails, new information can be 
overwritten on existing memories, causing interference, 
potentially leading to memory errors. The responsibilities, 
appointments, and daily tasks of such a person will suffer. 
Additionally, spatial memory may be affected and the person 
may have difficulty with navigating in familiar environments. 
Furthermore, impairments in pattern separation can affect 

Table 1. Descriptive statistics of variables

Brain area volumes (cm³) Median Minimum Maximum

Total hippocampus 4.99 3.96 6.02

Right hippocampus 2.53 0.33 2.93

Left hippocampus 2.40 1.80 2.81

Total CA1 1.75 1.32 2.28

Right CA1 0.90 0.67 1.23

Left CA1 0.86 0.58 1.05

Total CA2-CA3 0.36 0.23 0.46

Right CA2-CA3 0.19 0.12 0.26

Left CA2-CA3 0.16 0.09 0.23

Total CA4-DG 1.25 0.93 1.51

Right CA4-DG 0.64 0.46 0.82

Left CA4-DG 0.62 0.38 0.79

Total entorhinal cortex 3.97 3.06 5.04

Right entorhinal cortex 2.00 1.53 2.80

Left entorhinal cortex 1.96 1.45 2.58

   Total parahippocampal gyrus 5.89 4.88 7.63

   Right parahippocampal gyrus 2.88 2.41 3.79

   Left parahippocampal gyrus 3.01 2.47 3.92

Hippocampus subfields volume ratios Median Minimum Maximum

   Total EC to CA4-DG 3.27 2.49 4.20

   Right EC to CA4-DG 3.21 2.10 4.43

   Left EC to CA4-DG 3.28 2.23 4.97

   Total CA4-DG to CA2-CA3 3.48 2.51 4.57

   Right CA4-DG to CA2-CA3 3.25 2.24 4.46

   Left CA4-DG to CA2-CA3 3.76 2.83 5.64

   Total EC to CA2-CA3 11.29 8.50 15.27

   Right EC to CA2-CA3 10.04 6.83 17.69

   Left EC to CA2-CA3 11.47 8.06 20.27

Pattern separation test Median Minimum Maximum

   Pattern separation total score 22.00 10.00 29.00

   Missing target stimulus 4.00 3.00 12.00
(n=39) CA: Cornu ammonis, DG: Dentate gyrus, EC: Entorhinal cortex

Table 2. Correlations of brain area volumes and pattern separation scores

Pattern separation 
total score

Missing target 
stimulus

Total hippocampus volume
r 0.211 -0.284

p 0.196 0.080

Right hippocampus volume
r 0.128 -0.291

p 0.437 0.072

Left hippocampus volume
r 0.182 -0.162

p 0.269 0.324

Total CA1 volume
r 0.139 -0.205

p 0.400 0.212

Right CA1 volume
r 0.188 -0.330

p 0.251 0.060

Left CA1 volume
r 0.072 -0.085

p 0.665 0.607

Total CA2-CA3 volume
r 0.337* -0.396*

p 0.036 0.013

Right CA2-CA3 volume
r 0.353* -0.411**

p 0.028 0.009

Left CA2-CA3 volume
r 0.287 -0.295

p 0.077 0.069

Total CA4-DG volume
r 0.289 -0.288

p 0.074 0.076

Right CA4-DG volume
r 0.187 -0.217

p 0.254 0.185

Left CA4-DG volume
r 0.239 -0.236

p 0.143 0.147

Total entorhinal cortex volume
r -0.088 -0.016

p 0.594 0.925

Right entorhinal cortex volume
r -0.038 0.049

p 0.820 0.768

Left entorhinal cortex volume
r -0.152 -0.088

p 0.354 0.595

Total parahippocampal gyrus 
volume

r -0.141 0.109

p 0.392 0.510

Right parahippocampal gyrus 
volume

r -0.140 0.173

p 0.395 0.293

Left parahippocampal gyrus 
volume

r -0.136 0.006

p 0.409 0.969
r: Correlation coefficient, *Correlation is significant at the 0.05 level, **Correlation is significant at 
the 0.01 level, (n=39), CA: Cornu ammonis, DG: Dentate gyrus

Table 3. Correlations of hippocampal subfield volume ratios and pattern 
separation scores

Pattern separation 
total score

Missing target 
stimulus

Right EC to CA4-DG
r 0.207 -0.259

p 0.207 0.111

Left EC to CA4-DG
r 0.382* -0.229

p 0.016 0.161

Right CA4-DG to CA2-CA3
r -0.305 0.342

p 0.059 0.063

Left CA4-DG to CA2-CA3
r -0.150 0.131

p 0.361 0.425
r: Correlation coefficient, *Correlation is significant at the 0.05 level, **Correlation is significant at 
the 0.01 level, (n=39), EC: Entorhinal cortex, CA: Cornu ammonis, DG: Dentate gyrus
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emotional memory processing, potentially leading to mood 
disorders. As a matter of fact, impaired pattern separation 
has been associated with major depressive disorder.19 
Additionally, it has been reported in various studies that 
pattern separation is impaired in Alzheimer’s disease.11,12 
Therefore, understanding the mechanisms underlying pattern 
separation not only sheds light on fundamental aspects of 
memory but also provides implications for neurological and 
psychiatric disorders. One of the theories in hippocampal 
information processing suggests that a divergent projection 
pattern from the EC to DG plays a critical role in enabling 
pattern separation. Supporting this theoretical framework, 
one of the most striking findings of our study was the positive 
correlation between the relative volume of the left EC to CA4-
DG region and behavioral pattern separation performance.

The positive correlation between the left EC to CA4-DG 
ratio and pattern separation score is an intriguing finding. 
According to the recommended models DG receives its main 
input from EC, which has five times fewer neurons than 
itself. During this projection, the information flowing from 
EC neurons spreads to different neurons in the DG. This 
divergence enables pattern separation.17 In this study, higher 
EC to CA4-DG ratio may reflect the higher divergence. So, 
the above-mentioned correlation between the volume ratio 
and test score may suggest that as the divergence from EC 
to DG increases, more success is achieved in distinguishing 
similarities. Apparently, the architecture of the hippocampus 
contributes to the behavioral performance.

Actually, smaller hippocampus and entorhinal cortex 
volumes were linked to spatial pattern separation impairment 
before.12 DG has also shown to be closely linked to pattern 
separation. For instance, a group found that aging is 
associated with a reduction in DG volume and this correlates 
with impairments in pattern separation.20 Furthermore, 
in a study DG volume was found to be the best predictive 
factor for pattern separation performance among at other 
hippocampal subfields.21 While that study included patients 
with encephalitis and they showed an overall memory deficit, 
our study included cognitively active, healthy young adults 
because the ability to perform pattern separation efficiently 
decrease with age.22 In our investigation, statistical analysis 
showed the relationship between CA2-CA3 volume and 
pattern separation. The first significant positive relationship 
is seen between the total & right CA2-CA3 volume and the 
pattern separation score. This is possibly showing the role 
of these regions in pattern separation process. These regions 
also have a negative correlation with “missing target score” of 
pattern separation test. The “missing target score”, indicates 
that the stimulus in the test phase was exactly the same as 
the previously encountered in the encoding phase but the 
participant did not recognize it, in other words missed the 
target. The negative correlation between this recognition error 
and the mentioned volumes indicates that higher volume is 
linked with lower error. So, we are linking these regions with 
recognition performance. 

Previously proximal CA3 have been suggested to involve in 
pattern separation.23 It is suggested that, when the similarity 
between items is high, DG makes pattern separation and 
CA3 performs pattern completion, which means is the 
cognitive process where the brain fills in missing parts of 
an incomplete sensory input.3 According to the generally 

accepted theory, CA3 also participates in pattern separation 
when the similarity between elements is low.3 CA3 neurons 
also show marked synaptic plasticity and are fundamental 
for recording new information.9 Besides, as CA2 receives 
projections from both EC and CA3, and projects to CA1 
Martig and Mizumori24 suggested the CA2 as a possible 
“mismatch detector” and is accepted to be essential for 
social recognition.25 The unique properties of CA2 neurons, 
such as their sensitivity to oxytocin, strengthen their role 
in recognition.26 Overall, considering the literature and the 
significances in our study, we think that CA2-CA3 involves 
in separating similar memories from each other correctly 
and in recognition of familiar. In fact, CA2 and CA3 together 
were the hippocampal regions most associated with pattern 
separation performance in our young adult group. 

The diverse role of CA1 as a junction for integrating, encoding, 
and relaying hippocampal information makes it a focus of 
interest in studies of memory. CA1 neurons are suggested to 
be critical for memory retrieval as they are particularly active 
during retrieval tasks.27 Dong et al.28 demonstrated that long-
term depression in CA1 is critical for novelty exploration. In 
our study, the right CA1 volume has negative correlation with 
missing the target. Thus, the bigger volume of CA1 reduces 
the errors in recognition of familiar. This is consistent with 
the role of CA1 as a novelty detector. The studies suggest 
that CA1 neurons exhibit heightened activity in response to 
familiar stimuli.29 This activity is believed to be essential for 
recognizing previously encountered objects. 

Limitations
This study has several limitations that should be 
acknowledged. First, although we were not able to separate 
hippocampal subfields at higher resolution, we believe our 
findings still provide valuable evidence, particularly given 
the impossibility of histological analysis in living humans. 
Second, our relatively small sample size may limit how 
broadly the results can be generalized. Third, since the study 
was carried out at a single center and involved a specific 
participant group-medical students-there is a risk of selection 
bias. Lastly, although automated volumetric analysis offers 
efficiency, it is not free from potential segmentation errors.

CONCLUSION
Certainly, pattern separation may not be limited to the 
hippocampus alone; extrahippocampal regions are also 
involved in this process, including sensory and prefrontal 
cortex.30 Any study in this area will contribute to the basic 
knowledge of how memory works and will allow us to develop 
a more accurate understanding. Considering the relationship 
between pattern separation impairment and fear anxiety, 
and depression, and even considering that pattern separation 
impairments may be useful for early diagnosis of Alzheimer’s, 
we need to understand which features of the hippocampus or 
extrahippocampal areas should be focused on.
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ABSTRACT
Aims: Traumatic brain injury (TBI) is a long-term disorder that results in lifelong disability, often in the form of cognitive 
impairment due to glial scar formation. Treatment with minocycline may reduce the transforming growth factor-beta-1 
(TGF-β1) pathway. Our assumption was that minocycline also contributed to the inhibition of glial scar via the TGF-β1 pathway 
in TBI. The study aimed to assess how minocycline affects the TGF-β1 signaling pathway in TBI model rats to inhibit the 
formation of glial scars.
Methods: Twenty male Sprague Dawley rats were divided in five groups, with four rats per group. Day 0 of TBI using the weight 
drop model was followed by 14 days of minocycline treatment at doses of 25 mg/kg (MNO1 group), 50 mg/kg (MNO2 group), and 
100 mg/kg (MNO3 group). On day 15, the novel object recognition (NOR) test was performed. On day 16, immunofluorescence 
double staining was carried out.
Results: In rats with TBI models, minocycline inhibited the formation of glial scars. It has been demonstrated that minocycline 
inhibits the formation of TGF-β1, which in effect inhibits the formation of glial scar in the perilesional area of TBI model rats. In 
TBI model rats, inhibition of glial scar may ameliorate cognitive function deficit. In TBI model rats, minocycline administration 
can improve cognitive function.
Conclusion: Through the reduction of TGF-β1 expression, minocycline inhibited glial scar formation in a rat model of TBI.
Keywords: Glial scar, minocycline, rats, TGF-β1, traumatic brain injury

INTRODUCTION
Traumatic brain injury (TBI) is a major cause of mortality and 
disability, especially in young and productive populations. 
The majority of TBI are caused by motor vehicle accidents, 
as suggested by Cortes and Pera.1 Although there has been a 
decrease in mortality due to improved trauma management 
systems and vehicle safety technology, disability rates, 
particularly neurobehavioral disorders that persist after brain 
injury, are still high. Currently, there is no effective treatment, 
creating significant challenges for the state, families, 
individuals and the patient’s environment, as noted by Zhou.2

One of the factors causing the disability that persists after a 
brain injury is the formation of a glial scar, which is believed 
to inhibit axonal regeneration and counteract the recovery 
process of brain injuries. This phenomenon occurs because 
the astrocytes become reactive in response to brain injury, 
undergo hypertrophy, proliferation, and form a dense tissue 
called a glial scar around the perilesion area. This glial scar 
becomes a physical and biochemical barrier that inhibits 
the healing process in the advanced phase.3,4 One of the key 
signaling molecules involved in this process is Transforming 

Growth Factor-Beta 1 (TGF-β1), which plays a central role in 
astrocyte activation through the SMAD signaling pathway. 5 
Once TGF-β1 binds to its receptor on the astrocyte surface, 
it activates intracellular SMAD proteins that translocate 
into the nucleus and function as transcription factors. These 
transcription factors bind to specific DNA sequences in 
the astrocyte nucleus, promoting the expression of genes 
responsible for cellular hypertrophy, proliferation, and 
migration. This cascade ultimately contributes to the formation 
of the glial scar during the chronic phase of TBI. The resulting 
scar formation interferes with neural regeneration and may 
cause persistent neurobehavioral deficits, including motor, 
cognitive, and emotional impairments.4,6-8 
The research for drugs with neuroprotective properties is still 
ongoing, and one that is being studied is minocycline, a second-
generation derivative of the tetracycline group. Minocycline 
has attracted attention because it has been shown to have 
anti-inflammatory, antiapoptotic, and antioxidant effects in 
previous preclinical studies. Furthermore, minocycline has 
received approval from the United States Food and Drug 
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Administration (FDA) for use in humans, and its availability 
is affordable.9 In addition to the benefits already described, 
studies on conditions such as hydrocephalus, ischemic 
stroke, spinal cord injury, and neurodegenerative disorders 
have also shown that minocycline can reduce astrogliosis.10,11 
Studies in different organs and diseases have also found that 
minocycline has the ability to inhibit TGF-β1.12,13 Based on 
these findings, we hypothesized that minocycline may also 
play a role in inhibiting glial scar formation via the TGF-β1 
pathway in TBI.

METHODS
Ethics
This study was approved by the Universitas Brawijaya Ethics 
Committee (Approval Date: 03.11.2022, Decision No: 246/
EC/KEPK-S3/11/2022). All procedures were carried out in 
accordance with the ethical rules and the principles, and 
adhered to animal welfare regulations.

Animals
Twenty male Sprague Dawley rats weighing between 250 
and 350 grams at three months old were acquired from 
Universitas Brawijaya. Before using them in the experiment, 
the rats were acclimated for seven days. The rats were kept 
in controlled environments with a 12-hour cycle of light and 
dark, a constant temperature of 23±2°C, a constant humidity 
of 55±5%, and free access to standardized food and water. 
Anxiety was decreased by using a single rat at a time. Rats 
with postoperative wound infections, fatalities, or illnesses 
unrelated to the trial were not allowed to participate in the 
research. 

Experimental Procedure
Five groups of rats were created: (1) WD: brain injury (n=4); 
(2) MNO1: brain injury+minocycline 25 mg/kg (n=4); (3) 
MNO2: brain injury+minocycline 50 mg/kg (n=4); (4) 
MNO3: brain injury+minocycline 100 mg/kg (n=4); and (5) 
Sham: healthy rats (n=4). By using the weight drop model, 
brain injury was created on day 0, and was given minocycline 
treatment from day 1 to day 14. On day 15, the novel object 
recognition (NOR) test was administered to every rat. On day 
16, rats were euthanized to be examined histologically using 
immunofluorescence. Every group experienced the same 
consistent standardization of procedures. The outcomes were 
assessed by specialists who were unaware of the treatment 
group for the animals. The experiment’s procedure is shown 
in Figure 1A.

TBI (Weight Drop Model)
The weight drop model method was used by Wardhana14 
to induce TBI in rats. Using a computer program, rats 
were chosen at random from the randomization results. 
Prophylactic antibiotics Cefazolin sodium 33 mg/kg and 
ketamine xylazine 0.05 cc i.p. were administered to rats as 
an anesthetic. Rats were fixed using a stereotactic device, and 
their scalps were subsequently shaved and washed using a 
10% povidone-iodine solution. After that, a 10 mm-diameter 
craniectomy was performed on the right side of the brain, 3 
mm lateral right of the midline, and 2.5 mm posterior to the 
bregma. The brain surface was injured by a 10-gram weight 
with a tip diameter of roughly 2.5 mm, which was dropped 
from a height of 10 cm. The piston was only permitted to 
compress the tissue to the extent of 2.5 mm. The rats had an 

adequate recovery after this operation, with minor localized 
lesions, obvious edema, and a moderate brain injury. A series 
of interrupted 6-0 silk sutures were used to seal the skin. The 
rats were then housed at room temperature (23±1°C) in cages 
with one rat per cage. The rats were divided into WD, MNO1, 
MNO2, and MNO3 group (n=4 for each group).

Minocycline Administration
For 14 days, minocycline was taken orally once a day, 
beginning the day after the weight drop treatment. The doses 
were as follows: 25 mg/kg (MNO1 group), 50 mg/kg (MNO2 
group), and 100 mg/kg (MNO3 group). The drug was delivered 
via oral gavage using a flexible feeding tube to ensure accurate 
and consistent dosing. Drug administration was performed by 
laboratory staff who were blinded to the experimental group.

Novel Object Recognition Test 
The test was carried out in an arena (40 cm x40 cm x40 cm), 
with 20 lux lighting, regulated humidity and temperature, 
and an overhead camera for the best viewing. To minimize 
anxiety, the testing environment was maintained at a constant 
volume for every group. Blinded observers conducted 
observations to the groups. The test consists of three stages: 
habituation, familiarization, and testing. In the habitation 
phase, rats are placed in an empty arena for 5 minutes. After 
24 hours, the rats enter the training phase in which the rats 
are put back into an arena containing two identical objects 
placed on opposite quadrants in the arena. The size of both 
objects corresponds to the size of a mouse or slightly larger 
to encourage exploration. The rats were allowed to explore 
objects for 10 minutes. One hour after the training, the test 
was carried out by replacing one of the objects with a new one 
and placed in the same position as in the training phase. After 
testing, the animals were returned to the cage, while the arena 
and objects were cleaned using 70% ethanol (Figure 1B). The 
definition of exploration was described as climbing on an 
object or sniffing or contacting it with the nose and/or front 
paws within a distance of two to three centimeters. Using 
Ethovision software, the Discrimination Index [(time spent 
near the new object-old object)/(time spent near the new+old 
object)] was used to assess cognitive impairment.

Figure 1. (A) Experimental procedure of the study; (B) Schematic of the novel 
object recognition test. (a) Rats are habituated to an empty arena; (b) Rats are 
familiarized to an arena that has been given two identical objects; (c) Rats are 
tested in an arena with one of the objects replaced with a novel object

Tissue Preparation
On day 16 post-injury, rats were anesthetized with ketamine 
and xylazine i.p, secured on a table, underwent a small 
skull incision, and the brain was carefully removed. The 
brain samples were placed in identical containers that had 
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been filled with 10% neutral buffered formalin. All parts 
of the brain were ensured to be completely submerged in 
formalin. After 24 hours, coronal brain sections (5 µm) 
were obtained from the perilateral region (Figure 2). 
Dehydration, paraffin infiltration, and freezing followed. 
Paraffin blocks were then thinly sectioned, and mounted on 
slides for immunofluorescence staining. Slide preparation was 
performed by an anatomical pathologist who was blinded to 
the experimental group.

Figure 2. Hematoxylin and eosin staining of coronal sections of the right 
frontal region of the rat brain. (A) Sham group (healthy rats) with the 
following parts: A: Thalamus, B: Hypothalamus, C: Habenular nuclei, D: 
Stria medullaris thalami, E: 3rd ventricle, F: Dentate gyrus, G: Hippocampus, 
H: Corpus callosum, I: Fimbria, J: Lateral ventricle, K: Caudate putamen 
(Striatum), L: Neocortex. (B) WD group (rats with injury), L: Neocortex, 
injury area due to weight drop model. Observations were made using light 
binocular Olympus BX51 microscope at 40x magnification

Immunofluorescence
Immunofluorescence double staining Glial Fibrillary Acidic 
Protein (GFAP) and TGF-β1 was performed in all groups 
to evaluate the intensity of GFAP and TGF-β1. Paraffin-
embedded tissue slides were incubated at 40°C overnight 
and then immersed in xylol solution 1 and xylol solution 
2 (10 minutes each); ethanol absolute 1, ethanol absolute 2, 
ethanol 90%, ethanol 70%, phosphate-buffered saline (PBS) 
+ Tween 1, PBS + Tween 2, and PBS + Tween 3 (5 minutes 
each). The slides were placed in a heat-resistant container 
filled with 10 mM pH 6 citrate buffer solution, incubated 
in a 120°C oven (15 minutes), and then allowed to stand at 
room temperature (10 minutes). The slides were washed with 
PBS+Tween (3x5 minutes), dried, blocked with 2% bovine 
serum albumin (BSA) solution in PBS+Tween, and incubated 
at room temperature (1 hour). The slides were washed with 
PBS+Tween (3x8 min), dried, and then stained with primary 
antibody solutions including antiastrocyte-GFAP antibody 
(1022 Mouse monoclonal IgG2b, Santa Cruz Biotechnology) 
and anti-TGF-β1 (Rabbit, Thermo Fisher Scientific) in 2% 
BSA, incubated overnight at 4oC, washed with PBS+Tween 
3x8 min, and dried. Slides were stained with secondary 
antibody solution containing fluorescent dye in 2% BSA, 
incubated at room temperature (1 hour), washed with PBS + 
Tween 3x8 minutes, dried, stained with 25 µl of 10% glycerol 
solution, and covered with cover glass. Slides were observed 
with confocal laser scanning microscope (CLSM) (Olympus, 

Japan) and analyzed using OLYMPUS FLUOVIEW FV1000 
ver.4.2a software. Observations were made by analysts who 
were blinded to the treatment groups.

Statistical Analysis 
SPSS version 26 (IBM Corp.) was used for the analysis, and 
GraphPad Prism version 10.0.0.153 (GraphPad Software 
LLC) was used for the visualization. The mean±SD of four 
replicates in each group was used to show the studied results. 
For normal data, One-Way Analysis of Variance (ANOVA) 
and Post Hoc Bonferroni were utilized; for nonnormal data, 
Kruskal-Wallis and Mann-Whitney tests were applied. The 
Pearson Correlation test was used to measure the correlation 
between the variables, and linear regression was used to 
measure the impact of the independent variable on the 
dependent variable. p-values less than 0.05 were regarded as 
statistically significant.

RESULTS
In this study all rats were included without any drop out.

Minocycline Reduces Glial Scar Formation
Through an unpaired T test, there was a significant difference 
in GFAP intensity in the WD vs sham groups (p<0.05, n=4 for 
each group) (Table 1). This result confirmed the formation of 
glial scar after TBI. Furthermore, through immunofluorescent 
observation, there was a decrease in GFAP intensity in the 
brain, especially in the perilesion area in the group of rats 
treated with minocycline as the drug dose increased (Figure 
3A). Through post-hoc Bonferoni tests, the intensity of GFAP 
in the MNO2 (50 mg/kg) and MNO3 (100 mg/kg) groups 
differs significantly from the WD group (n=4 for each group). 
Thus, the dosage that has the effect of inhibiting the formation 
of glial scar is in the range of 50-100mg/kg (Figure 4A). Based 
on the results of the regression test, minocycline affects the 
intensity of GFAP with a ratio of 72.2% (Table 2).

Table 1. Comparison of GFAP, TGF-β1, and DI in WD and Sham groups

Variable

Mean±SD

p-valueWD (n=4) Sham (n=4)

GFAP 2433.038±543.386 278.316±21.190 0.000*

TGF-β1 1179.794±266.931 296.779±131.293 0.003*

DI -0.490±0.056 0.648±0.244 0.002*
GFAP: Glial fibrillary acidic protein, TGF-β1: Transforming growth factor-beta, DI: Discrimination 
Index, WD: Weight drop, SD: Standard deviation, *p<0.05

Minocycline Reduces TGF-β1 Intensity
The unpaired T test showed a significant difference in TGF-β1 
intensity in the WD vs Sham group (p<0.05, n=4 for each 
group) which proved an increase in TGF-β1 intensity after TBI 
(Table 1). The WD group had the highest TGF-β1 intensity 
and decreased intensity in the MNO group. The higher the 

Table 2. Effects of minocycline in inhibiting GFAP intensity, TGF-β1 intensity, and improving cognitive function

Variable

Mean±SD

p-value Coefficient of determinationWD (n=4) MNO1 (n=4) MNO2 (n=4) MNO3 (n=4)

GFAP 2433.038±543.386 1673.138±339.169 1194.055±325.319 888.237±128.993 0.000* 0.722

TGF-β1 1179.794±266.931 898.893±379.590 619.930±270.418 411.674±158.022 0.012* 0.485

DI -0.490±0.056 -0.094±0.578 0.247±0.254 0.464±0.339 0.014* 0.467
GFAP: Glial fibrillary acidic protein, TGF-β1: Transforming growth factor-beta, SD: Standard deviation, WD: Weight drop, MNO: Minocycline, DI: Discrimination Index, *p<0.05
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MNO dose, the lower the TGF-β1 intensity (Figure 3B). 
Statistically, the intensity of TGF-β1 in the WD group was 
significantly different from MNO3 (p-value 0.013) (Figure 
4B) (n=4 for each group). The regression test proved the effect 
of minocycline on TGF-β1 intensity with an effect proportion 
of 48.5% (Table 2).

Figure 3. The representation of the results of immunofluorescence double 
staining analysis of GFAP and TGF-β1 in the brain in the perilesional area. (A) 
The trend of GFAP intensity shown through red color (rhodamine). GFAP 
indicates the location of glial scar in the brain in the perilesion area. (B) The 
trend of TGF-β1 intensity shown through the green (FITC) of the antibody 
attached to the TGF-β1 antigen in the brain. (C) The trend of GFAP+TGF-β1 
intensity through yellow color double staining to assess TGF-β1 at the 
glial scar location. (D) The trend of DIC image with high resolution and 
contrast to facilitate the determination of data collection locations. Staining 
was performed by immunofluorescence double staining method using 
antiastrocyte-GFAP antibody (mouse) and anti-TGF-β1 antibody (rabbit). 
Observations were made using confocal laser scanning microscopy (CLSM, 
Olympuse, Japan) at 400x magnification. Image scale: 30 μm
GFAP: Glial fibrillary acidic protein, TGF-β1: Transforming growth factor-beta, FITC: Fluorescein 
isothiocyanate, DIC: Differential interference contrast, WD: Weight drop, MNO: Minocycline

Figure 4. Comparison of GFAP and TGF-β1 intensity in WD vs MNO 
groups in TBI model rats. (A) There is a significant difference in GFAP 
intensity between WD vs MNO2 (p-value 0.002) and WD vs MNO3 (p-value 
0.000). The intensity of GFAP was assessed through the color luminescence 
of antiastrocyte-GFAP antibody (mouse) by immunofluorescence double 
staining. (B) There was a significant difference in TGF-β1 intensity between 
WD vs MNO3 (p-value: 0.013). The intensity of TGF-β1 was assessed 
through the color luminescence of anti-TGF-β1 antibody (rabbit) by 
immunofluorescence double staining. Data are presented as mean±standard 
deviation. Differences in intensity between groups were performed through 
Post Hoc Bonferroni test (n=4 for each group). *p<0.05 vs. WD group. 
ns: not significant, indicates there is no difference between the two groups, WD: Weight drop, rats were 
given injury, MNO: Minocycline, rats were given injury and minocycline treatment; au: Arbitrary unit. 
units of fluorescence-labeled antibody color luminescence intensity

Inhibition of TGF-β1 Intensity Reduces Glial Scar 
Formation
The correlation analysis showed a strong significant 
relationship between TGF-β1 intensity and GFAP intensity of 
66.3%. This relationship is positive, meaning that inhibition of 
TGF-β1 intensity can inhibit GFAP formation. Furthermore, 
regression analysis was carried out which showed that 

inhibition of TGF-β1 intensity had an effect in inhibiting the 
formation of glial scar by 40.9% (Table 3).

Table 3. Effect of TGF-β1 intensity on GFAP (glial scar) intensity

Variable
Correlation of TGF-β1 and GFAP Effect of TGF-β1 on GFAP

p-value Coefficient p-value Coefficient

TGF-β1
0.001* 0.663 0.001* 0.409

GFAP
TGF-β1: Transforming growth factor-beta, GFAP: Glial fibrillary acidic protein, *p<0.05

Inhibition of Glial Scar Formation Improves 
Cognitive Function Impairment
Through correlation analysis, there was a strong significant 
relationship between GFAP intensity and cognitive function 
of rats by 72.8%. A decrease in GFAP intensity will improve 
the cognitive function of rats. Through regression analysis, it 
was found that GFAP had a significant effect on the cognitive 
function of rats with an effect proportion of 50.4% (Table 4).

Table 4. Effect of GFAP (glial scar) intensity on cognitive impairment

Variable

Correlation of GFAP and DI Effect of GFAP on DI

p-value Coefficient p-value Coefficient

GFAP
0.000* -0.728 0.000* 0.504

DI
GFAP: Glial Fibrillary Acidic Protein; DI: Discrimination Index, *p<0.05

Minocycline Improves Cognitive Function
We conducted a Mann-Whitney test which showed a 
significant difference in the cognitive condition of rats in the 
WD vs Sham group, confirming the presence of cognitive 
impairment after injury (p<0.05, n=4 for each group) (Table 1). 
Through different tests of WD vs MNO, there was a significant 
difference in cognitive function in the WD vs MNO2 (p-value 
0.029), and WD vs MNO3 (p-value 0.029); however, there were 
no significant differences between MNO2 vs MNO3 (p-value 
0.2) (n=4 for each group) which indicated that a dose of 50-
100 mg/kg had an improvement effect on cognitive function 
in rats (Figure 5). The results of regression analysis showed 
that minocycline have an influence on cognitive function 
with a ratio of influence of 46.7% (Table 2).

Figure 5. Comparison of Discrimination Index in WD vs MNO groups in 
TBI model rats. There was a significant difference in the discrimination index 
between WD vs MNO2 (p-value 0.029), and WD vs MNO3 (p-value 0.029). 
Data are presented as mean±standard deviation. Differences in discrimination 
index were performed through the Mann-Whitney test (n=4 for each group). 
*p<0.05 vs. WD group. 
ns: not significant, indicating there is no difference between the two groups. WD: Weight drop, rats 
were given injury; MNO: Minocycline, rats were given injury and minocycline treatment
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DISCUSSION
Research involving the role of minocycline as a neuroprotectant 
to improve cognitive impairment in brain-injured rat models 
is growing.15-19 The results of this study showed cognitive 
improvement through the NOR test in the group of brain-
injured rats that received minocycline therapy, especially 
significant at the second dose (50 mg/kg) and the third dose 
(100 mg/kg) (Figure 5). This finding is in line with previous 
studies, such as those conducted by Kovesdi,15 Kumar,16 Lam,17 
Sangobowale,18 and Simon19 which also support the role 
of minocycline in improving cognitive function with dose 
variations between 22.5 to 90 mg/kg. The neuroprotective 
benefits of the drug might be observed at lower dosages in the 
prior investigation since the intraperitoneal route was utilized 
to provide the lowest dose of 22.5 mg/kg. Minocycline was 
given in this study at doses ranging from 25 to 100 mg/kg. 
However, in accordance with the results of Kumar’s study,16 
a dose of 50 mg/kg administered orally demonstrated to 
considerably give neuroprotective effects. Given that the 
majority of neuroprotective medications taken by humans are 
often administered orally over an extended period of time, 
the oral route was selected to enable further application in 
humans. These findings support the clinical relevance of oral 
minocycline delivery, although further translational studies 
are needed to confirm its efficacy and safety in humans.

There have been many previous investigations on the effects of 
minocycline on the central nervous system, with cell targets 
including microglia, oligodendrocytes, and neuronal cells 
through antioxidant, anti-inflammatory, and antiapoptotic 
pathways in brain injury.15-21 However minocycline’s effect on 
astrocyte cells has not been investigated.22 Mincycline’s specific 
effects on astrocyte cells-which are known to be involved 
in the formation of glial scars-were the focus of this study. 
Regeneration of the central nervous system is hypothesized 
to be inhibited by these glial scars. This study used the weight 
drop model, as described in Wardhana,14 to induce glial scar 
formation by increasing GFAP intensity in rats that had 
brain injuries. Once minocycline was administered to the 
rat, the effect of this medication on the suppression of GFAP 
intensity was observed. A considerable reduction in GFAP 
intensity in the perilesion area was observed in the 50 mg/kg 
and 100 mg/kg dosing groups after two weeks of minocycline 
administration (Figure 4A). When rats with brain injury were 
given minocycline, the intensity of their GFAP was reduced 
by 72.2% (Table 2). These results highlight the potential of 
minocycline in modulating astrocyte response, although the 
underlying mechanisms and long-term effects require further 
elucidation.

The researchers intend to determine how the role of minocycline 
in the inhibition of glial scar formation. Figure 3B shows that 
the administration of minocycline significantly reduced the 
intensity of TGF-β1 in rats with brain injury at a dose of 100 
mg/kg. The administration of minocycline contributed to the 
decrease in TGF-β1 intensity by 48.5% (Table 2). Inhibition of 
TGF-β1 through minocycline treatment has also been proven 
in previous research by Ataie-Kachoie12 on ovarian cancer. 
In that study, minocycline administration by targeting NF-
kB through suppression of TGF-β1-TAK1-IkB signaling can 
downregulate TGF-β1 expression.

In glial scar, inhibition of TGF-β1 will reduce the TGF-β/
SMAD signaling pathway, reducing glial scar formation and 
facilitating intrinsic axonal growth and regeneration.5 Given 

the critical role of TGF-β signaling in glial scar formation, 
blocking TGF-β is an effective antifibrotic therapeutic 
strategy in treating central nervous system (CNS) injury. This 
is supported by the results of the regression analysis in this 
study which showed a significant positive effect of TGF-β1 
on GFAP by 40.9% (Table 3). Thus, inhibition of TGF-β1 will 
inhibit the formation of glial scar in rats modeling brain injury. 
Nevertheless, the statistical analysis should be interpreted 
with caution due to the small sample size, which may limit the 
robustness and generalizability of these findings.
The development of glial scar, which prevents axon healing 
and neuronal function recovery in the central nervous system 
and triggers aberrant molecular mechanisms in the late 
stages of injury, maybe the cause of persistent impairment 
of cognitive function. Therefore, it is believed that inhibiting 
glial scar is a useful tactic in the recovery of cognitive function. 
This study revealed a substantial inverse connection between 
GFAP intensity and cognitive function, suggesting that 
glial scar formation inhibition or GFAP intensity reduction 
may be important in restoring CNS function that has been 
compromised by injury. Glial scar inhibition was found to 
have a 50.4% improvement in cognitive function. While glial 
scar has a significant inhibitory effect, other factors also seem 
to play a role. These include intrinsic factors like phosphatase 
and tensin homolog (PTEN) and suppressor of cytokine 
signaling 3 (SOCS3) expression in nerve cells that are 
regenerating axons as well as extrinsic factors like meningeal 
cells, oligodendrocytes, and extracellular matrix (ECM). This 
relationship between glial scar suppression and cognitive 
recovery may hold translational relevance and deserves more 
attention in future CNS injury studies.
Treatment with minocycline for brain injury results in an 
improvement in cognitive function, but the condition is still 
not completely cured. Regression analysis results may provide 
information about the impact of minocycline on cognitive 
function, which is shown to be 46.7%. Other factors not 
included in the regression model account for 53.3% of the 
effect (Table 2). Given the small sample size and exploratory 
nature of the analysis, the regression findings should be 
interpreted as preliminary and hypothesis-generating rather 
than conclusive.

Limitations
There are a number of limitations to this study that should 
be considered for future research. Rats are nocturnal animals, 
meaning they are active at night, but as there are no facilities 
for night observations, the cognitive test observations in this 
study were done during the day. Furthermore, the absence 
of a standardized room posed a risk to the rats’ behavior 
throughout maintenance and cognitive test observations by 
causing them to become stressed. There’s no dedicated silent 
observation area, especially when observing experimental 
animals who are sensitive to noise. Aside from that, there 
was no observation area with adjustable lighting because 
nocturnal animal observation and video use are light-
sensitive. Every group of rats was monitored simultaneously 
to minimize bias. Moreover, the small sample size (n=4 per 
group) and the absence of a priori power analysis may limit 
the statistical strength and generalizability of the findings.

CONCLUSION
Minocycline has been shown to inhibit the expression 
of TGF-β1, thereby reducing glial scar formation in the 
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perilesional area of rats with TBI. This reduction in glial 
scarring is associated with improvements in cognitive 
function. These findings may inform future translational 
research aimed at developing glial scar-targeted therapies for 
human TBI.
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ABSTRACT
Aims: This study aimed to evaluate the utility of the P2/MS score in detecting liver fibrosis severity in patients with non-alcoholic 
steatohepatitis (NASH), alongside established noninvasive markers such as FIB-4 and APRI. Additionally, we sought to examine 
changes in these markers across patients with non-alcoholic fatty liver disease (NAFLD), NASH, and healthy controls, and their 
relationship with the NAFLD activity score (NAS).
Methods: A total of 264 patients were retrospectively analyzed: 99 healthy controls, 100 NAFLD patients, and 65 NASH patients 
diagnosed by liver biopsy. Laboratory parameters and noninvasive fibrosis scores (FIB-4, APRI, P2/MS) were compared among 
groups. In the NASH subgroup, we evaluated the ability of these indices to distinguish fibrosis stages and NAS ≥5. Statistical 
analysis was performed using IBM SPSS v25.0.
Results: The FIB-4 Index effectively distinguished fibrosis stages, particularly METAVIR 3&4 versus lower stages (p<0.001), 
and APRI also showed significant discriminatory capacity (p=0.005). In contrast, the P2/MS score did not show any significant 
association with fibrosis stages (p=0.137) or with group classification (control, NAFLD, NASH). Similarly, while FIB-4 and APRI 
increased progressively from control to NAFLD to NASH (p<0.001), P2/MS values remained statistically unchanged across 
groups. None of the noninvasive scores-including P2/MS-were effective in predicting NAS ≥5.
Conclusion: The P2/MS score failed to demonstrate clinical utility in differentiating fibrosis severity or distinguishing between 
NAFLD, NASH, and healthy individuals. In contrast, FIB-4 and APRI were significantly more reliable in identifying advanced 
fibrosis in NASH patients. These findings do not support the use of the P2/MS score in routine clinical assessment of NASH-
related fibrosis.
Keywords: NAFLD, NASH, P2/MS, APRI, FIB4, Liver fibrosis, NAS score

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) includes a range 
of liver diseases that go from the basic accumulation of fat 
in the liver tissue to the more severe form known as non-
alcoholic steatohepatitis (NASH), which can worsen over 
time. It affects more than a quarter of world population 
and is the leading cause of hepatic disease on a global scale.  
NAFLD is characterized by simple steatosis, while NASH 
is characterized by the presence of lobular inflammation, 
hepatocyte ballooning (with or without pericellular fibrosis), 
and/or Mallory-Denk bodies in addition to steatosis.1

NAFLD and particularly its potentionally progresive form 
NASH can lead to the development of advanced liver fibrosis, 
cirrhosis, and hepatocellular cancer. Approximately 5-10% of 
NASH patients progress to end-stage liver disease, while 15-
20% develop cirrhosis.2 The liver-specific mortality and overall 

mortality rates for individuals with NAFLD and NASH were 
0.77 and 11.77 per 1,000 person-years, respectively. Similarly, 
the liver-specific mortality and overall mortality rates for 
individuals with NAFLD and NASH were 15.44 and 25.56 per 
1,000 person-years, respectively.3 In addition, the presence of 
fibrosis in NAFLD patient was identified as the most significant 
prognostic factor for liver-related events and mortality.4

It is crucial to prioritize the detection of NAFLD, NASH, and 
liver fibrosis due to their significance.

A liver biopsy is considered the most reliable method for 
obtaining a diagnosis, as well as determining the severity 
(grade) and stage (fibrosis) of a disease. One of the main 
drawbacks of liver biopsy is its invasiveness. Additionally, a 
significant issue is the sample variability, which means that 
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the biopsy only reflects a very small portion (1/50,000) of the 
entire liver.5

While ultrasonography (USG) is commonly used to detect 
hepatosteatosis, its accuracy may be limited, particularly in 
cases of mild steatosis. The MRI (magnetic resonnace imaging) 
is highly sensitive and specific in detecting even mild steatosis. 
Regrettably, distinguishing between NASH and simple 
steatosis is not reliably possible with any of these imaging 
modalities. In addition, the imaging techniques currently 
available do not provide information about the extent of 
fibrosis in NASH. In addition, it should be noted that none of 
the non-invasive tests (NITs) are able to definitively diagnose 
NASH, which still requires a liver biopsy for confirmation.1 
The NAFLD activity score (NAS) is commonly utilized for 
diagnosis when a biopsy is conducted to assess NAFLD. In 
addition to the degree of steatosis, lobular inflammation and 
hepatocyte ballooning are parameters utilized in this scoring 
system. A NAS score ³5 or is highly linked with a diagnosis of 
“definite NASH”.6

With the absence of noninvasive diagnostic tests for 
NASH, researchers have been dedicated to creating reliable 
noninvasive tests for hepatic fibrosis.

Among frequently used NITs are FIB-4 (fibrosis-4), APRI 
(AST to Platelet Ratio Index), and P2/MS [platelet count² 
divided by the product of monocyte fraction (%) and 
segmented neutrophil fraction (%)]. The P2/MS score was 
first introduced in the context of chronic hepatitis B as a 
simple and cost-effective marker for liver fibrosis, showing 
good correlation with histological findings and potential to 
reduce the need for liver biopsy. Its rationale is based on the 
role of platelets and leukocyte subpopulations-particularly 
monocytes and neutrophils-in hepatic inflammation and 
fibrogenesis.7 Despite its initial validation in chronic hepatitis, 
limited evidence exists regarding its utility in patients with 
metabolic liver disease, especially in the NAFLD-NASH 
spectrum.

Therefore, this study aimed to evaluate the diagnostic 
performance of the P2/MS score in patients with NAFLD 
and biopsy-proven NASH, and to compare it with widely 
used noninvasive scores (FIB-4 and APRI). We hypothesized 
that the P2/MS score might demonstrate similar or superior 
accuracy in predicting fibrosis severity and differentiating 
NASH from simple steatosis.

METHODS
Patient Selection and Methods
Patients who applied to the Gastroenterology Clinic of İzmir 
Katip Çelebi University, Atatürk Training and Research 
Hospital between June 2017 and June 2019 and met the 
following criteria were retrospectively screened and included 
in the study. The study was conducted in accordance with 
the Helsinki Declaration. Ethics committee approval was 
obtained from the İzmir Katip Çelebi University Health 
Researches Ethics Committee (Approval Date: 19.12.2024, 
Decision No: 0323).

Study groups are as follows;

Group 1- Healthy (control) group: Patients without any liver 
disease who applied to the outpatient clinic with non-liver 
specific gastrointestinal complaints (dyspepsia, reflux and 

irritable bowel syndrome) were enrolled in this group. This 
group includes a total of 99 patients. 

Group 2-Simple fatty liver group (NAFLD group): 
Asymptomatic patients with fatty liver detected by USG, 
without underlying causes other than DM and obesity with 
normal liver function tests were enrolled in this group. There 
are 100 patients in this group. 

Group 3- NASH group: These are patients with fatty liver 
on USG, abnormal liver function tests on biochemical 
examination, with no other pathology explaining liver 
dysfunction, and with liver biopsies confirming NASH.  This 
group includes 65 patients.

The parameters examined in the groups’ patients are: Age, 
gender, AST, ALT, T.Bilirubin, D.Bilirubin, triglycerides (Tg), 
LDL, CRP, leukocytes, RDW, MPV, PLT, HG, Neut%, Mono%, 
NAS score, USG (stage of steatosis), presence of cholelithiasis. 

Among the noninvasive fibrosis scores evaluated were FIB-4, 
APRI, and P2/MS.

The P2/MS score was calculated using the following 
formula: P2/MS=(platelet count×10⁹/L)²÷[monocyte fraction 
(%)×neutrophil fraction (%)].

In addition, the METAVIR fibrosis score was determined 
from liver biopsies in group 3.

Exclusion criteria were; age under 18 and pregnancy.

Evaluation of the data;

•	 Presence of a statistically significant difference between 
control, NAFLD and NASH groups in terms of parameters 
given above

•	 In the NASH group, determination of the efficacy of 
non-invasive fibrosis scores in predicting fibrosis grades 
in patients with steatohepatitis and the NAS score 5 or 
higher 

Statistical Analysis
Data was evaluated by IBM SPSS Statistics 25.0 (IBM Corp., 
Armonk, New York, USA). Descriptive statistics were given 
as the number of units (n), percentage (%), mean±standard 
deviation (X±SD) values. The normal distribution of numerical 
variables was evaluated by Shapiro-Wilk normality test and 
Q-Q graphs. Comparisons between groups were made with 
paired-samples T test for variables with normal distribution. 
The relationship between categorical variables was examined 
by the exact method of the Chi-square test. In case the chi-
square result was significant, sub-group analyses were made 
with two proportion Z-test with Bonferroni-correction. A 
value of p<0.05 was considered statistically significant.

RESULTS
A total of 264 patients were enrolled in the study, including 
99 patients in group 1, 100 patients in group 2 and 65 patients 
in group 3. Age distribution was not homogeneous between 
the groups with younger age in control group and higher 
age in NAFLD group. Difference was statistically significant 
(p<0.001).  In terms of gender there was no difference between 
the groups (p=0.207). Table 1 summarizes the demographic 
characteristics of the patients according to the groups.
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Table 1. Demogrphic characteristics of the groups

Control group 
(n=99)

NAFLD 
(n=100)

NASH 
(n=65) p

Age (mean±SD) 38.9±11.9 51.8±10.8 46.2±12 <0.001a,b,c

Gender (n, %)

   Male 44 (44.4) 37 (37) 33 (50.8)
0.207

   Female 55 (55.6) 63 (63) 32 (49.2)
NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic steatohepatitis, SD: Standard 
deviation, a: Control group-NAFLD, b: Control group-NASH, c: NAFLD-NASH

As expected, AST and ALT values were statistically 
significantly higher in the NASH group, while they were lower 
in the control group (p<0.001).  However, it was recorded 
that the AST and ALT values in the NAFLD group were 
significantly higher than the normal group, although they 
were below the laboratory normal upper limit values. Since 
total bilirubin values were evaluated only in the NAFLD and 
NASH groups, statistical data were examined only between 
these two groups. In the NASH group -as expected- total 
bilirubin values were significantly higher (p=0.044).  There 
was no significant difference in direct bilirubin values between 
the two groups (p=0.146). TG was found to be the lowest in 
the control group and the highest in the NASH group. The 
TG values in the NAFLD and NASH groups were found to be 
significantly higher compared to the control group (p<0.001). 
LDL was found to be higher in the NAFLD group compared 
to the control group. CRP was found to be the lowest in the 
control group and the highest in the NASH group. There was 
a significant difference between the LDL values of the control 
and the NAFLD group (p=0.013). Leukocyte count was found 
to be significantly higher in the NASH group compared to 
the control group (p=0.005). While there was no difference 
in RDW values between control and NAFLD group, it was 
significantly higher in the NASH group compared to the two 
other groups (control and NAFLD) (p<0.001). Similarly, while 
there was no difference in MPV values between control and 
NAFLD group, it was significantly higher in the NASH group 
compared to the two other groups (control and NAFLD) 
(p<0.001). There was no difference in neutrophil values 
between control and NAFLD group, but it was significantly 
lower in the NASH group compared to the two other groups 
(control and NAFLD) (p<0.001). The laboratory values 
according to the groups are summarized in Table 2.

There was no difference between the groups in terms of P2MS 
(p=0.297). The FIB4 score was found to be significantly higher 
in the NASH group compared to NAFLD group (p<0.001). 
The APRI score was found to be significantly higher in the 
NASH group compared to NAFLD group (p<0.001). While 
there was no statistically significant difference between the 
NAFLD and NASH groups in terms of sonographic degree 
of steatosis, a significant difference -as expected- was found 
in comparison to the control group (p<0.001). In terms of 
presence of cholelithiasis, there were statistically significantly 
more stones in the NAFLD group compared to the control 
group (p=0.011). Comparison of the groups characteristics is 
shown in Table 3.

The relationship of fibrosis and other variables in the NASH 
group was evaluated (Table 4-6). There was no difference 
between the groups in terms of age and gender when grouped 
according to fibrosis scores. AST values were found to be 
significantly higher in the fibrosis ¾ group compared to the 

patient without fibrosis (p=0.049). Platelet values were found 
to be significantly lower in the fibrosis ¾ group compared to 
the patient without fibrosis (p=0.020). There was no difference 

Table 2. Laboratory findings and statistical differences between the 
control, NAFLD, and NASH groups

Control group NAFLD NASH

pn Mean±SD n Mean±SD n Mean±SD

AST 99 18.2±4.8 100 22.9±11.8 65 61.0±38.8 <0.001a,b,c

ALT 99 18.2±8.3 100 30.3±22.8 65 102.5±91.9 <0.001a,b,c

T.BIL     100 0.67±0.31 65 0.85±0.78 0.044c

D.BIL     100 0.28±0.24 65 0.33±0.40 0.146

TG 99 117.8±60.6 100 156.9±71.7 61 165.7±87.6 <0.001a,b

LDL 99 122.3±41.0 99 138.8±35.8 60 133.7±43.5 0.013a

CRP 99 0.32±0.47 100 0.57±0.66 41 0.77±1.27 <0.001a,b

WBC 99 7404±2243 100 7707±1793 65 8058±1762 0.005b

RDW 99 13.9±1.9 100 13.9±2.2 65 15.6±1.9 <0.001b,c

MPV 99 10.1±1.0 100 10.2±1.1 65 9.3±1.8 <0.001b,c

PLT 99 268±63 100 272±65 65 257±75 0.411

HGB 99 13.8±1.8 100 14.1±1.5 65 14.0±1.6 0.276

Monocyte% 99 6.1±1.4 100 6.1±1.7 65 6.5±2.3 0.294

Neutrophil% 99 60.0±9.9 100 58.7±8.1 65 54.8±9.6 <0.001b,c

NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic steatohepatitis, SD: Standard 
deviation, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, T.BIL: Total 
bilirubin, D.BIL: Direct bilirubin, TG: Triglyceride, LDL: Low density lipoprtotein, CRP: 
C-reactive protein, WBC: White blood cell, RDW: Red cell distribution width, MPV: Mean platelet 
volume, HGB: Hemoglobin, a: Control group-NAFLD, b: Control group-NASH, c: NAFLD-NASH

Table 3. Comparing the non-invasive fibrosis score’s results, hepatosteatosis 
levels, and presence of gallbladder stones according to certain groups

Control group 
(n=99)

NAFLD 
(n=100)

NASH 
(n=65) p

P2MS (mean±SD) 224±141 241±139 435±1621 0.297

FIB4 (mean±SD) 0.68±0.33 0.89±0.55 1.39±1.52 <0.001a,b,c

APRI (mean±SD) 0.20±0.19 0.23±0.17 0.67±0.57 <0.001b,c

USG (n, %)        

   G0 99 (100) 0 (0) 3 (4.6)

<0.001a,b

   G1 0 (0) 33 (33) 19 (29.2)

   G2 0 (0) 57 (57) 32 (49.2)

   G3 0 (0) 9 (9) 11 (16.9)

   G4 0 (0) 1 (1) 0 (0)

Gallbladder stone (n, %)

   No 94 (94.9) 81 (81) 56 (86.2)
0.011a

   Yes 5 (5.1) 19 (19) 9 (13.8)
NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic steatohepatitis, SD: Standard 
deviation, USG: Ultrasonography, G: Grade, a: Control group-NAFLD, b: Control group-NASH, 
c: NAFLD-NASH

Table 4. Demographic characteristics of the NASH group acording to 
METAVIR fibrosis levels

Fibrosis

p0 1&2 3&4

Gender (mean±SD) 40.1±11.4 46.0±12.3 52.0±8.8 0.083

Gender (n, %)        

   Male 5 (55.6) 22 (48.9) 6 (54.5)
>0.999

   Female 4 (44.4) 23 (51.1) 5 (45.5)
NASH: Non-alcoholic steatohepatitis, SD: Standard deviation
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between the fibrosis groups in terms of P2MS scores. FIB4 
scores of patients with ¾ fibrosis were significantly higher 
compared to the group without fibrosis or fibrosis ½ group 
(p<0.001). APRI score was significantly higher in patients with 
fibrosis ¾ than in patients without fibrosis (p=0.05), but there 
was no significant difference between the fibrosis ½ group 
and the fibrosis ¾ group. There was no significant difference 
between the fibrosis score and the degree of steatosis on USG 
and presence of cholelithiasis.

Table 5. Comparing laboratory findings of the NASH group patients 
according to METAVIR fibrosis level

Fibrosis

p

0 1&2 3&4

n Mean±SD n Mean±SD n Mean±SD

AST 9 51.8±53.1 45 58.5±33.7 11 78.6±44.0 0.049b

ALT 9 140.3±207.0 45 99.3±58.5 11 84.6±54.6 0.627

ALP 9 92.7±37.0 45 101.2±50.4 11 111.1±52.0 0.652

GGT 9 81.7±89.6 45 93.6±98.1 11 90.8±65.4 0.634

T.BIL 9 0.73±0.29 45 0.72±0.30 11 1.45±1.73 0.226

D.BIL 9 0.28±0.10 45 0.26±0.12 11 0.66±0.90 0.128

TG 8 160.8±76.0 43 169.0±92.6 10 155.5±80.4 0.910

LDL 8 136.9±24.5 42 137.0±37.5 10 117.4±72.0 0.438

CRP 4 0.74±0.83 29 0.82±1.48 8 0.58±0.43 0.962

WBC 9 8803±1679 45 7873±1666 11 8209±2174 0.151

RDW 9 16.0±2.0 45 15.3±1.5 11 16.4±3.3 0.796

MPV 9 8.5±0.9 45 9.4±2.0 11 9.3±1.8 0.397

PLT 9 294±65 45 262±70 11 206±81 0.020b

HGB 9 14.2±1.6 45 14.1±1.6 11 13.5±2.0 0.551

Monocyte% 9 6.2±1.9 45 6.5±2.4 11 6.7±2.2 0.886

Neutrophil% 9 60.8±13.0 45 52.7±8.3 11 58.9±9.2 0.019a

NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic steatohepatitis, SD: Standard 
deviation, AST: Alanine aminotransferase, AST: Aspartate aminotransferase, T.BIL: Total bilirubin, 
D.BIL: Direct bilirubin, TG: Triglyceride, LDL: Low density lipoprtotein, CRP: C-reactive protein, 
WBC: White blood cell, RDW: Red cell distribution width, MPV: Mean platelet volume, HGB: 
Hemoglobin, a: 0-1&2, b: 0-3&4, c: 1&2-3&4

Table 6. Comparing non-invasive fibrosis score’s results, hepatosteatosis 
level and presence of gallbladder stones according to METAVIR fibrosis 
levels

Fibrosis

p0 1&2 3&4

P2MS (mean±SD) 289±204 535±1943 146±117 0.137

FIB4 (mean±SD) 0.66±0.34 1.14±0.70 3.03±2.97 <0.001b,c

APRI (mean±SD) 0.45±0.45 0.60±0.43 1.14±0.90 0.005b

USG (n, %)        

   G0 0 (0) 3 (6.7) 0 (0)

0.411
   G1 3 (33.3) 11 (24.4) 5 (45.5)

   G2 6 (66.7) 21 (46.7) 5 (45.5)

   G3 0 (0) 10 (22.2) 1 (9.1)

Gallblader stone (n, %)

   No 9 (100) 38 (84.4) 9 (81.8)
0.557

   Yes 0 (0) 7 (15.6) 2 (18.2)

SD: Standard deviation, USG: Ultrasonography, G: Grade, a: 0-1&2, b: 0-3&4, c: 1&2-3&4

The relationship between NAFLD activity score (NAS) and 
other variables in the NASH group was evaluated (Tables 7-9). 

There was no significant difference in age and gender between 
the NAS <5 and NAS≥5 groups. AST, ALT values ​​were 
significantly higher in the NAS≥5 group (p=0.004, p=0.0014, 
respectively). No significant difference was observed between 
other laboratory parameters. While there was no significant 
difference between P2MS and FIB4 scores between the two 
groups, the APRI score was found to be significantly higher 
in the NAS≥5 group (p=0.041). There was no significant 
difference between the two groups in terms of the degree 
of sonographic steatosis and the presence of stones in the 
goldbladder.

Table 7. Demographic characteristics of the NASH group patients acording 
to NAS score

NAS<5 NAS≥5 p

Gender (mean±SD) 46.2±12.3 46.2±11.8 0.987

Gender (n, %)      

   Male 11 (37.9) 22 (61.1)
0.063

   Female 18 (62.1) 14 (38.9)
NASH: Non-alcoholic steatohepatitis, NAS: NAFLD activity score, SD: Standard deviation

Table 8. Laboratory findings and statistical differences according to the 
NAS scores

NAS<5 NAS≥5

pn Mean±SD n Mean±SD

AST 29 50.1±34.5 36 69.7±40.3 0.004

ALT 29 76.8±47.6 36 123.2±112.4 0.014

ALP 29 103.8±61.0 36 100.1±36.7 0.644

GGT 29 82.8±90.0 36 98.4±92.7 0.476

T.BIL 29 0.95±1.12 36 0.77±0.31 0.624

D.BIL 29 0.39±0.58 36 0.28±0.12 0.710

TG 26 162.0±85.9 35 168.5±90.0 0.930

LDL 25 129.2±38.5 35 136.9±47.1 0.507

CRP 17 0.97±1.90 24 0.62±0.52 0.916

WBC 29 8142±1913 36 7991±1655 0.452

RDW 29 15.7±2.3 36 15.5±1.6 0.947

MPV 29 9.0±1.5 36 9.5±2.1 0.658

PLT 29 251±78 36 262±72 0.574

HGB 29 13.7±1.9 36 14.3±1.4 0.138

Monocyte% 29 6.1±2.0 36 6.8±2.4 0.225

Neutrophil% 29 57.0±9.9 36 53.1±9.1 0.061

NAS: NAFLD activity score, NASH: Non-alcoholic steatohepatitis, SD: Standard deviation, AST: 
Aspartate aminotransferase, ALT: Alanine aminotransferase, T.BIL: Total bilirubin, D.BIL: Direct 
bilirubin, TG: Triglyceride, LDL: Low density lipoprtotein, CRP: C-reactive protein, WBC: White 
blood cell, RDW: Red cell distribution width, MPV: Mean platelet volume, HGB: Hemoglobin

DISCUSSION
A total of 264 patients were enrolled in our study (n=99 in 
control group, n=100 in NAFLD group, n=65 in NASH group). 
Transaminase levels, while within the normal range in non-
alcoholic fatty liver disease, exhibited proportional increases 
in both NAFLD and non-alcoholic steatohepatitis groups 
compared to the control population. Triglyceride and low-
density lipoprotein levels were elevated in the NAFLD group 
compared to the control group. Additionally, TG levels were 
increased in the NASH group compared to the control group. 
White blood cell (WBC) and C-reactive protein (CRP) levels 
were higher in the NASH group compared to controls. CRP 
levels were also elevated in the NAFLD group compared to 
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the control group. These findings are consistent with existing 
literature on the subject.

In a study conducted by Sanyal et al.,8 152 patients with 
impaired glucose intolerance, 158 patients with type 2 
diabetes mellitus, and 160 age- and gender-matched controls 
were included. Their findings revealed that non-alcoholic 
fatty liver disease (

 was significantly associated with elevated levels of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase (GGT), and the AST:ALT 
ratio compared to subjects without NAFLD. Moreover, they 
observed that ALT levels exceeding 40 U/L and GGT levels 
surpassing 30 U/L exhibited the highest positive predictive 
value for the presence of NAFLD.

A comprehensive cross-sectional study was conducted, 
involving a total of 950 individuals between the ages of 35 and 
60. Out of these participants, 461 were found to have NAFLD. 
In the group with NAFLD, certain biomarkers such as TG, 
GGT, AST, ALT, and ALP showed significantly higher levels 
compared to the non-NAFLD group.9

Multiple studies have discussed the correlation between white 
blood cell counts and non-alcoholic fatty liver disease. They 
found a strong link between white blood cell counts and the 
occurrence of NAFLD. Additionally, they determined that an 
increase in white blood cells is a risk factor for NAFLD.10

As it can cause cirrhosis, diagnosis of NASH and 
differentiating it from simple steatosis is of great importance. 
There is currently no imaging modality or noninvasive test 
that can differentiate between NASH and simple steatosis. At 
present, the gold standard is liver biopsy, which is an invasive 
procedure. Moreover, it is established that the presence and 
extent of fibrosis is the most crucial prognostic factor for 
liver-related events and mortality. In order to reduce the need 
for liver biopsy, considerable work is dedicated to developing 
non-invasive markers that can accurately predict the extent of 
fibrosis. However, a clear indicator that matches the accuracy 
of a biopsy in terms of sensitivity and specificity has not yet 
been identified.

In a retrospective study of 1904 NAFLD patients in 2019, FIB4 
and APRI measurements and biopsy scores of patients were 

evaluated for the development of hepatic fibrosis, and it was 
shown that the change in FIB4 and APRI at follow-up could 
detect advanced fibrosis and fibrosis progression.11

In a study designed as a phase 2b study in 2018, 200 NASH 
patients were randomised into two groups; those who recieved 
obeticholic acid (OCA) treatment, which is thought to improve 
fibrosis and placebo group. The histological improvement 
in the OCA group was found to be correlated with the 
improvement in APRI, FIB4 scores. The significant correlation 
between APRI and FIB4 scores and histopathological results 
indicating fibrosis regression emphasized the the reliability of 
non-invasive techniques.12

In a meta-analysis published in 2017, laboratory, ultrasound, 
magnetic resonance imaging, and elastography evaluations 
were compared to detect fibrosis in NAFLD patients; when 
the APRI threshold was 1.0 and 1.5, the sensitivities and 
specificities were 50.0% and 84.0% and 18.3% and 96.1% 
for advanced fibrosis, respectively; the sensitivities and 
specificities for advanced fibrosis with a FIB-4 threshold of 
2.67 and 3.25 were 26.6% and 96.5% and 31.8% and 96.0%, 
respectively.Among the non-invasive indices, NFS and FIB-
4 were reported to offer the best diagnostic performance for 
advanced fibrosis detection.13

In a study conducted in Korea in 2011, the P2/MS score was 
evaluated in 235 NAFLD patients; P2/MS has been shown to 
have a high negative predictive value for excluding advanced 
fibrosis in Korean patients with NAFLD and can reduce liver 
biopsy burden in most cases.14

In a study in 2010, the degree of fibrosis in 521 chronic hepatitis 
B patients was evaluated by biopsies and P2/MS scores. It has 
been stated that P2/MS is a simple, accurate and inexpensive 
method with comparable results to other non-invasive tests 
and may reduce the need for liver biopsy in most chronic 
hepatitis B patients.7

In our study, similarly to the literature FIB4 and APRI scores 
revealed great performance in discriminating grade 3&4 
fibrosis from no fibrotic stage. Additionally, FIB4 succeed to 
differantiated grade 1&2 and grade 3&4 fibrosis stages. When 
comparing the control, NAFLD, and NASH groups, the FIB4 
scores showed a statistically significant increase from control 
to NAFLD to NASH (control < NAFLD < NASH). Similarly, 
the APRI scores showed a statistically significant increase 
from NAFLD to NASH (NAFLD < NASH) with a p-value 
of less than 0.001. We attribute this rise to the biopsy results 
of the NASH group. The biopsy results indicate that 86% of 
the patients have developed fibrosis, with 69% having grade 
1&2 fibrosis and 17% having grade 3&4 fibrosis. In light of 
this evidence, we can hypothesize that in NAFLD and NASH 
(verified with histopathology) groups fibrosis development is 
initiated.

No statistically significant differences were observed among 
the groups in terms of P2/MS scores. The accuracy of P2/MS 
scores, when compared with other noninvasive indices, was 
notably low. 

The poor performance of the P2/MS score in our study may 
be attributed to several factors. First, biological variability 
in platelet, monocyte, and neutrophil counts-particularly in 
patients with metabolic liver disease-may reduce the stability 
of this index. Studies have shown that immune-cell profiles in 
NAFLD and NASH are heterogeneous, and shifts in systemic 

Table 9. Comparing the non-invasive fibrosis scores’ levels, hepatosteatosis 
levels (with USG), and gallblader stone presence according to the NAS 
scores

NAS<5 NAS≥5 p

P2MS (mean±SD) 271±298 567±2166 0.807

FIB4 (mean±SD) 1.46±2.00 1.34±1.01 0.509

APRI (mean±SD) 0.58±0.58 0.74±0.56 0.041

USG (n, %)      

   G0 2 (6.9) 1 (2.8)

0.342
   G1 11 (37.9) 8 (22.2)

   G2 13 (44.8) 19 (52.8)

   G3 3 (10.3) 8 (22.2)

Gallbladder stone (n, %)

   No 27 (93.1) 29 (80.6)
0.172

   Yes 2 (6.9) 7 (19.4)
USG: Ultrasonography, NAS: NAFLD activity score, NASH: Non-alcoholic steatohepatitis, SD: 
Standard deviation, G: Grade
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inflammation markers may not consistently correlate with 
fibrosis stage.15 Second, population differences may also play a 
role; the P2/MS score was originally developed and validated 
in East Asian populations with chronic hepatitis B.7 As such, 
its generalizability to Western or Mediterranean populations 
with metabolic-associated fatty liver disease remains 
uncertain. Third, our study’s relatively limited sample size-
especially in the higher fibrosis categories-may have reduced 
statistical power and contributed to the high standard 
deviation observed in the P2/MS values. Previous research 
has emphasized that non-invasive indices may perform poorly 
in underpowered studies with skewed fibrosis distributions.

Limitations
One notable limitation of our analysis was the high standard 
deviation observed in the P2/MS score, particularly within 
the NASH group (435±1621), suggesting the presence of 
considerable inter-individual variability and potential 
outliers. This wide dispersion may have reduced the statistical 
power of comparisons involving P2/MS. Although we did 
not perform formal outlier exclusion or data transformation 
(e.g., log normalization), future studies should consider 
these approaches to better evaluate the clinical utility of 
this score. Although ROC curve analysis and diagnostic 
performance metrics (e.g., sensitivity, specificity) could 
provide further insights, we did not perform these analyses 
due to the limited sample size within the NAS ≥5 subgroup, 
which may lead to unstable or non-generalizable estimates. 
Additionally, the retrospective nature of the study and the 
variability in histopathological scoring may further limit the 
interpretability of such an analysis. Future studies with larger, 
prospectively collected cohorts are needed to validate and 
explore the diagnostic utility of noninvasive fibrosis scores in 
predicting NAS scores.

CONCLUSION
The ability to distinguish NASH from simple steatosis, as 
well as to assess the degree of fibrosis, is essential for risk 
stratification and management of patients with NAFLD. Our 
study demonstrated that the P2/MS score lacks diagnostic 
value in this setting and cannot be recommended for routine 
clinical use in evaluating fibrosis or disease severity in NAFLD 
and NASH patients. In contrast, FIB-4 and APRI scores 
showed moderate utility in identifying patients with advanced 
fibrosis and may serve as accessible, low-cost tools in primary 
care or hepatology settings to prioritize patients for further 
evaluation. Given the limitations of current non-invasive 
tools, clinicians should continue to use composite clinical 
judgment and consider liver biopsy when non-invasive scores 
yield inconclusive results, especially in high-risk patients. 
Further multicenter prospective studies with larger cohorts 
are needed to validate these findings and explore additional 
biomarkers that better reflect the inflammatory and fibrotic 
profiles of metabolic liver disease.
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ABSTRACT
Aims: The development of antibiotic resistance in urinary tract infections (UTIs) has become a major public health concern 
due to its association with treatment failure. This study aimed to investigate the distribution of uropathogens causing UTIs in 
children in the Black Sea region, to evaluate antibiotic resistance patterns over time, to identify risk factors influencing resistance 
development, and to provide guidance for the selection of appropriate empirical antibiotics.
Methods: This retrospective study included 1,252 pediatric patients aged 1 month to 18 years who were diagnosed with UTIs 
at the Pediatric Outpatient Clinic of Kastamonu Training and Research Hospital between 2021 and 2023. Uropathogens were 
categorized by age, sex, and year of isolation, and their antibiotic resistance was compared across these groups. Extended-
spectrum beta-lactamase (ESBL) positivity was also analyzed.
Results: The most frequently isolated uropathogen was Escherichia coli (E. coli) (78%), with the highest resistance rates observed 
against ampicillin (61.5%) and amoxicillin-clavulanate (42.1%). Statistically significant differences in resistance were found 
between age groups and across different years. The ESBL positivity rate was 10.9%, predominantly associated with E. coli and 
older age groups.
Conclusion: This study provides valuable insights into the regional antibiotic resistance profile, serving as a guide for empirical 
treatment selection. Regional resistance data should be considered before initiating therapy, and treatment should be promptly 
revised based on culture results. Public awareness and training programs on rational antibiotic use are strongly recommended.
Keywords: Pediatric urinary tract infection, antibiotic resistance, ESBL, empirical antibiotic therapy

INTRODUCTION
Urinary tract infections (UTIs) are among the most 
common bacterial infections in childhood, and their 
clinical manifestations may vary depending on age, sex, and 
underlying anatomical or functional abnormalities. These 
infections are of particular importance in the early years 
of life due to their potential to cause renal parenchymal 
damage, underscoring the need for early diagnosis and 
appropriate treatment.1 Pediatric urinary tract infections are 
a frequently encountered and significant clinical condition 
in early childhood, and should be managed with care due to 
the variability of symptoms and their potential to cause long-
term renal complications.2 The diagnosis of UTI is established 
based on clinical suspicion and confirmed by urinalysis 
and urine culture. The distinction between lower and upper 
urinary tract infections is crucial for determining prognosis 
and guiding treatment. Therefore, the clinical course of the 
infection, laboratory parameters, and microbiological data 
should be evaluated together.3,4

In the pediatric population, the most commonly identified 
uropathogens are gram-negative bacilli. Escherichia coli 
(E. coli) is responsible for the majority of UTIs, followed by 
Klebsiella pneumoniae (K. pneumoniae), Proteus mirabilis (P. 
mirabilis), and Pseudomonas aeruginosa (P. aeruginosa). Less 
frequently, gram-positive organisms such as Enterococcus spp. 
and Staphylococcus aureus can also cause UTIs.5

In recent years, inappropriate and excessive use of antibiotics 
has led to the development of antimicrobial resistance. The 
increasing prevalence of extended-spectrum beta-lactamase 
(ESBL)-producing uropathogens has reduced the success rate 
of empirical therapy and become a significant public health 
concern. Furthermore, it is well recognized that antibiotic 
resistance patterns may vary by region.6,7 Therefore, this study 
aimed to investigate the distribution of uropathogens and 
their antibiotic resistance patterns over a three-year period in 
our region, in order to provide evidence-based guidance for 
the selection of appropriate empirical antibiotic therapy. We 
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hypothesize that antibiotic resistance patterns in pediatric 
urinary tract infections significantly vary according to patient 
age, sex, and year, and that these variations can guide more 
effective empirical treatment strategies.

METHODS
This study was approved by the Ethics Committee of 
Kastamonu University Faculty of Medicine (Approval Date: 
01.11.2023, Decision No: 2023-KAEK-137). All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.
This retrospective study included data from 1,458 pediatric 
patients aged between 1 month and 18 years who were 
diagnosed with urinary tract infection (UTI) at the Pediatric 
Outpatient Clinic of Kastamonu Training and Research 
Hospital between 2021 and 2023. For patients under the age of 
three, urine samples were collected via transurethral bladder 
catheterization; for those over three years, midstream clean-
catch urine samples were accepted.
Isolation of uropathogens was performed using the surface 
streaking method with calibrated loops on both blood agar 
and MacConkey agar (Oxoid Ltd., Basingstoke, Hampshire, 
UK) for semi-quantitative assessment. Cultures were 
incubated aerobically at 37°C for 24 hours. Cultures with 
no growth at 24 hours were incubated for an additional 48 
hours. A culture was considered positive for UTI if a single 
organism grew at a concentration ≥10⁵ CFU/Ml. Bacterial 
identification was conducted using a range of biochemical 
tests, including indole production, citrate utilization, oxidase 
activity, hydrogen sulfide production, lysine decarboxylase 
activity, lactose fermentation, urease activity, gas production, 
catalase and coagulase activities, mannitol fermentation, and 
novobiocin sensitivity.8

Antibiotic susceptibility testing was performed on Mueller-
Hinton and blood agar using the disk diffusion method, 
following the Clinical and Laboratory Standards Institute 
(CLSI) guidelines.9 The antibiotic discs tested included: 
nitrofurantoin, fosfomycin, piperacillin-tazobactam, 
meropenem, imipenem, cefoperazone/sulbactam, nalidixic 
acid, ampicillin, trimethoprim, ceftriaxone, amikacin, 
aztreonam, ciprofloxacin, co-amoxiclav, clotrimazole, 
cefuroxime, chloramphenicol, ceftazidime, gentamicin, 
levofloxacin, gatifloxacin, cefixime, ticarcillin-clavulanate, 
ertapenem, cefpirome, colistin, polymyxin B, tobramycin, 
minocycline, cefepime, ofloxacin, norfloxacin, tigecycline, 

cefobid (cefoperazone), cefotaxime, sulfonamides, 
doxycycline, and maxipime.

Urine cultures with growth of three or more different 
uropathogens were considered contaminated and excluded 
from the study. After exclusions, 1,252 patients were included 
in the final analysis. The following variables were recorded: 
patient age, sex, type of uropathogen isolated, presence of 
ESBL-positive organisms, and antibiotic resistance patterns. 
Patients were categorized into three age groups: <12 months, 
13-59 months, and ≥60 months. The years of sample collection 
were recorded as 2021, 2022, and 2023. Uropathogens 
were grouped into six categories: E. coli, Enterococcus spp., 
P. mirabilis, K. pneumoniae, P. aeruginosa, and others. 
The data obtained were analyzed using the SPSS version 
26.0 statistical software package. Descriptive statistics were 
presented as mean±standard deviation for continuous 
variables and as frequencies and percentages (n, %) for 
categorical variables. Associations between categorical 
variables were evaluated using the Chi-square test (Pearson’s 
and Fisher’s exact tests where appropriate). A p-value of <0.05 
was considered statistically significant.

RESULTS
A total of 1,252 pediatric patients aged 1 month to 18 
years, who were diagnosed with urinary tract infection at 
Kastamonu Training and Research Hospital between 2021 
and 2023, were included in the study. Of these patients, 883 
(70.5%) were female and 369 (29.5%) were male. The mean 
age was 61.2±54.21 months. Age distribution showed that 
279 (22.3%) were aged 1-12 months, 429 (34.3%) were 13-59 
months, and 544 (43.5%) were ≥60 months. The number of 
patients with ESBL-positive isolates was 136 (10.9%). 

When evaluated by sex, E. coli (78%) and K. pneumoniae 
(55.3%) were significantly more frequent in females, whereas 
P. mirabilis (56.9%) and other bacterial species (50.8%) were 
more frequent in males (p<0.001). Across all age groups, E. 
coli was the most common uropathogen; its prevalence was 
significantly higher in the ≥60 months age group (p<0.001). 
K. pneumoniae was most frequent in the 1-12 months group 
(41.2%; p<0.001), while P. mirabilis (53.4%) and P. aeruginosa 
(58.3%) were most common in the 13–59 months group 
(p=0.004). In terms of year-to-year comparison, E. coli 
(p=0.04) and P. mirabilis (p<0.001) were most commonly 
isolated in 2022, while other bacterial species were more 
frequently isolated in 2023 (p=0.008) (Table 1).

Table 1. Distribution of uropathogens by gender, age groups, and years

  E. coli p E. faecalis p K. pneumoniae p P. mirabilis p P. aeruginosa p Diğer p

Sex                        

   Female 667 (78)
<0.001

26 (65)
0.436

110 (55.3)
<0.001

25(43,1)
<0.001

24 (66.7)
0.606

31 (49.2)
<0.001

   Male 188 (22) 14 (35) 89 (44.7) 33 (56.9) 12 (33.3) 32 (50.8)

Age

   1-12 months 159 (18.6)

<0.001

10 (25)

0.145

82 (41.2)

<0.001

6 (10.3)

0.004

8 (22.2)

0.004

14 (22.2)

0.984   13-59 months 285 (33.3) 8 (20) 62 (31.2) 31 (53.4) 21 (58.3) 21 (33.3)

   ≥60 months 411 (48.1) 22 (55) 55 (27.6) 21 (36.2) 7 (19.4) 28 (44.5)

Years

   2021 54 (6.3)

0.04

0

0.122

16 (8)

0.842

12 (20.7)

<0.001

3 (8.3)

0.868

9 (14.3)

0.008   2022 502 (58.7) 22 (55) 116 (58.3) 31 (53.4) 19 (52.8) 25 (39.7)

   2023 299 (35) 18 (45) 67 (33.7) 15 (25.9) 14 (38.9) 29 (46)
E. coli: Escherichia coli, E. faecalis: Enterococcus faecalis, K. pneumoniae: Klebsiella pneumoniae, P. mirabilis: Proteus mirabilis, P. aeruginosa: Pseudomonas aeruginosa



267

Kabukçu et al. Antibiotic resistance in pediatric urinary tract infections

Overall antibiotic resistance was highest against ampicillin 
(61.5%), amoxicillin-clavulanate (42.1%), cefuroxime (32.1%), 
cefuroxime axetil (32.1%), and cefixime (29.0%) (Table 2). 
Resistance patterns showed significant variation across 
age groups and years. Ampicillin, cefepime, imipenem, 
and piperacillin-tazobactam showed significantly higher 
resistance rates in children aged ≥60 months (p<0.05). 
Conversely, fosfomycin and nitrofurantoin resistance were 
highest in the 13-59 months group (Table 3).

When the antibiotic resistance of uropathogens by year is 
examined in Table 4, it was found that the resistance rates 
to Aztreonam (p<0.001), Ceftazidime (p=0.03), Cefixime 
(p=0.003), Ciprofloxacin (p<0.001), Cefuroxime (p=0.031), 
Cefuroxime axetil (p=0.009), Fosfomycin (p<0.001), 
Nitrofurantoin (p<0.001), Gentamicin (p<0.001), Imipenem 
(p<0.001), Tetracycline (p=0.023), and Piperacillin-
tazobactam (p<0.001) were statistically higher in 2022 
compared to other years. In contrast, resistance to Ampicillin 
(p=0.033), Amoxicillin-clavulanate (p=0.027), and Cefepime 
(p<0.001) was statistically higher in 2023 than in other years.

Yearly comparison revealed significantly higher resistance 
rates in 2022 to aztreonam, ceftazidime, cefixime, 
ciprofloxacin, cefuroxime, fosfomycin, nitrofurantoin, 
gentamicin, imipenem, tetracycline, and piperacillin-
tazobactam (p<0.05). In contrast, resistance to ampicillin, 
amoxicillin-clavulanate, and cefepime was significantly 
higher in 2023 (Table 5). 

The overall ESBL positivity rate was 10.9%. ESBL-producing 
organisms were most commonly E. coli (51.5%) and P. 
aeruginosa (25%). ESBL positivity significantly increased 
with age (p=0.026). Among ESBL-positive isolates, the 

Table 3. Antibiotic resistance of uropathogens according to age groups
Antibiotic resistance 1-12 months, n (%) 13-59 months, n (%) ≥60 months, n (%) X2 p
Ampicillin 191 (24.8) 267 (34.7) 312 (40.5) 10.33 0.035
Amoxicillin-clavulanate 107 (20.3) 198 (37.6) 222 (42.1) 7.479 0.279
Amikacin 10 (30.3) 8 (24.2) 15 (45.5) 4.234 0.645
Aztreonam 4 (30.8) 2 (15.4) 7 (53.8) 9.802 0.133
Ceftazidime 68 (22.4) 100 (33.0) 135 (44.6) 10.972 0.089
Cefixime 77 (21.2) 126 (34.7) 160 (44.1) 6.521 0.367
Ciprofloxacin 44 (23.8) 60 (32.4) 81 (43.8) 6.155 0.406
Clindamycin 1 (11.1) 3 (33.3) 5 (55.6) 3.167 0.530
Ceftriaxone 66 (23.4) 102 (36.2) 114 (40.4) 3.176 0.786
Cefuroxime 87 (21.6) 141 (35.1) 174 (43.3) 4.126 0.660
Cefuroxime axetil 87 (21.6) 141 (35.1) 174 (43.3) 0.229 0.994
Cefazolin 5 (38.5) 6 (46.2) 2 (15.4) 6.189 0.338
Ertapenem 6 (13.6) 20 (45.5) 18 (40.9) 3.373 0.497
Cefepime 28 (21.5) 38 (29.2) 64 (49.2) 14.643 0.023
Fosfomycin 16 (33.3) 20 (41.7) 12 (25.0) 13.040 0.042
Cefoxitin 39 (19.2) 75 (36.9) 89 (43.8) 1.958 0.924
Nitrofurantoin 15 (16.3) 45 (48.9) 32 (34.8) 11.578 0.021
Gentamicin 24 (25.5) 34 (36.2) 36 (38.3) 11.883 0.065
Imipenem 7 (33.3) 5 (23.8) 9 (42.9) 19.957 0.003
Levofloxacin 3 (23.1) 2 (15.4) 8 (61.5) 7.950 0.242
Linezolid 0 0 3 (100) 8.274 0.082
Meropenem 6 (42.9) 3 (21.4) 5 (35.7) 10.295 0.113
Trimethoprim-sulfamethoxazole 75 (23.2) 105 (32.5) 143 (44.3) 11.994 0.062
Tetracycline 3 (27.3) 2 (18.2) 6 (54.5) 2.020 0.732
Teicoplanin 0 0 3 (100) 9.246 0.055
Tigecycline 2 (100) 0 0 14.893 0.005
Piperacillin-tazobactam 40 (19) 71 (33.8) 99 (47.1) 15.361 0.018
Vancomycin 0 0 3 (100) 8.274 0.082

Table 2. Distribution of uropathogens according to overall antibiotic 
resistance

Antibiotic resistance n %

Ampicillin 770 61.5
Amoxicillin-clavulanate 527 42.1
Amikacin 10 0.8
Aztreonam 13 1.0
Ceftazidime 303 24.2
Cefixime 363 29.0
Ciprofloxacin 185 14.8
Clindamycin 9 0.7
Ceftriaxone 282 22.5
Cefuroxime 402 32.1
Cefuroxime axetil 402 32.1
Cefazolin 13 1.0
Ertapenem 44 3.5
Cefepime 130 10.4
Fosfomycin 48 3.8
Cefoxitin 203 16.2
Nitrofurantoin 92 7.3
Gentamicin 94 7.5
Imipenem 21 1.7
Levofloxacin 13 1.0
Linezolid 3 0.2
Meropenem 14 1.1
Trimethoprim-sulfamethoxazole 323 25.8
Tetracycline 11 0.9
Teicoplanin 3 0.2
Tigecycline 2 0.2
Piperacillin-tazobactam 210 16.8
Vancomycin 3 0.2
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highest resistance rates were observed for ampicillin (72.1%), 
amoxicillin-clavulanate (69.1%), ceftazidime (69.1%), 
ceftriaxone (68.4%), cefuroxime (68.4%), and cefuroxime 
axetil (68.4%) (Table 6).

DISCUSSION
As in other parts of the world, UTIs are among the most 
common infections in the pediatric population in the Black 
Sea region. Therefore, this study retrospectively evaluated 
resistance patterns of uropathogens in order to identify 
suitable empirical treatment strategies. In our study, 70.5% of 
the patients were female. Akgül et al.10 reported that 72% of 
pediatric UTI cases were female, and Samancı et al.11 found 
that UTIs were four times more common in girls than in 
boys. In an Israeli study involving 53,203 children, 92.6% were 
female.12 Similarly, a post-pandemic study in the United States 

also reported a higher UTI incidence in girls.13 The higher 
prevalence of urinary tract infections among girls in our study 
is consistent with the literature. This increased susceptibility 
in females has been attributed to the shorter length of the 
urethra and its anatomical proximity to the perianal region.14 

In terms of age, 22.3% of the patients were aged 1-12 months, 
34.3% were 13–59 months, and 43.5% were ≥60 months. 
Similarly, in a study conducted by Liang et al.13, urinary tract 
infections were most commonly observed in children aged 
2-5 years, followed by those under the age of one. Supporting 
these findings, Shaikh et al.15 also reported that the highest 
incidence occurred between 1 and 5 years of age. However, 
the findings of our study contrast with the data in the 
literature. Several factors may account for this discrepancy. 
The most prominent factor is the development of hygiene 
behaviors in school-aged children over 5 years. During this 

Table 4. Antibiotic resistance of uropathogens by years

Antibiotic resistance 2021, n (%) 2022, n (%) 2023, n (%) X2 p

Ampicillin 59 (7.7) 439 (57) 272 (35.3) 10.461 0.033

Amoxicillin-clavulanate 45 (8.5) 286 (54.3) 196 (37.2) 14.212 0.027

Amikacin 2 (6.1) 19 (57.6) 12 (36.4) 0.422 0.999

Aztreonam 0 8 (61.5) 5 (38.5) 23.483 0.001

Ceftazidime 16 (5.3) 166 (54.8) 121 (39.9) 13.946 0.030

Cefixime 19 (5.2) 204 (56.2) 140 (38.6) 19.588 0.003

Ciprofloxacin 16 (8.6) 110 (59.5) 59 (31.9) 37.962 <0.001

Clindamycin 0 4 (44.4) 5 (55.6) 4.377 0.357

Ceftriaxone 19 (6.7) 154 (54.6) 109 (38.7) 10.964 0.090

Cefuroxime 23 (5.7) 220 (54.7) 159 (39.6) 13.890 0.031

Cefuroxime axetil 23 (5.7) 220 (54.7) 159 (39.6) 13.470 0.009

Cefazolin 0 13 (100) 0 146.734 <0.001

Ertapenem 2 (4.5) 24 (54.5) 18 (40.9) 4.893 0.298

Cefepime 1 (0.8) 58 (44.6) 71 (54.6) 337.133 <0.001

Fosfomycin 15 (31.3) 33 (68.8) 0 312.964 <0.001

Cefoxitin 16 (7.9) 113 (55.7) 74 (36.5) 4.990 0.545

Nitrofurantoin 14 (15.2) 56 (60.9) 22 (23.9) 20.382 <0.001

Gentamicin 4 (4.3) 67 (71.3) 23 (24.5) 36.387 <0.001

Imipenem 2 (9.5) 10 (47.6) 9 (42.9) 40.805 <0.001

Levofloxacin 0 7 (53.8) 6 (46.2) 5.934 0.431

Linezolid 0 1 (33.3) 2 (66.7) 6.287 0.179

Meropenem 0 7 (50) 7 (50) 7.664 0.264

Trimethoprim-sulfamethoxazole 30 (9.3) 176 (54.5) 117 (36.2) 5.799 0.446

Tetracycline 1 (9.1) 8 (72.7) 2 (18.2) 11.291 0.023

Teicoplanin 0 1 (33.3) 2 (66.7) 6.179 0.186

Tigecycline 1 (50) 1 (50) 0 7.259 0.123

Piperacillin-tazobactam 17 (8.1) 97 (46.2) 96 (45.7) 21.779 0.001

Vancomycin 0 1 (33.3) 2 (66.7) 6.287 0.179

Table 5. Age group-based evaluation of ESBL-producing uropathogens

Antibiotic resistance Total, n (%) 1-12 months, n (%) 13-59 months, n (%) ≥60 months, n (%) X2 p

Escherichia coli 70 (51.5) 7 (30.4) 29 (49.2) 34 (63.0)

13.318 0.026
Klebsiella pneumoniae 27 (19.9) 7 (30.4) 9 (15.3) 11 (20.4)

Pseudomonas aeruginosa 34 (25.0) 7 (30.4) 20 (33.9) 7 (13.0)

Others 5 (3.7) 2 (8.7) 1 (1.7) 2 (3.7)
ESBL: Extended-spectrum beta-lactamase
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period, the use of shared toilets, inadequate hand hygiene, 
and reduced fluid intake may contribute to an increased risk 
of infection. Additionally, dysfunctional voiding syndromes, 
daytime urinary incontinence, and habitual postponement of 
urination are also considered predisposing factors in this age 
group.16 To reduce the incidence of urinary tract infections in 
this population, it would be beneficial to implement structured 
health education programs targeting school-aged children 
and their families, focusing on hygiene practices, proper 
voiding habits, and recognition of early signs of infection.

Regarding pathogen distribution by sex, E. coli (78%) and K. 
pneumoniae (55.3%) were more common in girls, whereas 
P. mirabilis (56.9%) and other bacteria (50.8%) were more 
prevalent in boys. These findings are in line with a recent 
Turkish study reporting similar distributions.17 An Israeli 
study also found that although E. coli was the most common 
uropathogen in both sexes, infections with P. mirabilis, E. 
faecalis, and P. aeruginosa were more common in boys.12 
A review by the American Academy of Family Physicians 
highlighted that Proteus infections are especially prevalent in 
male children and those with kidney stones.18 These findings 
in our study suggest that differences in uropathogens between 
sexes may be attributed to anatomical factors. In girls, the 
close proximity of the urethra to the perianal region may 
facilitate colonization by uropathogens such as E. coli. In 
contrast, the subpreputial space in boys is thought to provide 
a more favorable environment for the growth of organisms 
such as P. mirabilis and P. aeruginosa, leading to their 
increased frequency.14,19  Another notable finding presented 

in Table 1 is that although E. coli was the most commonly 
isolated uropathogen in all age groups, its frequency was 
statistically higher in children aged ≥60 months compared 
to younger age groups. Klebsiella pneumoniae (41.2%) was 
most frequently observed in the 1-12-month age group, while 
P. mirabilis (53.4%) and P. aeruginosa (58.3%) were more 
common in the 13-59-month age range. Consistent with our 
findings, Zemer et al.12 also reported in their study that E. coli 
was the most frequently isolated pathogen in children aged 
≥3 years and that its prevalence increased with age. Another 
study indicated that Proteus spp. and P. aeruginosa were more 
frequently isolated in uncircumcised males and in patients 
with complicated urinary tract infections, particularly in the 
2-5-year age group.20  The consistency of our findings with the 
literature may be attributed to several factors: the progressive 
maturation of the immune system with increasing age, a 
decrease in the number of uncircumcised boys, and a lower 
incidence of congenital anomalies-leading to a relative decline 
in non-E. coli infections and consequently an increased 
proportion of E. coli isolates.21

In our study, the uropathogens exhibited the highest 
resistance to ampicillin (61.5%), amoxicillin-clavulanate 
(42.1%), cefuroxime (32.1%), cefuroxime axetil (32.1%), and 
cefixime (29%). When compared with the literature, Akgül 
et al.10 reported resistance rates of 72% for ampicillin, 39% 
for amoxicillin-clavulanate, 31% for cefuroxime, and 28% 
for cefixime. Similarly, Samancı et al.11 found ampicillin 
resistance to be 68%, amoxicillin-clavulanate resistance 
41%, and cephalosporin resistance exceeding 30%. In the 
study by Zemer et al.,12 the resistance rate to ampicillin was 
69%, to amoxicillin-clavulanate 47%, and to second- and 
third-generation cephalosporins ranged between 20% and 
35%. These findings indicate that resistance to beta-lactam 
antibiotics is a significant public health concern not only in 
Turkiye but also globally. The high resistance rates to beta-
lactam antibiotics may be attributed to the long-standing, 
widespread, and often unnecessary use of antibiotics, as well as 
the increasing prevalence of ESBL-producing uropathogens. 
Therefore, empirical antibiotic selection should be guided 
by local resistance patterns and promptly revised based on 
urine culture results. Furthermore, structured educational 
programs on rational antibiotic use should be implemented, 
and regulatory public health policies should be enforced.

When analyzing antibiotic resistance of uropathogens by 
age group in our study, resistance to ampicillin, cefepime, 
imipenem, and piperacillin-tazobactam was significantly 
higher in children aged ≥60 months compared to younger 
age groups. Resistance to fosfomycin and nitrofurantoin 
was significantly higher in the 13-59-month age group, and 
a statistically significant association was found between 
age groups and resistance patterns. In a study by Duicu et 
al.,22 higher antibiotic resistance-particularly to ampicillin-
was reported in patients under 1 year and over 5 years of 
age. In another study conducted in Turkiye, the highest 
resistance was observed in the 1-12-month age group, with 
elevated resistance to ampicillin, amoxicillin-clavulanate, 
imipenem, and fosfomycin. Moreover, significant resistance 
to nitrofurantoin was found in the 13-59-month group, 
and to cefepime in those aged ≥60 months.23 A review of 
both national and international literature reveals that each 
study demonstrates age-specific resistance patterns. This 
variability is likely attributable to the presence of region-

Table 6. Antibiotic resistance patterns of ESBL-producing uropathogens

Antibiotic resistance n %

Ampicillin 98 72.1

Amoxicillin-clavulanate 94 69.1

Amikacin 13 9.6

Aztreonam 10 7.4

Ceftazidime 94 69.1

Cefixime 89 65.4

Ciprofloxacin 35 25.7

Ceftriaxone 93 68.4

Cefuroxime 93 68.4

Cefuroxime axetil 93 68.4

Cefazolin 5 3.7

Ertapenem 43 31.6

Cefepime 55 40.4

Fosfomycin 14 10.3

Cefoxitin 86 63.2

Nitrofurantoin 19 14.0

Gentamicin 17 12.5

Imipenem 12 8.8

Levofloxacin 1 0.7

Meropenem 9 6.6

Trimethoprim-sulfamethoxazole 48 35.3

Tetracycline 1 0.7

Tigecycline 1 0.7

Piperacillin-tazobactam 69 50.7
ESBL: Extended-spectrum beta-lactamase
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specific uropathogens, differences in empirical antibiotic 
selection based on local practices, and regional variations 
in socioeconomic and cultural conditions. Based on our 
findings, we recommend that empirical antibiotic selection 
should consider not only the geographic characteristics of the 
region but also age-specific resistance profiles.
When antibiotic resistance of uropathogens was analyzed 
by year in our study, resistance rates to aztreonam, 
ceftazidime, cefixime, ciprofloxacin, cefuroxime, cefuroxime 
axetil, fosfomycin, nitrofurantoin, gentamicin, imipenem, 
tetracycline, and piperacillin-tazobactam were found to 
be significantly higher in 2022 compared to other years. 
Conversely, resistance to ampicillin, amoxicillin-clavulanate, 
and cefepime was significantly higher in 2023. Although our 
study spans a relatively short time period, the findings clearly 
indicate a trend of increasing antibiotic resistance over time. 
This observation is supported by literature; for instance, 
Mahajan et al.24 reported a significant rise in amoxicillin-
clavulanate resistance over the years. In another long-term 
study from the Netherlands, resistance to amoxicillin-
clavulanate increased by 2% annually, while resistance to 
cephalosporins rose by 1.1% per year.25 A regional study 
conducted in Eskişehir, Turkiye, showed that ampicillin 
resistance among E. coli isolates increased from 45% to 66%, 
and amoxicillin-clavulanate resistance rose from 20% to 48% 
when comparing the periods 2010-2015 and 2016–2019.23 These 
findings underscore the fact that rising antibiotic resistance 
has become a major public health concern. We recommend 
that treatment guidelines be updated frequently through new, 
region-specific studies to ensure the appropriate selection of 
empirical antibiotics and to guide clinical decision-making 
accordingly.
ESBL-positive uropathogens represent a major public health 
concern due to their high levels of antibiotic resistance. In 
our study, 136 (10.9%) of the included patients were found to 
have ESBL-positive isolates. This rate is comparable to other 
studies conducted in Turkiye, where Akgül et al.10 reported 
a prevalence of 13.2%, and Samancı et al.11 reported 11.9%. 
In international studies, Zemer et al.12 reported an ESBL-
positivity rate of 14.4%, while Mahajan et al.24 found a rate 
of 10.8%. Our findings are therefore consistent with both 
national and international data. These results indicate a rising 
trend in ESBL-positivity rates in recent years, as observed in 
our study, which further complicates the empirical selection 
of antibiotics.
In our study, when evaluating the antibiotic resistance patterns 
of ESBL-positive uropathogens, the highest resistance rates 
were observed against ampicillin, amoxicillin-clavulanate, 
ceftazidime, ceftriaxone, cefuroxime, cefuroxime axetil, and 
cefoxitin. In comparison with the literature, Alameer et al.26 
reported that ESBL-positive uropathogens showed the greatest 
resistance to ampicillin (69.3%) and aztreonam (66.7%). In 
another study by Smriti et al.,27 E. coli and Klebsiella isolates 
demonstrated resistance to nitrofurantoin, while remaining 
susceptible to fosfomycin and amikacin. The resistance 
spectrum in our study appears broader than in previous 
studies. This may be attributed not only to regional variations 
but also to the relatively high prevalence of ESBL-positive 
isolates in our geographic area.

Limitations
However, the study is limited by its single-center and 
retrospective design. Data on clinical outcomes, recurrent 

infections, imaging findings, and underlying risk factors 
were not evaluated. Therefore, future prospective multicenter 
studies that incorporate these variables are recommended to 
support and expand upon our findings.

CONCLUSION
This study provides insight into the distribution of pediatric 
urinary tract infection pathogens and their resistance patterns 
in a single center in the Black Sea region. Our findings 
emphasize that antibiotic resistance varies significantly 
according to age, sex, and over time. Notably, there was an 
upward trend in resistance to commonly used antibiotics in 
recent years. The overall ESBL positivity rate was 10.9%, with 
the highest rates observed among E. coli and P. aeruginosa 
isolates. These results highlight the need to consider local 
resistance data when initiating empirical antibiotic therapy. 
Treatment should be promptly revised according to culture 
and sensitivity results. Health professionals should be 
trained regularly on the principles of rational antibiotic use, 
and public awareness campaigns should be intensified to 
combat antimicrobial resistance. This study contributes to 
the development of regional antibiograms and provides data 
to guide clinicians in the selection of appropriate empirical 
therapy. Updated treatment guidelines and the implementation 
of antimicrobial stewardship programs are urgently needed 
to curb the rising threat of antibiotic resistance. The major 
strength of our study is the relatively large sample size 
collected over a three-year period, which allows for robust 
trend analysis. In addition, subgroup evaluations by age, sex, 
and year strengthen the validity of the findings.
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ABSTRACT
Aims: This study aimed to determine the expressions of TGR5 (G protein-coupled bile acid receptor 1) and NADPH oxidase 5 
(NOX5) in renal cancer subtypes.
Methods: In formalin-fixed, paraffin-embedded tissue sections of renal tumor subtypes, TGR5 and NOX5 protein expressions 
were measured by immunohistochemical staining and mRNA expressions were measured by RT-PCR.
Results: Our results showed that TGR5 and NOX5 exhibited differences in their expression levels in renal cell carcinoma (RCC) 
subtypes, and that TGR5 expression was upregulated in papillary RCC (r=0.53, p<0.01). A positive correlation of TGR5 with 
NOX5 was detected in the same subtype (r=0.49, p<0.01). After COCOR analysis, a statistically significant difference was 
found in the TGR5-NOX5 correlation between papillary RCC and clear cell RCC subtypes (z=1.92, p=0.02). At the same time, 
expression profiles showed that TGR5 was highly expressed in all groups except clear cell RCC compared to normal kidney 
tissue, but among these, TGR5 had the diagnostic power to distinguish papillary RCC from other groups (AUC=0.94, 95% CI: 
0.64-0.95, p=0.005).
Conclusion: The present findings indicate the potential of TGR5 as a diagnostic biomarker for papillary RCC, while suggesting 
that it may have a functional role in regulating the tumor microenvironment together with NOX5.
Keywords: TGR5, NOX5, renal cell carcinoma, urothelial carcinoma, oncocytoma

INTRODUCTION
Renal cell carcinoma (RCC) is the most prevalent malignant 
tumor of the kidney, accounting for approximately 90% of 
kidney cancer cases.1 RCC is the most aggressive and lethal 
cancer of the urologic system.2,3 RCCs are divided into 
subtypes. The most common subtype is clear cell RCC, which 
accounts for 75% of all RCCs. RCCs are divided into subtypes. 
Other subtypes include papillary (10-15%), chromophobe (5%) 
and rare and unclassified (less than 1%).4-6 The second most 
common renal cancer is urothelial carcinoma (UC) of the 
renal pelvis, accounting for 5-10% of all cases.7 Renal cysts, 
angiomyolipomas, oncocytomas and metanephric adenomas 
are benign renal tumors.8 There is currently no treatment 
that can reliably cure RCCs and metastatic forms of UC of 
the renal pelvis.7 In this context, it is important to investigate 
the molecular targets that support the pathogenesis and 
progression of renal cancer types.9-12

One of the molecules that has been shown with increasing 
evidence to play a role in the progression of various cancers 
is TGR5 (GPBAR1). TGR5 is a G-protein-coupled membrane 
receptor that mediates many cellular events.13,14 It has been 
reported that it is expressed in all tissues of the human 
body,15,16 and that it activates various signaling pathways in the 

cell as a result of its interaction with its ligands.17 However, the 
roles of TGR5 in cancer may vary depending on the tissue and 
cell. It has been suggested that they play a tumor suppressor 
role in some cancers and that they exhibit oncogenic activity 
in others.18 In addition, it has been emphasized that their 
expression levels vary in different cancers. High expression 
in many types of cancer and low expression in others, is 
associated with poor prognosis.19 Its role and expression 
pattern in renal neoplasms have not yet been characterized.

Some studies report that TGR5 activation induces ROS 
formation.20-25 ROS are thought to play oncogenic roles by 
contributing to the upregulation of proto-oncogenes and 
inactivation of tumor suppressor genes, altering signaling 
pathways that play a role in promoting malignancy.26 NADPH 
oxidase (NOX) enzymes play roles in ROS production by 
oxidizing NADPH to NADP+. In previous studies have 
shown that NOXs mediate tumorigenesis and that members 
of the NOX family are closely associated with cancer cell 
proliferation. NOX5 is the most recently discovered member 
of this family. A relationship between NOX5 expression and 
tumor formation has been reported in some cancers. However, 
information on the roles and regulation of NOX5 in different 
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tumors is very limited.27,28 The expression of NOX5 in renal 
tumor types has also not been investigated previously. Also, 
the correlation between TGR5 and NOX5, which mediates 
ROS formation, remains unclear in renal tumors. In light 
of this information, in this work, we aimed to research the 
expression of TGR5 and NOX5 in different renal tumor 
subtypes.

METHODS
Study Method
Ethics committee approval of the study were obtained from 
the Sakarya University Clinical Researches Ethics Committee 
(Approval Date: 05.09.2022, Decision No: 161889-109). All 
procedures were achieved within the framework of the ethical 
rules and the principles of the Declaration of Helsinki.

Sample size was determined using G*power 3.1.9.7. Based on 
these values, the calculated effect size (Cohen’s D) was 1.33, 
targeting 80% power (1-β=0.80) and a significance level of 5% 
(α=0.05). Analysis indicated that a minimum of 7 individuals 
per group was sufficient to assess TGR5 expression. For 
NOX5, the effect size was calculated as f=0.456, and it was 
anticipated that a minimum of 14 individuals per group 
would be required to achieve similar power. The significance 
level was set at α=0.05 in the calculations.

Case Selection and Sample Collection 
Renal biopsy materials accepted between January 2019-March 
2022 were scanned in the archives of the Department of 
Pathology of Sakarya University Training and Research 
Hospital. A total of 90 of these biopsy materials; 15 clear 
cell RCC, 15 papillary RCC, 15 chromophobe RCC, 15 
oncocytoma, 15 urothelial carcinoma and 15 normal kidney 
tissue samples for control were used for the study. Patients 
were randomly assigned. Formalin-fixed paraffin-embedded 
tissue blocks of the determined samples were obtained 
from the archive. The paraffin blocks were examined by the 
pathologist to confirm the diagnosis and the adequacy of the 
material and also to identify and mark carcinomatous areas in 
the paraffin blocks. 

Inclusion and Exclusion Criteria
Paraffin blocks of patients with kidney tumors over the age of 
18 were included in the study. Those under the age of 18, those 
who refused to participate in the study and those with another 
type of cancer were not included in the study. 

Immunohistochemical (IHC) Staining
Immediately before neoadjuvant chemotherapy, 3-micron 
sections were taken from tissue blocks of renal tumor samples 
and deparaffinized at 37°C for 24 h. After deparaffinization, 
the sections were rehydrated using xylene and alcohol series 
without waiting. Then, they were incubated with 0.3% H2O2. 
Before immunostaining, the samples were boiled with Tris-
EDTA buffer (pH 9.0) at 120°C for 15 min to reveal antigen 
epitopes, depending on the relevant antibody. After washing, 
the sections were incubated in blocking buffer containing 
5% normal goat serum (brand) for 60 min. After removal of 
the blocking buffer, the slides were incubated with rabbit-
polyclonal anti-TGR5 antibody (DF14067; Affinity Biosciences, 
USA) and rabbit-monoclonal anti-NOX5 (MB97044016, 
Affinity Biosciences, USA) antibodies overnight at 4°C. And 
afterwards, the samples were treated with HRP-conjugated 
goat anti-rabbit secondary antibody (bs-0295G-HRP; 

Biossusa, USA) for 1 h, away from direct light. Peroxidase 
activity was revealed with diaminobenzidine substrate kit 
(DAB; Genetex, USA) and then the slides were counterstained 
with hematoxylin (Dako, Glostrup, Denmark).

Immunohistochemical Scoring System
TGR5 and NOX5 staining of tumor tissues was scored using a 
4-group scale. Cells with weak staining for TGR5 and NOX5 
were scored as +1, those with moderate staining as +2 and 
those with strong staining as +3. The degree of staining was 
scored as 0 (<5%), 1+ (5-25%), 2+ (26-50%) and 3+ (51-100%). 
IHC was performed using cytoplasmic and nuclear staining. 
Scoring was done by two pathologists who were blinded to 
clinicopathological features and results. 

RNA Extraction from Paraffin-Embedded Tissue 
Samples
Approximately 5 μm sections were taken from each of the 
paraffin-embedded tissue samples taken in the study and 
placed in sterile eppendorfs. Paraffin was removed by adding 
xylene to each section and rehydrolysis of the tissue was 
ensured. Then, proteinase K (Genaxxon Bioscience™, Ulm, 
Germany) was added to the tissue pieces washed with pure 
ethanol and incubated overnight at 55°C in a heat block. 
Then, the samples were kept at 90°C for 30 min to ensure 
proteinase K inactivation. TriGent reagent was added to 
the suspension according to the kit protocol and 200 μl of 
chloroform (Sigma™, USA) was added for each 1 ml of reagent 
and centrifuged at 12,000 rpm for 15 min. Subsequently, 
the supernatant containing RNA was taken and RNA was 
precipitated with isopropyl alcohol. Then, it was centrifuged 
again at 12,000 rpm for 10 min to obtain the RNA pellet. The 
resulting RNA pellet was treated with 70% ethanol and the 
alcohol was removed. Then, water was added to each pellet 
and dissolved at 65°C for 15 min. RNA samples were removed 
at -80 °C. RNA concentration measurements of the samples 
to be studied were determined with ThermoFisher Nanodrop.

Quantitative Real-Time PCR
TGR5 and NOX5 mRNA expression was detected by RT-
PCR analysis. The primers were as follows: TGR5 sense 
(5’- CTTCCTGAGCCTACTGCTGG-3’), TGR5 antisense 
(5’- GACTGAGAGGAGCAGTGTGG-3’), NOX5 sense 
(5’-CGTCTGCAGGTACAGAGTGG-3’), NOX5 antisense 
(5’- AGTCGAAGTTGAGGCACTGG-3’), GAPDH sense (5’- 
CTTCCTGAGCCTACTGCTGG-3’) and GAPDH antisense 
(5’- AGTCGAAGTTGAGGCACTGG-3’). The following 
concentrations were used for each sample: 4 µL of cDNA, 
0.8 µL of each reverse/forward primer, 10 µL of SensiFAST™ 
SYBR® No-ROX Kit (BioLine, USA), and 4.4 µL of DEPC 
water. qPCR was performed with the CFX Connect™ Real-
Time system (Bio-Rad, Germany) and PCR profiles were as 
follows: 1 cycle at 95°C for 2 min, 40 cycles at 95°C for 5 sec, 
65°C for 10 sec and 72°C for 2 min. The transcript level of 
each specific gene was normalized to GAPDH amplification. 
Relative gene expressions were measured using the 2−ΔΔCt 
method. GraphPad Prism 9.0.0 was used to graph the relative 
expressions of relevant genes in the experimental groups. 

Statistical Analysis
Data differences between two groups were tested using 
student’s T test and differences between multiple groups were 
tested using analysis of variance (ANOVA). Statistical analyses 
were performed using SPSS Version 21.0 and GraphPad Prism 
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6.0 statistical software packages. According to the results, 
p-values of <0.05 were considered.

RESULTS
Immunohistochemical analyses showed that in normal kidney 
tissue, NOX5 was expressed more strongly than TGR5 in the 
loop of Henle, distal tubules and collecting ducts (Figure 1A, 
B). However, TGR5 showed focal weak staining in proximal 
tubular cells, whereas NOX5 expression was increased there. 
TGR5 expression wasn’t determined in the glomerulus, but 
focal immunoreactivity of NOX5 was determined in parietal 
epithelial cells (Figure 1A-C).

Immunohistochemical scoring results of TGR5 in renal cell 
carcinomas is presented in Table 1. All oncocytomas showed 
weak (13/15) to moderate (2/15) staining for TGR5 (Figure 
2A). While 20% (3/15) of clear cell RCCs were negative for 
TGR5, 73% (11/15) showed weak membranous staining 
(Figure 2B). The majority of papillary RCCs (10/15) showed 
moderate to strong staining, while 5/10 had weak staining 
(Figure 2C). All chromophobes were positive for TGR5 with 
moderate (11/15) to strong (4/15) staining (Figure 2D). All 
cases of renal pelvic urothelial carcinoma showed strong and 
widespread TGR5 positivity (Figure 2E).

Table 1. TGR5 expression in RCCs

Tumor subtypes Number of cases Negative Weak Moderate Strong

Clear cell RCC 15 3 (20%) 11 (73%) 1 (7%) 0

Papillary RCC 15 0 5 (34%) 7 (46%) 3 (20%)

   Type I 9 0 0 6 (67%) 3 (33%)

   Type II 6 0 5 (83%) 1 (17%) 0

Chromophobe 15 0 0 11 (73%) 4 (27%)

Oncocytoma 15 0 13 (87%) 2 (13%) 0
TGR5: Takeda G protein-coupled receptor 5, RCCs: Renal cell carcinomas

Immunohistochemical scoring results of NOX5 in renal 
cell carcinomas is shown in Table 2. Immunohistochemical 
analysis revealed stronger expression of NOX5 than TGR5 in 

benign kidney tissue. All oncocytomas were positive for NOX5 
with weak (10/15), moderate (4/15) and strong (1/15) nuclear 
and cytoplasmic staining (Figure 3A). All clear cell RCCs had 
weak cytoplasmic NOX5 expression in 73% (10/15), while 20% 
had strong nuclear and cytoplasmic expression (Figure 3B). 
While 66% of papillary RCCs were positive for NOX5 with 
moderate cytoplasmic staining, 34% were positive for NOX5 
with strong nuclear staining (Figure 3C). All chromophobes 
were positive for NOX5 with moderate (9/15) to strong (6/15) 
staining (Figure 3D). All urothelial carcinomas of the renal 
pelvis had widespread nuclear and cytoplasmic positivity for 
NOX5 (Figure 3E).

Table 2. NOX5 expression in RCCs

Number of cases Negative Weak Moderate Strong

Clear cell RCC 15 0 10 (73%) 1 (7%) 4 (20%)

Papillary RCC 15 0 1 (6%) 9 (60%) 5 (34%)

   Type I 9 0 4 (45%) 5 (55%) 0

   Type II 6 0 0 1 (17%) 5 (83%)

Chromophobe 15 0 0 9 (60%) 6 (40%)

Oncocytoma 15 0 10(%66) 4 (28%)  1 (6%)
NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCCs: Renal 
cell carcinomas

According to RT-PCR results, TGR5 mRNA expression was 
higher in the papillary RCC subtype compared to chromophobe 
RCC and urothelial carcinoma. TGR5 expression was 0.46-
fold lower in clear cell RCC (p<0.01). TGR5 mRNA expression 
in oncocytomas was not significantly different from normal 
tissue (Figure 4A). NOX5 mRNA expression was statistically 
significantly higher in other renal tumors except clear cell 
RCC (p<0.05). In clear cell RCC, NOX5 expression was 0.33-
fold lower compared to normal tissue (p<0.01) (Figure 4B).

Figure 1. In normal renal cortex A. TGR5 ve B-C. NOX5 
immunohistochemical staining (40X)
TGR5: Takeda G protein-coupled receptor 5, NOX5: NADPH oxidase 5, NADPH: Nicotinamide 
adenine dinucleotide phosphate

Figure 2. TGR5 immunohistochemical staining A. Weak focal expression 
for oncocytoma (40X). B. Negative expression for clear cell RCC (40X). C. 
Strong positive expression for papillary RCC (40X). D. Moderate expression 
for chromophobe (40X). E. Diffuse strong positive expression for urothelial 
carcinoma of the renal pelvis (40X)
TGR5: Takeda G protein-coupled receptor 5, RCC: Renal cell carcinoma

Figure 3. NOX5 immunohistochemical staining A. Strong cytoplasmic and 
nuclear expression for oncocytoma (40X). B. Weak cytoplasmic expression 
for clear cell RCC (40X). C. Strong nuclear expression for papillary RCC 
(40X). D. Nuclear and cytoplasmic expression for chromophobe (40X). E. 
Diffuse strong cytoplasmic and nuclear expression for urothelial carcinoma 
of the renal pelvis (40X)
NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: Renal cell 
carcinoma

Figure 4. (A) TGR5 mRNA expression (qPCR) in renal cell carcinoma and 
urothelial carcinoma of the renal pelvis compared with normal human kidney 
tissue. (B) NOX5 mRNA expression (qPCR). (*p<0.05; **p<0.01)
TGR5: Takeda G protein-coupled receptor 5, mRNA: Messenger ribonucleic acid, qPCR: Real-time 
polymerase chain reaction, NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide 
phosphate
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Analysis revealed that TGR5 gene expression was positively 
correlated with age (r=0.44, p=0.01) and tumor size (r=0.53, 
p<0.001) in papillary RCC. Similarly, NOX5 gene expression 
was significantly positively correlated with age (r=0.53, 
p<0.001) and tumor size (r=0.46, p=0.001) in papillary RCC. 
In other RCC subtypes, no significant association was found 
between TGR5 and NOX5 gene expression and clinical 
parameters (p>0.05). Also, no association was observed 
between TGR5 and NOX5 gene expression and gender in any 
RCC subtype (Table 3).

Given that TGR5 and NOX5 expressions exhibited statistically 
significant associations with clinical parameters in papillary 
RCC, we performed ROC analysis to confirm the diagnostic 
correlation between these genes in papillary RCC. The ROC 
analysis revealed 0.94 AUC for TGR5 expression and 0.98 
AUC with NOX5 expression in papillary RCC (Figure 5).

COCOR (comparing correlations) analysis was performed 
to determine the correlation between TGR5 and NOX5 
gene expression in RCC subtypes (Table 4). The correlation 
coefficient was found to be significantly different, particularly 
between papillary RCC and clear cell RCC (r₁=0.53, r₂=-

0.94; z=1.92, p=0.02). The correlation differences between 
papillary RCC and chromophobe RCC (r₂=0.18, p=0.23) 
and oncocytoma (r₂=0.45, p=0.80) were not statistically 
significant. Similarly, no significant correlation difference 
was observed in the comparison between other RCC subtypes 
(p>0.05).

DISCUSSION
In our study, where we compared the expression levels of the 
TGR5 and NOX5 genes in different RCC subtypes, TGR5 gene 
expression levels showed a statistically significant increase in 
papillary RCC. Specificity analyses indicated that this increase 
has the potential as a diagnostic biomarker in distinguishing 
papillary RCC from other RCC subtypes. The NOX5 gene, 
on the other hand, was found to have a more heterogeneous 
expression pattern across RCC subtypes and showed limited 
correlation with TGR5.

TGR5 (G protein-coupled bile acid receptor 1, GPBAR1) is a 
membrane receptor activated by bile acids and various ligands 
and is a member of the G protein-coupled receptor (GPCR) 
superfamily. Although the role and function of TGR5 in 
cancer cells are lacking, increasing studies are elucidating its 
importance.15 Recent studies have demonstrated that TGR5 
expression is associated with immune responses, proliferation, 
and metabolic processes in many tissues, particularly 
the gastrointestinal tract.29 Furthermore, TGR5 has been 
reported to modulate tumor progression, metastasis, and 
treatment responses in various cancers. Evidence has emerged 
that TGR5 supports a proliferative and immunosuppressive 
microenvironment in colorectal, gastric, and pancreatic 
cancers.30-32 Indeed, cAMP-PKA signaling, which is involved 
in the same cascade as TGR5, is known to trigger immune 
regulation and proliferation within the cell. This may support 
metastasis through chronic inflammation by modulating the 
tumor microenvironment (TME).33 The function of TGR5, 
whose role in renal carcinomas has not been widely studied, 
has not yet been sufficiently elucidated. However, our study 
determined that TGR5 expression was higher in the papillary 
RCC subtype compared to other subtypes. Furthermore, the 
higher expression in chromophobe RCC and oncocytomas 
compared to normal kidney tissue suggests that this gene may 
play an active role in RCC pathogenesis.

Our correlation analyses revealed for the first time that 
TGR5 and NOX5 were co-expressed in relation to clinical 
parameters, particularly in the papillary RCC subtype. 
Our results indicate that these genes may serve as potential 
biomarkers specific to the subtypes. The NOX family (NOX1-
5 and DUOX1-2) is the main producer of ROS in mammalian 
cells. NOX5 is the most recently discovered member of 

Table 3. Correlation of TGR5 and NOX5 gene expressions with clinical parameters

TGR5 NOX5

Oncocytoma
n=15

Chromophobe RCC
n=15

Papillary RCC
n=15

Clear cell RCC
n=15

Oncocytoma
n=15

Chromophobe RCC
n=15

Papillary RCC
n=15 

Clear cell RCC
n=15

Age
r 0.21 -0.05 0.44 0.12 0.08 0.34 0.53 -0.02

p 0.32 0.76 0.01* 0.43 0.64 0.09 0.00** 0.91

Gender
rs 0.11 -0.01 0.19 0.31 -0.11 0.15 0.22 -0.04

p 0.69 0.93 0.27 0.58 0.52 0.44 0.21 0.82

Tumor size
r 0.27 -0.22 0.53 0.39 0.12 0.38 0.46 -0.04

p 0.18 0.31 0.00** 0.07 0.51 0.07 0.00* 0.78
**: p<0.0, *: p<0.05, r: Pearson correlation coefficient, rs: Spearman correlation coefficient, RCC: Renal cell carcinoma

Table 4. COCOR analysis comparing TGR5-NOX5 correlation coefficients 
across RCC subtypes

n1 n2 r1 r2 z p 

Papillary vs clear cell 15 15 0.53 -0.94 1.92 0.02*

Papillary vs chromophobe 15 15 0.53 0.18 0.34 0.23

Papillary vs oncocytoma 15 15 0.53 0.45 0.77 0.80

Clear cell vs chromophobe 15 15 -0.94 0.18 0.35 0.92

Clear cell vs oncocytoma 15 15 -0.94 0.45 1.44 0.12

Chromophobe vs oncocytoma 15 15 0.18 0.45 0.31 0.07
COCOR: Comparing correlations, TGR5: Takeda G protein-coupled receptor 5, NOX5: NADPH 
oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: Renal cell carcinoma

Figure 5. ROC curve analyses showing the diagnostic performance of TGR5 
alone (AUC=0.94) and combined TGR5+NOX5 (AUC=0.98) in identifying 
papillary RCC
ROC: Receiver operating characteristic, TGR5: Takeda G protein-coupled receptor 5, AUC: Area under 
the curve, NOX5: NADPH oxidase 5, NADPH: Nicotinamide adenine dinucleotide phosphate, RCC: 
Renal cell carcinoma
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this family. Increased NOX5 expression has been reported 
in stomach, breast, malignant melanoma, prostate, and 
esophageal cancers.28 The TGR5 and NOX5 correlation may 
be related to survival, metastasis, apoptotic resistance, and the 
formation of an immunosuppressive microenvironment via 
ROS for protective effects in RCC. There are studies reporting 
that TGR5 expression increases ROS production in cancer cells 
and triggers the immune escape mechanism through Treg cell 
activation.34 In an in vitro study by Su et al.,35 it was reported 
that it inhibited proliferation and migration by suppressing 
the NF-κB/STAT3 pathway in HEK293/A498 renal carcinoma 
cell lines. TGR5’s suppression of inflammasomes such as 
NF-κB is consistent with our prediction that it mediates cell 
infiltration through ROS production with NOX5, which has 
been correlated in papillary RCC. Similarly, activation of 
the TGR5 receptor in Barrett’s esophagus adenocarcinoma 
triggered ROS production by increasing NOX5-S expression.36 
As is known, ROS production triggers DNA damage through 
histone H2AX phosphorylation.37 Our COCOR analysis data 
highlight that the interaction levels of TGR5 and NOX5 gene 
expressions vary in different RCC subtypes and that the two 
genes can be targeted together in papillary RCC.
The clinical and molecular distinction of papillary RCC 
from other RCC subtypes is crucial, particularly in 
metastatic patients, as it may not demonstrate a prognostic 
advantage. Papillary RCC is a heterogeneous group 
exhibiting morphologically distinct behaviors.38 Therefore, 
its heterogeneity makes distinguishing papillary RCC crucial 
in determining new diagnostic and therapeutic strategies.39 
Current literatures do not emphasize that papillary RCC 
cannot be explained by a single model, and that this subtype 
requires further molecular classification.40 Therefore, TGR5 
and related molecular markers may form the basis for 
determining papillary RCC-specific expression profiles and 
developing subtype-based personalized treatment strategies.
TGR5 may serve as a novel molecular marker in RCC, where 
subtype differentiation is crucial for clinical prognosis and 
treatment response. In a 2018 clinical study, Zhao et al.41 
observed mostly positive or above-normal TGR5 expression 
in papillary RCC, chromophobe RCC, and oncocytomas. 
They stated that this differential expression profile could lead 
to TGR5 as a diagnostic marker in RCC. Our results revealed 
a similarly high TGR5 expression in papillary RCC. Our ROC 
findings demonstrated a high diagnostic pattern performance 
of TGR5 for papillary RCC. Our study, unlike the previous 
study, reports that TGR5 and NOX5 are integrated into the 
complex signaling network involved in tumor progression in 
RCC pathogenesis, suggesting the diagnostic and biological 
potential of these two genes in RCC. A pan-cancer study 
in renal papillary renal cell carcinoma reported that 
signaling downstream of TGR5 was negatively associated 
with survival.42 Despite existing studies, due to the lack of 
systematic meta-analysis in this area, our study provides data 
that quantitatively evaluates TGR5 and NOX5, which may be 
related to its potential carcinogenic activity, in the diagnostic 
differentiation of RCC subtypes.

Limitations
This study has several limitations. Survival analysis, which 
could provide comprehensive prognostic inferences including 
clinical outcomes, was not performed due to insufficient 
follow-up data. The limitation of clinical data to age, gender, 
and tumor size limited the scope of multivariate analyses. 
However, as the first study to jointly evaluate TGR5 and 

NOX5 gene expression in RCC subtypes, it makes a significant 
contribution to the literature. The strengths of this study 
include the highly sensitive identification of gene expression 
levels in patients, the semi-quantitative determination of 
protein profiles of relevant genes in tissue samples, and the 
objective demonstration of gene expression correlation 
analyses and specificity with clinical data.

CONCLUSION
This study examined the expression levels of the TGR5 and 
NOX5 genes, demonstrating that these molecules may have 
potential diagnostic utility, particularly for the papillary 
RCC subtype. Our results revealed a significant covariation 
between the TGR5 gene and NOX5 in papillary RCC. Existing 
diagnostic techniques may be further improved by the data 
showing that TGR5 can be utilized as a novel biomarker, 
specifically in the diagnostic differentiation of papillary RCC. 
The incorporation of these novel markers into diagnostic 
procedures is essential due to the histological diversity of 
papillary RCC and its molecular profile, which partially 
overlaps with other subtypes. This study makes a substantial 
and unique contribution to the literature to enhance our 
understanding of the functions of TGR5 and NOX5 in 
tumor biology, as well as to the more precise definition of 
RCC subtypes.  The results lay a strong foundation for more 
thorough molecular and functional research in the future.
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ABSTRACT
Aims: Kinesiophobia affects functionality after lumbar surgery. However, the effectiveness of kinesiophobia in the early period 
after lumbar disc surgery (LDS) is unknown. This study aimed to compare the pain, disability, and quality of life of patients 
according to the level of kinesiophobia in the early period after LDS.
Methods: This cross-sectional study included 49 patients who underwent microscopic lumbar discectomy surgery. Patients were 
divided into two groups: high (>37 points) and low (<37 points) kinesiophobia according to the Tampa Scale of Kinesiophobia 
(TSK). At one week after LDS, pain intensity [Numerical Rating Scale (NRS)], disability [Oswestry Disability Index (ODI)], and 
quality of life (Short Form-36 (SF-36)) were evaluated.
Results: High kinesiophobia developed in 48.9% of the patients. In the high kinesiophobia group, low back and leg NRS and ODI 
scores were higher than in the low kinesiophobia group (p<0.05), and SF-36 sub parameter scores were lower (p<0.05) except 
emotional role (p=0.279). There was a positive correlation between TSK and low back (r=0.317, p=0.027) and leg NRS (r=0.348, 
p=0.014) and ODI (r=0.668, p<0.001), and a negative correlation with SF-36 sub parameters (p<0.05) except emotional role 
(p=0.198).
Conclusion: After LDS, kinesiophobia may develop in approximately half of the patients in the early period, and high 
kinesiophobia causes an increase in the severity of pain and disability of patients, and a deterioration in their quality of life. 
Therefore, kinesiophobia should be evaluated to improve functionality in the early period after surgery, and appropriate 
approaches should be used for better health outcomes.
Keywords: Kinesiophobia, LDS, pain, disability, quality of life

INTRODUCTION
Musculoskeletal system diseases are important health 
problems that significantly affect the quality of life of 
individuals. One of the most important musculoskeletal 
problems is low back pain, and approximately two-thirds 
of the population experiences low back pain at least once 
in their lifetime.1,2 Lumbar disc herniation (LDH) is one 
of the most common causes of pain in the lower back and 
lower extremities, causing functional disability as a result of 
activity limitation.2 LDH occurs at the L4-5 and L5-S1 levels 
at 95%, causing pain, numbness, and weakness in the lower 
extremities.1,3 Therefore, management of LDH is important. 
Most treatments are conservative in improving symptoms, 
but surgical procedures are used in resistant cases.4 In this 
context, microscopic lumbar discectomy surgery is one of 
the most frequently used surgical treatments that provides 
early recovery with advantages such as small incision, less 
traumatic surgical intervention, and shorter hospital stay.5,6 
However, even in the postoperative period, pain and disability 
may continue and affect individuals.7 This condition also 

causes fear, resistance, and avoidance of movement, resulting 
in kinesiophobia.8

Kinesiophobia is a psychosocial factor that causes avoidance of 
movement as a fear of activity or re-injury.9 The catastrophizing 
feeling of pain emerges as fear related to pain and causes a 
decrease in individuals’ self-efficacy.10 Although it is considered 
a defense against injury to the body in the acute phase,11 it may 
cause avoidance of necessary exercise and physical activity 
during the recovery period after LDH surgery. In addition, it 
may increase the risk of depressive symptoms by causing an 
increase in motor function and disability due to decreased 
physical activity in the chronic period.12 Increased severity 
of kinesiophobia is associated with increased pain intensity 
and functional impairment, and worsens quality of life.13 A 
longitudinal study showed that disability after lumbar spine 
surgery increased as the level of fear of movement increased.14 

Fear of movement is common before surgery in patients 
with low back pain and LDH.15 Additionally, this situation 
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negatively affects the exercise psychology of patients.14,15 
Exercise is important to support recovery in the post-surgical 
period.15 Therefore, it is important to evaluate kinesiophobia, 
which causes avoidance of exercise, in the post-surgical 
period and to examine the problems it causes. When the 
literature is reviewed, it has been reported that kinesiophobia 
may continue in the long term after lumbar surgery and may 
result in an increase in disability.14,16 However, the effect of 
kinesiophobia in the acute period after LDH operation is 
unknown. Exercises that begin and continue in the acute 
period, especially after lumbar disc surgery (LDS), are 
important to prevent possible complications and support 
the healing process.15 Therefore, this study aims to evaluate 
the kinesiophobia levels of individuals in the acute period 
after LDS and to compare pain, disability, and quality of life 
according to their kinesiophobia levels.

METHODS
Study Design
This study was conducted as an observational and cross-
sectional study. Patients who had undergone surgery due to 
LDH in the neurosurgery department between May and July 
2025 were included in the study. The study was approved by the 
Karabük University Non-interventional Clinical Researches 
Ethics Committee (Approval Date: 21.05.2025, Decision No: 
2025/2293), and this study was conducted in accordance with 
the Declaration of Helsinki. Before the study, the purpose 
of the study was explained to all patients, and their written 
and verbally informed consent was obtained. Patients were 
evaluated at a routine 1-week postoperative checkup. They 
were then divided into two groups: high and low based on 
their kinesiophobia levels. Pain intensity, disability, and 
quality of life were then assessed and compared across groups.

Participants
Fourty-nine patients who were diagnosed with LDH by 
a neurosurgeon as a result of clinical examination and 
magnetic resonance imaging (MRI) and required surgery 
were included in the study. Inclusion criteria were as follows: 
>18 years, persistent severe leg pain lasting 6 months despite 
conservative treatment, having undergone LDH surgery 
of any level due to disc herniation compatible with clinical 
findings on MRI, being at least 1 week after surgery, and 
being volunteers. Exclusion criteria were as follows: previous 
history of another spine surgery, prolonged bed rest before 
surgery, loss of walking ability or inability to care for oneself, 
surgical complications, and neurological dysfunction after 
surgery. Patients who met the inclusion criteria underwent a 
microscopic discectomy procedure under general anesthesia 
by a specialist neurosurgeon.17 Patients were discharged the 
day after surgery and invited for follow-up 7 days later.

Outcome Measures
Kinesiophobia: The Tampa Kinesiophobia Scale (TSK) was 
used to assess the level of kinesiophobia, which is known as 
the level of fear of movement and re-injury in individuals. The 
validity and reliability of the scale in Turkish were performed 
by Tunca et al.18 TSK consists of 17 questions with a 4-point 
Likert scoring (1=strongly agree, 4=strongly disagree). Items 
4, 8, 12, and 16 are reversed and summed; the total score 
varies between 17 and 68. The cut-off point for kinesiophobia 
is reported as 37 points. In this study, individuals with a score 
>37 were considered to have high kinesiophobia.

Pain: The ‘Numerical Pain Scale’ was used to assess the 
severity of pain perceived by individuals after surgery. The 
NRS is scored between 0 and 10 (0=no pain, 10=unbearable 
pain), and individuals were asked to mark the number 
appropriate for them.19

Disability: The severity of functional loss caused by 
postoperative low back pain was assessed with the Oswestry 
Disability Index (ODI). Yakut et al.20 performed a validity 
and reliability study of the ODI. The ODI evaluates 10 areas 
of disability in individuals (pain severity, carrying, walking, 
self-care, sitting, standing, sleeping, degree of change in 
pain, lifting, travel, and social life). Each item consists of six 
statements scored between 0-5 and the total score is between 
0-100. An increase in the scale score indicates an increase in 
disability. 

Quality of life: SF-36 was used to measure the level of quality of 
life perceived by individuals after surgery. This scale evaluates 
the life activities of individuals, and the questions consist of 
36 items. In addition, the scale consists of 8 sub-parameters. 
Physical role difficulty, pain, emotional role, general health, 
energy, social function, physical function, and mental health. 
Each sub-parameter takes a value between 0 and 100 points, 
and a high score indicates a good quality of life.21

Statistical Analysis
The G*power program determined the number of individuals 
to participate in the study. In this context, the number of 
individuals to participate in the study was determined as 
at least 48 individuals, 24 individuals in 2 groups, for 80% 
power, 5% margin of error and effect size (d)=0.827 to observe 
a difference in disability levels between the groups according 
to the level of kinesiophobia according to the sample analysis 
obtained from the pilot study.

Data analysis was performed using the SPSS 21.0 package 
program. Quantitative variables were analyzed for normal 
distribution using the Shapiro-Wilk test. Quantitative 
variables were presented using mean±standard deviation if 
they were normally distributed, median and interquartile 
range if they were not normally distributed, and categorical 
data were presented using n and percentage. In comparing 
individuals according to their kinesiophobia levels after 
surgery, student T test and Mann-Whitney U test were used, 
respectively, depending on whether the data were normally 
distributed or not. Categorical data were compared between 
groups using a chi-square test. Correlation coefficients were 
interpreted as follows: 0.20-0.39 as a weak relationship, 
0.40-0.69 as a moderate relationship, 0.70-0.89 as a strong 
relationship, and 0.90-1.00 as a very strong relationship.22 
Statistical significance was accepted as p<0.05.

RESULTS
This study included 49 patients who underwent operation 
due to lumbar disc pathologies. The patients’ demographic 
characteristics were questioned before the operation, and 
the operated disc levels were recorded after the surgery. 
One week after the operation, the patients were evaluated at 
the first control and divided into groups according to their 
kinesiophobia level. 48.9% of patients who underwent LDS 
developed high kinesiophobia. There was no statistically 
significant difference between the kinesiophobia groups 
in terms of demographic characteristics (p>0.05, Table 1). 
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Patients who were operated on at more than one level were 
included in the study, and when evaluated on a level basis, 
it was seen that patients in both groups were operated on at 
the L4-5 level at a rate of 66.7% and 80% for high and low 
kinesiophobia, respectively.

Table 1. Demographic characteristics of patients undergoing lumbar disc 
operation

High kinesiophobia 
(n=24)

Low kinesiophobia 
(n=25) p

Age, years 54.63±8.20 51.16±6.70 0.112

Gender, female; male, n (%) 19 (79.2%);5 (20.8%) 18 (72%);7 (28%) 0.560

Weight, kg 73.29±5.29 74.32±7.84 0.592

Height, cm 163.00±4.86 165.04±6.50 0.222

BMI, kg/m2 27.57±1.33 27.26±2.24 0.562

Disc herniation level, n (%)

   L2-3 2 (8.3%) 1 (4%) 0.527

   L3-4 3 (12.5%) 4 (16%) 0.726

   L4-5 16 (66.7%) 20 (80%) 0.291

   L5-S1 12 (50%) 10 (40%) 0.482

BMI: Body-mass index, L: Lumbar

Patients with high levels of kinesiophobia had significantly 
higher postoperative back and leg pain and disability levels 
(p<0.05, Table 2). In addition, patients with high levels of 
kinesiophobia had lower quality of life parameters, except 
emotional role (p=0.279), compared to those with low levels 
of kinesiophobia (p<0.05, Table 2).

Table 2. Comparison of pain, disability and quality of life according to 
patients’ kinesiophobia level

High kinesiophobia 
(n=24)

Low kinesiophobia 
(n=25) p

TSK 45.75±5.33 29.00±5.95 <0.001*

NRS, back pain 4 (3-5) 3 (2.5-4) 0.028*

NRS, leg pain 3 (2-4) 2 (1.5-2) 0.007*

ODI 35.12±7.40 27.44±9.56 0.003*

SF-36

   General health 29.37±16.83 48.20±21.69 0.001*

   Physical functioning 36.87±20.99 52.00±27.19 0.035*

   Physical role 25 (25-50) 75 (25-100) 0.018*

   Mental health 42.50±25.04 64.96±21.79 0.002*

   Bodily pain 36.87±21.35 57.60±18.86 0.001*

   Emotional role 33.35 (33.33-91.66) 66.67 (33.33-100) 0.279

   Vitality 31.04±20.85 59.20±21.53 <0.001*

   Social functioning 41.60±25.72 71.48±18.96 <0.001*

TSK: Tampa Scale of Kinesiophobia, NRS: Numeric Rating Scale, ODI: Oswestry Disability Index, 
SF: Short form; *p<0.05

The relationship between TSK and other parameters is 
presented in Table 3. There was a weak positive correlation 
between TSK score and NRS back (r=0.317, p=0.027) and leg 
(r=0.348, p=0.014) pain severity, and a moderate correlation 
with ODI (r=0.668, p<0.001). The TSK score negatively 
correlated with quality-of-life subparameters (p<0.05), except 
emotional role (p=0.198).

Table 3. Relationship between TSK and pain, disability and quality of life

Correlation coefficients (r) p

NRS, back pain 0.317* 0.027*

NRS, leg pain 0.348* 0.014*

ODI 0.668** <0.001**

SF-36

General health -0.501** <0.001**

Physical functioning -0.487** <0.001**

Physical role -0.446** 0.001

Mental health -0.482** <0.001**

Bodily pain -0.606** <0.001**

Emotional role -0.187 0.198

Vitality -0.619** <0.001**

Social functioning -0.700** <0.001**

TSK: Tampa Scale of Kinesiophobia, NRS: Numeric Rating Scale, ODI: Oswestry Disability Index, 
SF: Short form, *p<0.05; **p<0.01

DISCUSSION
This study found that kinesiophobia may develop in 
approximately half of the patients in the acute period after 
LDS, and that patients with high kinesiophobia had increased 
pain intensity and disability, and worsened quality of life. 
In addition, an increase in the level of kinesiophobia in 
patients was associated with an increase in pain intensity and 
disability, and a worsened quality of life.

After LDS, patients’ pain intensity in their legs decreases. 
Despite this significant improvement, patients may develop 
kinesiophobia.8 It has been reported that poor pain control 
is common after spine surgery, and this rate varies between 
30% and 64% in the postoperative period.23 It has been 
reported that patients have moderate pain intensity after 
lumbar surgery, especially in the chronic period.24 Even if 
the pain intensity decreases, the fact that the pain continues 
also contributes to the development of kinesiophobia.9 
Kinesiophobia is an important symptom to manage as it can 
lead to the development of a fear of movement and avoidance 
of exercise necessary to promote healing.15 Previous studies 
have reported the presence of kinesiophobia even in the long 
term after lumbar discectomy.8,14,25 Svensson et al.8 reported 
that 45% of patients had kinesiophobia even 10-34 months 
after surgery, and patients with higher kinesiophobia had 
greater back and leg pain severity.8 However, information on 
kinesiophobia in the early postoperative period is not clear. 
This study showed that approximately half of the patients 
developed kinesiophobia in the short term after lumbar 
discectomy. In addition, patients with high kinesiophobia 
levels had higher low back and leg pain severity than patients 
with low kinesiophobia. Even if the severity of pain after 
surgery decreases compared to before surgery, patients may 
continue to have a fear of pain.26 For this reason, it may cause 
inactivity in patients and avoidance of exercises necessary 
for recovery.27 This resulted in an increase in pain intensity 
in patients with high kinesiophobia. In addition, as the 
severity of fear of movement improved, the severity of pain 
perceived by the patients also increased. Kinesiophobia may 
have contributed to the increase in perceived pain intensity by 
causing an increase in patients’ depression level and a decrease 
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in their self-efficacy.8 Although pain is a defense against 
acute injuries in the body, the increased pain intensity with 
kinesiophobia may affect the healing process. Therefore, the 
presence of kinesiophobia should be questioned in the early 
postoperative period, and rehabilitation approaches aimed at 
changing pain perception should be applied.

Disability is an important problem that causes functional 
inadequacy in individuals due to low back pain and related 
factors. This condition adversely affects the recovery process 
in patients after LDH surgery.8,28 It has been reported that 
the level of disability in patients after lumbar discectomy 
and elective surgery decreases.14,29 Despite this reduction, 
previous studies have shown that disability after LDH 
surgery affects patients and varies in severity from minimal 
to moderate disability.8,16 Cognitive behavioral factors are 
important factors that cause the development of pain and 
disability in these patients.30 Kinesiophobia, known as the 
fear of movement, also makes it difficult to cope with pain 
and affects patients due to negative outcome expectations.26,30 
A previous study reported that 65.2% of patients developed 
kinesiophobia after lumbar spine fusion surgery and that 
patients had a high level of fear of exercise. It has also been 
reported that the level of disability is higher in patients with 
high kinesiophobia.16 Another study reported that 10-34 
months after standard open lumbar discectomy, patients with 
high levels of kinesiophobia had moderate disability, which 
was higher than those without kinesiophobia.8 It has also been 
showed that kinesiophobia predicts more pain and disability 
in patients after the 6th week.30 Although previous studies have 
shown that kinesiophobia after lumbar surgery is associated 
with increased long-term disability,8,16,30 the relationship 
between kinesiophobia and disability in the early period after 
lumbar discectomy is unknown. The results of this study 
reported that patients with high kinesiophobia had higher 
levels of disability in the early period after LDS. In addition, 
as kinesiophobia increased, disability also increased. These 
results show that kinesiophobia in the early period directly 
affects not only pain perception but also functionality. In 
addition, catastrophic thoughts about pain, anxiety levels, 
and treatment expectations may also contribute to an 
increase in the level of disability in patients.30,31 In general, 
rehabilitation performed in the early period (1 month) 
after lumbar spine surgery reduces disability.27 However, 
the presence of kinesiophobia may slow down the recovery 
process by affecting participation in rehabilitation. Therefore, 
kinesiophobia should be evaluated in patients from the early 
period after LDS. 

Quality of life varies depending on physical and mental 
condition, social relationships, environment, beliefs, 
opinions, and views.32 Individuals with LDH experience 
deterioration in their quality of life due to the pain and 
disability they experience.33 Previous studies have reported 
that individuals have improved their quality of life in the 
medium and long term after lumbar surgery.14,34 However, 
quality of life is affected by kinesiophobia not only in terms 
of physical recovery but also in psychological state. Pan et 
al.16 reported that patients with kinesiophobia had lower self-
efficacy perception after lumbar fusion surgery.16 Svensson et 
al.8 reported that quality of life, assessed with the European 
quality of life in 5 dimensions questionnaire, was worse in 
the kinesiophobia group 10-34 months after open lumbar 
discectomy.8 This study showed for the first time that patients 

had a high rate of kinesiophobia in the early period after LDS 
and that patients with high kinesiophobia had a worse quality 
of life. Furthermore, as the level of kinesiophobia increased, 
the quality of life also worsened. Kinesiophobia affected the 
physical, mental, and social functions as well as the general 
health of the patients after lumbar surgery; however, the 
emotional role was not affected by kinesiophobia. Social 
support provided during the post-surgical recovery process 
may have supported individuals emotionally.35 In addition, 
since it was an early period after surgery, expectations that 
the treatment would have positive results may not have 
been affected by kinesiophobia. Therefore, the effect of 
kinesiophobia on the quality of life of patients after lumbar 
surgery should be evaluated, and the necessary psychosocial 
support should be provided.

Considering all these parameters, clinical practice 
demonstrates the need not only for physical rehabilitation 
but also for early interventions targeting kinesiophobia. In 
particular, patient education, cognitive-behavioral therapy, 
and approaches to reduce movement avoidance can accelerate 
recovery by changing patients’ misguided beliefs. Integrating 
such psychosocially based strategies with conventional 
physical therapy methods can enhance functional recovery 
and positively impact long-term outcomes.

Limitations
This study has several limitations. First, the cross-sectional 
design makes establishing a cause-and-effect relationship 
between kinesiophobia and related factors difficult. Second, 
evaluating kinesiophobia in the long term as well as the early-
term effect may reveal the underlying causes of this relationship 
more clearly and allow for the monitoring of kinesiophobia 
changes. In addition, the relatively small sample size and 
single-centered nature of the study is a limitation that may 
affect the generalizability of the results. Finally, kinesiophobia 
before surgery was not assessed. Preoperative kinesiophobia 
levels may have also affected postoperative fear of movement, 
pain, disability, and quality of life. The strength of this study 
is that it is one of the limited studies that questioned the 
presence of kinesiophobia in the early period after LDS and 
determined its effects on pain, disability, and quality of life. 
This situation shows pioneering results for the psychosocial 
examination of the patient from the early period.

CONCLUSION
As a result, kinesiophobia is seen at high rates in patients 
in the early period after LDS, and it has been found that 
pain intensity and disability increase, and quality of life 
deteriorates in patients with high kinesiophobia. It has also 
been determined that the rise in the level of kinesiophobia 
in patients is associated with increased pain intensity and 
disability and deterioration in quality of life. Therefore, in 
addition to classical physical therapy approaches for functional 
recovery from the early period, it is important to evaluate and 
intervene in individuals’ beliefs about pain, anxiety about 
movement, and avoidance behaviors in the early period.
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