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Abstract

Aim: Insulin resistance (IR) is a crucial characteristic of type 2 diabetes mellitus (T2DM)
and can also occur independently or in other conditions such as obesity and metabolic
syndrome. Oxidative stress significantly contributes to IR pathology. Ischemia-modified
albumin (IMA) is a biomarker of oxidative stress and has been studied for its potential
link to IR. This study aimed to identify the relationship between IMA levels and IR.
Materials and Methods: We conducted a prospective study involving 101 IR patients
without diabetes mellitus and 101 healthy controls. HOMA-IR was used to classify IR
and control groups. IMA levels were measured using a colorimetric method. The groups’
IMA values were compared, and correlations between IMA and other parameters were
determined.
Results: There was no statistically remarkable difference in IMA levels between the IR
and control groups (p=0.27). In addition, no significant correlation was observed between
IMA and HOMA-IR (p=0.60). Significant differences were found in glucose, insulin, and
HOMA-IR levels between the IR and control groups (p<0.001 for insulin and HOMA-IR,
p<0.01 for glucose).
Conclusion: Despite higher IMA levels in the IR group, the difference was not statisti-
cally notable, and no significant correlation with HOMA-IR was found. This may be due
to the finite number of patients with high HOMA values, the need for more precise data
on body mass index, and longer follow-up. Further prospective studies are necessssary to
define the connection between IMA and IR.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Insulin resistance (IR) is elucidated as the lack of appro-
priate response by muscle, fat, and liver cells to insulin.
Therefore, increased blood glucose levels are observed be-
cause of decreased glucose uptake by tissues [1]. The pan-
creas tries to compensate by producing more insulin to
help absorb the glucose. Over time, this leads to beta-cell
problems and can result in type 2 diabetes (T2DM). IR is
a hallmark feature of T2DM, but it can also be observed
in obesity, hypotyroidism, Gestational diabetes mellitus,
and metabolic syndrome [2]. The extant research evidence
substantiates a strong and direct relationship between ox-
idative stress and insulin resistance (IR) [3, 4]. Oxidative
stress is characterized as a state where an overabundance
of reactive oxygen species (ROS) surpasses the inadequate
cellular antioxidant defenses, significantly contributing to
the pathophysiology of IR. These ROS interfere with in-
sulin signaling pathways through oxidative modifications,

∗Corresponding author:
Email address: dr.azizsenerr@gmail.com ( Aziz Sener)

either by tyrosine nitration or serine phosphorylation of
key proteins [5, 6]. Consequently, there is an impairment in
either the insulin receptor itself or its downstream signal-
ing molecules, which reduces glucose uptake in both adi-
pose tissues and muscle. Moreover, the production of ROS
also amplifies the existing inflammatory reaction by trig-
gering nuclear factor kappa B, thereby enhancing the pro-
duction of pro-inflammatory cytokines [7]. This inflamma-
tory milieu also contributes to the worsening of insulin re-
sistance. This chronic oxidative environment may lead to
endoplasmic reticulum stress and mitochondrial dysfunc-
tion, thereby promoting cellular damage [8]. Thus, these
mechanisms, taken together, disrupt metabolic homeosta-
sis and participate in the progressive nature of insulin re-
sistance as well as its complications.
Ischemia-modified albumin (IMA) is a changed form of
serum albumin that arises under an ischemic background
owing to oxidative stress. The N-terminal region of al-
bumin undergoes structural changes during ischemia, re-
ducing its metal-binding capacity, particularly for cobalt,
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making IMA a valuable biomarker for ischemic events and
oxidative stress [9]. Various studies have shown that IMA
has both diagnostic and prognostic value in diseases char-
acterized by oxidative stress [10]. Studies have also showed
a connection between IMA levels and IR [11, 12]. The close
relationship between IR and oxidative stress and the fact
that IMA indicates oxidative stress explain the possible
relationship between IR and IMA.
In this study, we aimed to evaluate IMA levels in a cohort
with insulin resistance and in a control group. In this way,
we aimed to assess the relation between IMA and IR.

Materials and Methods
Patient selection
This prospective study included 101 IR patients with-
out DM (serum glucose levels between 70-100 mg/dL and
HbA1c level between 4%-6%) and 101 healthy controls be-
tween the ages of 15 and 60. The exclusion criteria for the
study included a documented history of DM, the use of
medications such as corticosteroids that induce insulin re-
sistance, ongoing pharmacological treatments, a history of
malignancy, recent or chronic infections, and the presence
of any other underlying diseases.
Study was conducted in accordance with the principles
outlined in the Declaration of Helsinki. Ethical approval
was granted by the Ethics Committee of Ankara Dr. Sami
Ulus Training and Research Hospital on April 20, 2022,
under protocol number E-2022/04-326. Informed con-
sent was not obtained from patients, as the research in-
volved a retrospective analysis of anonymized blood test
results. These results were used solely for disease mon-
itoring and included waste blood samples collected for
ischemia-modified albumin (IMA) measurements.

Grouping and cut-off values
HOMA-IR values were calculated using fasting insulin and
fasting glucose levels in the patient and control groups for
both sexes. Individuals with HOMA-IR values exceeding
2.5 formed the insulin resistance (IR) patient group, while
those with HOMA-IR values at 2.5 or lower made up the
control group.

Laboratory measurements
Glucose levels were measured using the hexokinase method
on an AU 5800 analyzer (Beckman Coulter), while in-
sulin levels were determined through the chemilumines-
cence method on an Advia Centaur XPT system (Siemens
Healthcare).
Blood samples from all subjects were collected by
venipuncture in serum separating tube, and instantly cen-
trifuged at 4,000 X g for 10 min at 4 C in terms of their
rutine blood analysis. Waste serum samples for IMA mea-
surement were frozen at -20°C up to the working day. On
the day of the study, all samples were brought to room
temperature, and the study was completed on the same
day, and the results were evaluated. A colorimetric de-
termination method based on the cobalt binding property
of albumin was used to determine the IMA level, and the
colored compound formed by dithiothreitol and cobalt II,

which does not bind to albumin, was measured colorimet-
rically. Measurements were made on a Human Huma-
lyzer 2000 spectrophotometer at 470 nm, and the results
were obtained using an absorbance unit (ABSU) [13]. The
intra- and inter-study coefficient of variation (CV) deter-
mined for this method was lower than 3.6%.

Statistical analysis

All statistical analyses were examined with IBM SPSS
Statistics for Windows, Version 24.0. (Armonk, NY: IBM
Corp.). The normal distribution was assessed through
the Kolmogorov-Smirnov test, kurtosis and skewness of
the data distribution. An independent samples t-test was
conducted to evaluate statistically notable differences be-
tween the groups. Chi-square test was conducted to as-
sess the gender distribution differences along the groups.
The relationship between IMA and the parameters was in-
vestigated using the Pearson correlation test. Descriptive
statistics were expressed as mean ± standard deviation.
Statistical significance was set at p < 0.05 for all analyses.
To determine the appropriate sample size, a priori power
analyses were conducted using G*Power software (version
3.1.9.7). For the independent samples t-test, with param-
eters set at α = 0.05, an effect size of d = 0.5, and a statis-
tical power of 0.95, the minimum required sample size to
compare two groups was calculated as 176. The study in-
cluded 202 participants, exceeding the required threshold
to ensure sufficient power for the analysis. Similarly, for
the Pearson correlation analysis, with a significance level
of α = 0.05, an effect size of r = 0.30, and a power of
0.80, the minimum sample size needed was 178. Since the
actual sample size was 202, the study had adequate power
to detect meaningful correlations.

Results

The mean age was 30.42±11.41 years in the control group
and 27.76±11.52 years in the group with insulin resistance.
The mean IMA was 0.37±0.10 (ABSU) in the control
group and 0.39±0.17 (ABSU) in the group with insulin
resistance (Table 1).

Table 1. Comparison of parameters between groups.

Parameters Insulin resistant group Control group p-value

(n=101) (n=101)

Age (years) 27.76 ±11.52 30.42±11.41 0.10a

Gender
75/26 76/25 0.99b

(Female/Male)

IMA (ABSU) 0.39±0.17 0.37±0.10 0.27a

Glucose (mg/dL) 91.94±7.98 88.64±5.94 <0.01a

Insulin (pmol/L) 21.56±10.06 7.39±2.51 <0.001a

HOMA-IR 4.89±2.39 1.61±0.55 <0.001a

Parameters were compared between the two groups. The gender parameter
was compared with Chi-square test and other tests were compared with
Independent T-Test. P-values less than 0.05 are considered statistically

significant for Independent T-Testa and Chi-Square testb and are shown in
bold. Continuous variables are presented as mean ± standard deviation.
Abbrevations: IMA, ischemia modified albumin; HOMA-IR, homeostasis
model assessment for insulin resistance; ABSU, absorbance unit.
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Table 2. Correlation analysis of IMA with other parameters.

Parameters r-value p-value

Age -0.02 0.81

Glucose -0.11 0.11

Insulin -0.02 0.74

HOMA-IR -0.04 0.60

Pearson correlation test was used to determine relation between IMA and
parameters. P-values less than 0.05 are considered statistically significant
for Pearson correlation test. None of the parameters showed statistically
significant correlation with IMA. Abbrevations: IMA, ischemia modified
albumin; HOMA-IR, homeostasis model assessment for insulin resistance;
r-value. Pearson correlation coefficient.

Figure 1. Box plot showing the distribution of IMA values according to
groups. Abbrevations: IMA, ischemia modified albümin.

It is found that there was no statistically remarkable differ-
ence between the control group and the group with insulin
resistance regarding age and IMA (p=0.10 and p=0.27 re-
spectively) (Figure 1).
There was a statistically remarkable disparity between the
control group and the group with insulin resistance regard-
ing glucose, insulin, and HOMA-IR parameters (p<0.01
for glucose, p<0.001 for insulin and HOMA-IR).
It is found that there was no statistically notable correla-
tion between IMA and age, glucose, insulin, and HOMA-
IR (p=0.81, p=0.11, p=0.74 and p=0.60 respectively) (Ta-
ble 2).

Discussion
Although IR is a hallmark of T2DM, IR can be seen in
many clinical conditions and on its own. Oxidative stress
plays a vital role in the pathology of IR. IMA draws at-
tention as an important parameter to indicate oxidative
stress. This study inspected the relation between IMA and
IR in a cohort aged 15-60 years. Although the IMA levels
were higher in the IR group than in the control group, the
disparity was not statistically significant. There was also
no notable correlation between IMA and HOMA-IR.
IR alone has been established as a separate risk factor
for endothelial dysfunction, cellular damage and cardio-
vascular events, even in patients without T2DM [12, 14].
Gast KB et al. conducted a meta-analysis of 65 (involv-
ing 516,325 participants) published between 2011 and 2012
and found possible relationships between cardiovascular

disease (CVD) and fasting glucose, fasting insulin and
HOMA-IR values. This study found that cardiovascular
disease (CVD) risk was greater when HOMA-IR increased
by one standard deviation compared to when fasting glu-
cose or insulin concentration increased by one standard
deviation. Additionally, research suggests that including
HOMA-IR in a cardiovascular risk prediction model could
be advantageous [15]. Mottillo and colleagues also eval-
uated the relationship between metabolic syndrome and
CVD. They conducted a meta-analysis of 87 studies (in-
volving 951,083 participants) published until 2009. They
found that all components of CVD and metabolic syn-
drome were separately related. They reported that the
overall risk is higher than the sum of the individual risks
of the components [16].
In a study conducted by Yigitbası et al., they examined
IMA and oxidative stress parameters in obese and IR,
obese and non-IR, and control groups. They found that
obesity or IR had no effect on IMA and no notable dispar-
ity between the groups regarding the oxidative stress index
[17]. In a study conducted by Ates et al. in obese women
with and without IR, it was found that the IMA value was
lower in the group with IR. They also found no significant
correlation between IMA and IR [18]. In a study by Kaza-
nis et al. on postmenopausal women, IMA was positively
correlated with body mass index, insulin and HOMA-IR.
They also found that obesity was the strongest determi-
nant of IMA levels in regression analysis [19].
There are varying results in studies in the literature. In
our study, we found no significant difference among the
groups regarding IMA and no correlation between IMA
and HOMA-IR. This may be attributed to the insufficient
number of patients with high HOMA values. The mean
HOMA in our patient group is 4.89 (±2.39). Only 5 of our
patients have an HOMA value above 10. In addition, we
could have obtained more precise results if we had included
the body mass indexes of our sample group in the study.
Moreover, we could have obtained more precise results if
we could have followed the patients for a while.
Previous studies have reported elevated IMA levels in var-
ious conditions associated with insulin resistance and dia-
betes mellitus (DM). Reddy et al. found high IMA levels
in diabetic patients, particularly in those with retinopathy
[20]. D’Souza et al. also reported remarkably increased
IMA levels in T2DM patients, both with and without com-
plications [21]. Similarly, Gulpamuk B et al. observed
higher IMA values in diabetic patients with proliferative
retinopathy, suggesting its utility as an indicator for mon-
itoring tissue ischemia in DM [22].
Recent studies have highlighted the relationship between
IMA and inflammation, as evidenced by high levels of high-
sensitivity C-reactive protein (hs-CRP). In patients with
T2DM, both IMA and hs-CRP levels were observed to be
significantly elevated in relation to healthy controls, sug-
gesting that hyperglycemia and inflammation may con-
tribute to the observed increase in IMA levels. The posi-
tive correlation between hs-CRP and IMA levels indicates
that inflammation, alongside oxidative stress, plays a sig-
nificant act in the pathophysiology of ischemia and related
complications in diabetic patients. This association under-
scores the complex interplay between oxidative stress, in-
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flammation, and the progression of insulin resistance [23].
Considering that the IR pattern is well established in
DM and that conditions other than IR, such as accu-
mulation of advanced glycation end products and chronic
hyperglycemia-induced activation of the polyol pathway,
contribute to oxidative stress, IMA is expected to be ele-
vated in DM patients. Most studies on this topic analyze
the connection between IR and IMA in patients with DM.
The novelty and strong aspect of our study is that it ap-
plied the diagnosis of DM as an exclusion criterion and
inspected the connection between IR and IMA only in the
presence of IR. It is the first study in this category. In ad-
dition, applying strict exclusion criteria is another strong
aspect of our study. We think that our study will also shed
light on future prospective studies.

Conclusion
In conclusion, IR is a serious condition. IR can lead to
complications even when seen independently rather than
as part of T2DM or other clinical conditions. More com-
prehensive and prospective studies are required.

Ethical approval
Ethical approval was granted by the Ethics Committee of
Ankara Dr. Sami Ulus Training and Research Hospital on
April 20, 2022, under protocol number E-2022/04-326.
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Abstract

Aim: This study aimed to assess the knowledge level, attitudes, and satisfaction with
family medicine services among healthcare workers at Haydarpaşa Numune Education
and Research Hospital (HNEAH).
Materials and Methods: A face-to-face questionnaire was administered to healthcare
personnel at HNEAH to collect data on sociodemographic characteristics, knowledge, at-
titudes, behaviors, and satisfaction with family medicine practices. The questionnaire
included items designed to measure participants’ familiarity with family physicians, uti-
lization of family medicine services, and satisfaction levels.
Results: Among the participants, 63% were under 30 years of age, 57.8% were female,
and 37.2% were doctors. Approximately 80.4% of the employees were enrolled in the
family medicine system, and 75% knew their assigned family physician. Despite this high
enrollment rate, 45.5% of participants had not visited their family physician in the past
year. The primary reasons for visiting family physicians included proximity (56.7%), while
the most cited barrier was the mismatch between working and service hours (44.5%).
Conclusion: The study highlights that while healthcare workers reported high levels of
satisfaction with family medicine services, the knowledge of family medicine practices was
significantly influenced by age and the frequency of visits to family physicians in the past
year. These findings underscore the need for targeted educational initiatives to improve
awareness of family medicine and encourage greater utilization of primary care services.
Future research should focus on exploring participant preferences and barriers to optimize
the effectiveness of family medicine services.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
The primary objective of primary health care services is
to provide comprehensive curative and preventive health
services that do not require hospitalization. These ser-
vices represent the first point of contact for individuals
seeking treatment and play a critical role in ensuring ac-
cessible, equitable, and effective healthcare delivery [1].
In Turkey, primary health care institutions include health
houses, family health centers, medical practices, tubercu-
losis dispensaries, maternal and child health centers, and
community health centers [2].
Family medicine, also referred to as general practice, is
an academic and scientific discipline rooted in the princi-
ples of primary care. It encompasses a structured program
and curriculum, an evidence base, and practical clinical
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applications [3]. Family physicians, as the cornerstone of
family medicine, are uniquely equipped to manage the dis-
ease process at all stages, provide holistic care, and build
meaningful patient relationships. They bear significant re-
sponsibility not only for individual health but also for the
well-being of society as a whole [4,5].

Previous studies have highlighted varying levels of knowl-
edge and attitudes toward family medicine practices in dif-
ferent populations, emphasizing their critical impact on
the effective utilization of primary care services. Lim-
ited awareness and negative perceptions of family medicine
have been associated with underutilization of preven-
tive services, delayed healthcare-seeking behavior, and in-
creased strain on secondary and tertiary healthcare sys-
tems. Understanding these dynamics is essential to ad-
dressing barriers to care, improving patient outcomes, and
optimizing the role of family medicine within the health-
care system.

Assessing knowledge and attitudes about family medicine
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practices is essential for enhancing public engagement with
these services, promoting preventive care, and reducing the
burden on higher-level healthcare institutions. Investigat-
ing these factors not only contributes to the growing body
of literature on primary care but also provides actionable
insights for policymakers, educators, and healthcare prac-
titioners.

The purpose of this study is to evaluate the knowledge, at-
titudes, and behavioral characteristics of healthcare per-
sonnel regarding family medicine practices. By explor-
ing these dimensions, the study aims to identify gaps in
knowledge, examine the factors influencing attitudes, and
offer evidence-based recommendations for strengthening
primary healthcare delivery.

The increase in patients seeking secondary health care
without first consulting a family physician can be at-
tributed to multiple factors. One significant reason is the
absence of a mandatory referral system, which has been
shown in previous studies to effectively regulate patient
flow and promote the use of primary care services in coun-
tries with similar healthcare structures [6]. Additionally,
individuals may perceive their conditions as chronic and
opt for secondary care to access more comprehensive diag-
nostic and therapeutic services. The general approach of
health institutions, the design of the social security system,
and the demands of a technology-driven, modern lifestyle
further exacerbate the preference for secondary care ser-
vices. Furthermore, perceived deficiencies in staffing and
technological infrastructure within primary care facilities
discourage patients from seeking family medicine services,
contributing to the underutilization of primary care [7].

This study evaluates the knowledge, attitudes, and prac-
tices of healthcare professionals at HNEAH regarding fam-
ily practice, with the aim of identifying barriers to primary
care utilization and proposing strategies for improving the
effectiveness of family medicine services.

Materials and Methods

Patient protocol

The study admitted to the ethical standards summa-
rized in the Declaration of Helsinki, and the Haydarpasa
Numune Training and Research Hospital Clinical Re-
search Ethics Committee granted approval (Protocol No:
HNEAH-KAEK 2016/KK/89, Date: 26.09.2016). Partici-
pant Selection: The participants were selected from a total
of 301 health personnel (doctors, nurses, midwives, health
officers, psychologists, dieticians and other allied health
personnel) working at HNEAH between 26/10/2016 and
26/12/2016. The patient group comprised volunteers aged
18 and above who had consented to participate in the
study. No selection was made in the research, and the
general scope of the research was included. Prior to the
evaluation, the patients were informed about the study
and provided written consent. The questionnaire com-
prised two sections: a sociodemographic data form and a
series of questions designed to assess the knowledge, atti-
tudes and behaviours of the employees in relation to family
practice. The aforementioned questions were answered in
a face-to-face interview format.

Participant selection
The participants were selected from a total of 301 health
personnel (doctors, nurses, midwives, health officers, psy-
chologists, dieticians and other allied health personnel)
working at HNEAH between 26/10/2016 and 26/12/2016.
The patient group comprised volunteers aged 18 and above
who had consented to participate in the study. No selec-
tion was made in the research, and the general scope of the
research was included. Prior to the evaluation, the patients
were informed about the study and provided written con-
sent. The questionnaire comprised two sections: a sociode-
mographic data form and a series of questions designed to
assess the knowledge, attitudes and behaviours of the em-
ployees in relation to family practice. The aforementioned
questions were answered in a face-to-face interview format.

Inclusion criteria for the study

The following individuals were eligible to participate in the
study

1. Being a health personnel working in our hospital
2. Being over 18 years of age
3. Being a volunteer
4. Having completed the questionnaire form in its en-

tirety.

Exclusion criteria
1. Those not employed as health personnel within our

hospital
2. Those under the age of 18
3. Those not volunteering.

The sociodemographic characteristics of the patients se-
lected according to these criteria were recorded by ques-
tioning age, sex and occupation, respectively.

Technique
Evaluation

The responses provided by the participants to the infor-
mation questions were evaluated on a scale of 1 (affirma-
tive) to 0 (negative or unknown). Their knowledge levels
were subsequently scored. The knowledge score regard-
ing the duties of family practice exhibited considerable
variation, with a range of 0 to 46. A total of 46 points
will be awarded when all questions are answered correctly.
An intermediate-level knowledge score was accepted as 23,
with 23–33 points classified as moderate, 33–40 points as
good, and above 40 points as very good. A higher score
indicates a higher level of knowledge. In order to ascertain
the level of satisfaction with family practice, participants
were invited to assign a score between 1 and 5, with 1 indi-
cating the lowest level of satisfaction and 5 indicating the
highest level of satisfaction.

Statistical examination
The data obtained from the study were subjected to analy-
sis using the SPSS (Statistical Package for Social Sciences)
for Windows 22.0 software. Descriptive statistical meth-
ods, including number, percentage, mean, and standard
deviation, were employed for the evaluation of the data.
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A two-sample t-test was employed to evaluate the statis-
tical significance of quantitative continuous data between
two independent groups. Similarly, a one-way analysis of
variance (ANOVA) test was utilized to assess the statisti-
cal differences between more than two independent groups.
A Scheffe test was employed as a supplementary post-hoc
analysis to ascertain the discrepancies subsequent to the
ANOVA test. Pearson correlation and regression analyses
were conducted to examine the relationship between the
continuous variables under investigation.

Hypothesis testing methods and assumptions
Independent Samples t-Test

Purpose: To compare quantitative continuous data be-
tween two independent groups.
Assumptions: The data of the groups should follow a nor-
mal distribution, tested using the Kolmogorov-Smirnov
test (n > 50) or the Shapiro-Wilk test (n ≤ 50). Variances
between the groups should be homogeneous, assessed using
Levene’s test.

One-Way ANOVA Test

Purpose: To compare quantitative continuous data among
more than two independent groups.
Assumptions: The data of the groups should follow a nor-
mal distribution. Variances between the groups should be
homogeneous, tested using Levene’s test. If the ANOVA
result indicated a significant difference, the Scheffe test
was applied to identify which groups differed.

Pearson correlation analysis

Purpose: To examine the linear relationship between con-
tinuous variables.
Assumptions: Both variables should follow a normal dis-
tribution. There should be a linear relationship between
the variables.

Regression analysis

Purpose: To evaluate the effect of independent variables
on the dependent variable.
Assumptions: There should be a linear relationship be-
tween the independent variables and the dependent vari-
able. Residuals should follow a normal distribution. There
should be no multicollinearity among the independent vari-
ables.

Normal distribution and variance homogeneity
checks
- Normal distribution compliance;

• The Kolmogorov-Smirnov test was applied when the
number of participants was > 50.

• The Shapiro-Wilk test was applied when the number
of participants was ≤ 50.

- Skewness and Kurtosis values were considered acceptable
if they fell within the range of +2.0 to -2.0.
- Variance homogeneity was evaluated using Levene’s test.

Evaluation of results

The findings were evaluated with a 95% confidence interval
and a 5% significance level (p < 0.05).

Results

The study population was predominantly young, with ap-
proximately 63% of participants aged 30 years or younger.
Women constituted 57.8% of the sample, and the majority
of participants were physicians (37.2%) (Table 1).

An evaluation of the health institution to which the partic-
ipants of our study applied, with the exception of cases of
emergency, revealed that approximately half of the partic-
ipants (49.8%) had applied to the Training and Research
Hospital. Upon inquiry as to the number of visits to a
family physician in the preceding year, 45.5% of respon-
dents indicated that they had not consulted with a family
physician. As the study was conducted in HNEAH, it was
anticipated that the initial institution to which the partic-
ipants applied, with the exception of emergencies, would
be EAH (Table 2).

Approximately 75% of the participants indicated that they
had a preexisting relationship with their family physi-
cian. Despite participants demonstrating adequate knowl-
edge regarding vaccination and newborn examination, the
level of knowledge about cancer screening by family physi-
cians remained below 50%. While 80% of respondents
were aware that childhood vaccinations were conducted
in ASMs, more than 70% were also cognizant of the fact
that family physicians performed chronic disease follow-up
screening and pregnancy follow-up (Table 3).

The most significant reasons for the participants’ prefer-
ence, as identified through evaluation, can be classified
into three primary categories: proximity to one’s residence
(56.7%), accessibility to minor health concerns (52.4%),
and the influence of a medical prescription (49.4%). The
least common reason for attending was to monitor the
progress of a pregnancy. The primary reason cited by
those who did not attend a family physician appointment

Table 1. Distribution of demographic characteristics of participants.

Tables Groups Frequency (n) Percentage (%)

Age

18-25 years 84 27.9
26-30 age 106 35.2
31-35 age 36 12.0
36-40 years 35 11.6
41-45age 23 7.6
Over 45 17 5.6
Total 301 100.0

Gender
Woman 174 57.8
Male 127 42.2
Total 301 100.0

Profession

Doctor 112 37.2
Nurse 89 29.6
Midwife 15 5.0
Other 85 28.2
Total 301 100.0
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Table 2. Behavioural status of people in family practice.

Tables Groups Frequency (n) Percentage (%)

Health Institution Referred to Other Than Emergency

Training and Research Hospital 150 49.8
University Hospital 9 3.0
State Hospital 44 14.6
Private Hospital Private Practice 30 10.0
Registered Family Physician 52 17.3
Any Family Doctor 3 1.0
Nowhere 13 4.3
Total 301 100.0

Number of visits to the family physician in the last
one year

Never been there 137 45.5
Once 70 23.3
Between 1-5 75 24.9
More than 5 19 6.3
Total 301 100.0

Table 3. Distribution of knowledge about family practice and duties of family physicians.

Tables Groups Frequency (n) Percentage (%)

Familiarity with the family physician
Yes 225 74.8
No 76 25.2
Total 301 100.0

The family doctor performs immunisation in
infancy and childhood

Yes 242 80.4
No 20 6.6
No opinion 39 13.0
Total 301 100.0

The family doctor screens for colorectal,
breast and cervical cancer

Yes 127 42.2
No 73 24.3
No opinion 101 33.6
Total 301 100.0

The family physician performs the necessary
examinations and follow-ups in pregnant
women

Yes 241 80.1
No 30 10.0
No opinion 30 10.0
Total 301 100.0

The family physician carries out chronic
disease follow-up and screening of people
registered with him/her (such as diabetes,
hypertension, thyroid disease, heart disease)

Yes 217 72.1
No 26 8.6
No opinion 58 19.3
Total 301 100.0

was the incompatibility of the appointment time with their
work schedule (44.5%) (Table 4).

The responses provided by the participants to the infor-
mation questions were scored as either "1" (affirmative)
or "0" (negative or "no idea"). These scores were then
used to assess the participants’ knowledge levels. A to-
tal of 46 points can be obtained when all questions are
answered correctly. In our study, the mean score for the
level of knowledge about the duties of family physicians
was found to be 27.203 ± 10.531, indicating a moderate
level of knowledge. Upon inquiring of the participants as
to the extent of their satisfaction with the family physi-
cian, a score between 1 and 5 was requested, with 1 repre-
senting the lowest level of satisfaction and 5 the highest.
The results indicated a high level of satisfaction (3.880 ±
1.101).

When calculating the level of satisfaction with family prac-

tice, it can be stated that even when only those who gave
a rating of "4" or "5" are considered, the percentage of
satisfaction is 62.8% (Table 5).

Discussion
The objective of our study was to evaluate the knowl-
edge, attitudes and behaviours of healthcare profession-
als working in HNEAH with regard to family practice. In
our study, approximately half of the participants initially
sought care at the PHC, except in cases of emergency. In
contrast, the study conducted by Oyan [8] in 2013 on pa-
tients applying to Istanbul Faculty of Medicine observed
that a significant proportion (38%) initially sought care
at the State Hospital, while 35% initially sought care at
the University Hospital. The high number of applications
to EAH observed in our study can be attributed to the
fact that the study was conducted on Haydarpaşa Numune

54



Kurt Canpolat E. et al. Original Article 2025;32(2):51–56

Table 4. Attitudes towards family practice.

Tables Groups Frequency (n) Percentage (%)

The most important reasons for choosing a
family doctor

Close by location 93 56.7
Trust in the physician 51 31.1
Minor health problems can be dealt with there 86 52.4
Having laboratory facilities 29 17.7
Dressing, injections 44 26.8
Protective services 30 18.3
Family planning 23 14.0
Printing a prescription 81 49.4
Pregnancy follow-up 20 12.2
Infant and child follow-up 35 21.3
Health report 62 37.8
Other 1 0.6

Reasons for not visiting the family doctor

I do not trust 3 2.2
I don’t like the family doctor 2 1.5
Inadequate laboratory facilities 17 12.4
Not suitable for my working hours 61 44.5
I don’t know where he is 21 15.3
Other 52 38.0

Table 5. Average level of knowledge and satisfaction with family practice.

N Centre Ss Min. Max Ranj

Level of knowledge about the duties of family practice 301 27.203 10.531 1.000 46.000 0-46
Satisfaction with family practice 164 3.880 1.101 1.000 5.000 1-5

EAH employees.

While 18.3% of our participants proceeded to the regis-
tered FH or any FH as the initial institution consulted
when they encountered a health issue, this figure was
14.1% in Oyan’s study [8], which aligns with our findings.
In a study conducted in Kayseri province in 2011 among
patients who applied to ASMs [9], it was observed that
approximately half of the individuals preferred to initiate
the first step in addressing their health concerns. It can
be concluded from these findings that there is a parallel
between the location of the studies and the initial insti-
tution to which patients apply. It was established that
the location of the study was the primary point of contact
for individuals seeking healthcare services. Nevertheless,
it would be erroneous to extrapolate these findings to the
entire country.

In our study, 45.5% of participants reported never having
visited an FH centre in the previous year, representing
approximately half of the total sample. In Oyan’s study
[8], the corresponding figure was 42.1%, which is consistent
with our own findings.

The majority of participants (80.4%) were registered in
the family practice system, and 75% of them had a known
family physician. In a study conducted on 1,016 students
at Gümüşhane University in 2010 [10], only 20% of the par-
ticipants were registered with the family practice system,
and only 7% were aware of their family physician. The pi-
lot implementation of family practice commenced in Düzce
province in 2005 and was subsequently implemented in all
provinces across Turkey in 2014. As our study was con-

ducted towards the end of 2016, it is anticipated that the
level of enrolment in the family practice system and the
level of recognition of the family physician will be higher
than that reported in a study conducted in 2010.

In our study, the most common reasons for preferring a
family physician were that it was conveniently located and
that they could address minor health concerns at the FHC
and obtain a prescription (Table 5). In another study [8],
the most common reasons for visiting a family physician
were to have a prescription written and to have tests and
treatment when ill, which are similar to those reported
in our study. In our study, the percentage of individu-
als who selected a family physician for the follow-up of
healthy children remained at 21.3%. This figure contrasts
with the findings of a UK-based study, in which the pri-
mary reason for visiting a family physician was for the
examination of healthy children [11]. In a separate study
conducted in Turkey [9], it was observed that the majority
of participants sought only therapeutic services, with min-
imal demand for preventive services such as vaccination,
pregnancy follow-up, and family planning. Furthermore,
the desired level of success in preventive services was not
achieved in this study.

The level of satisfaction with family practice in our study
was 62.8%, while a study conducted on 1,001 patients who
applied to GATA revealed that 73.4% of participants were
satisfied with family practice services. This satisfaction
rate is comparable to those observed in numerous other
studies on family practice satisfaction [12].
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Limitations
1. As the study was conducted in an ECAH, the findings
cannot be generalised to healthcare professionals working
outside of this context.
2. As the study was conducted on a sample of 301 indi-
viduals, it is not possible to generalise the results to the
entire population.

Conclusion
The findings of our study, along with those of numer-
ous other studies in this field, indicate that the major-
ity of individuals prefer to seek care from specialists or
other healthcare providers, rather than from family physi-
cians, when they experience a health issue. This results
in an increased financial and personnel burden on higher-
level health institutions, effectively nullifying the impact of
initiatives and expenditures made to strengthen primary
care. In light of the proven efficacy of primary care ser-
vices in countries such as the United Kingdom and the
Netherlands, where a referral system is in place, the intro-
duction of a similar system in our country could ensure a
more optimal utilisation of primary care resources. It is
our contention that the implementation of specific regula-
tory measures at the state level, aimed at encouraging the
utilisation of the step system in health services, will facil-
itate a more optimal utilisation of primary care resources
and mitigate the burden on higher-level health services.

Ethical approval
The study admitted ethical clearance from the Scientific
Research Ethics Committee of Haydarpasa Numune Train-
ing and Research Hospital (Protocol No: HNEAH-KAEK
2016/KK/89).
This study is based on the findings of our 2017 thesis, en-
titled "Evaluation of Knowledge, Attitude and Behavioral

Features of Our Hospital Staff About Family Practice"
(Thesis number 463991).
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Abstract

Aim: Our aim in this study was to evaluate the implantation success in local endometrial
injury in patients undergoing intrauterine insemination following induction of ovulation
with gonadotropins.
Materials and Methods: In this prospective randomized controlled study, 62 patients
undergoing gonadotropin-assisted ovulation induction after intrauterine insemination were
included. Thirty patients with hysteroscopy-related injuries were included in Group 1 and
32 control patients who underwent hysteroscopy alone were included in Group 2.
Results: The rates of clinical pregnancy (16.6% [5/30] vs. 18.7% [6/32]; p = 0.8),
abortion (3.3% [1/30] vs. 3.1% [1/32]; p = 0.9), and multiple pregnancy (3.3% [1/30] vs.
3.1% [1/32]; p = 0.9) were similar between the two groups.
Conclusion: There were no significant differences in clinical pregnancy, multiple preg-
nancy, or abortion rates between the groups. The intervention group underwent hystero-
scopic injury in the follicular phase before gonadotropin-induced intrauterine insemination,
while the control group underwent hysteroscopy only.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Creating mature follicles, ensuring ovulation, and elim-
inating cervical factors can increase pregnancy rates in
intrauterine insemination (IUI) performed with ovulation
induction. Since IUI is cheap, easy, and noninvasive, it
is the first method that should be used in cases of unex-
plained infertility [1,2]. Implantation failure is a possible
cause of unexplained infertility [3]. Blastocyst invasion of
the endometrium occurs during the implantation window
[4]. During this period, there is a reciprocal interaction
between the embryo and the endometrium.. If the uterus
can not become receptive, this reciprocation is impaired,
and implantation fails [5]. Many different methods are
mentioned to increase the success of insemination [6,7].
Endometrial injury (EI) has attracted much attention for
improving implantation success. This method aims to in-
crease pregnancy rates by causing injury in a patient’s IUI
cycles before initiating assisted reproductive techniques.

∗Corresponding author:
Email address: serhatege782@gmail.com ( Serhat Ege)

Interfering with the endometrium may increase the secre-
tion of cytokines, growth factors, and adhesive molecules
by modulating gene expression, hence providing the basis
for implantation [7-11].
The current study aims to investigate the local im-
plantation success of EI in patients having IUI after
gonadotropin-induced ovulation.

Materials and Methods
Sixty-two infertile patients admitted to the infertility poly-
clinic in a tertiary center hospital, Gynaecology and Ob-
stetrics department participated in this prospective ran-
domized controlled trial (RCT).
According to World Health Organization (WHO) rules
[12], male factor infertility was defined as sperm count less
than 15×106/mL, overall motility less than 40%, or normal
forms less than 4%. Aberrant semen parameters with >5%
normal morphology and >5×106/mL motile spermatozoa
recovered following sperm preparation were characterized
as mild male factor infertility [13].
The following patients were excluded from the study:
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Table 1. The demographic and clinical characteristics of the patients in the study groups.

Group 1 Group 2 P-value
(n = 30) (n = 32)

Age (years) (mean ± SD) 26.5±3.6 26.15±4.4 0.463
Duration of infertility (years) 3.08±1.04 3.22±1.05 0.313
BMI (kg/m2) 24.51±1.71 24.29±1.88 0.353
Basal FSH (mIU/mL) 4.63±1.16 4.63±1.25 0.974
Basal LH (mIU/mL) 4.85±0.89 4.65±1.12 0.13
E2 (pg/mL) 47.92±5.89 47.21±5.21 0.7078
TSH (ng/dL) 2.8±1.1 3.08±1.47 0.107
PRL (ng/mL ) 14.46±2.63 14.35±1.68 0.709
Sperm count ×106/mL 24.33±6.48 25.32±3.48 0.151
Follicles >18 mm(milimeter) on hCG administration 1.23±0.5 1.51±0.5 0.862
Endometrıum thickness on day of hCG (mm) 11.48±1.52 11.61±1.61 0.538
Total gonadotropin (IU/L) 524.77±68.32 527.11±52.96 0.771

Values presented as mean ± SD. BMI: body mass index, LH: luteinizing hormone, FSH: follicle stimulating hormone, TSH: thyroid stimulating
hormone, PRL: prolactin, E2: estradiol.

Table 2. Summary of the outcome and success of both intervention groups in the study.

Hysteroscopy with injury Hysteroscopy P-value
(n = 30) (n = 32)

Clinical pregnancy 5/30 (16.6%) 6/32 (18.7%) 0.8
Multiple pregnancy 1/30 (3.3%) 1/32 (3.1%) 0.9
First-trimester abortion 1/30 (3.3%) 1/32 (3.1%) 0.9

Values are presented as mean ± SD or n (%).

those with male factor infertility, those with anovulatory
cycles, those over 39 or under 18 years of age, smokers,
women with a history of chronic medication or disease,
and those who had not undergone IUI or canceled their
appointment.
Patients who met these criteria and applied to the out-
patient clinic were assigned to the intervention, the clinic
nurse assigned participants to two groups: the interven-
tion group (Group 1) and the control group (Group 2).
Group 1 included 30 patients who received hysteroscopic
endometrial injury, while Group 2 consisted of 32 patients
who underwent hysteroscopy without injury. Patients who
met the criteria but had no follicle development during
follow-up were also excluded from the study.

Treatment protocol
On the third day of the menstrual cycle, ovulation induc-
tion was started in both groups with 75 IU gonadotropins
(Gonal-F pen, follitropin alfa, Merck & Co., Inc.). In
all patients, hysteroscopic scissors (Karl Storz Endoscopy)
were used to create an injury on the posterior endometrial
wall during the follicular phase, specifically 5 to 7 days
before the IUI cycle.
EI was conducted by filling the uterine cavity with nor-
mal saline solution at 100–120 mmHg of pressure without
using a speculum or tenaculum and without anesthesia or
analgesia. In the control group, only office hysteroscopy
was performed, and no EI was carried out.
Transvaginal ultrasonography was used to measure the
number and size of follicles at 3- to 5-day intervals af-
ter ovulation induction. Afterwards, serum estradiol lev-

els were assessed, and gonadotropin dosage adjustments
were made periodically. In the absence of ovarian hyper-
stimulation (E2 > 3000) or multiple pregnancy (follicular
count >4) risk, a single dosage (250 mcg/0.5 mL) of hu-
man chorionic gonadotropin (hCG) (Ovitrelle, Merck &
Co., Inc.) was given subcutaneously when a dominant fol-
licle (18 mm and above) was produced.
The same researcher used sterile procedures to do IUI 36
hours following ovulation. Vaginal progesterone (Crinone
8%, Merck & Co., Inc.) was used to support the luteal
phase following IUI. Fourteen days following IUI, serum
beta-hCG levels were assessed to identify pregnancies.
Transvaginal ultrasonography was used to diagnose preg-
nancy by detecting the presence of the fetal heartbeat and
gestational sac during 5th and seventh week of gestation.
A clinical diagnosis of pregnancy was made if both were
present. Early loss of pregnancy occurring before 12 weeks
of gestation was considered an abortion.
All volunteers signed informed consent and also gave ver-
bal consent to participate in our study. The Declaration of
Helsinki’s ethical guidelines for medical research involving
human participants were followed (ethics committee no.
147).

Statistical analysis

The statistical data was analyzed using Statistical soft-
ware Package for Social Sciences version 18 (SPSS ve 18.0)
(IBM,USA), > Contiuous (mean ± SD). When compar-
ing quantitative data, normally distributed variables were
compared using the Student’s t-test, while the data that
showed non-normal distribution were compared using the
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Mann-Whitney U test. The qualitative data were com-
pared using a chi-square test. Any p value less than 0.05
was considered to be statistical significant.

Results
Sixty-two patients undergoing intrauterine insemination
(IUI) were enrolled in this study and randomly assigned
to two groups: an intervention group receiving office hys-
teroscopy (OH) with endometrial injury (EI) (n = 30) and
a control group undergoing OH only (n = 32). Baseline
characteristics, including age, BMI (kg/m²), duration of
infertility, basal LH (mIU/mL), basal E2 (pg/mL), basal
FSH (mIU/mL), and sperm count, were similar between
the groups. No statistically significant differences were
found between groups regarding the day of hCG admin-
istration, total gonadotropin dose per cycle (IU/L), the
number of mature follicles (≥18 mm), and endometrial
thickness on the day of hCG administration (Table 1).
As shown in Table 2, there were no significant differences
between groups in the rates of multiple pregnancies (3.3%
[1/30] vs. 3.1% [1/32]; p = 0.9), clinical pregnancies
(16.6% [5/30] vs. 18.7% [6/32]; p = 0.8), and abortions
(3.3% [1/30] vs. 3.1% [1/32]; p = 0.9).

Discussion
In our study, no significant difference was found in the clin-
ical pregnancy, live pregnancy and abortion rates among
the study groups.
IUI with ovulation induction should be the first choice in
cases of unexplained infertility [1]. Pregnancy rates have
been reported to be 7% for each cycle in IUI conducted
with clomiphene citrate (CC) and 12% for IUI conducted
with gonadotropins [14].
Many studies have been performed to increase the preg-
nancy rates slightly using EI. Soliman et al. [15] concluded
that EI performed with CC and human menopausal go-
nadotropin (Merional) in the follicular phase increased the
pregnancy rate after an IUI deficiency. Wadhwa et al. [16]
evaluated the effect of EI on IUI outcome, they concluded
that EI in the follicular phase was associated with a bet-
ter clinical pregnancy rate compared to injury in the luteal
phase of the previous menstrual cycle. Bahaa Eldin et al.
[17] assessed EI performed with a Pipelle catheter in the
follicular phase of the stimulation cycle combined with IUI
and found that the results were significantly bettwe. In a
study conducted by Zarei et al. [18], EI performed in the
follicular phase showed no significant difference in the live
pregnancy and abortion rates of the control groups. We
studied hysteroscopic injury with gonadotropins, and we
found no statistical difference in the treatment group com-
pared with the control group in terms of the outcomes of
insemination.
A systematic review on EI with IUI stated that 8 RCTs
[15–22] with total of 1,871 IUI cycles (and 1,523 partici-
pants) were included . Patients got EI in 998 IUI cycles,
while no intervention was carried out in 873 IUI cycles
the EI had significantly superior results over the control
groups in terms of . In terms of clinical pregnancy rate
(CPR),[ongoing pregnancy rate (OR) = 2.27; p <.00001;
data from 1,871 IUI cycles)]. In addition, follicular-EI

was associated with a statistically significantly higher CPR
(OR = 2.57; p < .00001) in comparison with the controls.

Various studies report superior results in patients who
were injured in the follicular phase and the controls [15,
17, 20]. Our results did not support these observations.
We believe that the number of studies ragrding this area
of research are insufficient and that more comprehensive
studies are needed in future. Furthermore, studies vary
in the type of patients included, the type and timing of
intervention, and the number of IUI cycles. Therefore,
comparing and drawing conclusions is problematic due to
the large number of confounding factors.

The reviews published on yhis subject have no definitive
results on whether the endometrial injury improves CPR,
LBR, or ongoing pregnancy rates in women undergoing
IUI or having sexual intercourse. The quality of evidence
was rated as low or very low [23]. Furtyhermore, another
review stated that that endometrial injury improved CPR
(odds ratio (OR) 2.27, P < 0.00001) and ongoing preg-
nancy rates (OR 2.04, P = 0.004) in patients undergoing
IUI. Endometrial injury did not increase the risk of multi-
ple pregnancy, miscarriage, or ectopic pregnancy [24].

Key advantages of this study include the use of hys-
teroscopy in both groups, allowing for the detection of
intrauterine pathologies potentially missed by ultrasound
(USG) and enabling intervention for minor pathologies
such as polyps. A limitation is that hysteroscopic scis-
sor injury may cause greater pain than injuries induced by
other devices (e.g., pipelle, Karman cannula, aspiration
catheter, or endometrial brush).

Conclusion

Clinical pregnancy, multiple pregnancy, and abortion
rates did not differ significantly between the intervention
group (hysteroscopic injury in the follicular phase before
gonadotropin-induced IUI) and the control group (hys-
teroscopy only).
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Abstract

Aim: This study aimed to investigate the effects of percussion massage therapy applied
to the paravertebral muscles on pain, functionality, flexibility, kinesiophobia, and quality
of life in individuals with mechanical low back pain.
Materials and Methods: The study enrolled 40 individuals diagnosed with non-specific
low back pain. Participants were randomly assigned to one of two groups: percussion
massage therapy (PMT) or conventional therapy (CT). Both groups participated in a
6-week treatment program. Pain levels were evaluated using the Visual Analog Scale
(VAS), functionality was assessed with the Oswestry Disability Scale (ODS), flexibility
was measured via the Sit-and-Reach Test, kinesiophobia was assessed using the Tampa
Scale for Kinesiophobia (TSK), and quality of life was measured with the Short Form-36
(SF-36). Assessments were performed both before and after the treatment period. The
CT group engaged in exercises focused on strengthening, stabilization, and stretching of
the lumbar region, while the PMT group received percussion massage therapy targeting
the paravertebral muscles in addition to conventional physiotherapy.
Results: Post-treatment, both groups significantly improved all assessment parameters
(p<0.05). However, the PMT group demonstrated greater effectiveness compared to the
CT group in terms of ODS, TSK, VAS, Sit-and-Reach Test, and the physical role limita-
tion, emotional function, social function, pain, and general health subscales of the SF-36
(p<0.05).
Conclusion: This study concluded that incorporating percussion massage therapy, a
novel approach in literature, into the rehabilitation program for individuals with mechan-
ical low back pain may be an effective treatment addition.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Non-specific low back pain (NLBP) is a significant health
issue and one of the leading causes of chronic pain prob-
lems in adults, with no established specific rehabilitation
program for its treatment. Epidemiological studies have
shown that psychosocial and work-related factors play a
significant role in the occurrence and recurrence of low
back pain [1]. Low back pain is a common condition with
various etiologies, affecting an estimated 70-80% of the
global population. The majority of these cases (approxi-
mately 95%) are attributed to mechanical causes [2]. Un-
like other types of low back pain, mechanical low back
pain typically worsens with movement and improves with
rest. Causes include poor posture, excessive strain, and

∗Corresponding author:
Email address: bmenek@medipol.edu.tr ( Burak Menek)

structural predisposition. Non-mechanical causes of low
back pain, such as infections, tumors, fractures, metabolic
disorders, and referred pain from internal organs, must be
excluded before a diagnosis of mechanical low back pain
can be made [3]. Medical interventions and physiotherapy
are frequently employed in the management of NLBP, with
the primary goal of both approaches being to optimize
pain relief and improve the patient’s quality of life [4]. A
systematic review found that, among pharmacological in-
terventions for NSLBP, NSAIDs and muscle relaxants offer
the most favorable risk-benefit ratio for pain and disability
management. However, exercise and manual therapy are
considered more effective first-line treatments and should
be prioritized over pharmacological options [5]. Exercise
therapy is an effective treatment for NLBP, with stud-
ies demonstrating its ability to reduce chronic pain and
improve functional capacity. Recommended exercises in-
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clude strengthening, flexibility, and stabilization exercises
[6]. Vibration therapy has become increasingly common
in rehabilitation settings over the past decade. This ther-
apy can be applied using WBV platforms, which deliver
vibrations to the entire body, or through localized per-
cussion massage devices for more targeted treatment [7].
Percussion massage therapy (PMT) is a widely used my-
ofascial intervention that has been shown to reduce pain,
increase blood circulation, enhance scar tissue healing, re-
duce muscle spasms, improve lymphatic drainage, inhibit
the Golgi tendon reflex, and increase joint range of motion
[8]. Despite their growing popularity among athletes and
therapists, the evidence supporting the purported benefits
of percussion massage devices remains limited. These de-
vices, which combine traditional massage with vibration,
are thought to enhance flexibility, performance, and recov-
ery, but further research is needed to establish their defini-
tive effects [9]. Percussion massage devices, typically pow-
ered by electricity or batteries, deliver rapid, compressive
forces to myofascial tissue using a variety of attachments. 1
Popular brands like Theragun and Hypervolt offer devices
for both self-massage and professional use. These devices
operate at varying frequencies, with some models reach-
ing up to 53 Hz, and offer interchangeable heads to target
specific tissues [10]. A review of the literature indicates
that studies on percussion massage therapy have predom-
inantly involved healthy individuals and athletes, with a
primary focus on assessing the effects of this therapy on
flexibility, muscle strength, and range of motion [11]. Per-
cussion massage devices are increasingly used in sports and
clinical settings, but there is a gap between their popular-
ity and the available evidence to guide their use. Limited
research, a lack of clinical practice guidelines, and scarce
information on how health professionals utilize these de-
vices contribute to this gap. To date, most studies have
focused on the effects of percussion massage therapy on
joint range of motion and muscle stiffness [9,11–13]. This
study investigated the effects of adding percussion massage
therapy to a conventional exercise program for the man-
agement of NSLBP. We hypothesized that this combined
approach would be superior to exercise alone in improving
pain, flexibility, kinesiophobia, functionality, and quality
of life.

Materials and Methods
Study design and participants
This single-blind, randomized controlled trial included 42
participants with non-specific low back pain (NSLBP) re-
cruited from Yeni Huzur Hospital. The study protocol
was approved by the Non-interventional Ethics Commit-
tee at Istanbul Medipol University (Approval Number: E-
10840098-202.3.02-238/3), and all participants provided
written informed consent. Participants were randomly as-
signed (1:1 ratio) to either a percussion massage therapy
(PMT) group or a conventional therapy (CT) group using
randomizer.org. A physical medicine and rehabilitation
specialist diagnosed NSLBP based on clinical evaluation
and exclusion of "red flag" indicators. Individuals with
specific pathologies (e.g., disc herniation, spinal stenosis,
fractures) or those who had received treatment for low
back pain within the past six months were excluded. As-

sessments were conducted before and after the 6-week in-
tervention period. The study flow diagram is presented in
Figure 1.

Conventional therapy group

All participants received a standardized treatment pro-
gram consisting of stretching and strengthening exercises,
transcutaneous electrical nerve stimulation (TENS), and
ultrasound (US) therapy. TENS was applied to the par-
avertebral muscles at 100 Hz for 20 minutes, while US
was administered to the lumbar region at 1.5 W/cm² for 6
minutes. Stretching exercises targeted the quadratus lum-
borum, hamstrings, multifidus, and iliocostalis muscles,
with each stretch held for 15 seconds and repeated five
times. Strengthening exercises focused on the hip exten-
sors, lumbar extensors, and abdominal muscles, consisting
of three sets of 10 repetitions. The complete program was
conducted over 6 weeks, with three sessions per week, and
was tailored to individual tolerance and progression under
the supervision of a physiotherapist.

Percussion massage therapy group

In addition to the conventional therapy program, the PMT
group received percussion massage therapy using a Hyper-
volt device (Hyperice, CA, USA). The treatment was ap-
plied to the paravertebral muscles at 40 Hz and medium
intensity (level 2) for 5 minutes per side, twice a week for 6
weeks, following the manufacturer’s instructions [11,14,15]
(Figure 2). The soft-top attachment (number 5 head) was
used in a distal-to-proximal direction, with gentle skin con-
tact and no additional pressure. This intervention was
performed prior to the exercise program with participants
in the prone position. After the study, participants in the
CT group were offered the option to receive PMT.

Outcome measures

Outcome measurements were conducted before and after
the 6-week treatment period by an independent, experi-
enced physiotherapist blinded to group allocation.

Pain

Participants’ pain levels during activity were assessed us-
ing the Visual Analog Scale (VAS), a self-reported measure
of pain intensity. Participants marked their pain level on a
10-cm line, with 0 indicating "no pain" and 10 represent-
ing "unbearable pain." Higher VAS scores correspond to
greater pain intensity [16,17].

Functionality

The Oswestry Disability Index (ODI) was used to assess
functionality. This self-reported questionnaire evaluates
the impact of low back pain on daily activities. It consists
of ten items, each with six response options ranging from 0
to 5, with higher scores indicating greater disability. The
total score is calculated as: ((total score / 10) x 5) x 100,
with a maximum possible score of 50 [18].
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Figure 1. Design and flow chart of the study.

Figure 2. Percussion massage therapy.

Flexibility

The Sit-and-Reach Test was used to assess flexibility. Par-
ticipants sat on the floor with their feet flat against a test-
ing bench and reached forward as far as possible while
keeping their knees extended. The distance reached be-
yond the edge of the bench was recorded in centimeters
(positive values for distances beyond the bench, negative
values for distances short of the bench). The highest of
two attempts was recorded [19,20] (Figure 3).

Kinesiophobia

Kinesiophobia was assessed using the TSK, a 17-item ques-
tionnaire designed to evaluate fear of movement in indi-
viduals with chronic musculoskeletal pain. Responses are
scored on a 4-point Likert scale (1 = strongly disagree to
4 = strongly agree), with a total score ranging from 17 to
68. Higher scores indicate greater kinesiophobia [21,22].

Figure 3. Sit and reach test.
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Quality of life

The SF-36, a widely used health survey, was used to assess
overall health status and quality of life. This tool evaluates
eight health domains: physical functioning, social func-
tioning, role limitations (physical and emotional), mental
health, vitality, pain, and general health perception. Each
domain is scored from 0 to 100, with higher scores indicat-
ing better health and functional capacity [23,24].

Statistical analysis
This study hypothesized that adding percussion massage
therapy (PMT) to a conventional exercise program would
be more effective than conventional therapy alone in man-
aging non-specific low back pain (NSLBP) by improving
pain, flexibility, kinesiophobia, functionality, and quality
of life. Using G*Power, a sample size of 36 participants
was estimated to achieve 80% power with an effect size of
0.25 (α = 0.05, 1-β = 0.80) [25]. To account for potential
dropout, the study was initiated with 42 participants (21
per group). Data were analyzed using IBM SPSS Statis-
tics 26.0 (IBM Corp., Armonk, NY, USA). Skewness and
kurtosis values were within the acceptable range for nor-
mal distribution (±2.0 for skewness, <7.0 for kurtosis),
thus parametric tests were used [26]. Categorical char-
acteristics were compared using chi-square tests (Pearson
chi-square/Fisher’s exact test). Independent samples t-
tests were used to compare baseline characteristics and
post-treatment outcomes between groups. Paired samples
t-tests were used for within-group comparisons. Statistical
significance was set at p<0.05.

Results
Forty participants with NSLBP completed this study, with
20 in the PMT group and 20 in the CT group. The groups
were comparable in terms of demographic characteristics
(Table 1). Both groups showed significant improvements in
all outcome measures after treatment (p<0.05) (Table 2).
No treatment-related complications occurred. However,
one participant in each group withdrew due to unrelated
medical or logistical reasons. Between-group comparisons
revealed that the PMT group experienced significantly

Table 1. Distribution of demographic and physical characteristics of the
study population.

Variables PMT CT p-value
(mean±SD) (mean±SD)

Age (years) 48.65 ± 6.05 47.10 ± 4.54
0.366

(Min-Max) 48.00 (40-60) 46.50 (41-56)

Gender, n (%)
0.749Male 8 (40%) 9 (45%)

Female 12 (60%) 11 (55%)

Height (cm) 166.65 ± 8.67 171.45 ± 7.66
0.071

(Min-Max) 168.00 (150-186) 172.00 (155-183)

Weight (kg) 73.95 ± 10.90 73.35 ± 11.02
0.863

(Min-Max) 75.00 (48-89) 75.50 (55-89)

PMT, Percussion massage therapy group; CT: conventional therapy,
SD: standard deviation, kg: kilogram, cm: centimeter.

greater improvements in most measured parameters, in-
cluding the ODI, TSK, VAS, and Sit-and-Reach Test, as
well as the physical role limitation, emotional function,
social function, pain, and general health subscales of the
SF-36 (Table 3). No significant differences were found be-
tween groups for the physical function, vitality, and mental
health components of the SF-36 (p<0.05).

Discussion
This study compared the effects of conventional exercise
alone versus conventional exercise combined with percus-
sion massage therapy (PMT) on pain, flexibility, kinesio-
phobia, functionality, and quality of life in individuals with
mechanical low back pain. Both groups showed improve-
ments in all parameters after treatment. However, the
PMT group demonstrated significantly greater improve-
ments in pain, flexibility, disability, kinesiophobia, and
several aspects of quality of life.
These findings are consistent with previous research on vi-
bration therapy for low back pain. Jung et al. found that
core stabilization exercises combined with vibration were
more effective in reducing pain in adolescents with me-
chanical low back pain [27]. Similarly, studies have shown
that whole-body vibration combined with exercise is more
effective in reducing pain in individuals with lumbar in-
stability [28]. Mansuri et al. also reported that vibra-
tion therapy using a Theragun device effectively reduced
low back pain in bus drivers [29]. This study demon-
strated that adding percussion massage therapy (PMT)
to a conventional exercise program resulted in greater im-
provements in pain, flexibility, disability, kinesiophobia,
and several aspects of quality of life compared to conven-
tional therapy alone in individuals with mechanical low
back pain. These findings are consistent with previous
research on vibration therapy for low back pain. For ex-
ample, Jung et al. found that core stabilization exercises
combined with vibration were more effective in reducing
pain in adolescents with mechanical low back pain. Sim-
ilarly, whole-body vibration combined with exercise has
been shown to be more effective than exercise alone in
reducing pain in individuals with lumbar instability. Fur-
thermore, Mansuri et al. reported that vibration therapy
using a Theragun device effectively reduced low back pain
in bus drivers. Yang et al. [15] also found that six weeks
of percussion massage therapy reduced pain and improved
functionality in firefighters with chronic non-specific low
back pain, concluding that it is an effective and safe treat-
ment strategy [15]. Similarly, in our study, the reduction
in pain levels in the PMT group was more pronounced
and statistically significant, consistent with the literature.
Pozo-Cruz et al. indicated that 20 Hz vibration therapy
administered over 12 weeks was an effective treatment for
improving lumbar region functionality in individuals with
mechanical low back pain [30]. Welling and colleagues [31]
demonstrated the effectiveness of short-term PMT in re-
ducing pain and improving lumbar function in individuals
with NSLBP. Importantly, they found that PMT’s benefits
were not solely attributable to a placebo effect, suggest-
ing a genuine therapeutic impact [31]. In another study, 30
Hz vibration therapy applied to office workers with chronic
low back pain was reported to contribute more to improv-
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Table 2. Comparison of changes in outcome measures within and between the groups.

Variables
PMT

p-value
Cohen d CT

p-value
Cohen d

(mean±SD) (%95 CI) (mean±SD) (%95 CI)
Pre Post Pre Post

VAS 6.30±0.92 2.40±1.35 <0.001t 4.277 5.85±0.81 2.45±1.05 <0.001t 3.852
(2.853; 5.688) (2.555; 5.137)

ODS 36.53±10.17 13.62±5.09 <0.001t 2.509 30.53±8.22 15.79±4.93 <0.001t 2.481
(1.596; 3.406) (1.576; 3.370)

Sit and Reach Test 12.80±6.41 6.25±7.45 <0.001t -2.814 8.05±6.65 5.60±6.96 <0.001t -1.806
(-3.796; -1.816) (-2.516; -1.078)

TKS 44.65±6.70 32.75±6.18 <0.001t 2.001 41.60±7.42 34.15±8.49 <0.001t 1.622
(1.224; 2.761) (0.939; 2.286)

SF-36/ Physical Function 65.00±18.85 85.00±9.46 <0.001t -1.605 52.75±15.17 72.25±13.81 <0.001t -1.622
(-2.266; -0.926) (-2.287; -0.939)

SF-36/ Role Physical 22.50±21.31 63.92±23.43 <0.001t -2.826 30.63±21.64 55.00±24.80 <0.001t -1.528
(-3.812; -1.825) (-2.170; -0.867)

SF-36/ Bodily Pain 29.00±17.29 59.50±14.11 <0.001t -2.017 34.00±15.90 54.13±16.33 <0.001t -2.057
(-2.781; -1.235) (-2.832; -1.265)

SF-36/ General Health 40.75±15.75 59.13±14.49 <0.001t -1.669 36.75±15.75 47.80±12.56 <0.001t -1.494
(-2.345; -0.975) (-2.129; -0.841)

SF-36/ Vitality 45.13±8.05 55.38±10.83 <0.001t -1.277 43.25±15.41 52.50±16.90 <0.001t -1.628
(-1.864; -0.673) (-2.294; -0.943)

SF-36/ Social Function 38.00±18.22 64.48±15.23 <0.001t -1.840 35.00±12.57 53.75±12.89 <0.001t -2.471
(-2.559; -1.104) (-3.357; -1.569)

SF-36/ Role Emotional 32.48±30.80 73.30±25.61 <0.001t -1.669 36.63±23.92 63.30±26.28 <0.001t -1.299
(-2.345; -0.975) (-1.890; -0.690)

SF-36/ Mental Health 52.20±6.42 61.80±10.76 <0.001t -1.133 52.40±10.37 58.60±14.29 <0.001t -0.569
(-1.689; -0.558) (-1.036; -0.089)

PMT: percussion massage therapy, CT: conventional therapy; VAS: visual analog scale, ODS: oswestry disability scale, TKS: tampa
kinesiophobia scale, SF-36: short form-36, SD: standart deviation. P-values were calculated using the Independent Samples t-test, with p<0.05
deemed significant.

ing functionality compared to a conventional exercise pro-
gram, suggesting potential benefits of vibration therapy
as an adjunct to exercise [32]. Our findings regarding the
functional improvements associated with PMT are con-
sistent with some studies in the literature. For example,
Jung et al. found that core stabilization exercises com-
bined with vibration were more effective in reducing pain
and improving function in adolescents with mechanical
low back pain. Similarly, whole-body vibration combined
with exercise has been shown to be more effective than
exercise alone in improving function in individuals with
lumbar instability. However, Özsoy et al. [25] found no
significant difference between exercise alone and exercise
combined with vibration therapy in older adults with me-
chanical low back pain, although both groups experienced
functional improvement. This discrepancy may be due
to age-related differences in response to vibration therapy
or differences in the specific vibration protocols used [25].
Another study reported that vibration therapy applied at
20 Hz for 2 minutes twice a week had a similar effect on
improving functionality levels in individuals with chronic
low back pain compared to conventional methods. The dif-
ferent results observed in these studies compared to ours

may be attributed to the limited application of vibration
therapy, only 2 minutes twice a week, and the insufficient
duration of the treatment [33]. The fear of movement is
another factor influencing the outcomes of parameters as-
sessed in mechanical low back pain [34]. In a study by
Bunzli et al,in kinesiophobia was more prevalent in indi-
viduals with mechanical low back pain . The main reason
for this belief is the fear that engaging in painful activities
may lead to further damage or that the pain experienced
during these activities could worsen functional limitations
and increase discomfort. Relieving the symptoms of me-
chanical low back pain can reduce both kinesiophobia and
anxiety related to pain [35]. Another study reported that
local vibration therapy is effective in improving impaired
proprioception and alleviating low back pain in patients
with chronic low back pain [36]. In a systematic review
conducted by Zafer and colleagues, it was reported that vi-
bration therapy positively affects pain, functionality, and
the proprioceptive system in individuals with non-specific
chronic low back pain [37]. The findings of this study
suggest that vibration therapy also enhances the propri-
oceptive mechanism. In our study, the vibration therapy
was administered using a Percussion Massage Gun. We
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Table 3. Differences within groups before and after treatment and comparison of differences between groups.

Variables PMT CT p-value Cohen d
(mean±SD) (mean±SD) (%95 CI)

VAS 3.90±0.91 3.40±0.88 0.046t 0.557
(1.186; 0.079)

ODS 22.91±9.13 14.74±5.94 0.002t 1.061
(1.718; 0.391)

Sit and Reach Test 6.55±2.33 2.45±1.36 <0.001t 2.152
(1.358; 2.929)

TKS 11.90±5.95 7.45±4.59 0.012t 0.838
(1.480; 0.185)

SF-36/ Physical Function 20.00±12.46 19.50±12.02 0.898t 0.041
(-0.579; 0.660)

SF-36/ Role Physical 41.42±14.65 24.38±15.95 0.001t 1.112
(0.438; 1.774)

SF-36/ Bodily Pain 30.50±15.12 20.13±9.78 0.014t 0.815
(0.164; 1.456)

SF-36/ General Health 18.38±11.01 11.05±7.39 0.018t 0.781
(0.132; 1.420)

SF-36/ Vitality 10.25±8.03 9.25±5.68 0.652t 0.144
(-0.478; 0.763)

SF-36/ Social Function 26.48±14.39 18.75±7.59 0.040t 0.672
(0.030; 1.305)

SF-36/ Role Emotional 40.82±24.46 26.67±20.52 0.048t 0.627
(0.012; 1.259)

SF-36/ Mental Health 9.60±8.48 6.20±10.89 0.278t 0.348
(-0.279; 0.971)

PMT: percussion massage therapy, CT: conventional therapy; VAS: visual analog scale, ODS: oswestry disability scale, TKS: tampa
kinesiophobia scale, SF-36: short form-36, SD: standart deviation. P-values were calculated using the Paired Samples t-test, with p<0.05
considered significant.

hypothesize that the observed improvement in kinesiopho-
bia in the PMT group is related to the enhancement of
proprioceptive mechanisms by PMT, which can positively
influence the reduction of fear of movement.. While re-
search on the effects of vibration therapy on kinesiophobia
is limited, this study explored the impact of PMT on fear
of movement. We observed improvements in kinesiopho-
bia scores with both PMT and conventional therapy, sug-
gesting that symptom reduction may be associated with
decreased kinesiophobia. This is consistent with Konrad
et al. [38], who reported that 5 minutes of percussion mas-
sage using a massage gun increased range of motion and
may have indirectly influenced kinesiophobia by improv-
ing physical function. Similarly, a study by Skinner and
colleagues have stated that PMT therapy can be used to
improve range of motion following a reduction in tissue
stiffness [39]. A systematic analysis by Remer et al. [40]
noted that vibration therapy at 30 Hz was more effective
in enhancing proprioception compared to high-frequency
vibration therapy at 50 Hz. Additionally, they suggested
that the pain reduction achieved through vibration could
improve functionality and potentially reduce kinesiopho-
bia.

This is a thorough discussion of your study’s findings, po-
tential mechanisms, and limitations. However, it could
benefit from some restructuring and conciseness. Here’s a
revised version:

In our study, both groups showed reduced kinesiophobia
after treatment, but the reduction was more pronounced
in the PMT group. This may be attributed to PMT’s en-
hancement of proprioceptive mechanisms. The localized
vibration from PMT may stimulate the tonic vibration re-
flex, enhancing motor control and neural adaptation. This,
in turn, could lead to improved proprioceptive feedback,
potentially reducing fear of movement and increasing con-
fidence in physical abilities. Additionally, vibration ther-
apy may desensitize pain receptors, modulate nociceptive
input, and promote endorphin release, contributing to pain
reduction. Furthermore, by stimulating mechanoreceptors
like muscle spindles and Golgi tendon organs, PMT may
improve proprioceptive feedback, further reducing fear of
movement and enhancing range of motion and flexibility.

Compared to conventional therapy, which primarily in-
volves manual techniques, PMT offers a more dynamic ap-
proach by simultaneously addressing pain, flexibility, and
proprioception. The multifaceted nature of PMT, coupled
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with the neural and physiological adaptations induced by
vibration therapy, may explain its superior effectiveness
in reducing kinesiophobia. Importantly, PMT was well-
tolerated in our study, with no adverse events reported,
supporting its safety and feasibility in clinical practice.

Limitations
This study has limitations, including the small sample size,
single-center design, lack of long-term follow-up, and the
absence of a placebo control group. Future studies with
larger, more diverse samples, long-term follow-up assess-
ments, and a placebo control are needed to confirm these
findings and further evaluate the efficacy and sustained
impact of PMT.

Conclusion
The findings demonstrated that both treatment ap-
proaches significantly improved pain, flexibility, kinesio-
phobia, functionality, and quality of life. Notably, PMT
proved more effective than conventional therapy, partic-
ularly in enhancing functionality, reducing kinesiophobia
and pain, improving flexibility, and positively impacting
the physical role limitation, emotional function, social
function, pain, and general health subscales of the SF-
36. These results align with existing literature and suggest
that integrating percussion massage therapy into rehabili-
tation programs for individuals with mechanical low back
pain could offer considerable benefits. Further research is
needed to examine the long-term effects of percussion mas-
sage therapy and other therapeutic modalities in larger
randomized controlled trials.

Ethical approval
Ethical approval was obtained for this study from Istanbul
Medipol University Non-Interventional Clinical Research
Ethics Committee (Date: 04.01.2024, Decision no: 3).
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Abstract

Aim: Individuals with depression have cognitive deficits, including diminished thinking
and concentration ability, as well as memory difficulties. Certain antidepressants used for
depression are recognized to influence cognitive functions, including learning and memory
positively. We aimed to examine the impact of sertraline on hippocampus cell proliferation
and cognitive functions, including learning and memory, within a chronic mild stress
(CMS) model.
Materials and Methods: 48 rats were divided into four groups: C, CMS, CMS+S,
and S. CMS groups were subjected to various stressors for 15 days. S was delivered at a
dosage of 10 mg/kg/day for a duration of 15 days using an osmotic minipump. On day 15,
a forced swim test (FST), open field test (OFT) were conducted. The OFT, elevated plus
maze (EPM), FST and novel object recognition test (NORT) were conducted to assess
the efficacy of S. Animals were beheaded, and hippocampal tissues were excised. qRT-
PCR was used to assess the expression levels of genes (BDNF, NeuN, MASH1). One-way
ANOVA was used for statistical analysis.
Results: In the CMS group, there was a significant decrease in the percentage and speed
of OFT movement compared to the control (p<0.001).There was a significant decrease
in swimming, climbing and immobilization times in the depression group compared to
the other groups. In the long-term memory analysis, a significant increase was observed
in the recognition and discrimination index in the CMS+S group compared to the CMS
group (p<0.01). BDNF, NeuN and MASH1 gene expression levels in hippocampal tissues
showed a significant decrease in the depression group and a significant increase in the
CMS+S group (p<0.05).
Conclusion: The study shows that sertraline in the treatment of depression is beneficial
in improving cognitive abilities which is confirmed by the increasing gene expression. It
is thought that serotonin improves long-term memory and may positively affect brain
precursor cell formation.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Depression is a prevalent psychiatric condition that has a
toll on 350 million individuals globally [1]. Depression is
a mood dysfunction characterised by persistent feelings of
sadness, emptiness or hopelessness. Depression can affect
various aspects of daily life, including emotions, thoughts,
sleep patterns, eating habits, and work productivity [2].
Although the precise origins of depression are not well
comprehended, it is believed that a mix of psychologi-
cal, environmental, and biological variables play a role in

∗Corresponding author:
Email address: hatice.solak@ksbu.edu.tr ( Hatice Solak)

its development [3]. These elements may include genet-
ics, brain chemistry, trauma, life events, and other fac-
tors. Depression is linked to a spectrum of symptoms,
including emotional manifestations such as sadness and
despair as well as somatic manifestations such as alter-
ations in food-eating beahvior and disturbances in sleeping
patterns [2]. Some symptoms can be operational and mea-
surable, making them suitable for evaluation in laboratory
animals. These could include behaviors like changes in eat-
ing patterns, sleep disturbances, and cognitive alterations
[3]. The examination of depression in laboratory animals
has provided researchers with valuable insights into the
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biological foundations of the condition and facilitated the
development of viable remedies. Animal models can mimic
certain aspects of depression-like behavior, which can aid
in testing new therapies and understanding the neurobio-
logical mechanisms involved [4]. Stress is believed to be a
major contributor to the development of depression. Pro-
longed exposure to stressful events, particularly when cou-
pled with genetic vulnerability, can heighten the likelihood
of developing severe depression [5]. Environmental stres-
sors can affect biological systems, especially the HPA axis.
The brain regions mentioned are linked to the regulation of
emotions, mood, and cognitive abilities [4]. Alterations in
these regions are associated with the emergence of depres-
sive symptoms. This axis governs the body’s physiological
reaction to stress. Stress can lead to the excessive secretion
of glucocorticoids, such as cortisol, which are crucial to the
organism’s stress response. Stress impacts both hormonal
systems, notably the HPA axis, and cerebral regions, in-
cluding the limbic system and cortical areas.

Research with animal models, specifically mice, has shown
that chronic stress paradigms, including chronic unpre-
dictable stress and CMS, can lead to behavioral changes
that mimic hopelessness and cognitive deterioration, both
of which are characteristic of depression. The effects
are believed to be caused by the overactivity of the
HPA axis and the increased production of corticosterone
[6,7]. Researchers have demonstrated that rats subjected
to chronic mild stress model protocols exhibit behavior-
related, neurochemical, neuroendocrine system, and neu-
roimmune changes analogous to those seen humans with
depression. Thus, the CMS model established by Willner
et al. [8] effectively meets numerous essential criteria to an
animal model of depressed [8, 1]. CMS exposure prolongs
immobility duration in rats during the FST. Traditional
antidepressants, such as tricyclic antidepressants, SSRIs,
serotonin-norepinephrine reuptake inhibitors (SNRIs), and
monoamine oxidase inhibitors (MAOIs), help alleviate
symptoms of depression caused by CMS [9]. Recent stud-
ies have focused on understanding how the brain carries
out learning and memory that are considered to be ad-
vanced cognitive processes. Additionally, researchers have
investigated the impact of medicines on these cognitive
functions. Depression causes cognitive impairments, in-
cluding reduced cognitive abilities such as focused thought
and sustained attention, which in turn leads to impaired
memory. An evident correlation between depression and
cognitive impairment has been documented [10]. Short-
term memory allows a person to recall numbers or events
after thinking about them continuously for a few seconds
or a few minutes, such as remembering 7 to 10 digits
in a telephone number. Short-term memory can be ex-
plained by presynaptic facilitation or inhibition. These
events take place at synapses located on presynaptic end-
ings and not on the next neuron. Neurotransmitters re-
leased from such endings cause facilitation or inhibition,
often lasting seconds or even minutes. Such circuits can
lead to short-term memory [11]. Short-term memory cov-
ers the time it takes for ongoing events to be consolidated
and translated into remote, long-term memory. At this
stage, short-term memory is highly susceptible to alter-
ation and can be erased. On the other hand long-term

memory has remarkable durability against deletion and
persists even under substantial brain trauma [12]. The
episodic memory is a kind of the memory that is necessary
to remember personally experienced events or where, when
and what happened. [13]. Adult neurogenesis is a progres-
sive process that occurs in various regions of the brain,
including the subgranular zone (SGZ) of the hippocampus
and the subventricular zone (SVZ) of the lateral ventri-
cles. Neural progenitor cells from these regions prolifer-
ate and migrate to the granule cell layer of the olfactory
bulb and dentate gyrus which is their final destination.
In this process, they undergo differentiation to generate
new neurons and then integrate into pre-existing circuits
[14]. The processes governing the control of hippocampus
neurogenesis are currently being studied. A recent study
indicated that both the cAMP cascade and BDNF have a
role in the regulation of neurogenesis, which is enhanced
by persistent antidepressant medication. The activation of
the cAMP pathway or exposure to BDNF has been doc-
umented to enhance neuronal differentiation of progenitor
cells and promote neurite outgrowth in vitro [15]. This
study sought to examine the potential effects of sertra-
line on the limbic system in rats exhibiting depression-like
behaviour. The research assessed the expression levels of
particular biomarkers linked to neurogenesis in the hip-
pocampus within an animal model of chronic mild stress
administered sertraline.

Materials and Methods
Statement of ethics
Approved by the Ethics Committee with reference number
2021-029.

Experimental protocol
Animals

In this study we used 48 adult male Wistar albino rats,
each aged 6 months. The rats were classified into four sep-
arate groups: The control group (n=12, C) recieved a sol-
vent (DMSO) subcutaneously using an osmotic minipump.
The Chronic Mild Stress group (n=12, CMS) established
a depression model in animals by the performing a CMS
protocol. The DMSO solvent was administered subcuta-
neously via an osmotic minipump.
In the CMS + Sertraline group (n = 12, CMS+S), Sertra-
line was administered via osmotic minipump at a dose of
10 mg/kg per day with the CMS protocol.
The Sertraline group (n=12, S) recieved Sertraline (10
mg/kg/day) via an osmotic minipump (Alzet 2002, Alza
Corp., Palo Alto, CA).

Chronic mild stress (CMS) protocol

The CMS procedure employed in the current investigation
was adapted from the protocol proposed by Wilner [7].
The model’s duration was 30 days, accompanied by behav-
ioral testing. In Figure 1, it is seen that the antidepressant
therapy persists for 15 days until the animals are decapi-
tated. The CMS paradigm commenced on the second day
of the trial. On the fifteenth day, the forced swimming
stress training phase was conducted. This practice is also

70



Solak H. et al. Original Article 2025;32(2):69–78

regarded as a stressor. The stress model was maintained
for 12 days following the installation of the osmotic pump.
Behavioral assessments were conducted on the subsequent
days. Stressors were not administered on the days when
behavioral assessments were performed (Table 1). Infor-
mation is provided in the Supplementary Methods [16].

Behavioral tests

The model was subjected to a series of behavioural evalu-
ations, comprising the OFT, FST, EPM, and NORT. The
tests were performed to assess locomotor activity, anxi-
ety and depression-like behaviors, as well as learning and
memory once the model was established and the pharma-
cological therapy was administered. These methodologies
for assessing behavior have been recorded in prior studies.
Consult further methods for further behavioral details [16].
The behavioral assessments were recorded and evaluated
utilizing the Ethovision Video Monitoring System XT11
Netherlands.

New objectrecognition test (NORT)

NORT is performed in an open arena featuring two iden-
tical objects, usually composed of plastic, glass, or metal,
and sufficiently substantial to resist displacement by the
animal. In the spatial version, the animal explores the ob-
jects freely. After a delay, one object is moved to a new
location within the arena. Rodents typically prefer to ex-
plore the moved object, indicating spatial memory. The
non-spatial version is similar, but instead of moving an ob-
ject, one object is replaced with a novel object. Rodents
are anticipated to allocate increased time investigating the
novel object, indicating recognition memory. In both ver-
sions, the duration of exploration of each object is recorded
to assess memory [17].

The NORT assessed short-term and long-term episodic
memory in rats, using a five-phase protocol: habituation,
familiarization, long-term memory assessment, short-term
memory assessment and a final recognition phase. Every
phase consumed 5 minutes and was recorded using Ethovi-
sion XT11 software (Noldus, Netherlands) in a black Plex-
iglas arena (80 x 80 x 40 cm). During the short-term
memory evaluation (four hours post-familiarization), one
object was substituted with a novel object. In the long-
term memory assessment (24 hours post-familiarization),
the original object was substituted with a distinct novel
object. Objects and the arena were sanitised with 70%
ethanol between experiments. Discrimination and recog-
nition indices were calculated using object interaction du-
rations recorded by the software.

Recognition index = New object / (New object + Familiar
object)

Discrimination index= (New object-Familiar object) /
(New object+ Familiar object).

Measurement of serum levels of corticosterone

Serum corticosterone levels were assessed using the
methodology established by Sahin et al. [18].

Concluding the experiment and obtaining biological
specimens
Following behavioral evaluations, the rats were weighed
and then euthanized under anesthesia. Their hippocampi
were dissected over frozen dry ice in accordance with the
Paxinos and Watson rat brain atlas. Hippocampal tissues
were stored in cryotubes and snap-frozen in fluid nitrogen
before being transplanted to -80 degrees Celsius for for a
long time storage.

Analysis of gene expression
The procedures for total RNA extraction, quality assess-
ment, and removal of gDNA contamination from hip-
pocampal tissue samples were previously described and
are detailed in the Supplementary Methods [16].

Primary sequence

The primers for the target and reference genes (PGK1,
CycA) employed in quantitative real-time PCR (qRT-
PCR) analysis are detailed in Table 2. The primer de-
signs were created with the IDT PrimerQuest software
(https://eu.idtdna.com/site) and sourced from the liter-
ature [19,20].

Reverse transcription reaction

cDNA was synthesized from the quality-controlled RNA
samples using the manufacturer’s technique. To produce
single chain cDNA from 2 µg/20 µl total RNA, 1 µl Oligo
dT and 1 µl Random hexamer were combined with 2 µg/20
µl total RNA and incubated in a water bath at +70˚C
for 5 minutes. Subsequently, 8 µl of 5X cDNA reaction
mixture, 2 µl RNAse inhibitor, and 4 µl dNTP were added
and maintained in a water bath at +25˚C for 5 minutes.
Subsequently, 2 µl of Reverse Transcriptase enzyme was
introduced and incubated in a water bath at +25˚C for 10
minutes, followed by incubation at +37˚C for 60 minutes.
The reaction was halted at a +70˚C water bath for 10
minutes. The cDNA samples were preserved at -20 ºC for
future utilisation.

Real-time quantitative polymerase chain reaction
(qPCR)
Quantitative measurement of target and reference gene ex-
pression was conducted utilizing a real-time PCR appa-
ratus (Bio-Rad CFX Connect Real-Time PCR System).
SyberGreen, a dye that attaches to double-stranded DNA,
was utilized for the reaction. In summary, 10 µl of 2X
SyberGreen master mix, 5 pmol of forward primer, 5 pmol
of reverse primer (refer to Table 2), 2 µl of cDNA, and
ddH2O were combined to achieve a total volume of 20
µl, followed by the execution of the polymerase chain re-
action. The reaction temperature profile consisted of an
initial 10 minutes at 95 ˚C, followed by 40 cycles of 95
˚C for 30 seconds, 60 ˚C for 30 seconds, and 72 ˚C for
30 seconds. Furthermore, a melting curve study was con-
ducted by heating to 95 ˚C for 1 minute, followed by a
progressive temperature increase back to 95 ˚C after cool-
ing to 55 ˚C. Threshold cycle (Ct) values acquired from
the real-time PCR apparatus were documented. To ver-
ify the accuracy of the products generated from real-time
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Figure 1. Schematic representation of experimental protocol.

Table 1. Scheme for the Chronic Mild Model Experiment.

Morning Noon Night

Day Hour Stressor Duration Hour Stressor Duration Hour Stressor Duration

1 09.00 Restraint stress 45 minutes 01.00 Noise 4 hours 04.00 Food deprivation All night
2 10.00 Wet Cage 7 hours 04.00 Light on All night
3 09.00 FST 10 minutes 03.00 Restraint stress 45 minutes
4 11.00 Inclined Cage 7 hours
5 09.00 Noise 4 hours 02.00 FST 10 minutes 04.00 Food deprivation All night
6 09.00 Wet Cage 7 hours 04.00 Light on All night
7 10.00 Inclined Cage 7 hours

Table 2. Primer sequences of genes used in qPCR analysis of hippocampus tissues.

Gene Primer sequence (5’→3’) PCR product (bc) Reference

BDNF CTGAGCGTGTGTGACAGTATTA 153 [19]
GGGATTACACTTGGTCTCGTAG

Nestin CACACCTCAAGATGTCCCTTAG 166 [19]
AGGTACTGGTCCTCTGGTATC

NeuN GGCAAATGTTCGGGCAATTC 140 [19]
GATCGTCCCATTCAGCTTCTC

Neuritin TCGCGGTGCAAATAGCTTAC 152 [19]
CGGTCTTGATGTTCGTCTTGTC

CycA TATCTGCACTGCCAAGACTGAGTG 126 [20]
CTTCTTGCTGGTCTTGCCATTCC

PGK1 ATGCAAAGACTGGCCAAGCTAC 104 [20]
AGCCACAGCCTCAGCATATTTC

PCR, the samples were subjected to electrophoresis on a
2% agarose gel at 120 volts for 30 minutes and thereafter
analysed.

Statistical analysis

Continuous data are represented by mean and standard
deviation, while categorical variables are represented by
frequency and percentage. The contiuous variables were
analysed using ANOVA and mixed effects models. The

Posthoc Tukey test or mean- comparisons with Tukey
modifications were employed. The studies were performed
utilising R version 4.3.2 (R Core Team, 2024). A signif-
icance level of p<0.05 was considered statistically signifi-
cant. The preliminary phase of analysing gene expression
data involved normalising the Ct values of the target genes
relative to the Ct values of the reference genes PGK1 and
CycA. This facilitated the calculation of 2 (-∆Ct) values,
indicative of the gene expression levels. The 2(-∆Ct) val-
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Figure 2. A BDNF expression levels in hippocampus tissue of control (C), CMS, CMS+sertraline (CMS+S), and sertraline (S) groups. Gene expression 2(-
∆Ct) levels were compared by one-way analysis of variance (***p<0.001), (Comparison of CMS group with other groups). B Nestin expression levels in
hippocampus tissue of control (C), CMS, CMS+sertraline (CMS+S), and sertraline (S) groups. Gene expression 2(-∆Ct) levels were compared by one-way
analysis of variance (** p<0.01) (***p<0.001). C NeuN expression levels in hippocampus tissue of control (C), CMS, CMS+sertraline (CMS+S), and sertraline
(S) groups. Gene expression 2(-∆Ct) levels were compared by one-way analysis of variance (***p<0.001), (Comparison of CMS group with other groups). D
Neuritin expression levels in hippocampus tissue of control (C), CMS, CMS+sertraline (CMS+S), and sertraline (S) groups. Gene expression 2(-∆Ct) levels were
compared by one-way analysis of variance (*p<0.05), (Comparison of CMS+ CMS+S group with other groups).

ues were analyzed for differences across groups using a one-
way analysis of variance. Graphs illustrating the standard
error of the mean squares for the relevant variables were
generated. According to the post-hoc power analysis, the
effect size (Cohen’s f) obtained in the study was 0.901,
the significance level was determined as (α=0.05) and the
targeted statistical power (1-β) was calculated as 99.4%.
Post-hoc power analysis showed that the study had an
extremely high statistical power of 99.4%. These results
reveal that our study is strong and reliable in detecting
differences between groups.

Results
Open field test (OFT) assessments on days 1 and 28 re-
vealed a significant decrease in distance moved, velocity,
and percentage of movement in the chronic mild stress
(CMS) group compared to baseline (day 0) (Table 3). Post
hoc analysis using Tukey-adjusted least squares means
comparisons after mixed-effects models confirmed a sig-
nificant reduction in distance moved between day 0 and
day 28 in the CMS group (p=0.017). Pairwise compar-
isons also showed a significant decrease in distance moved
in the CMS group at day 28 (p=0.012). Furthermore, a
significant decrease in the percentage of movement was
observed in the CMS group at day 28 (p<0.001).
Following the OFT, the EPM was administered. Analysis

of the percentage of time spent in open arms revealed a sig-
nificant increase in both the sertraline-only group and the
CMS+sertraline (CMS+S) group compared to the other
groups. (p<0.01) (Table 4).
FST: In the FST, immobility time, swimming time, climb-
ing time, and total movement were assessed on days 15 and
30 (Table 5). Tukey-adjusted post hoc least squares means
comparisons following mixed-effects models revealed sev-
eral significant differences:
Day 15:

• Swimming behavior was significantly decreased in the
CMS and CMS+S groups compared to the control (C)
and sertraline-only (S) groups (p=0.043).

• Climbing behavior was significantly decreased in the
CMS and CMS+S groups compared to the C and S
groups (p=0.035, 0.003, 0.001, and <0.001, respec-
tively).

• Immobility time was significantly increased in the
CMS and CMS+S groups compared to the C and S
groups (p<0.001).

Day 30:

• Swimming behavior was significantly increased in the
CMS+S and S groups compared to the other groups
(p<0.001).
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Table 3. Summary of the results of the OFT tests.

0 day 28th day p value
Mean±SD Mean±SD

Control

Distance Moved (cm) 1.142.91±426.18 985.86±362.94 0.462
Velocity(sn) 5.51±2.20 3.22±1.68 0.020*
Movement (%) 3.15±0.90 3.35±1.66 0.848

Chronic Mild Stress

Distance Moved (cm) 894.50±197.18 523.53±346.01 0.017
Velocity(sn) 6.32±2.46 3.01±2.23 <0.001***
Movement (%) 3.52±1.27 1.07±1.14 <0.001***

Chronic Mild Stress +Sertraline

Distance Moved (cm) 994.72±266.51 829.10±272.97 0.424
Velocity(sn) 7.51±2.90 4.30±2.00 0.001**
Movement (%) 3.40±1.08 1.89±0.53 <0.001***

Sertraline

Distance Moved (cm) 1.192.47±325.65 948.84±404.94 0.160
Velocity(sn) 6.30±1.60 5.24±3.45 0.411
Movement (%) 3.29±0.71 2.39±0.53 0.042*

(*p<0.05). (**: p<0.01, ***: p<0.001). Tukey adjusted post hoc means comparisons after mixed effects models (n=48).

Table 4. Analysis of Serum Corticosterone Levels, Time Spent in Open Arms.

C CMS CMS+ S S p value
(n=12) (n=12) (n=12) (n=12)

Serum Corticosterone Levels 322.33±154.26 909.17±474.45 400.58±157.68 372.67±169.22 ¡0.001***
Time Spent in Open Arms 2.37±1.31 2.26±2.54 5.95±6.08 13.12±8.29 ¡0.001***

C: Control, CMS: Chronic Mild Stress, CMS+S: Chronic Mild Stress+Sertraline, (n=48).

• Immobility time was significantly decreased in
the CMS+S group compared to the CMS group
(p<0.001).

NORT: Analysis of the NORT revealed significant differ-
ences in long-term memory performance (Table 6). Specif-
ically, both the discrimination index (p=0.005) and the
recognition index (p=0.009) were significantly impaired in
the CMS group compared to the control (C) group. Ad-
ditionally, the long-term memory recognition index was
significantly different between the CMS group and the
sertraline-only (S) group (p=0.05). Further analysis of the
long-term memory discrimination index showed significant
differences between the C and CMS groups (p=0.005), as
well as between the CMS and S groups (p=0.032).

Results of gene expression analysis

The expressions of BDNF, NESTIN, NEUN, and NEU-
RITIN genes in hippocampus tissues were assessed and
quantified using a one-way analysis of variance (Figure 2).

Assessment of serum corticosterone concentra-
tions

Serum corticosterone levels were evaluated across the
groups and are presented in Table 4.

Discussion
A great deal of research is being conducted using the con-
tinuous moderate stress paradigm to examine the effects of
5-HT activity in neurons and 5-HT1A autoreceptor func-
tions in laboratory animals subjected to depression. These
investigations have demonstrated that the spontaneous ac-
tivity of 5-HT can exhibit significant variations across dif-
ferent brain areas [21, 22]. SSRIs have been found to
promote developmental plasticity through a mechanism
that relies on the neurotransmitter 5-HT. The treatment
was found to elevate 5-HT levels, thus enhancing neuronal
plasticity [23]. 5-HT modulates glutamate transmission in
the brain. It can enhance N-methyl-D-aspartate receptor-
mediated plasticity. 5-HT associates with the cell adhesion
molecule. The cell adhesion molecule is crucial for cellular
transformation and adaptability throughout development.
5-HT promotes the synthesis of the polysialylated variant
of the neural cell adhesion molecule (PSA-NCAM), which
is involved in synapse formation and neuronal reorganisa-
tion [23, 24]. According to Malberg et al., the adminis-
tration of antidepressant drugs resulted in an increase in
the number of newly formed cells after 14 and 28 days.
A separate investigation demonstrated that 5-HT exerts a
beneficial regulatory influence on the generation of neural
precursor cells and the viability of recently formed neu-
rons [15]. Research has indicated that stress situations are
linked to heightened activity in the HPA axis and higher
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Table 5. Summary of the results of the Forced swimming test.

15th day 30th day p value
Mean±SD Mean±SD

Control

Swimming (sn) 89.25±47.48 115.92±46.16 0.142
Climbing (sn) 126.92±31.32 126.50±32.85 0.974
Immobility (sn) 85.83±67.28 57.83±40.67 0.059
Movement (%) 71.91±22.25 81.27±14.32 0.064

CMS

Swimming (sn) 41.33±20.12 47.25±27.03 0.742
Climbing (sn) 89.08±22.14 97.42±31.76 0.522
Immobility (sn) 169.50±29.67 155.75±41.40 0.346
Movement (%) 43.55±9.83 48.00±13.71 0.372

CMS+S

Swimming (sn) 37.25±17.28 128.92±85.07 <0.001***
Climbing (sn) 77.92±18.93 99.08±53.56 0.108
Immobility (sn) 184.08±29.23 71.50±55.05 <0.001***
Movement (%) 38.64±9.60 76.07±18.40 <0.001***

Sertraline

Swimming (sn) 99.67±23.05 137.67±66.77 0.039*
Climbing (sn) 143.33±25.29 84.42±39.79 <0.001***
Immobility (sn) 59.25±29.89 77.50±58.27 0.212
Movement (%) 80.44±10.23 74.08±19.43 0.203

CMS: Chronic Mild Stress, CMS+S: Chronic Mild Stress+Sertraline (n=48) (*p<0.05). (**: p<0.01, ***: p<0.001). Tukey adjusted post hoc
lsmeans comparisons after mixed effects models

Table 6. New Object Recognition Test results.

C CMS CMS+S S p-value
n = 12 n = 12 n = 12 n = 12

Recognition index in short-term 0.39±0.40 0.50±0.48 0.61±0.44 0.81±0.32 0.10
Discrimination index in short-term -0.05±0.71 0.24±0.76 0.39±0.70 0.62±0.63 0.14
Recognition index in long-term 0.74±0.45 0.17±0.39 0.33±0.49 0.66±0.43 0.009
Discrimination index in long-term 0.72±0.44 0.00±0.60 0.33±0.49 0.59±0.42 0.005

(*: p<0.05, **: p<0.01) Tukey comparisons after One-way Anova (n=48).

levels of corticosterone in the bloodstream [25]. Guimaraes
et al. contend that chronic stress activates the HPA axis,
resulting in modifications to the serotonergic system in
the hippocampus. This, in turn, increases the likelihood
of developing depression. Our analysis indicated a sig-
nificant increase in corticosterone levels within the CMS
group [26]. In this study, we utilized the OFT to measure
locomotor activity, the EPM to assess anxiety, and the
FST asses depression. These tests were used to analyze
the efficacy of sertraline, an antidepressant belonging to
the SSRI group, in rats showing depressive-like behavior
induced by the CMS model. NORT was applied to observe
changes in episodic memory. To investigate the effective-
ness of newly formed neural precursor cells in this change,
BDNF, NESTIN, NEUN, and NEURITIN gene expression
levels were examined to follow neurol gene formation.
Recent studies suggest that deficits in memory and at-
tention in depression may be linked to inhibitory deficits,
specifically the inability to disengage from negative stim-
uli. Rumination on negative emotions has been involved

in development, maintenance, and severity of depression.
In depressed individuals, attentional biases towards neg-
ative stimuli can interfere with the processing of positive
information. This is supported by the evidence that de-
pressed individuals pay more attention to negative stim-
uli and less attention to positive stimuli. This atten-
tional bias may be due to reduced activity in certain brain
regions, including the right ventrolateral prefrontal cor-
tex, right dorsolateral prefrontal cortex, and right supe-
rior parietal cortex. This diminished activity may impede
the capacity to redirect attention from unfavourable stim-
uli, resulting in extended exposure to depressed influences
[27]. Sertraline treatment has been shown to decrease im-
mobility and increase swimming behavior in experimen-
tal animals, supporting its antidepressant-like properties
[28]. The evidence demonstrates that the CMS concept in-
duces heightened behavioral pessimism and cognitive de-
terioration [21]. Mice subjected to four weeks of stress
have shown a notable rise in the duration of inactivity in
the FST [29]. This study found that rats subjected to
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a CMS treatment for four weeks demonstrated a marked
increase in immobility duration relative to controls, sug-
gesting a depressive-like condition.This effect persisted for
two weeks. Treatment with sertraline (10 mg/kg/day) sig-
nificantly reduced immobility time in the CMS group. Ad-
ditionally, both the sertraline-only (S) and CMS+S groups
showed increased swimming behavior compared to the
other groups. These data validate that SSRIs can suc-
cessfully alleviate depression-like behaviours and anxiety-
inducing effects caused by CMS [21, 7, 1].

The 5-HT system is significant in the development of mood
disorders [30]. Changes in 5-HT metabolism contribute to
the onset of depression. In their investigation, Santiago
et al. [31] discovered that serotonin reuptake inhibitors
resulted in an increase in swimming time. The OFT was
performed to evaluate the locomotor behaviours of the an-
imals. The animals’ velocity, distance moved, movement
percentage, and parameters were evaluated in the OFT. At
the outset, there were no notable discrepancies among the
groups regarding distance travelled, velocity, or movement
percentage in the OFT. However, by day 30, all groups
showed a decrease in movement time. In the EPM, the
sertraline-treated group spent significantly more time in
the open arms, indicating reduced anxiety-like behavior.
These findings suggest that sertraline may have anxiolytic
effects [31]. Analysis of the OFT and EPM did not reveal
significant differences in anxiety-like or avoidant behaviors
between the control and CMS groups. While the control
group exhibited reduced locomotion in the OFT, this may
be attributable to individual behavioral variations during
the test. EPM, the CMS group treated with sertraline
spent significantly more time in the open arms, consistent
with the findings of Peng et al., who reported a similar
effect of fluoxetine in a rat model of depression. Li et al.
[32] noticed notable augmentation in locomotion in both
experimental groups following the injection of sertraline.

The NORT assesses short-term recognition memory in
rats, capitalizing on their innate preference for novel
objects. Rats typically explore objects through tactile
and olfactory investigation using their mystacial vibris-
sae (whiskers). As nocturnal animals, they rely heavily
on non-visual sensory input, including olfactory signals
transmitted to the somatosensory cortex via the trigem-
inal nerve. Therefore, the NORT serves as both a vi-
sual and a somatosensory test. Successful performance
requires intact visual and somatosensory systems; disrup-
tion of either would invalidate the assay as a screen for
memory-enhancing drugs. Such disruption would be evi-
dent in altered exploration times in the second trial, re-
gardless of object novelty [33]. In our study, there was an
increase in discrimination and recognition index in short-
term memory in the sertralin-treated groups compared to
the CMS. There was a significant difference in discrimina-
tion index in long-term memory. A significant difference
was observed between the treated group and the control
group compared to the CMS group. Individuals suffering
from depression have an extended duration in the process-
ing of emotional stimuli, which may indicate a potential
impairment in their ability to exert cognitive control over
the limbic parts of the brain. Reduced activity in these
specific brain regions may hinder the capacity of those suf-

fering from depression to control unpleasant and recurrent
thoughts. The hippocampus, a key area for episodic mem-
ory, enhances the process of encoding and retrieving emo-
tional events in individuals under physiological conditions.
Depressed people had heightened activity in the amygdala,
hippocampus, caudate, and putamen during the encoding
process. This enhanced activity facilitated the recall of
negative information while not affect the recall of good
information. This discovery indicates that memory bias
in individuals with depression may stem from heightened
amygdala activity during the process of encoding informa-
tion, as well as higher activity in the hippocampus, cau-
date, and putamen while recalling negative information,
as compared to individuals without depression. Although
the neural circuits underlying the pathology of depression
remain unclear, the diverse symptoms of depression sug-
gest that more than one brain region may be responsible.
According to previous reports, learning and memory re-
gions were the most affected brain regions after stress [27].
The slowing of neurogenesis, the absence of new neuron
formation and the reduction of dendritic branching may
be responsible.

Brain-derived neurotrophic factor (BDNF) is a crucial
modulator of neuronal viability, synaptic plasticity, and
memory development in the central nervous system (CNS).
Many antidepressants, including sertraline, have been
shown to increase BDNF expression in the brain. While
depression is often associated with reduced hippocampal
BDNF levels and impaired cognitive function, antidepres-
sants can help restore BDNF and improve cognition This
study indicates that the observed elevation in BDNF af-
ter sertraline treatment may enhance cognitive abilities
[34]. Wang et al. demonstrated that demonstrated that
chronic stress negatively affects synaptic connections in the
rat hippocampus, causing them to become shorter, thin-
ner, and less efficient. BDNF therapy enhanced dendritic
spine density in the CA1, CA3, and dentate gyrus (DG)
regions of the hippocampus and decreased the diameter
of the synaptic cleft in the CA1 region. These findings
highlight the potential of BDNF to counteract the nega-
tive effects of stress on synaptic plasticity [35]. Moreover,
nestin and doublecortin, indicators of neurogenesis, are fre-
quently present in developing brain progenitor cells during
adult neurogenesis [35, 36]. In our research, nestin levels
were significantly decreased in rats with depressive behav-
ior. Sertraline restored BDNF expression and up-regulated
nestin, indicating that it leads to neurogenesis. Yang et
al. [37] demonstrated a notable reduction in BDNF and
NeuN levels following CUMS. They also examined NeuN
expression using immunofluorescence and demonstrated a
reduction in neuronal cells. After 3 weeks of fluoxetine
administration, they observed an increase in new neurons.
Decreased dendritic spike density and dendritic branching
were associated with psychiatric disorders [37]. Our study,
decrease in NeuN levels was found in the CMS group.
Antidepressant drugs caused an observed increase. Our
experimental model showed that it effectively decreased
the growth of neural precursors in hippocampus by re-
ducing the number of mature neurons (NeuN). Son et al.
[38] showed a decrease in Neuritin levels in the depression
group. Our study also shows that prolonged mild stress
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leads to a decrease in neuritin levels in the hippocampus.
Sertraline administration did not affect neuritin levels.
Our research offers significant insights into the impact of
psychological stress on adult hippocampus neurogenesis
and the possibilities for therapeutic intervention. Impor-
tantly, we expanded the analysis of subacute sertraline
administration to two weeks, using a clinically relevant
dosing regimen that aligns with potential therapeutic ap-
plications. This extended period enabled us to assess both
the short- and long-term effects of sertraline on depres-
sive behaviours and neurogenesis. A disadvantage of this
study is that only gene expression in hippocampal tissue
was examined. Due to budget constraints, protein analysis
was not possible. Future studies should include protein-
level measurements using techniques like Western blot or
immunofluorescence.

Conclusion
Animal models are crucial for understanding the neuro-
biological mechanisms underlying mood disorders in hu-
mans. While the precise neural circuits involved in stress-
induced mood and energy balance alterations remain in-
completely understood, our study confirms previous find-
ings that chronic stress suppresses hippocampal cell pro-
liferation and neurogenesis. Furthermore, we demonstrate
that sertraline effectively alleviates depressive symptoms
in this model, as evidenced by behavioral measures [39].
Moreover, this suppression was more pronounced in the
ventral hippocampus. Chronic sertraline administration,
in accordance with prior findings, mitigated the CMS-
induced inhibition of hippocampus cell growth and neu-
rogenesis [40].

Ethical approval
This study protocol was approved by Necmettin Erbakan
University Experimental Medicine Application and Re-
search Center Experimental Animals Local Ethics Com-
mittee (No: 2021-029).
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Abstract

Aim: The growing use of artificial intelligence (AI) in healthcare, especially through
technologies such as Chat Generative Pre-trained Transformer (ChatGPT), has led to
concerns regarding the quality and readability of AI-generated health data. This study
aimed to evaluate ChatGPT’s responses to frequently asked questions about psoriatic
arthritis (PsA).
Materials and Methods: The quality of ChatGPT-generated responses was evaluated
using the Ensuring Quality Information for Patients (EQIP) tool. Readability was as-
sessed using the Flesch–Kincaid Reading Ease (FKRE) and Flesch–Kincaid Grade Level
(FKGL) indices. The Kruskal–Wallis H test was used to compare subgroups, and Bonfer-
roni correction was done for multiple comparisons.
Results: Significant differences were observed in EQIP scores across question subgroups,
with treatment-related questions scoring lower than symptom-related questions. The
FKRE and FKGL scores indicated that the information provided by ChatGPT could
be challenging for patients with lower literacy levels.
Conclusion: Although ChatGPT provided relatively accurate information on PsA, its
readability and ability to communicate complex medical information might be improved.
These findings suggest the necessity for continual refinement of AI tools to address the
diverse needs of patients.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Psoriatic arthritis (PsA) is a chronic inflammatory disor-
der that causes joint pain and affects approximately 30% of
individuals with psoriasis [1]. The complexity of PsA, in-
cluding several systems and a wide range of clinical symp-
toms, requires comprehensive and accessible patient edu-
cation [2, 3]. With the proliferation of digital health in-
formation, patients are increasingly turning to online re-
sources to better understand their diseases and treatment
options [4]. However, concerns exist about the accuracy,
comprehensiveness, and readability of AI-generated health
information [5, 6].
The rapid advancement of artificial intelligence (AI) has fa-
cilitated the integration of large language models (LLMS),
such as Chat Generative Pretrained Transformer (Chat-
GPT), into healthcare. AI-driven chatbots are increas-
ingly employed to provide medical information, address

∗Corresponding author:
Email address: dr.serkan.kilicoglu@gmail.com ( Mehmet

Serkan Kılıçoğlu)

patient queries, and assist healthcare professionals in
decision-making. While ChatGPT has shown promise in
generating informative content, it is essential to evalu-
ate the quality, reliability, and readability of AI-generated
health data [5, 6]. Prior research indicates that AI tools of-
ten struggle to balance readability with medical accuracy,
sometimes producing responses that are either overly sim-
plistic or excessively technical [6, 7].

Several studies have assessed the performance of AI-based
chatbots in various medical fields, including dermatology,
rheumatology, and general medicine. Previous research
has shown challenges in preservation of the readability of
complex medical information generated by AI tools, par-
ticularly for patients with lower literacy levels [7].

This study aims to assess the quality and readability of
Chat Generative Pre-trained Transformer’s (ChatGPT’s)
responses to frequently asked questions related to PsA,
thereby the study’s findings could inform the development
of AI algorithms designed to simplify medical jargon, use
clearer language, and provide visual aids, thereby improv-
ing the accessibility and usefulness of digital health infor-
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mation for a broader patient population.

Materials and Methods
Study design
This study was conducted on July 10, 2024, at the De-
partment of Physical Medicine and Rehabilitation. This
study did not involve human or animal participants; there-
fore, ethical approval and compliance with the Helsinki
Declaration were not required. Google Trends was used
to identify the most commonly searched terms for PsA.
All browser-related data were cleared before starting the
search to eliminate bias [8]. The terms “psoriatic arthri-
tis,” “PsA,” and “arthritis psoriatica” were used, with all
global and health subheadings selected as search criteria
[9]. The “most important” question was selected from the
relevant question section of the results, and regions of in-
terest were organized by subregion [10]. Exclusion criteria
included overlapping words, non-English terminology, and
irrelevant questions. The study design process are outlined
in Figure 1.

Figure 1. Flow chart of study design.

Each term was entered into ChatGPT to generate re-
sponses. This technique was developed to promote re-
sponse diversity while avoiding redundancy. Subsequently,
the generated responses were recorded for further analysis,
which focused on quality, clarity, and readability [11].

Evaluation tools
The quality of the ChatGPT-generated responses was ana-
lyzed using the Ensuring Quality Information for Patients
(EQIP) tool, which evaluated patient information across

various dimensions such as clarity, accuracy, completeness,
and relevance [12]. The EQIP tool evaluates information
on a scale of 0–100, with higher scores indicating higher
quality. This tool uses a set of 20 criteria to assess the
quality of the information, and the final EQIP score is ex-
pressed as a percentage, which represents the proportion of
criteria satisfied by the information provided. Responses
were independently examined by two physical and reha-
bilitation physicians (MSK and OVY), and inconsistencies
were resolved by a third evaluator (TA) [13].

Readability assessment
Readability was assessed using the Flesch–Kincaid Read-
ing Ease (FKRE) and Flesch–Kincaid Grade Level
(FKGL) indices. The FKRE score is determined using
sentence length and syllable count, with higher values in-
dicating better readability [14]. The FKGL score indicates
the U.S. school grade level necessary to understand the
text [15].

Statistical analysis
The Kruskal–Wallis H test was used to compare EQIP,
FKRE, and FKGL scores across several subgroups of PsA-
related questions (symptoms, diagnosis, treatment op-
tions, and sequelae). Bonferroni post hoc correction was
used for multiple comparisons, with an adjusted signifi-
cance level of p <0.017. Dunn’s post-hoc test with Bon-
ferroni correction was used to identify pairwise differences
between subgroups. Statistical significance for all analyses
was determined at p <0.05, which means any p value less
than 0.05 was considered significant, not exactly 0.05.

• Kruskal–Wallis H test: It is used to examine if
there are statistically significant differences in EQIP,
FKRE, and FKGL scores among subgroups [16].

• Spearman’s rank correlation test: It is used to deter-
mine correlations between numerical variables in data
[17].

• Bonferroni post hoc correction: It is used to correct
for multiple comparisons by adjusting the significance
level to prevent type I errors [18].

Results
The categorization of Psoriatic Arthritis topics by EQIP
criteria is detailed in Table 1. The research indicated sig-
nificant differences in EQIP scores across question sub-
groups, with treatment-related questions consistently scor-
ing lower than those related to symptoms and diagnosis.
Descriptive statistics of patient information quality and
readability scores are presented in Table 2. Additionally,
the FKRE and FKGL scores revealed that the readabil-
ity of ChatGPT-generated responses might be challeng-
ing, particularly for patients with lower literacy levels.
These findings indicate the areas where ChatGPT excels
and struggles, notably in conveying complex medical in-
formation in an accessible manner.
The Kruskal–Wallis H test was used to compare EQIP
scores, FKRE scores, and FKGL scores among different
subgroups of questions about PsA.
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Table 1. Categorization of Psoriatic Arthritis topics by EQIP criteria.

Ranks Keyword Category of the based on EQIP

1 What is psoriatic arthritis? Event or Disease
2 What are the symptoms of psoriatic arthritis? Event or Disease
3 What causes psoriatic arthritis? Event or Disease
4 Is psoriatic arthritis hereditary? Event or Disease
5 What are the early signs of psoriatic arthritis? Event or Disease
6 What triggers psoriatic arthritis flare-ups? Event or Disease
7 Can stress worsen psoriatic arthritis? Event or Disease
8 Is psoriatic arthritis an autoimmune disease? Event or Disease
9 Can children get psoriatic arthritis? Event or Disease
10 What are the complications of psoriatic arthritis? Event or Disease
11 How does psoriatic arthritis affect the skin? Event or Disease
12 Is psoriatic arthritis related to psoriasis? Event or Disease
13 What is the prognosis for psoriatic arthritis? Event or Disease
14 What is the relationship between psoriatic arthritis and other autoimmune diseases? Event or Disease
15 Can psoriatic arthritis cause disability? Event or Disease
16 What are the risks of untreated psoriatic arthritis? Event or Disease
17 Can psoriatic arthritis cause eye problems? Event or Disease
18 Can psoriatic arthritis cause heart problems? Event or Disease
19 What is dactylitis in psoriatic arthritis? Event or Disease
20 Can psoriatic arthritis cause kidney problems? Event or Disease
21 Can psoriatic arthritis cause lung problems? Event or Disease
22 How is psoriatic arthritis treated during pregnancy? Discharge or Postoperative Care
23 How to manage psoriatic arthritis pain? Discharge or Postoperative Care
24 How to prevent psoriatic arthritis flare-ups? Discharge or Postoperative Care
25 How does psoriatic arthritis affect daily life? Discharge or Postoperative Care
26 How to manage fatigue in psoriatic arthritis? Discharge or Postoperative Care
27 What lifestyle changes help with psoriatic arthritis? Discharge or Postoperative Care
28 Can exercise help with psoriatic arthritis? Discharge or Postoperative Care
29 What are the best exercises for psoriatic arthritis? Discharge or Postoperative Care
30 What are the treatment options for psoriatic arthritis? Medication, Drug, or Product
31 What are the best medications for psoriatic arthritis? Medication, Drug, or Product
32 What is the role of biologics in treating psoriatic arthritis? Medication, Drug, or Product
33 What are the common side effects of psoriatic arthritis medications? Medication, Drug, or Product
34 What is the role of corticosteroids in treating psoriatic arthritis? Medication, Drug, or Product
35 What is the role of methotrexate in psoriatic arthritis treatment? Medication, Drug, or Product
36 What is the role of TNF inhibitors in treating psoriatic arthritis? Medication, Drug, or Product
37 Are there natural remedies for psoriatic arthritis? Medication, Drug, or Product
38 Can diet affect psoriatic arthritis? Medication, Drug, or Product
39 Are there specific diets for psoriatic arthritis? Medication, Drug, or Product
40 Can smoking affect psoriatic arthritis? Medication, Drug, or Product
41 Can alcohol affect psoriatic arthritis? Medication, Drug, or Product
42 How is psoriatic arthritis diagnosed? Procedure, Test, Process, Study, or Method
43 What is enthesitis in psoriatic arthritis? Procedure, Test, Process, Study, or Method
44 What is the difference between rheumatoid arthritis and psoriatic arthritis? Procedure, Test, Process, Study, or Method
45 What is the difference between psoriatic arthritis and osteoarthritis? Procedure, Test, Process, Study, or Method
46 What is the role of physical therapy in psoriatic arthritis? Procedure, Test, Process, Study, or Method
47 What are the differences between psoriatic arthritis and osteoarthritis? Procedure, Test, Process, Study, or Method
48 What is the role of TNF inhibitors in psoriatic arthritis treatment? Procedure, Test, Process, Study, or Method
49 What are the risks of untreated psoriatic arthritis? Procedure, Test, Process, Study, or Method
50 Can psoriatic arthritis cause disability? Procedure, Test, Process, Study, or Method

These subgroups included following:

1. Symptoms: Questions related to PsA symptoms, such
as joint pain, edema, and skin involvement.

2. Diagnosis: Questions focused on the diagnostic
criteria and procedures used to detect PsA.

3. Treatment options: Questions about the differ-
ent treatments for PsA, including medications and
lifestyle changes.

4. Complications: Questions about the possible compli-
cations and long-term effects of PsA.
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Table 2. Descriptive statistics of patient information quality and readability scores.

Minimum Maximum Mean ± SD

EnsuringQuality Information for Patients Score 50 69 59 (5.2)
The Flesch-Kincaid Reading Ease Score 45 59 50 (4.1)
The Flesch-Kincaid Grade Level Score 8 12 9.5 (1.2)

Figure 2. Distribution of categories in study analysis.

Significant differences in EQIP scores were observed
among subgroups (H (3) = 9.56, p < 0.05). The treatment
options subgroup had significantly lower EQIP scores than
the symptoms and diagnosis subgroups, which indicated
that ChatGPT’s responses were less clear and complete
while presenting treatment regimens. The Bonferroni post
hoc correction revealed a significant difference between
treatment option and symptom subgroups (p<0.017).

The distribution of categories in the study analysis is il-
lustrated in Figure 2. Along with the overall analysis, a
subgroup analysis was performed to evaluate the EQIP,
FKRE, and FKGL scores within each question category
(symptoms, diagnosis, treatment options, and complica-
tions). This analysis revealed that ChatGPT performed
weaker in the treatment options category, with signifi-
cantly lower EQIP scores (mean = 65.3, SD = 8.7) than
in the symptoms category (mean = 78.2, SD = 5.4). The
results indicated that, while ChatGPT accurately defined
common PsA symptoms, such as joint pain and swelling,
it was unable to provide detailed and clear information
about treatment options.

The EQIP scores in the symptoms subgroup provided ad-
ditional evidence for ChatGPT’s responses to common
PsA symptoms, such as joint pain, swelling, and skin

patches. The high mean EQIP score in this subgroup
(78.2) indicates that ChatGPT is reliable in reporting
symptoms but less effective in answering treatment-related
questions, as indicated by the lower EQIP scores in that
subgroup.

Discussion
This study provides several significant insights into Chat-
GPT’s efficacy in providing health information for PsA.
The EQIP scores reveal that while ChatGPT could provide
high-quality information, there are notable deficiencies in
several areas, particularly in the discussion of complex
treatment options [19]. This finding is consistent with a
previous study on AI-generated health information, which
revealed that AI platforms fail to explain complex medical
content [20].
One of the primary challenges identified in this study is the
readability of the information generated by ChatGPT. The
FKRE and FKGL scores indicate that the relatively high
reading level is necessary to fully comprehend the content,
which might limit its accessibility to patients with lower
literacy levels [21]. Since health literacy is a significant
predictor of health outcomes [22], patients with limited
literacy skills might not fully understand the information
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provided, which could limit their ability to make informed
healthcare decisions [23].
ChatGPT’s responses to questions concerning common
PsA symptoms, such as joint pain, swelling, and skin in-
volvement, were consistent with existing medical knowl-
edge [24]. For example, in response to a question regarding
the common PsA symptoms, ChatGPT accurately recog-
nized the characteristic indicators of the condition, such
as dactylitis and enthesitis, which are well-documented in
medical literature [25]. Furthermore, ChatGPT identified
that PsA can cause peripheral and axial joint involvement,
which indicated its consistency with established clinical
descriptions of the condition [26].
However, the study also identified areas where ChatGPT’s
responses were less consistent with medical knowledge,
notably in terms of treatment strategies. While Chat-
GPT highlighted commonly prescribed medications such
as NSAIDs and biologics, it often failed to provide de-
tailed information on proper usage, possible side effects,
and long-term management concerns, which are crucial for
patient education and effective disease management [27].
The findings of this study are consistent with and build
upon earlier studies on AI-generated health information.
Studies on AI-generated content for conditions such as di-
abetes and hypertension have also shown challenges in pre-
serving the accuracy and readability of complex medical
information. Previous research has shown that, while AI
tools can effectively provide general health information,
they often struggle with more subtle issues that need de-
tailed explanations or patient-specific guidance [28]. Com-
paring the EQIP and readability scores from this study
with those reported in similar studies reveals that these
issues are not unique to PsA but rather reflect broader
limitations in current AI technologies [29].
Similar studies on AI-generated content for chronic con-
ditions such as diabetes have found that, while the gen-
eral information provided is accurate, the level of detail
required for patient management often falls short, partic-
ularly in areas requiring personalized advice [30]. This
comparison emphasizes the importance of continued de-
velopment and refinement of AI tools to ensure they reach
the high standards necessary for patient education and
support [31].
The FKRE and FKGL scores presented in this study reveal
a significant challenge in the accessibility of ChatGPT-
generated health information. The FKGL scores, which
show a reading level between high school and college, indi-
cate that patients with lower literacy levels may struggle
to understand the content [32]. This is particularly prob-
lematic considering that health literacy has a significant
influence on patient outcomes [33]. Patients with limited
literacy skills may struggle to interpret medical informa-
tion offered at a higher reading level, potentially leading
to miscommunication regarding their condition and treat-
ment options [34]. This accessibility gap highlights the
need to tailor AI-generated content to the demands of a
diverse patient population, ensuring that all individuals,
regardless of literacy level, have access to and benefit from
accurate and comprehensible health information [35].
To improve the readability of ChatGPT’s responses and

better meet the demands of a diverse patient population,
several strategies might be used. First, AI algorithms
could be programmed to reduce medical jargon using more
common language and shorter sentences to make the con-
tent more understandable [36]. Additionally, developers
might include a function that allows the complexity of the
language to be modified based on the user’s literacy level,
ensuring the information is more accessible to a larger au-
dience [37]. Another potential improvement is the use
of visual aids, such as diagrams or videos, to help con-
vey complex medical concepts more effectively [38]. These
guidelines are intended to make AI-generated health infor-
mation more inclusive, ensuring that patients of all liter-
acy levels can access, comprehend, and act on the medical
advice provided [39].
Several possible confounding factors might have impacted
the EQIP and readability scores observed in this study.
One important factor is the complexity of the medical
content; more complex topics, such as treatment options
or detailed diagnostic criteria, might have lower readabil-
ity scores due to the need to use technical terminology
and provide longer explanations. Additionally, the spe-
cific words used in the questions might influence the re-
sults. For example, unclear or broad questions elicit less
detailed responses and reduce the EQIP score. In contrast,
more specific questions might prompt responses that are
more technical and less readable, thus increasing the dif-
ficulty of understanding as indicated by the FKRE and
FKGL scores. These confounding factors emphasize the
importance of careful attention when interpreting the re-
sults. Future studies should consider these characteristics
to better understand how AI-generated content performs
across diverse types of medical information.
While this study provides valuable insights into Chat-
GPT’s ability to generate health information on PsA, sev-
eral limitations must be acknowledged. First, our study
did not examine the potential link between PsA and car-
diovascular conditions such as subclinical atherosclerosis, a
well-documented association in the literature [40]. Future
research could explore how AI-generated responses address
comorbidities associated with PsA, particularly cardiovas-
cular risk factors.
Another limitation is that our readability assessment re-
lied on standardized readability formulas, which do not
fully capture comprehension levels across diverse patient
populations. Future studies could incorporate patient sur-
veys to evaluate real-world readability and comprehension.
Additionally, AI-generated health information, it is crucial
to investigate the broader implications of these results and
potential solutions. One of the main challenges in improv-
ing AI for patient education is ensuring that the informa-
tion provided is accurate and accessible to a diverse pa-
tient group. This includes addressing the technical aspects
of AI, such as refining algorithms for better understand-
ing and generating medical content along with consider-
ing the social and ethical components, such as providing
equal access to information. Furthermore, AI tools must
be designed to accommodate patients’ diverse literacy lev-
els, cultural backgrounds, and individual needs. Potential
solutions include developing configurable AI systems that
allow users to select desired level of detail or complexity
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and incorporate feedback loops that allow patients to rate
helpfulness or understandability of the information. Ad-
dressing these factors could help in optimizing AI to serve
as a reliable and effective tool for patient education, even-
tually improving health outcomes and patient empower-
ment.

Conclusion
Although ChatGPT shows potential to provide accessible
health information on PsA, this study highlights signifi-
cant areas for improvement, notably in the readability and
complexity of the information presented. By addressing
these challenges, AI tools might be modified to effectively
meet the demands of diverse patient populations, which
could result in improved health outcomes.

Ethical approval
An ethics committee decision is not required for the study.
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Abstract

Aim: This study compares the pulse parameter values before, during, and after anesthe-
sia using computer-assisted local infiltration anesthesia and traditional local infiltration
anesthesia methods in children.
Materials and Methods: The study included 100 children aged 7-11 who applied to
the pediatric dentistry clinic. During the initial session, the children underwent intraoral
examinations. The children were divided into two groups randomly. Traditional local
infiltration and computer-assisted local anesthesia were applied to treat dentin caries in
the maxillary primary molar teeth. The heart rate of the patients was measured using a
pulse oximeter device.
Results: The average age of the patients was 8.21±1.00 years, with 48 (48.0%) male and
52 (52.0%) female. The average heart rate (HR) was found to be 99.28±14.68. At the
end of the study, 61 (61.0%) of the patients preferred the computer-assisted anesthesia
method, and 39 (39.0%) preferred the traditional method. A notable distinction exists
between the pre- and post-anaesthesia heart rate values associated with each anesthesia
technique, indicating significant variations when comparing different methods of anesthesia
(p<0.001). No significant differences were observed between the two methodologies across
all measured values (p>0.05).
Conclusion: Although there was no significant difference in heart rate parameters, 61%
of the patients preferred the computer-controlled local anesthesia method, which showed
effectiveness in reducing anxiety. Further studies are required to confirm these results
using modern local anesthesia devices.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Dental anxiety and fear of dental treatment in children is a
global public health problem that leads to neglect of dental
care in many countries [1]. In studies conducted in various
countries, the prevalence of childhood dental anxiety in
Turkey ranges between 21.3% and 23.5% [2]. It has been
reported that the percentage varies between 2.5% and 20%
in other countries [3]. It is common for dental treatments
that involve procedures such as local anesthesia applica-
tions to elicit fear and anxiety in patients. The resulting
physiological reactions can make the experience even more
unpleasant. That is why dental professionals must priori-
tize patient comfort and well-being. By addressing dental
fear and anxiety, such as sedation or other relaxation tech-
niques, dental professionals can help patients feel more at

∗Corresponding author:
Email address: ozgurdogan1984@gmail.com ( Özgür Doğan)

ease and improve their overall experience [4]. Local anes-
thesia is frequently used in dentistry to prevent pain, but
it can cause anxiety and fear in pediatric patients, mak-
ing it difficult to manage their behavior [5]. During lo-
cal infiltration anesthesia, using long needles, venting the
syringe visibly, and administering inappropriate doses of
anesthetics can trigger anxiety and fear of pain in children
[6]. Several methods have been proposed to alleviate pain
during injections, including topical anesthetics, warming
the anesthetic solution to body temperature, and extend-
ing the injection time [7].

Local anesthesia devices have gained popularity in recent
years. Various systems for administering local anesthe-
sia include computer-aided applications, electronic dental
anesthesia, intraoral lidocaine tape, jet injectors, and vi-
bration devices [8]. Computer-controlled local anesthesia
application systems are devices designed to reduce pain
and anxiety. Excessive pressure and rapid injection of

85

https://annalsmedres.org/index.php/aomr/article/view/
https://annalsmedres.org/index.php/aomr/issue/view/198
https://www.annalsmedres.org
https://orcid.org/0000-0002-5793-175X
https://orcid.org/0000-0002-3462-4052
https://orcid.org/0000-0001-6996-6696
https://orcid.org/0000-0003-0215-7864
https://orcid.org/0000-0002-8447-1111
https://doi.org/10.5455/annalsmedres.2024.04.072
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-5793-175X


Dogan O. et al. Original Article 2025;32(2):85–91

anesthetic solution cause pain during injection [9]. In
computer-controlled anesthesia systems, an injection is ad-
ministered gradually and at a speed controlled, eliminating
the need for pressure. This device makes dental anesthesia
more comfortable and painless for patients and pediatric
dentists [10,11].
Sleeper One® 5 (DHT, Cholet, France) is a lightweight
handpiece with an easy-to-grip design, wireless foot pedal,
and control unit. It has a resistance analysis system that
regulates the injection according to tissue density, and
the foot pedal controls the injection speed. The device’s
hand unit allows for monitoring the amount of solution
applied and the resistance to the solution, featuring three
pre-programmed injection rates. The most important fea-
ture of Sleeper One® 5 is its double-curved needle, which
makes it easier to penetrate bone (Figure 1) [12].

Figure 1. Sleeper One® 5 anesthesia device.

This study aims to evaluate using heart rate as a parame-
ter for selecting anesthesia in children and detecting dental
anxiety and fear. The study will compare the effectiveness
of infiltrative anesthesia using classical dental syringes ver-
sus the Sleeper One® 5 anesthesia device. The study’s
null hypothesis is that there is no difference between pa-
tients’ heart rate measurements during buccal infiltration
anesthesia performed with the traditional technique and
the Sleeper One® 5 device.

Materials and Methods
The study received approval from the Afyonkarahisar
Health Sciences University Clinical Research Ethics Com-
mittee (decision numbered 2021/85) and the Ministry
of Health Turkey Pharmaceuticals and Medical Devices
Agency (decision numbered E-68869993-511.06-365560).
All patients included in the study were treated accord-
ing to the ethical principles of the Declaration of Helsinki.
The study has been presented according to CONSORT
guidelines for reporting trials.

Sample size determination
Patient groups were selected based on specified crite-
ria from applicants to the pediatric dentistry department
clinic between October 2021 and May 2022. The analysis
for this study was conducted using the G*Power 3.1 soft-
ware [13]. Drawing on power analyses from analogous re-

search, the minimum sample size was established at 88 pa-
tients, ensuring a 95% confidence interval with an achieved
power of 80%. After detailed anamnesis and clinical and
radiographic examinations, 100 patients (48 boys and 52
girls) were deemed appropriate for inclusion in the study.

Study population
A total of 100 patients, 48 (48.0%) males and 52 (52.0%)
females, aged between 7 and 11, participated in the study
voluntarily. The patients were randomly divided into two
groups based on their preference for green or yellow.

The inclusion criteria
Individuals included in the study:

• Systemically healthy

• Score 3 or 4 on the Frankl scale, [14]

• Have caries in their upper jaw primary molars that
have not reached the pulp and require treatment.

The exclusion criteria
Individuals excluded in the study:

• Who had a systemic disease,

• Children who were allergic to the anesthetic agent
that would be used,

• Children who had an acute infection,

• Children or their guardians who refused to participate
in the study,

• Patients who were unable or unwilling to attend the
follow-up sessions.

Study design
Cross-over and split-mouth designs were used in the re-
search. Patients were randomly divided into two groups
according to their preference for green or yellow. It was
determined that the green color represents traditional in-
filtration anesthesia, and the yellow color represents anes-
thesia performed with the help of computer technology us-
ing Sleeper One® 5. An independent researcher who was
not involved in the study asked the participants to choose
a color to ensure a double-blind randomization procedure.
After each participant selected a color, they were informed
about the relevant anesthesia technique and the groups
were randomly assigned. Both anesthesia methods were
administered to every patient (Figure 2). One hundred
participants were thoroughly informed about the details
of the study. Additionally, each participant completed the
patient consent form to provide consent.

Clinical protocol
The first appointment

The first appointment is the session wherein child under-
went an oral examination and became familiar with the
environment and treatment. In this session, the children’s
heart rate was measured using a pulse oximeter (Yongkang,
Xuzhou, China) before the intraoral examination with the
help of HR determination.
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Figure 2. The study flowchart follows CONSORT guidelines for clinical trials.

Figure 3. Sleeper One® 5 anesthesia device.

The second appoinment

A randomly selected anesthesia method was applied in this
session. At the start of the session, a topical anesthe-
sia sprays containing 2% lidocaine (Locanest spray, Axiva
İlaç San. ve Tic. AŞ., İstanbul, Türkiye) was applied
for 1 minute. Afterward, Sleeper One® 5 was used for
children who chose the yellow color. At the same time,
traditional local anesthesia was administered to children
who chose the green color with a two-cc classic dental in-
jector (Berika Teknoloji Medikal İml. İth. İhrc. Ticaret
LTD. ŞTİ., Konya, Türkiye). During local anesthesia, 4%
articaine was used as the active ingredient along with 1
part in 100000 epinephrine content mixed in Ultracaine
DS Forte capsule (Hoechst Marion Roussel,Germany). In
the buccal infiltrative injection, 1.5 cc of local anesthetic
solution were injected into the tissue at 60 seconds using

the traditional method. However, the Sleeper One® 5
device took 145 seconds. After removing the caries and
opening the cavities, teeth that required restorative treat-
ment were restored.

The third appointment

After applying a 1-minute topical anesthetic, the anesthe-
sia method used in the first session was changed to a dif-
ferent one. Local anesthesia was used for restorative treat-
ment of decayed teeth in the other half of children’s max-
illa. The child was made to sit on a chair at the start of
the three sessions. Afterward, the necessary information
was given to the child, and then the finger apparatus of
the pulse oximeter was attached to the index finger of the
left hand. The apparatus remained on the finger until the
end of the procedure (Figure 3). During the first session,
only one measurement was recorded. However, four heart
rate (HR) values were recorded in the second and third
sessions. The first measurement was taken before starting
the anesthesia, the second measurement was taken when
half of the anesthetic capsule was reached, the third was
taken immediately after the anesthesia procedure, and the
fourth was taken one minute after the anesthesia process
had ended. It was recorded that a single patient had 9 HR
values in total. All the values were combined and averaged
to produce a single value for statistical analyses.

Statistical analysis
Statistical analyses were conducted using IBM SPSS
Statistics version 20.0 (IBM SPSS®, Chicago, USA).
Each individual heart rate measurement was treated as
a distinct statistical entity. Quantitative heart rate data
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Table 1. Comparisons of repeated measurements for the conventional anesthesia method.

Variables Mean±SD 95% CI for Mean p value
(Lower Bound-Upper Bound)

1. Heart Rate Measurements 98.18±14.31 95.34-101.02

<0.001a
2. Heart Rate Measurements 95.29±15.89 92.14-98.44
3. Heart Rate Measurements 96.86±15.96 93.69-100.03
4. Heart Rate Measurements 103.20±13.27 100.57-105.83

SD: Standard Deviation, CI: Confıdence Interval, a: Analysis of Variance in Repeated Measurements test.

Table 2. Comparisons of repeated measurements for the computer-assisted anesthesia method.

Variables Mean±SD 95% CI for Mean p value
(Lower Bound-Upper Bound)

1. Heart Rate Measurements 99.82±14.52 96.94-102.70

<0.001a
2. Heart Rate Measurements 95.17±15.35 92.12-98.22
3. Heart Rate Measurements 96.80±15.03 93.82-99.78
4. Heart Rate Measurements 101.52±13.43 98.86-104.18

SD: Standard Deviation, CI: Confıdence Interval, a: Analysis of Variance in Repeated Measurements test.

Table 3. The comparison between computer-controlled anesthesia methods and traditional anesthesia methods for each measurement value.

Variables Traditional Computer-Controlled p value

Mean±SD 95% CI for Mean Mean±SD 95% CI for Mean
(Lower Bound-Upper Bound) (Lower Bound-Upper Bound)

1. Heart Rate Measurements 98.18±14.31 95.34-101.02 99.82±14.52 96.94-102.70 0.094b

2. Heart Rate Measurements 95.29±15.89 92.14-98.44 95.17±15.35 92.12-98.22 0.927a

3. Heart Rate Measurements 96.86±15.96 93.69-100.03 96.80±15.03 93.82-99.78 0.968a

4. Heart Rate Measurements 103.20±13.27 100.57-105.83 101.52±13.43 98.86-104.18 0.157a

SD: Standard Deviation, CI: Confıdence Interval, a: Paired-t test, b: Wilcoxon Sign Rank test.

were summarized using standard deviation and median
(with minimum and maximum values), while qualitative
data were presented as the number of patients along
with their corresponding percentages. To compare heart
rates between traditional and computer-assisted anesthe-
sia techniques, the paired t-test was employed for normally
distributed dependent quantitative variables, whereas the
Wilcoxon signed-rank test was applied for non-normally
distributed variables. For assessing variance across multi-
ple measurements, the ANOVA test for repeated measures
was utilized. A p-value threshold of <0.05 was established
to denote statistical significance.

Results
Out of the total number of patients in the study (n=100),
48 (48.0%) were male and 52 (52.0%) were female. The
mean age of the patients was 8.21±1.00 years. The aver-
age HR was calculated to be 99.28±14.68. At the end of
the study, 61 out of 100 patients chose computer-assisted
anesthesia, while 39 chose the traditional method.
Table 1 compares the repeated measurements obtained us-
ing the traditional anesthesia method. A significant differ-
ence was found in HR between the traditional anesthesia
procedure (p<0.001). The HR measurements were taken
at four different stages. It has been determined that there
are considerable variations between certain pairs of mea-
surement times. Significant differences were observed be-
tween certain dual measurement times: 1st-2nd, 1st-4th,

2nd-3rd, 2nd-4th, and 3rd-4th. The p-values were 0.001,
<0.001, 0.041, <0.001, and <0.001, respectively.
In Table 2, comparisons were made for the computer-
assisted anesthesia method, and a significant difference
was found for HR (p<0.001) among repeated measure-
ments. It has been determined that there are considerable
variations between certain pairs of measurement times.
Significant differences were observed between certain dual
measurement times: 1st-2nd, 1st-3rd, 2nd-4th, and 3rd-4th.
The p-values were 0.001, =0.019, 0.001, and <0.001, re-
spectively.

Figure 4. Comparison of heart rate measurement during examination and
measurements of anesthesia methods.
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In Table 3, traditional anesthesia and computer-assisted
methods were compared separately for each measurement
value, and no significant difference was found between
the two anesthesia methods for any measurement value
(p>0.05) (Figure 4).

Discussion
The results of the study showed that although higher heart
rate values were observed with the traditional method of
administering local anesthesia during the upper jaw buccal
infiltration technique as compared to the Sleeper One® 5
device at all measurement times, this difference was not
statistically significant. It was found that the null hypoth-
esis of the study was valid.
It is recommended to control the injection speed and the
pressure applied to the tissues during injection, but man-
ual control of this situation may be difficult in local anes-
thesia applications. Based on these considerations, The
Wand® (later versions called Wand Plus® and Com-
puDent®) (Milestone Scientific, Livingston, New Jersey,
USA), Quicksleeper® (Dental HiTec, Cholet, France),
Sleeper One® 5 (Dental HiTec, Cholet), France) and
Comfort Control Syringe® (Dentsply International, York,
PA, USA) have been developed. [15,16] The Sleeper One®
5 device is controlled by a wireless foot pedal with three in-
jection speeds. This device’s asymmetrical triple-beveled
needle detects tissue resistance, and the anesthetic dose
and application rate are controlled to avoid exceeding the
pain threshold [17]. In our study, we used disposable plas-
tic dental syringes with a needle diameter of 0.40 mm and
a length of 4-5 cm. On the other hand, the needle used
in Sleeper One® 5 has a diameter ranging from 0.27-0.36
mm (30-27 Gauge) and a length of 0.9-1.2 cm. The Sleeper
One® 5 injection device has a thinner and shorter needle
than plastic dental syringes.
Dental anxiety in children is influenced by various physi-
cal and emotional factors such as age, gender, past dental
experiences, family socioeconomic status, and parenting
style. Some of the reasons why people experience fear and
anxiety when it comes to dentistry are related to the tools
used by the dentist, the procedures involved during the
dental treatment, the sight of a syringe or the injection
process, and the use of an aerator [18].
There are various methods to measure dental anxiety and
fear, including observation-based techniques, psychomet-
ric scales, and physiological and projective measurements
[19]. Physiological measurements use specialized equip-
ment to indirectly obtain information about the severity of
a patient’s fear and anxiety by measuring pulse and blood
pressure. In the current study, the researchers utilized
physiological measurement techniques and preferred mea-
suring HR through pulse oximetry due to its ease of clinical
application. To eliminate the risk that a very short-term
increase in HR may affect the general health of patients
with cardiac disease, patients with any systemic disease
were not included in our study. Dental fear and anxiety
can cause an increase in cortisol levels, resulting in higher
levels of catecholamines, which can lead to elevated blood
pressure and heart rate [4,20].
During dental treatments, HR increases due to anxiety,
such as during injections. In studies evaluating HR, base-

line HR values are measured before treatment and com-
pared to subsequent values [15,21]. Rosenberg et al. con-
ducted a study on 58 children, aged between 3 and 12, to
investigate the relationship between heart rate (HR) and
anxiety. Contrary to some studies that highlight HR as
an important factor in measuring anxiety, Rosenberg et
al. argued that HR cannot be a determinant of anxiety
[22,23].

The treatment programs in our study consisted of three
sessions with appointments scheduled 7-10 days apart. In
a study by Wogelius et al. regular dentist visits with-
out invasive treatment can prevent mild dental anxiety in
children [24]. On the other hand, a study conducted by
Hembrecht et al. revealed that children exhibited more
anxious behavior in the second injection session with both
The Wand and Sleeper One® 5 devices when compared
to the first session. They suggested that this situation
could be attributed to a conditioning effect resulting from
repeated dental appointments [25].

Pulse oximeters are non-invasive devices that measure
blood oxygen saturation and do not require calibration
for HR measurement. The measurement is typically taken
with a probe that is placed on the finger.It measures only
the amount of oxygen present in the arteries during each
heartbeat. Pulse oximetry may cause dental anxiety even
in anxiety-free children and may produce inaccurate re-
sults [26]. It is important to consider any limitations that
may have influenced the results obtained during their use.

Both computer-assisted anesthesia and traditional anes-
thesia techniques increased HR, with no significant differ-
ence found between them, according to a previous study
[27,28].

This study measured heart rates four times during injec-
tions with both anesthesia methods. Significant differences
were found. When comparing computer-assisted anesthe-
sia devices to traditional anesthesia, the difference in av-
erage heart rate is insignificant. Computer-assisted anes-
thesia devices have an average heart rate of 98.32, and
traditional anesthesia has an average heart rate of 98.38.
HR increased after anesthesia in both methods, and there
was no statistically significant difference between them.

One limitation of our study was that some patients had
a phobia of the dental syringe. The sight of the needle
caused behavioral disorders in some patients and made
treatment difficult. One of the limitations of addressing
dental anxiety is that it is not solely related to the use of a
needle and anesthesia. Dentist anxiety is a common phe-
nomenon that can be affected by a variety of factors. The
sounds in the clinic environment, the behavior of other
children receiving treatment, and even small details such
as the dentist’s coat can contribute to a person’s anxiety
level. It is important to keep in mind the limitations of
this study when analyzing the results. Although physio-
logical methods are important in evaluating pain and anx-
iety in school-age children, this study only evaluated the
HR parameter. It should be noted that while HR can sup-
port physiological tests for anxiety and fear, it may not be
enough on its own.
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Conclusion
When anesthesia techniques are compared, heart rate val-
ues are considered, and there is a significant difference be-
tween each anesthesia technique’s pre and post-anesthesia
values. Our proposed study found no statistically signif-
icant difference in average heart rates between the two
methods, leading us to accept the null hypothesis. 61% of
patients preferred the anesthesia method performed with
the Sleeper One® 5 devices for future dental procedures,
while 39% preferred traditional anesthesia. However, fur-
ther studies are necessary with a larger sample group of
children using the Sleeper One® 5 anesthesia device to
confirm the results obtained.
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