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Research Article

Investigating the Role of Oxidant-Antioxidant Balance in the
Etiology of Migraine

Tugba Calisir!, @Nebahat Tasdemir?

'Ceyhan State Hospital, Department of Neurology, Adana, Tirkiye
2Agri Ibrahim Cegen University, Faculty of Medicine, Department of Neurology, Agri, Turkiye

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License.

Abstract

Aim: Migraine, a prevalent neurovascular disorder, is marked by repetitive headache episodes. Its complex etiology encompasses
biochemical, genetic, and environmental influences, but its exact pathophysiology remains elusive. Recent studies have hinted at a
link between migraine and oxidative stress. Hence, this study sought to delve into the correlation between migraine, oxidative stress
markers, and lipid profiles.

Material and Method: This case-control study involved 60 adult migraine patients from Dicle University's Neurology Department
in Diyarbakir, Tirkiye, observed between 2009 and 2010. The control group was age- and gender-matched healthy individuals.
Parameters like malondialdehyde (MDA), paraoxonase-1 (PON-1), total antioxidant capacity (TAC), and lipid constituents such as
total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), and triglycerides (TG)
were measured in both groups.

Results: Migraine sufferers, particularly those with aura, had significantly elevated MDA levels compared to controls (p<0.05).
Conversely, TAC and PON-1 levels were notably lower in the migraine population, suggesting an imbalance in their oxidant/antioxidant
systems (p<0.05). Lipid analysis showed heightened TC, LDL-C, and TG in migraine patients, while HDL-C was diminished, with
marked differences in subgroups (p<0.05).

Conclusion: The surge in MDA and the decline in TAC and PON-1 levels insinuate that oxidative stress plays a pivotal role in migraine's
pathophysiology. The lipid profile alterations in migraineurs highlight potential cardiovascular concerns. Comprehensive cohort
studies are essential to confirm these findings and understand the intricate ties between migraine, oxidative stress, and metabolic
indicators. This research underscores oxidative balance's potential significance in migraine pathogenesis, emphasizing the need to
consider oxidative stress in migraine management and prevention strategies.

Keywords: Migraine disorders, oxidative stress, malondialdehyde, aryldialkylphosphatase, lipids, cardiovascular diseases

INTRODUCTION and even the entire body (6). Malondialdehyde (MDA), the
product of lipid peroxidation, has been used to assess
oxidative status in various conditions, such as respiratory
distress, cardiovascular problems, neuroinflammatory
disorders, and cancer (7). Paraoxonase-1 (PON-1), a
key antioxidant chemical, has anti-inflammatory and
antiatherosclerotic  characteristics, preventing low-
density lipoprotein (LDL) and high-density lipoprotein
(HDL) from oxidation (8-10). Total antioxidant capacity
(TAC), an integrated parameter of detectable antioxidants,
reflects the synergistic interaction of all antioxidants in
serum or plasma (11).

Migraineisacommonneurovasculardiseaseaccompanied
by several clinical features such as headache, nausea,
and photophobia (1). Approximately 12%-16% of the
general population, primarily women, suffers from
migraine (2). Although many biochemical, genetic, and
environmental factors have been suggested to play a role
in the pathogenesis of migraine, the exact pathogenesis
is still unclear (3-5). However, recent studies increasingly
suggest that oxidative stress may play a central role in
migraine's pathophysiology.

Oxidative stress refers to a shift in the antioxidant/oxidant
balance in the direction of oxidants. Overproduction of
reactive oxygen species causes damage to cells, organs,

Several studies have reported changes in oxidative stress
marker levels in migraine patients, suggesting a possible
relationship between oxidative damage and migraine. In a
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recent study, proteomics analysis revealed inflammatory
and oxidative stress markers in the plasma of migraine
patients during pain episodes, suggesting their use as
potential disease biomarkers (12). Another study reported
that botulinum toxin type-A (BoNT/A) treatment improved
plasma oxidative stress biomarker levels, further
confirming the role of oxidative stress in chronic migraine
(13). Additionally, a study on the status of inflammatory
and anti-inflammatory markers in migraine patients
concluded that MDA, an oxidative stress marker, and other
inflammatory markers may act as potential risk factors
for migraine (14). On the other hand, other studies did not
find any significant difference between migraine patients
and healthy control subjects in oxidative stress marker
levels (15-18). Hence, the exact nature of the complex
relationship between oxidative stress and migraine
remains unclear. Therefore, more comprehensive studies
that will provide a deeper insight into the multifaceted role
of oxidative stress in migraine are needed.

In this context, this study was carried out to comparatively
assess the plasma levels of MDA, PON-1, TAC, and lipid
profile in individuals with and without migraine with a
view to clarifying the potential role of oxidant/antioxidant
balance in migraine.

MATERIAL AND METHOD
Study Design and Ethical Considerations

This research was designed as a forward-looking, case-
control study. Approval for the study protocol was obtained
from the ethics committee of Dicle University, Diyarbakir,
Tirkiye, prior to initiation (Approval No: 14-26.05.12). The
conduct of this study adhered to the ethical guidelines
outlined in the Declaration of Helsinki. All participants
provided their consent through signed, written informed
consents.

Population and Sample

The research focused on adult individuals (over 18 years
of age) diagnosed with migraine, monitored at the Dicle
University, Diyarbakir, Tirkiye's Faculty of Medicine,
Neurology Department's outpatient clinic from 2009 to
2010. Migraine typically presents as repeated episodes of
severe headaches that can last from 4 to 72 hours and
are often exacerbated by everyday physical activities.
Symptoms frequently accompanying migraines include
nausea, vomiting, visual disturbances, and heightened
sensitivity to light and sound (1). Migraine auras are
characterized by reversible focal neurological symptoms
involving visual, sensory, speech, and/or motor problems
that develop gradually and usually precede the headache
phase (19).

Consecutive patients between the ages of 20 and 50 who
were diagnosed with migraine (with or without aura) by
an experienced neurologist according to the International
Classification of Headache Disorders version 3 Beta
(ICHD-3 beta) criteria (1) had at least two migraine attacks
per month, did not smoke or drink alcohol, were taking

Med Records 2024;6(2):146-51

regular medication in the last one month before the study
at the minimum, and gave their consent to participate in
the study were included in the study.

On the other hand, patients with major psychiatric or
neurological disorders who had a history of pregnancy,
breastfeeding, or menopause and have used any
medication that may affect the levels of oxidant/
antioxidant markers in the last month were excluded from
the study.

In the end, 60 migraine patients who met the study
inclusion criteria were included in the patient group (Group
1). Group 1 was divided into two subgroups: those with
aura (Group 1a) (n=32) and those without aura (Group 1b)
(n=28). The control group (Group 2) consisted of 30 age-
and gender-matched healthy individuals with no personal
or familial history of migraine or other headache disorders
and who applied to the neurology outpatient clinic for
other reasons during the study period.

Data Collection

Venous blood samples were taken to assess patients’
serum MDA, PON-1, and TAC levels and lipid profiles.
Blood samples were collected from all participants into
heparinized tubes between 08:00 a.m. and 09:00 a.m.
after fasting overnight. Blood samples were maintained
in gel biochemistry tubes for 30 minutes, centrifuged at
3500 x g for 5 minutes to separate plasma, labeled, and
promptly stored at -80°C until testing.

Lipid peroxidation was spectrophotometrically assessed
in blood plasma using a 2-thiobarbituric acid-reactive
substance (TBARS) assay (20) (Shimadzu UV-160,
Cayman Chemical Company). MDA equivalents were
used to calculate the TBARS levels. Tetramethoxypropane
(TMP; 1,1, 3, 3) was selected as the standard. The resulting
data were presented in terms of pmol/L plasma.

PON-1 enzyme activity was assessed using the Rel
Assay Diagnostics PON enzyme test kit (Abbott Architect
¢16000 clinical chemistry analyzer). The activity of PON-1
towards paraoxon was measured spectrophotometrically
at 412 nm (21). The enzyme activity in one micromole
of p-nitrophenol produced in one minute was measured
at 37°Cusing17 100 M cm™ as the molar extinction
coefficient.

The plasma TAC level was assessed using the Rel Assay
Diagnostics test kit and spectrophotometer (Abbott
Architect ¢16000 clinical chemistry analyzer). The
technique used for measuring plasma TAC levels employs
a fully automated method, as formulated by Erel (22). his
method is predicated on the discoloration of the typically
more resilient 2,2'-azino-bis (3-ethylbenz-thiazoline-6-
sulfonic acid) radical cation by antioxidants. The findings
are expressed in terms of millimoles of Trolox equivalent
per liter.

The study measured various biochemical parameters,
namely total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
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(HDL-C), and triglycerides (TG). These assessments
were conducted using established methods on an Abbott
Architect ¢16000 clinical chemistry analyzer.

The study's primary and secondary outcomes were
determined as migraine patients’ oxidant/antioxidant
levels and lipid profiles and the differences, if any, between
migraine patients (with and without aura) and control
subjects in oxidant/antioxidant levels and lipid profiles,
respectively.

Statistical Analysis

The post-hoc power analysis revealed the statistical
power of the independent two-sample t-test featuring the
MDA values of Group 1a and the control group (Table 1) as
99%. In addition, the post-hoc power analysis revealed the
statistical power of the independent two-sample t-test
featuring the MDA values of Group 1b and the control
group (Table 1) as 99%.

Given the sample size, these data suggest that our
study featured adequate statistical power to detect
the differences observed in MDA values between the
migraine subgroups and the control group. The analysis
was performed using the "statsmodels” library in Python
(version 3.8.5).

For the analysis of our collected data, we utilized the SPSS
24.0 software suite (IBM Corp., Armonk, NY, U.S., 2016), a
widely recognized tool for advanced statistical analysis.
To ensure the robustness of our results, we first verified
the normal distribution of our continuous data using the
Kolmogorov-Smirnov test. This step is crucial as the
normality of data can influence the choice of statistical
tests and the validity of their outcomes.

Our continuous variables were then represented as

Table 1. Laboratory data in all subjects by groups and subgroups

Med Records 2024;6(2):146-51

meanzstandard deviation (SD) for clarity and ease of
interpretation. In contrast, categorical variables were
presented in terms of frequencies (n) and percentage
(%) values, providing a comprehensive overview of the
distribution of our data.

To compare categorical data, we employed Pearson's
chi-square test, a standard method for understanding
associations between categorical variables. We also
utilized Levene's F-test to ensure the homogeneity of
variances across our datasets.

Depending on the results of our preliminary tests and
the nature of our data, we chose the most appropriate
statistical tests for comparison. In the analysis of
continuous variables, the study utilized either one-way
analysis of variance (ANOVA) or the Kruskal-Wallis test,
contingent upon the data distribution. ANOVA was applied
for data that followed a normal distribution, whereas the
Kruskal-Wallis test was used for data that did not. In
cases of pairwise comparison, the selection between the
student's t-test and the Mann-Whitney U test was also
based on whether the data was normally distributed or
not.

To validate the robustness of our results, each test
was executed with a 95% confidence interval. A two-
sided p-value of less than 0.05 was deemed indicative
of statistical significance, aligning with the common
benchmark in numerous scientific investigations.

RESULTS

Upon examining the baseline data, no notable disparities
were observed in the anthropometric and demographic
attributes across the groups. A detailed breakdown of the
laboratory findings for each group can be referenced in
Table 1.

Group 1 (Patient) (n=60)

Group 2
(Healthy control)

Results*  Group 1a (n=32) Group 1b (n=28) (n=30)
Oxidative and antioxidative parameters
MDA 6.7+0.52 3.96+0.56 2.560.11
PON-1 106.5413.1 103.6+10.2 143.9+12.2
TAC 1.0540.14 1.0740.09 1.2240.05
Lipid profile
coL - - -
HDL-C 40.2+9.4 49.9+9.2 40.6+7.8
LDL-C 114.7£15.5 98.0+13.1 85.1+26.0
TG 155.3+37.6 113.4+29.5 113.1+44.5

p-values**
pl p for ANOVA p2 p3 p4
<0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 0.348
<0.001 <0.001 <0.001 <0.001 0.520
<0.001 <0.001 >0.05 >0.05 0.007
<0.001 <0.001 0.856 <0.001 <0.001
<0.001 <0.001 <0.001 0.022 <0.001
<0.001 <0.001 <0.001 0.976 <0.001

*MeantSD values, **p-values are for One-way ANOVA or Kruskal Wallis in three group comparisons, P values are for Student t-test or Mann
Whitney U test in two groups comparisons. p1: Group 1 and Group 2, p2: Group 1a and Group 2, p3: Group 1b and Group 2, p4: Group Ta and Group
1b. Group 1a: Migraine with aura, Migraine without aura, Group 2: Control, MDA: Malondialdehyde, PON-1: Paraoxonase-1, TAC: Total antioxidant
capacity, COL: Total cholesterol, LDL-C: Low-density lipoprotein, HDL-C: High-density lipoprotein, TG: Triglyceride
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When assessing oxidative stress markers, a pronounced
increase in MDA levels was evident in both migraine
subgroups when juxtaposed with the control group (Group
2) (p<0.05). Conversely, antioxidant markers, specifically
TAC and PON-1 levels, were discernibly diminished in
migraine patients relative to the controls (p<0.05). Delving
into the lipid profiles, it was observed that TC, HDL-C,
LDL-C, and TG concentrations were markedly elevated in
patient groups (Group 1) compared to Group 2 (p<0.05).

A deeper dive into the subgroups revealed that MDA
concentrations were notably higher in the migraine
patients with aura (Group 1a) than their counterparts
without aura (Group 1b) (p<0.05). However, no discernible
differences were found between these subgroups

Med Records 2024;6(2):146-51

concerning TAC and PON-1 levels. In terms of lipid
concentrations, the comparison of Group 1a and Group
1b revealed significantly higher TC, LDL-C, and TG levels
in Group Ta (p<0.05). While no significant disparity was
found between Group 1a and the control group in terms of
HDL-C levels (p>0.05), Group 1b exhibited higher HDL-C
levels when compared to both Group Ta and the control
group (p<0.05).

For a visual representation of the distribution of MDA,
PON-1, and TAC levels across groups, please refer to
Figure 1. Similarly, Figure 2 provides a graphical depiction
of the distribution of TC, LDL-C, HDL-C, and TG levels
among the groups.

Oxidative and antioxidative parameters

MDA PON-1 TOC
sl 170}
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7 -
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Figure 1. MDA, PON-1, and TAC levels across patient groups: Migraine with aura, migraine without aura, and control. MDA; malondialdehyde, PON-T1;

paraoxonase-1, TAC; total antioxidant capacity

Lipid profile
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Figure 2. Analysis of the lipid profiles LDL-C, HDL-C, and TG levels among the patient groups: Migraine with aura, migraine without aura, and
control. LDL-C; low-density lipoprotein, HDL-C; high-density lipoprotein, TG; triglyceride

DISCUSSION

The comparison of serum levels of specific metabolic
markers, including MDA, PON-1, and TAC, between

migraine patients and healthy individuals revealed a
significant increase in serum levels of oxidative stress
markers, particularly MDA, in migraine patients, especially
in those with aura. These findings were accompanied by
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decreased antioxidant activity, as evidenced by reduced
PON-1 and TAC levels.

There are numerous studies in the literature on oxidative
stress markers in migraine. Dini et al. (13) reported that
chronic migraine and medication overuse headaches
were associated with a diminished antioxidant capacity,
suggesting an imbalance in antioxidant processes in
migraine patients. In parallel, in this study, the serum levels
of oxidative and antioxidant stress markers, particularly
MDA, were found to be significantly elevated in migraine
patients than in healthy control subjects. In contrast,
Bernecker et al. (23) did not find any significant difference
in MDA levels between migraine patients and control
subjects. Nevertheless, they reported increased levels of
4-hydroxy-2-nonenal (HNE), another lipid peroxidation
biomarker.

PON plays a pivotal role in the plasma antioxidant system
by providing protection against oxidative damage. Several
studies, such as those by Yildirm et al. (24) and Cakina
et al. (25), reported significantly reduced PON activity in
migraine patients compared to control subjects, whereas
others, such as those by Eren et al. (18) did not find any
significant difference in PON activity between migraine
patients and control subjects. These discrepancies
suggest the complexity of oxidative stress mechanisms
in migraine.

Measurement of antioxidants individually can be
challenging due to their interactive nature. Thus, TAC and
the oxidative stress index (OSl) are often used to reflect
the synergistic interaction of all antioxidants in serum
or plasma. Eren et al. (18) did not observe significant
differences in TAC and OSI levels between migraine
patients and control subjects. On the other hand, Tripathi
et al. reported decreased TAC levels in migraine patients
after preventative therapy (26). Similarly, in our study,
the TAC levels were significantly lower in both migraine
subgroups compared to the control group.

Migraine has been associated with various cardiovascular
risk factors, including lipid metabolic abnormalities. Kurth
et al. (27) investigated the relationship between elevated
lipid profile levels and cardiovascular diseases in a cohort
of primarily non-reproductive aged women with migraines.
They found that women with a history of migraine had
a marginally increased risk of elevated TC and LDL-C
levels. Similar findings have been reported in the literature
(28-30). Tana et al. (28) observed a positive correlation
between cholesterol levels and migraine severity and
frequency. The study also suggested that migraine
prophylaxis might reduce the levels of lipid parameters.
Although the precise link between lipid profile and
migraine severity has not been thoroughly documented,
increased endothelial dysfunction, oxidative stress, and
inflammation in migraine patients might contribute to an
unfavorable lipid profile (28). Uygur-Kucukseymen et al.
(30) found that migraine patients without aura had higher
lipid levels, suggesting that migraine pathophysiology
might be associated with elevated lipid levels. Moreover,
different migraine characteristics, such as aura, were
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unrelated to lipid metabolism. Consistent with these
findings, our study observed significant changes in lipid
profiles among migraine patients. We found significantly
elevated levels of TC, LDL-C, HDL-C, and TG in migraine
patients compared to healthy controls. The HDL-C levels
in migraine patients without aura were augmented
compared to those with aura, aligning with the findings
of Uygur-Kucukseymen et al. (30). Additionally, TG levels
were comparable between healthy controls and migraine
patients without aura. Although, LDL-C levels are
considered an indicator of cardiovascular risk in migraine
patients with aura, conflicting findings in the literature
warrant the need for further large-scale studies to clarify
the subject.

Limitations of the Study

The relatively small sample size may be deemed the
study's primary limitation, considering that it might have
amplified the observed differences. Larger scale studies
are needed to elucidate the differences between migraine
subgroups further. In addition, the study's case-control
design may be deemed another limitation of the study as
it precluded establishing causality.

CONCLUSION

In conclusion, this study's findings indicated the
significant elevations in serum levels of oxidative markers,
particularly MDA, in migraine patients, particularly those
with aura, and the concomitant decrease in the serum
levels of antioxidant markers, PON-1 and TAC. These
results suggest the potential role of oxidative balance
in the pathophysiology of migraine, warranting further
research to elucidate the implications of the changes
in oxidative stress marker levels in migraine-related
neuroinflammation.
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Abstract

Aim: In the early 2000s, the optimal graft for anterior cruciate ligament (ACL) reconstruction was a subject of uncertainty. Today,
autografts have become the gold standard in this procedure. Aim of this study is to contribute to the existing knowledge by conducting
a comprehensive comparison of the long-term clinical outcomes between hamstring allografts and anterior tibialis tendon allografts
(ATT) in the context of ACL reconstruction.

Material and Method: This study was conducted based on individuals who were operated on with the diagnosis of symptomatic
ACL rupture 10 years ago. Participants were randomly assigned to undergo ACL reconstruction using either hamstring autografts
or anterior tibialis allografts. All allografts were procured from a single tissue bank, underwent aseptic processing, and were fresh-
frozen without terminal irradiation. Patient assessments included questionnaires based on the Lysholm knee scoring scale (LKSS)
and the International Knee Documentation Committee (IKDC) subjective knee score. Objective functional tests, such as the Lachman
test and pivot-shift, were performed, accompanied by a comprehensive physical examination of the knee.

Results: A total of 60 patients, comprising 58 males and 2 females, with a mean age of 29.48+6.2, were included in the study.
Predominant symptoms reported were pain and giving-way phenomena. Significantly different LKSS values were observed between
the preoperative and postoperative periods for both anterior tibialis allograft and hamstring autograft patients (p<0.001). Similarly, a
significant difference was noted in the preoperative and postoperative IKDC scores for all patients (p<0.001).

Conclusion: Based on our research findings, both the hamstring autograft and allograft methods demonstrate success in improving
LKSS and IKDC scores for patients undergoing ACL repair surgery. Notably, the autograft group exhibits a more pronounced
improvement compared to the allograft group.

Keywords: Lysholm knee scoring scale, International Knee Documentation Committee score, autograft, allograft, anterior cruciate
ligament reconstruction

INTRODUCTION

Anterior cruciate ligament (ACL) ruptures account for 50%
of all knee joint ligament injuries. The incidence of ACL
ruptures ranges between 25-78 per 100,000 individuals,
with approximately 70% of these injuries attributed to
sports-related activities (1-3).

therapies (7-9). The primary objective of reconstruction
is to stabilize the knee, eliminating movement restrictions
within the joint. Failure to undergo reconstruction may
lead to an increased risk of degenerative arthritis (10).

Various surgical techniques have been proposed in
the realm of ACL injury repair. While multiple methods,
including primary or supportive sutures, exist for ligament
repair, anatomical reconstruction with grafting stands out
as the preferred and well-established approach (11-13).

Despite advancements in early detection and effective
treatment options, ACL injuries persist as a significant
health concern, impacting mobility and daily activities (4-

6). Surgical intervention is recommended for active young
athletes with specific conditions, including meniscal
lesions, unstable knee joints, combined ligament injuries,
and persistent pain unresponsive to non-surgical
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surgical outcomes (6,9,11-13). Autografts commonly
utilized include those sourced from the patellar tendon,
hamstring tendon, and quadriceps tendon. On the other
hand, allografts undergo a series of procedures, including
freezing, drying, and irradiation of the patellar tendon or
tibialis anterior tendon from the donor (6).

The utilization of soft tissue grafts in ACL surgery
has experienced a surge, primarily attributable to
advancements in femoral and tibial fixation methods.
Notably, the hamstring tendon autograft has gained
popularity owing to its comparable clinical outcomes,
reduced discomfort during kneeling, less anterior knee
pain, diminished donor site morbidity, and a lower
likelihood of injuring the extensor mechanism (14-18).

Over the past decade, there has been an increased
prevalence of allograft usage in both primary and
revision ACL surgery. In a study conducted by Maletis
et al.,, allografts were employed in 42.4% of primary
and 78.8% of revision ACL reconstructions, based on a
community-based registry encompassing over 16,000
ACL reconstructions (19). The principal advantage of
allograft tissue lies in the absence of donor site morbidity.
Additional benefits include a quicker recovery period,
improved aesthetics, a range of graft types and sizes,
and overall reduced costs (20-23). However, allogenic
tissue does pose certain risks, such as the potential for
disease transmission, delayed integration, and decreased
graft stiffness and strength depending on the processing
method utilized with higher cost (24-26).

This study compares the long-term clinical results of
anterior tibialis tendon (ATT) allografts and hamstring
allografts in the setting of ACL restoration in order to
advance existing knowledge.

MATERIAL AND METHOD

A cross-sectional retrospective study was conducted,
involving participants diagnosed with symptomatic ACL
insufficiency who underwent primary ACL reconstruction
between 2008 and 2010. The study included patients
who had not undergone prior surgery on the affected
knee, possessed a minimum follow-up duration of 12
months, and were skeletally mature. Exclusion criteria
encompassed patients with multiple ligament injuries or
chondral lesions graded higher than grade 2 (Outerbridge
grade 3,4) (27).

After receiving the approval of the Ethics Committee
(no:E2-23-4869 date: 09/08/2023) the participants were
categorized into two groups based on the type of graft
used: hamstring autograft and tibialis anterior allograft.
Allografts for all patients were provided by the same
licensed tissue bank. These allografts underwent aseptic
harvesting, were freshly frozen, and did not undergo
terminal irradiation.

Operative Technique

All procedures were performed under spinal anesthesia.
Patients were positioned in a supine manner on the
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operating table, with the knee flexed over the end of the
table. The application of a pneumatic tourniquet was
standard. In the Hamstring group, a longitudinal incision
was made over the pes-anserinus. The semitendinosus
and gracilis tendons were harvested using a closed-
loop tendon stripper, and any residual muscle tissues
covering the excised graft were meticulously cleansed. In
the tibialis anterior group, allografts were rehydrated for
30 minutes in warm saline. The free ends were prepared
using the Krakow method with Ethibond (No. 5).

Arthroscopic ACL reconstruction was performed using
a trans-tibial approach. Partial meniscectomies were
performed when required, graft-femoral fixation was
conducted using endobutton and this approach was
applied to both the hamstring autograft and tibialis
anterior allograft groups. Subsequently, the knee was
positioned in full extension, and the graft was securely held
while a helper executed an anterior drawer technique. The
graft was then anchored in place using a bioabsorbable
interference screw. Additional support to the fixation was
provided by the use of a ligament staple (28).

Rehabilitation

On the day of surgery, patients were equipped with an
angle-adjustable knee brace, and movement during the
initial postoperative week was restricted by locking the
brace at 0 degrees of extension. Beginning on the first
postoperative day, all patients underwent mobilization,
with efforts made to push their tolerance to the extent of
pain. The angle settings of the knee braces were gradually
modified to facilitate 30, 60, and 90 degrees of flexion in
the first, second, and third weeks, respectively. Sutures
were removed from all patients during the second week,
and they were uniformly referred to the same physical
therapy facility to commence the rehabilitation process.

Patient Evaluation

Patients were followed for an average of 11.2+1.6years
following the original procedure, and results were
assessed and contrasted. The functional outcomes of the
patients were evaluated using the Lysholm knee scoring
scale (LKSS) and the International Knee Documentation
Committee (IKDC) evaluation form. To conduct these
assessments, patients’ complaints and activity levels
were examined at both the preoperative and final controls.
A comparison of the results from preoperative and
postoperative control physical examinations enabled the
analysis of joint range of motion, Lachman tests, anterior
drawer tests, the presence of pain at the graft extraction
site, as well as surgical wound morbidity and the risk of
disease transmission (29,30).

Statistical Analysis

The conformity of the data to the normal distribution was
tested with the Shapiro-Wilks test. The Wilcoxon test was
performed because the dependent group comparisons
did not distribute the data normally. Independent group
comparisons were made using the t-test if the data were
normally distributed, and the Mann-Whitney test if the
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data were not normally distributed. The pre-post operation
changes between the groups were compared by taking
the difference score. Descriptive statistics were given
as meantstandard deviation in case of using parametric
tests, and as median (min-max) value in case of non-
parametric tests. Categorical data were compared with
Chi-square or Fisher's exact tests. Categorical data were
given as frequency and percentage. The relationships
between the variables were analyzed using the Pearson
correlation coefficient in case the data showed normal
distribution and the Spearman correlation coefficient in
the opposite case.significance level of 0.05 or less was
taken as statistical significance level. SPSS v.25 package
program was used in the analysis of the data.

RESULTS

Eighty patients with ACL ruptures visited our facility once
in a month and were followed remotely for an average
of 11.2¢1.6 years following the original procedure.
Twenty patients, however, were eliminated from the
study for various reasons: six refused to take part, seven
were lost to follow-up, four had cartilage lesions at the
time of surgery that were graded higher than Il by the
Outerbridge classification, two had PCL injuries, and one
had a collateral ligament injury. The study included 60
patients in total—58 men and 2 women—retrospectively.
Of these, thirty patients had ATT allografts used for ACL
reconstruction, and the other thirty patients had hamstring
autografts used for the same purpose. All patients in both
groups underwent postoperative evaluations. At the time
of injury, the mean age was 29.4816.2, and the distribution
of this age was similar in the allograft (30.13+5.41)
and autograft (28.83+6.39) groups. Table 1 provides a
summary of the homogeneity observed in the two groups.
Regarding age, the LKSS, the Lachman test, the pivot-
shift test, pain, and knee damage in preoperative values,
no statistically significant differences were observed
between the groups. However, there was a statistically
significant difference between the groups as indicated by
the IKDC and loosening preoperative values. The allograft
group exhibited higher IKDC and loosening values in
comparison to the autograft group.

Table 1. Homogeneity comparisons between groups

Allograft Autograft

n (%) (n=30) (n=30) p-value
Age 30.13+5.41  28.83+6.39 0.398
LKSS preop 65 (58:72) 65 (57:72) 0.888
IKDC preop 80 (70:85)  63.5 (54:71) <0.001
Lachman test 19 (63.3) 23 (76.7) 0.260
Pivot shift test 15 (50) 9 (30) 0.114
Additional knee damage 10 (33.3) 14 (46.7) 0.292
Pain 7(23.3) 7(23.3) 1.000
Loosening 9 (30.0) 2(6.7) 0.020
LKSS: lysholm knee scoring scale, IKDC: International Knee

Documentation Committee
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Table 2 shows the preoperative and postoperative IKDC
and LKSS comprassions.In both groups postoperative
results of IKDC and LKSS scores were significantly better
than preoperative results.

Table 2. Pre-post comparison within groups

n Median (Min:Max)

LKSSpreop 30 65 (58:72)
<0.001
Allograft LKSSpostop 30 94 (64:98)
gioup IKDCpreop 30 80 (70:85)
0.004
IKDCpostop 30 83 (70:89)
LKSSpreop 30 65 (57:72)
<0.001
Autograft ) cchostop 30 96 (68:98)
group
IKDCpreop 30 63.5 (54:71) <0.001
LKSS: lysholm knee scoring scale, IKDC: International Knee

Documentation Committee

The analysis of the change in values from preoperative to
postoperative in both the allograft and autograft groups
yields a statistically significant difference in the scores
obtained from the IKDC and the LKSS. In particular, during
the switch from preoperative to postoperative exams, the
LKSS and IKDC scores of the autograft group increased
noticeably more than those of the allograft group (Table
3).

Table 3. Change of values in LKSS and IKDC scores between groups

Allograft Autograft

(n=30) (n=30) ERES
LKSS change value 26 (3:38) 30.5 (5:41) 0.006
IKDC change value 3.9746.64 13.4+6.92 <0.001
LKSS: lysholm knee scoring scale, IKDC: International Knee

Documentation Committee

Notable conclusions are drawn when comparing the
scores between the two groups on the IKDC and LKSS
depending on the existence of additional preoperative
and postoperative injuries. (Table 4). IKDC scores in
the allograft group showed a statistically significant
difference among individuals who did not have additional
knee injury. Similarly, preoperative and postoperative
LKSS scores in the allograft group exhibited a statistically
significant difference in patients with additional knee
injury, with an increase observed in postoperative values
compared to preoperative levels. Conversely, there was
no statistically significant difference in preoperative and
postoperative IKDC scores in patients with additional
knee damage in the allograft group.In the autograft
group, a statistically significant change was noted in
preoperative and postoperative LKSS ratings among
patients without additional knee injury. Postoperative
values showed an increase compared to preoperative
levels.
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Table 4. Pre-post comparison of LKSS and IKDC scores within groups according to additional knee injury

n Median (Min:Max) p-value
preop LKSS 20 64.5 (58:72)
<0.001

Additional knee postop LKSS 20 94.5 (64:98)
injury (-) preop IKDC 20 74 (70:85) 0013

postop IKDC 20 83 (70:89) ’

Allograft group

preop LKSS 10 65.5 (63:70) 0.005
Additional Knee postop LKSS 10 93 (69:97) '
Injury (+) preop IKDC 10 82 (70:85) 0.258

postop IKDC 10 83 (70:87) i

preop LKSS 16 65.5 (57:72)

<0.001

Additional knee postop LKSS 16 96 (68:98)
injury (-) preop IKDC 16 63.5 (55:68) 0.001

postop IKDC 16 76 (66:84) ’

Autograft group

preop LKSS 14 64 (59:71) o
Additional knee postop LKSS 14 96 (69:98) '
injury (+) preop IKDC 14 63 (54:71) 0.001

postop IKDC 14 78.5 (65:82) '

LKSS: lysholm knee scoring scale, IKDC: International Knee Documentation Committee

Based on the change values within the allograft and the groups is summarized in Table 5.
autograft groups, the comparison of preoperative to
postoperative LKSS and IKDC scores was examined,
taking into account the existence or nonexistence of
additional knee damage. The change in values between

There was an statistically increase in IKDC and LKSS
scores in all groups except IKDC scores in allograft group
with pain(Table 6).

Table 5. Intergroup comparisons of LKSS and IKDC change of values according to addional knee injury status

n Allograft n Autograft p-value
. . LKSS change value 20 26 (4:38) 16 28 (8:41) 0.149
Additional knee injury (-)
IKDC change value 20 6 (-13:17) 16 13 (-2:25) 0.002
. . LKSS change value 10 26 (3:31) 14 33 (5:38) 0.005
Additional knee injury (+)
IKDC change value 10 1.7£4.06 14 14.36+7.66 <0.001

LKSS: lysholm knee scoring scale, IKDC: International Knee Documentation Committee

Table 6. Preoperative-postoperative comparison within groups according to pain condition

n Median (Min:Max) p-value
LKSSpreo 23 65 (58:70
el (58:70) <0.001
Pain () LKSSpostop 23 95 (64:97)
ain (-
IKDCpreop 23 75 (70:85) e
Alloaraft IKDCpostop 23 82 (70:89) ’
ogra rou
2 i LKSSpreop 7 65 (63:72) AT
Pain (+) LKSSpostop 7 92 (67:98) '
ain (+
IKDCpreop 7 82 (71:84) e
IKDCpostop 7 84 (70:87) '
LKSSpreo 23 65 (59:72
Atz ( ) <0.001
Pain (-) LKSSpostop 23 96 (69:98)
ain (-
IKDCpreop 23 63 (54:71) LT
Autoaraft G IKDCpostop 23 77 (65:84) '
utogra rou
g P LKSSpreop 7 65 (57:71) Qe
Pain (+) LKSSpostop 7 95 (68:98) ’
ain (+
IKDCpreop 7 64 (55:68) e
IKDCpostop 7 70 (66:82) ’

LKSS: lysholm knee scoring scale, IKDC: International Knee Documentation Committee
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A statistically significant increase was noted in the
autograft group among individuals who did not experience
pain when comparing the change values of the LKSS and
IKDC scores between the groups based on the presence
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of pain. Nonetheless, when it came to people who were in
pain, there was no discernible difference between the two
groups (Table 7).

Table 7. Intergroup comparisons of LKSS and IKDC change according to pain status

n Allograft n Autograft p-value
Pain (1) LKSS change value 23 27 (3:38) 23 31 (5:38) 0.017
IKDC change value 23 4.4846.12 23 13.96%6.01 <0.001
Pain (+) LKSS change value 24 (4:31) 7 27 (8:41) 0.209
IKDC change value 7 3(-13:13) 7 13 (-2:25) 0.097

LKSS: lysholm knee scoring scale, IKDC: International Knee Documentation Committee

There were no documented cases of reoperations or
significant complications. Furthermore, there were no
cases of infection, arthrofibrosis, or deep vein thrombosis
reported in the study.

DISCUSSION

Restoring the knee to its pre-injury state is the main goal of
ACL reconstruction surgery. A key factor in accomplishing
this objective is the selection of the graft; a good graft
should have characteristics like no morbidity at the donor
site, accessibility, strength for quick healing, and instant
incorporation. Our study's objective was to look into
the long-term clinical results of two popular soft tissue
grafts for ACL restoration in a patient population that was
comparable to our own. We focused on making the graft
type the only dependent variable in the research. We used
the same surgical technique, femoral and tibial fixation
techniques, and postoperative rehabilitation regimen for
every patient in order to maintain uniformity.

Due to its advantageous characteristics, such as
comparable clinical outcomes, decreased anterior
knee pain and discomfort when kneeling, lower donor
site morbidity, and a lower risk of potential extensor
mechanism injuries, the hamstring tendon autograft
has become more and more common in ACL surgery
(14,16,17,22,28). Allografts, which have additional benefits
like a quicker recovery time, better aesthetics, a range of
graft sizes, and lower overall costs, were utilized more
frequently in the 2000s for both primary and revision ACL
surgery (20-23,29,30). Nevertheless, there are issues
with allogenic tissue, such as the possibility of disease
transmission, delayed integration, and, depending on
how it is processed, decreased stiffness and strength of
the graft (24, 25). Contradictory findings have been found
when comparing the clinical outcomes of autografts and
allografts. While some case series report no appreciable
differences, others point to a higher failure rate (31,32).

The usefulness of hamstring autografting and anterior
tibialis tendon allografting for ACL reconstruction was
compared in this study. We utilized established metrics
that are frequently used in the literature to assess the
results, such as the IKDC evaluation form and the LKSS.
We also looked at how preoperative pain and the existence
of extra knee pathologies affected these scores. Using this
method, we were able to thoroughly evaluate and compare

the functional results of the two grafting techniques while
taking into account significant factors like pain and related
knee conditions. However, it was noted that in terms of
subjective scores, hamstring autograft fared better than
anterior tibialis allograft.

Previous research comparing hamstring autograft and
allograft techniques in ACL reconstruction has been
examined in the literature. Yang et al. (33) discovered that
both methods produced comparable long-term results
(mean one year) in a cohort design trial with 175 patients,
even though the allograft group showed more laxity
and immunologic response in the early postoperative
period. With the exception of irradiated allografts, which
performed similarly to autografts, another study by Grassi
et al. in a meta-analysis on revision ACL reconstruction
showed that autografts had better outcomes with lower
laxity and complication rates than allografts (34). LKSS
and IKDC values in our study significantly improved in both
graft groups when compared to baseline. Interestingly,
when comparing the change levels, the autograft group's
improvement was more significant. More specifically,
LKSS increased by 30.5 in the autograft group and by
26 in the allograft group. In terms of IKDC scores, there
was a mean increase of 13.4 in the autograft group and
3.97 in the allograft group. In contrast, no differences
were observed in side-to-side laxity, Lysholm, IKDC, or
Tegner activity ratings at the final examination with a
minimum 3-year follow-up in a study by Edgar et al.
that randomly assigned 104 patients to receive either
a hamstring autograft or hamstring allograft (35). The
results of our study showed improvements in both groups'
LKSS and IKDC scores; however, the autograft group's
change in values was more noticeable than the allograft
group's. We conclude that autografts outperformed
allografts in patients without preoperative knee pain.
There was no appreciable difference between the groups
when it came to pain. Autografts performed better than
allografts in patients with additional knee injuries, such as
osteoarthritis and ligament damage. Notably, in terms of
knee stability and clinical outcomes, Riccardo D'Ambrosi
et al. found no clinical difference between autograft and
allograft (36).

Every patient in our study randomly assigned to the
allograft group received a fresh-frozen tibialis anterior
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tendon allograft from the same tissue bank. Reduced
donor site hypoesthesia, enhanced cosmetics, the
capacity to procure grafts of any size needed, and a
reduction in stiffness in the surgical knee are just a few
benefits that come with using allografts (37). The fact that
there were no cases of disease transmission linked to the
use of allografts in our investigation is comforting.

In a young, active group, Bottoni et al. (38) found that
the use of an allograft rather than an autograft for initial
ACL restoration resulted in a graft failure rate that was
more than three times higher. In a similar vein, Sun et al.
allocated 208 patients at random to receive a fresh-frozen
hamstring allograft or an autograft of the hamstring.
Despite some knees exhibiting laxity on the KT-2000
arthrometer, they did not find any overt graft failures or
the need for revision in their study, which included a mean
follow-up of 7.8 years (39). A different study conducted
by Edgar et al. with a minimum 3-year follow-up period
discovered no variation in anteroposterior laxity at the
final examination (40). No graft failures were noted during
the course of our investigation, which included a 13-year
follow-up period. The absence of graft failures in our
study could be attributed to various factors, including
the exclusion of young athletes who could overstretch
their grafts, the patients' sedentary lifestyles, or the
patients’ discontinuation of the activities that caused
their ACL damage in the first place. These factors might
be responsible for the good outcomes and long-term
stability observed in our patient group.

There are a few significant issues with this study. The
generalizability and depth of the study's conclusions
may be impacted by the lack of information regarding the
etiologic causes of ACL rupture and the interval between
the injury and surgery. Furthermore, a small study
population and a retrospective design introduce potential
biases that could limit the findings' generalizability.

In order to improve the robustness and generalizability
of the findings, future research could take into account
addressing these limitations by implementing a
prospective design, offering comprehensive details on
the genesis and timing of ACL ruptures, and enlarging the
study population.

In summary, this study showed that both hamstring
autograft and anterior tibialis allograft produced
positive long-term (10 years) clinical outcomes for ACL
restoration. According to the results, the clinical outcomes,
anteroposterior laxity, and failure rates of autograft
and allograft are similar. It was observed, nevertheless,
that hamstring autograft outperformed anterior tibialis
allograft in terms of subjective scores.

CONCLUSION

It is imperative to recognize that the aforementioned
conclusions are predicated upon the data at hand and the
particular attributes of the population under investigation.
More research with bigger and more varied patient groups
is advised for a more thorough and reliable comparison.

Med Records 2024;6(2):152-8

By taking these factors into account, we can gain a better
understanding of the relative effectiveness and results of
various graft types used in ACL reconstruction.

Financial disclosures: The authors declared that this study has
received no financial support.

Conflict of interest: The authors have no conflicts of interest to
declare.

Ethical approval: Ankara Bilkent City Hospital 2nd Ethics Commitee
Approval (no: E2-23-4869 date: 09/08/2023).

REFERENCES

1. Yasen SK, Borton ZM, Eyre-Brook Al, et al. Clinical outcomes
of anatomic, all-inside, anterior cruciate ligament (ACL)
reconstruction. The Knee. 2017;24:55-62.

2. Nordenvall R, Bahmanyar S, Adami J et al. A population-
based nationwide study of cruciate ligament injury
in Sweden, 2001-2009: incidence, treatment, and sex
differences. Am J Sports Med. 2012;40:1808-13.

3. Dogan O, Caliskan E, Gencer B. Clinical results of single
bundle anterior cruciate ligament reconstruction with
hamstring autograft. Akdeniz Tip Dergisi. 2019;5:504-9.

4. Karakog Y, Ozanlagan E. Comparison of hamstring tendon
autograft and tibialis anterior allograft methods in anterior
cruciate ligament reconstruction surgery: a retrospective
study. Acta Oncologica Turcica. 2021;54:103-10.

5. Burnham JM, Wright V. Update on anterior cruciate ligament
rupture and care in the female athlete. Clin Sports Med.
2017;36:703-15.

6. Davies GJ, McCarty E, Provencher M, Manske RC. ACL return
to sport guidelines and criteria. Curr Rev Musculoskelet
Med. 2017;10:307-14.

7. Vundelinckx B, Herman B, Getgood A, Litchfield R. Surgical
indications and technique for anterior cruciate ligament
reconstruction combined with lateral extra-articular
tenodesis or anterolateral ligament reconstruction. Clin
Sports Med. 2017;36:135-53.

8. Karakog Y, Atalay IB. The role of magnetic resonance
imaging and clinical assessments in predicting meniscal
tear surgery. Eklem Hastalik Cerrahisi. 2019;30:85-90.

9. Muller B, Hofbauer M, Wongcharoenwatana J, Fu FH.
Indications and contraindications for double-bundle ACL
reconstruction. International orthopaedics. 2013;37:239-
46.

10. Nordenvall R, Bahmanyar S, Adami J, et al. Cruciate
ligament reconstruction and risk of knee osteoarthritis: the
association between cruciate ligament injury and post-
traumatic osteoarthritis. a population based nationwide
study in Sweden, 1987-2009. PloS One. 2014;9:e104681.

11. Atik 0S. Autografts or allografts for anterior cruciate ligament
reconstruction?. Eklem Hastalik Cerrahisi. 2013;24:125.

12. Demirag B, Ermutlu C, Aydemir F, Durak K. A comparison
of clinical outcome of augmentation and standard
reconstruction techniques for partial anterior cruciate
ligament tears. Eklem Hastalik Cerrahisi. 2012;23:140-4.

157



DOI: 10.37990/medr.1396427

13.

14.

15.

16.

17.

18.

19.

20.

PujolN, Colombet P, Cucurulo T, et al. Natural history of partial
anterior cruciate ligament tears: a systematic literature
review. Orthop Traumatol Surg Res. 2012;98:5160-4.

Ahldén M, Kartus J, Ejerhed L, et al. Knee laxity measurements
after anterior cruciate ligament reconstruction, using
either bone—patellar—tendon—bone or hamstring tendon
autografts, with special emphasis on comparison over time.
Knee Surg Sports Traumatol Arthrosc. 2009;17:1117-24.

Biau DJ, Tournoux C, Katsahian S, et al. Bone-patellar
tendon-bone autografts versus hamstring autografts for
reconstruction of anterior cruciate ligament: meta-analysis.
BMJ. 2006;332:995-1001.

Forster MC, Forster IW. Patellar tendon or four-strand
hamstring? A systematic review of autografts for anterior
cruciate ligament reconstruction. Knee. 2005;12:225-30.

Goldblatt JP, Fitzsimmons SE, Balk E, Richmond JC.
Reconstruction of the anterior cruciate ligament: meta-
analysis of patellar tendon versus hamstring tendon
autograft. Arthroscopy. 2005;21:791-803.

Wagner M, Kaab MJ, Schallock J, et al. Hamstring
tendon versus patellar tendon anterior cruciate ligament
reconstruction using biodegradable interference fit fixation:
a prospective matched-group analysis. Am J Sports Med.
2005;33:1327-36.

Maletis GB, Inacio MC, Funahashi TT. Analysis of 16,192
anterior cruciate ligament reconstructions from a
community-based registry. Am J Sports Med. 2013;41:2090-
8.

Caborn DN, Selby JB. Allograft anterior tibialis tendon with
bioabsorbableinterference screw fixation in anterior cruciate
ligament reconstruction. Arthroscopy. 2002;18:102-5.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Med Records 2024;6(2):152-8

Cole DW, Ginn TA, Chen GJ, et al. Cost comparison of anterior
cruciate ligament reconstruction: autograft versus allograft.
Arthroscopy. 2005;21:786-90.

Pearsall AW 4th, Hollis JM, Russell GV Jr, Scheer Z. A
biomechanical comparison of three lower extremity tendons
for ligamentous reconstruction about the knee. Arthroscopy.
2003;19:1091-6.

Sherman OH, Banffy MB. Anterior cruciate ligament
reconstruction: which graft is best? Arthroscopy.
2004;20:974-80.

Arnoczky SP. The biology of allograft incorporation. J Knee
Surg. 2006;19:207-14.

Eagan MJ, McAllister DR. Biology of allograft incorporation.
Clin Sports Med. 2009;28:203-14.

Genuario JW, Faucett SC, Boublik M, Schlegel TF. A cost-
effectiveness analysis comparing 3 anterior cruciate
ligament graft types: bone-patellar tendon-bone autograft,
hamstring autograft, and allograft. Am J Sports Med.
2012;40:307-14.

LiuY,LiuX, LiuY, Yang S. Comparison of clinical outcomes of
using the nonirradiated and irradiated allograft for anterior
cruciate ligament (ACL) reconstruction: A systematic
review update and meta-analysis. Medicine (Baltimore).
2022;101:€29990.

Chen L, Cooley V, Rosenberg T. ACL reconstruction with
hamstring tendon. Orthop Clin North Am. 2003;34:9-18.

Tegner Y, Lysholm J. Rating systems in the evaluation of
knee ligament injuries. Clin Orthop Relat Res. 1985:43-9.

Hoher J, Miinster A, Klein J, et al. Validation and application
of a subjective knee questionnaire. Knee Surg Sports
Traumatol Arthrosc. 1995;3:26-33.



DOI: 10.37990/medr.1394921 Med Records 2024;6(2):159-64

MEDICAL RECORDS-International Medical Journal

Research Article

Downregulation of miR-568 in Atrial Fibrillation Leads to
Increased Expression of NAPMT and TRMP7

Senem Noyan’, ®Yasemin Oztemur Islakoglu?, ®Emre Akpinar®

'Ankara University, Biotechnology Institute, Department of Biotechnology, Ankara, Tirkiye
2lzmir Biomedicine and Genome Center, izmir, Tiirkiye
3Sivas Cumhuriyet University, Faculty of Science, Department of Molecular Biology and Genetics, Sivas, Tirkiye

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License.

Abstract

Aim: Atrial fibrillation (AF) is known as the most common permanent cardiac arrhythmia worldwide with its incidence and prevalence
gradually increase with age and cause significant morbidity and mortality. However, the epigenetic alterations underlying the
development of this disease remains less understood. MicroRNAs (miRNAs), as one of the epigenetic regulators, are small non-
coding RNAs that can target multiple genes to modulate proteins in different signaling pathways. Current studies have demonstrated
that miRNAs, which are pivotal regulators of gene expression, may be involved in the pathophysiology of AF. The current study aims
to clarify the miRNA regulated cellular signaling in atrial fibrillation.

Material and Method: An AF model was generated by providing external electrical stimulation to the HL-1 mouse cardiomyocyte cell
line for 24 hours in this study. To understand the molecular mechanisms of miRNAs underlying the AF model, miRNA microarray
analysis was performed. The gene sets obtained from the microarray analysis and the bioinformatically obtained putative targets
were intersected and pathway enrichment analysis was performed. gRT-PCR was performed for validation of the selected miRNAs
and potential targets.

Results: miRNA expression profile changes between the control group without external stimulation and the samples at the end
of 3-, 6-, 12- and 24-hour stimulation were compared with microarray analysis. In particular, our transcriptomic analysis showed
5 distinctively expressed miRNAs (DEmiRNAs) whose target genes are associated with cardiovascular development within the
stimulated groups in HL-1 cells. Additionally, our bioinformatics analysis revealed that targets of these miRNAs are concentrated
in biological processes associated with cardiovascular development: smooth muscle cell proliferation, muscle cell proliferation, cell
morphogenesis involved in differentiation and regulation of cell differentiation. Specifically, qPCR-based analyses confirmed the
inverse correlation of miR-568 and potential targets of this miRNA. While miR-568 expression decreased with prolonged stimulation,
expression of its potential targets, NAMPT and TRPM7, increased during prolonged stimulation.

Conclusion: This study supported the potential regulative role of miRNAs and their targets in the development of AF.

Keywords: Atrial fibrillation, miR-568, NAMPT, TRPM7

INTRODUCTION

Atrial fibrillation (AF) is known as the most common
arrhythmiain the clinic, occurring with uncoordinated atrial
contractions as a result of irregularities in atrial activation
(1,2). AF is linked to atrial remodeling of the left atrium (3),
and it is unclear whether AF is the ultimate consequence
of atrial remodeling caused by heart disease combined
with harmful environmental factors or is the main cause
of progressive remodeling. AF and its complications

the etiology of AF, but over time it has been seen to have
a complex pathogenesis and molecular approaches have
begun to be developed in the last two decades. Although
the electrophysiological and molecular changes occurring
in cardiac tissue have been described by studies, the
molecular mechanism needs to be elucidated in more
detail in order to develop therapeutic strategies for AF (4).

From a pathophysiological standpoint, AF is primarily
characterized by atrial electrical remodeling involving ion

are accountable for significant morbidity and mortality
in adults. Like other cardiac arrhythmias, physiological
approaches have been tried to be developed to explain
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channel alterations (5) , as well as structural remodeling
(fibrosis and apoptosis) that supports the recurrence and
persistence of arrhythmias (6). Atrial arrhythmogenic
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remodeling, characterized by changes in atrial structure or
function that facilitate atrial arrhythmias, is a fundamental
aspect of AF. This remodeling can stem from pre-existing
cardiac conditions, systemic influences or factors
like aging or the presence of AF itself. Recent studies
have underscored the significance of remodeling in AF,
offering new insights into fundamental mechanisms,
and novel biomarkers are being developed to monitor
remodeling processes based on these findings. Notably,
the importance of abnormalities in intracellular Ca2+
processing has been emphasized, both for inducing
ectopic activity and activating Ca2+-related cell signaling
that drives profibrillator remodeling. Furthermore, the
involvement of microRNAs (miRNAs), a recently identified
category of small noncoding RNA sequences that control
gene expression, has become apparent in both electrical
and structural remodeling.

Recent investigations have unveiled the significant role of
miRNAs in the onset and progression of cardiovascular
disease (7). miRNAs, a group of small non-coding
RNAs with high conservation, oversee nearly all cellular
processes by exerting post-transcriptional control. They
achieve this by binding to complementary sequences
within the 3'-UTR region of target mRNAs, subsequently
instigating the degradation or inhibition of translation for
these mRNAs (8,9).

Given that these small RNAs can modulate multiple target
mRNAs and that several miRNAs can target candidate
mMRNAs, the dysregulation of miRNAs is understandably
a hallmark of many pathological conditions. miRNAs are
employed as disease biomarkers due to their tissue- and
pathology-specific expression. The functional miRNAs
have been offered as potential targets for diverse cardiac
conditions and arrhythmogenesis (10-12). It is crucial
to establish direct cause-and-effect relationships
between miRNAs and their mRNA targets to comprehend
the molecular mechanisms driving diseases and to
formulate precise therapeutic interventions. Increasing
evidence indicates that miRNAs regulate processes
such as modulation of Ca2+ handling, controling cardiac
excitability and cardiac conduction (13,14).

The stability and detectability of miRNAs in biofluids,
including peripheral blood, position them as promising
diagnostic biomarkers for various cardiovascular
diseases. However, further investigations are required to
assess circulating miRNAs as dependable biomarkers for
AF. Studies centered on miRNAs hold considerable value
in comprehending the mechanisms driving AF, evaluating
miRNAs' potential roles as biomarkers, and advancing
miRNA-based therapies.

The HL-1 cell line, derived from cardiac muscle,
exhibits a gene expression pattern resembling that
of typical mice atrial cardiomyocytes. In addition to
preserving their capacity to divide without reverting to an
embryonic state, HL-1 cells preserve cardiac morphology
properties, electrophysiological characteristics and
biochemical attributes (15). In this study, we appraised
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the transcriptomic profile of miRNAs and relation with
potential gene targets in AF using the HL-1 cells.

MATERIAL AND METHOD
Cell Culture and Generation of AF Model

The HL-1 cell line was purchased from Sigma-Aldrich
(Cat. No: SCCO065, St. Louis, Missouri, USA), and cells
were cultured in Claycomb medium (Sigma, 51800C)
supplemented with 10% fetal bovine serum (FBS)
(Sigma, F7524, St. Louis, Missouri, USA), 1% penicillin/
streptomycin (Sigma, P4333, St. Louis, Missouri, USA), 0.1
mM Norepinephrine (Sigma, A0937, St. Louis, Missouri,
USA), and 2 mM L-Glutamine (Sigma, G7513, St. Louis,
Missouri, USA). Flasks were coated with 3 mL of gelatin
(Sigma, G9391, St. Louis, Missouri, USA)/fibronectin
(Roche, 10838039001, Basel, Switzerland) for 1 hour in a
humidified atmosphere at 37°C and 5% CO,,.

For the AF model, cells were seeded into 6-well plates, and
using the carbon electrode lonOptix C-Dish™ integrated
with the lonOptix C-Pace EP Cell Culture Stimulator 100
pacer system, a 5 Hz for 4 s (P1 wave) and 1 Hz for 1 s
at 1.5V/cm? current per well (P2 wave) was applied to
the cells. HL-1 cells, seeded at 1x10° per well in 6-well
plates, were stimulated for 3, 6, 12, and 24 hours. Electrical
capture in the stimulated cells was confirmed using
microscopy, and the data are provided in Figure 1.

A. B.
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Figure 1. Supportive information of our AF model, TA. Microscope images
of HL-1 cells as a result of electrical stimulation and change in the
number of pulses made by HL-1 cells depending on the time of electrical
stimulation, 1B. Electrocardiogram images of cells stimulated in AF
modeling. (a) represents control group, (b) represents 3rd hour and (c)
represents 6th hour. 1C. The onset of transcriptomic changes in response
to stimulation were analysed in qRT-PCR (p<0.05)

RNA Isolation

Briefly, cells were homogenized using Qiazol reagent
(Qiagen, 79306, Hilden, Germany), and chloroform
(Sigma, C2432, St. Louis, Missouri, USA) was added and
vigorously mixed. The samples were then incubated
at room temperature for 2 minutes and centrifuged at
13,300 rpm for 15 minutes at 4°C. After collecting the
supernatant aqueous phase into a fresh tube, isopropanol
(Sigma, 19516, St. Louis, Missouri, USA) was added, and
the mixture was centrifuged again at 13,300 rpm for 15
minutes at 4°C. Subsequently, the samples were washed
twice with 70% ethanol. The RNA integrity of the samples
was then assessed.
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Transcriptome Analysis

The analysis of miRNA expression was performed on total
RNA extracted from cells in the unstimulated control group,
with samples taken at four different stimulation times (3rd,
6th, 12th, and 24th hours). Microarray procedures were
carried out according to the Affymetrix Whole Transcript
(WT) Expression Arrays instruction manual. Briefly, 250
ng of total RNA extracted from cells was labeled with
the Whole Transcriptome Reagent Kit (ThermoScientific,
P/N 902280, Massachusetts, USA). The labeled samples
were then purified and hybridized with the Mouse Gene
2.0 array (ThermoScientific, Massachusetts, USA). Arrays
were scanned on the Affymetrix Scanner 7G, and image
analysis was performed using Expression Console™
Software v1.4 (ThermoScientific, Massachusetts, USA),
followed by data normalization and analysis using BRB-
ArrayTools.

Med Records 2024;6(2):159-64

Quantitation of miRNA and mRNAs

Total RNA was isolated using Qiazol reagent (Qiagen,
79306, Hilden, Germany). For the detection of miRNA
expression, 1 yg of RNA was converted to cDNA with the
Mir-X miRNA First-Strand Synthesis Kit (Takara, 638313,
Kusatsu, Shiga, Japan). The TB Green Advantage® qPCR
Premix was then employed along with specific primer
sets for mmu-miR-568. RNU6 was used as an internal
reference for analysis.

To detect mMRNA expression, cDNA was generated from
1 pg total RNA using the First Strand cDNA Synthesis Kit
(Roche, 11483188001, Basel, Switzerland). GAPDH was
employed for coding gene normalization. qRT-PCR was
performed using the LightCycler® 480 Real-Time System
(Roche, Basel, Switzerland). Primers for miR-568 and
coding genes are provided in Table 1.

Table 1. Sequences of primers for GAPDH, PIK3CA, NAMPT, TRPM7, RBM20, miR-568 and RNU6

Gene ID Sequences (5'to 3') Amplicon (bp)
F: ACGACCATCTTCGGGTGAAC
PIK3CA 131 bp
R: GTTTGATGGTGACGAGTGTGG
F TGTGTCCGTCGTGGATCTGA
GAPDH 150 bp
R: TTGCTGTTGAAGTCGCAGGAG
F: CCACCGACTCGTACAAGGTT
NAMPT 131 bp
R: TGTTTCCTCGTATTTCACCTTCCT
F. TCTGTGGTCGTTTGGTCAAGCA
TRPM7 140 bp
R: TGTTGGGCTCTGCTCCGTG
F: AGAGATGCCTGCGTTATGCC
RBM20 139 bp

R: GGAGCTTGGCAGCATTTTGG
F. GTGGGGGGATGTATAAATGTAT
R: CTCGCTTCGGCAGCACA
F. CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

mmu-miR-568
RNUG6

Bioinformatic Analysis
Screening DEmiRNAs

Differentially expressed miRNAs (DEmiRNAs) were
screened using the Excel-based software package
BRB-ArrayTools. This tool aids in identifying DEmiRNAs
between groups of samples and controls. In the present
study, DEmiRNAs between four different stimulation times
and the unstimulated control group were selected based
on statistical significance (p<0.05 and |logFCJ|>0.5).

The clustering of the DE miRNAs and visualization of
the clustering via heatmap was also performed by BRB-
ArrayTools.

Target prediction analysis

To identify predictive targets for miR-568, MiRWalk was
utilized. Additionally, TargetScan was employed to identify
the 3'UTR binding sites of the miR-568-targeted genes.
The list of AF-related genes was obtained from NCBI-
Gene (https://www.ncbi.nlm.nih.gov/gene).

Statistical Analysis

Statistical significance was determined using Student's

t-test (p value of <0.05) and the data are presented as the
mean+SD.

RESULTS
AF Model Confirmation

To assess the AF pattern in the HL-1 cell line, electrical
stimulations were observed for 24 hours under specific
current and conditions. As a control, the number of pulses
was measured before subjecting HL-1 cells to electrical
stimulation, revealing a consistent rate of 60 pulses
per minute (bpm). No change in the beat frequency was
observed during the initial 30 minutes. However, starting
from the 1st hour, the cells exhibited an increase in beats
to 100 bpm, and irregularities in beat rhythm became
apparent. Subsequently, the number of beats reached 105
bpm after 90 minutes, approximately 225 bpm at the end
of the 4th hour, and around 240 bpm at the end of the 6th
hour, as documented in microscope records (Figure 1A).
This value aligns with the occurrence of arrhythmic beats
(approximately 300 bpm) observed in atrial fibrillation
patients.

To evaluate the potential development of an AF model

161



DOI: 10.37990/medr.1394921

following electrical stimulation applied to HL-1 cells,
electrocardiogram images were recorded using lonOptix
Myocyte Calcium Photometry and Contractility Systems
(Figure 1B). According to the obtained records, regular
waves were observed in the control group cells that were
not stimulated, while irregularities were detected in the cell
pulse waves in the 3rd and 6th hour samples of stimulation.

In addition to electrocardiogram analysis, gRT-PCR
analysis was performed using HSPATA, TGFB, NPPA, and
MAP2K3 genes, whose expression profiles are reported to
change in atrial fibrillation in the literature. As illustrated in
Figure 1C, significant changes were detected as early as
3 hours after the initiation of rapid stimulation. The onset
of transcriptomic changes in response to stimulation
suggests the establishment of the AF pattern in these cells.

Analysis of DEmiRNA in HL-1 Cells

Among the differentially expressed miRNAs in response to
each stimulation time, (3h, 12h and 24 h) 5 miRNAs were
found to be common, which were miR-568, miR-let7c-1,
miR-145a, miR-490 and miR-505 (Figure 2A). Based on
the heatmap analysis, miR-568, let-7c-1, and miR-145a
exhibited increased level of expression during the initial 3
hours of stimulation. Subsequently, their expression levels
gradually declined in a time-dependent manner, extending
from 3 hours to 24 hours (Figure 2B). We also confirmed
the decreasing expression pattern of miR-568 by gRT-PCR
in control and 24 h stimulated cells (Figure 2C). It may also
important to note that the mature sequence of miR-568
was found to be evolutionary conserved between human,
mouse and rat (Figure 3).

203 1 % 1

Figure 2. DEmiRNA screening, 2A. According to intersection analysis of
samples with different stimulation time, 5 common differential expressed
miRNAs was shown, 2B. The heatmap graph containing the varying
expression values of the 5 common microRNAs. 2C. Down-regulation of
miR-568 was confirmed by RT-PCR (n=3, *p<0.01)

miR-568 Sequences

Human  gauauacacuauauuAUGUAUAAAUGUAUACACACuucct cacauat

Mouse  acacuauauuUAUGUAUAAAUGUAUACACACuuCL

cacauauaugcggugugugu

Rat guauacacuauauuAUGUAUAAAUGUAUACACACuucuauaugugcccacauauauacagugu

Figure 3. miR-568 mature sequence conserved between human, mouse
and rat. Multiple sequence alignment of the section of quasi-alignment
for the species showing perfect alignment and sequences which is
labeled blue one is mature form of miRNA

To elucidate the role of miR-568 in HL-1, we gathered its
target genes using various databases, such as miranda,
miRDB, miRWalk, and Targetscan. A total of 428 targets
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were identifed and their enrichment in biological processes
was assessed using Gene Ontology analysis. Among the
GO analysis results, our emphasis was on the significant
processes associated with cardiovascular development,
such as the regulation of smooth muscle cell proliferation
(FDR=0.022013, p value=0.0000040424) and muscle cell
proliferation (FDR=0.034534, p value=0.0000082563), cell
morphogenesisinvolvedindifferentiation (FDR=0.0010253,
p value=3.1379e-8), and regulation of cell differentiation
(FDR=0.0013541, p value=7.4599¢-8).

Pathway enrichment analysis was performed to delve
into the molecular functions of the targets associated
with miR-568 by using KEGG. The enrichment analysis of
identified gene targets for miR-568 revealed involvement
in various KEGG pathways, notably the cAMP signaling
(FDR=0.030316, p value=0.000095936), mTOR signaling
(FDR=0.023211, p value=0.000073219), FoxO signaling
(FDR=0.00013671, p value=4.2064e-7) and Rap1 signaling
(FDR=0.037255, p value=0.00011903).

miR-568 Enhances the Expression of AF-Related Genes in
HL-1 Cells

To demonstrate the potential role of miR-568 in AF, we
intersected the targets of miR-568 with the AF-related
gene list and found 4 genes (NAMPT, TRPM7, RBM20 and
PIK3CA) in common (Figure 4A). gRT-PCR results showed
that the expression of AF-related genes, including NAMPT
and TRPM7 were significantly increased in 4 different
stimulation times in a time dependent manner. Meanwhile,
expression of RBM20 and PIK3CA were markedly decreased
in stimulation groups (Figure 4B). The converse expression
patterns of miR-568 and its targets NAMPT and TRPM7 at
the same time points supported the potential role of them
in AF and led us to identify the interaction between these
miRNA and target genes.

HL-1

B3h/C W6H/C m12h/C m24h/C

1
i

TREM7 REM20 PIKICA

vvvvv

C. Predicted consequential pairing of target region (top)
and miRNA (bottom)

Position 817-823of RPM73'UTR &' _ GUUGUUGGAUUAUCC- -UUAUACAG...

TN

CACACAUAUGUAAAUAUGUA

Figure 4. TRPMT is a target gene of miR-568, 4A. Identification of NAMPT,
TRPM7, RBM20 and PIK3CA as a common target of miR-568, 4B. qRT-
PCR was performed to determine the expression levels of predicted
target genes of miR-568 in HL-1 cells, 4C. Predicted mmu-miR-568
(MI10005517) seed match to the sequence in the 3'UTR of TRPM7 mRNA.
The seed sequences of miR-568 are AAUAUGU

miR-568 Interacts with 3-UTR of TRPM7 Gene

Analysis of the TargetScan showed that TRPM7 was a
potential target gene of miR-568. The matching positions
for miR-568 within 3'-UTR of the targeted TRPM7 mRNA
are shown in Figure 4C.

mmu-miR-568 3
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DISCUSSION

AF is the most common clinical arrhythmia and by 2060
it is anticipated to attain a prevalence of 18 million in
Europe (16). Patients with atrial fibrillation experience
higher mortality rates and current therapeutic options do
not fully address the clinical need for AF. Exploring the
cellular mechanisms behind AF and devising innovative
strategies to enhance the survival of individuals with AF
are promising avenues for future research.

Over the past decade, substantial strides have been made
in understanding AF and its underlying mechanisms,
leading to the identification of numerous genetic (17-19)
and epigenetic factors (20,21). In this context, miRNAs
have recently been included among the molecular factors
linked to the progression of AF, particularly in electrical
and structural remodeling, that represent the two primary
elements of atrial remodeling caused by fibrosis (22,23).
Associations between cardiovascular diseases and
miRNAs have been accelerated in recent years. A number
of miRNAs have been described to be differently expressed
and to modulate signaling pathways during cardiovascular
diseases. It has been showed that miR-208 could act as
a therapeutic molecule in cardiac fibrosis, heart failure
and myocardial hypertrophy (24). Collectively, miR-595
and miR-155 exhibited a positive correlation with the left
ventricular mass (LVM) index, while miR-182, miR-200a,
and miR-568 demonstrated a negative correlation with
the LVM index (25).

miR-568 was one of the differentially expressed miRNAs in
response to stimulationin our study and its downregulation
through increased stimulation times was confirmed by
gRT-PCR. Meanwhile its putative targets, TRPM7 and
NAMPT showed increased expression patterns which is
expected since the miRNA-target expression patterns
are inversely correlated. These findings may support the
potential role miR-568 together with its targets TRPM7 and
NAMPT in the development of AF. Among TRP channels,
TRPM7 is particularly abundant in heart tissue (26,27)
and is highly expressed myocardium during embryonic
stage (28). Intercellular ICa transitions are greatly altered
in atrial myocytes during AF. The reshaped regulation of
calcium within cells is a significant factor in the emergence
of impaired contractile function and alterations in atrial
electrophysiology, specifically the remodeling of both
contractile and electrical aspects, which are distinctive
features of AF. TRPMT current has recently been observed
to undergo upregulation in atrial fibrillation. It is suggested
that TRPM7 may serve as a calcium entry pathway,
triggering TGF-B1 signaling, thereby contributing to
the development of atrial pathogenesis (29). NAMPT
exhibits high expression in cardiomyocytes, and recent
studies have demonstrated its impact on various cardiac
conditions such as dilated cardiomyopathy, ischemia/
reperfusion injury, and heart failure (30-32). However,
there is a lack of reports on the correlation between AF
and Nampt. Given the association of the Nampt/NAD
axis with obesity and aging, crucial risk factors for AF, it
is postulated that the Nampt/NAD axis plays a significant

Med Records 2024;6(2):159-64

role in the pathogenesis of obesity-related AF (33). The
RNA-binding motif protein 20 (RBM20) gene, serves as a
splicing factor (34) and is notably expressed in striated
muscles, particularly the heart, and has been shown to
significantly impact the splicing patterns of key genes
essential for cardiac function (35,36). The manifestation of
RBM20 cardiomyopathy is marked by a deeply penetrating
and aggressive nature, closely linked to sudden cardiac
death arrhythmias and heart failure (37,38). More than
30 genes have now been shown to be targets of RBM20.
This encompasses additional genes vital for sarcomeric
function, along with numerous genes essential for the
efficient utilization of calcium in cardiomyocytes (39).

The complexity of the arrhythmia known as AF
encompasses its genetic bases and inheritability.
Significant advancements have been made in various
areas, including risk assessment for AF, the discovery of
new therapeutic targets, and the development of prediction
models based on the genome. It is evident that gaining a
deeper insight into the molecular mechanism of AF will
not only enhance prediction models for the condition but
will also pave the way for more effective personalized
treatment approaches.

In this study, we generated an AF model in HL-1 cells
through a directed electrical stimulation protocol that
predominantly exhibits atrial-like electrophysiologic
properties. This work involves characterizing and
interrogating the genome-wide profiling of miRNA
expression in atrial fibrillation. miR-568 expression
was downregulated in HL-1 cells. Using bioinformatics
approaches, we demonstrated a potential relation of
miR-568 with cardiovascular development and related
signaling pathways. miRNAs, including down-regulated
miR-568, miR-let-7c-1, and miR-145a, as well as certain
genes, including NAMPT, TRPM7, RBM20, and PIK3CA,
might be related to a greater risk of AF.

CONCLUSION

It could be concluded that miR-568 may involve in the
AF development or the impact of AF through regulating
its putative targets NAMPT and TRPM7. Given that the
mature sequence of miR-568 is conserved in humans, it
would be valuable to confirm these data in human samples
with further studies.
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Abstract

Aim: The study aims to ascertain whether Anzer Propolis, a natural antioxidant compound, can protect the kidneys from iopromide.
Material and Method: This study was done in 2021. Four groups of 32 adult male Wistar albino rats, weighing between 250 and 300
g, were formed. Control (C) group contained eight rats. Intraperitoneal ethanol was administered to the Ethanol (E) group (n=8), 8 g/
kg intraperitoneal iopromide to the contrast-induced nephropathy (CIN) group (n=8), and a 100 mg/kg dose of Anzer Propolis on the
date of application to the Anzer Propolis group (AP) (n=8), as well as the prior day, by gastric gavage and then 8 g/kg iopromide was
administered intraperitoneally. Termination was carried out at the 48th hour. Histopathological examination was performed for CIN
in the right and left kidneys.

Results: Following has been examined as a part of the research: serum urea, creatinine, IL6, interleukin (IL)-1, total oxidant status
(TOS), tumor necrosis factor (TNF-a), total antioxidant status (TAS), myeloperoxidase (MPO). TAS had a statistically significant
increase in AP, in comparison to CIN, C and E groups (p<0.05). The pathological examination showed, vacuolar degeneration
formations in tubular epithelial cells, and increase in mononuclear cell infiltration areas in the interstitial region in CIN. CIN had
significantly higher values in comparison to AP (p<0.05).

Conclusion: Propolis protects the kidney tissue against the toxicity caused by CIN and negative effects of free radicals; most likely
due to the antioxidant and antitoxic properties. Propolis is a promising natural substance for preventing CIN. There is a need for
further research on the properties of propolis.

Keywords: Anzer propolis, contrast induced nephropathy, acute kidney injury, rat

INTRODUCTION

Contrast-induced nephropathy (CIN) is iatrogenic acute
kidneyinjurythatcanemerge afteradministratingiodinated
contrast agent intravascularly for diagnostic imaging,
interventional angiographic, or medical interventions (1).
Although risk assessment and prevention strategies are
applied for CIN before using iodinated contrast agents, it
develops at a rate ranging from 1% to 25% in hospitalized
patients and contributes to mortality and morbidity by

lowering antioxidant enzyme levels, which increases the
production of reactive oxygen species (ROS) or oxidative
stress (4). It is aimed to reduce oxidative stress so as to
prevent and treat CIN (1). For this purpose, antioxidant
supplements, such as ascorbic acid, and medications,
such as N-acetylcysteine and sodium bicarbonate, are
used for prophylaxis and treatment in CIN (2,1).

Anzer Propolis, which contains honey and other
bee products, is a frequently used substance in

increasing the length of hospital stay (2). Impaired renal
perfusion are important in the pathogenesis of CIN (1,3).
lodinated contrast agents also increase oxidative stress by

CITATION

alternative medicine (5). The antioxidant, antitumor, and
immunomodulatory effects of propolis have beneficial
effects in treating various diseases (6-8).
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The main antioxidant mechanism of propolis polyphenols
is that ROS reduce the rate of the xanthine oxidase
reaction. As a result, less free radicals are produced (9).
Propolis efficiency is mainly related to its antioxidant and
antitoxic properties. Previous studies showed that the
ethanolic propolis extract contained important antioxidant
compounds that inhibited ROS production (10-11).

Current investigation was done to determine how Anzer
Propolis, which is indigenous to Tiirkiye's Eastern Black
Sea Region, affected CIN.

MATERIAL AND METHOD

Following the US National Institutes of Health's Guidelines
for the Care and Use of Laboratory Animals, all rats
received compassionate treatment. The research was
assigned the reference number 124-19 by Afyon Kocatepe
University Experimental Animals Local Ethics Committee
and granted approval on October 16, 2019. The Eastern
Black Sea region of Tiirkiye is the only place where the
endemic Anzer propolis employed in this research is
found. This study was done in 2021.

Research Design

A standard climate environment was used to house 32
male Wistar albino rats that ranged in weight from 250 to
350 g. They were given free access to water and standard
rat feed while being housed in individual cages. They had
five days to adjust to the laboratory setting and later 4
groups of rats were created at random. All animals were
manipulated in accordance with the US National Institutes
of Health's Guidelines for the Care and Use of Laboratory
Animals (NIH publication no. 85-23, was revised in 1996).

Contrast-Induced Nephropathy

Therats were dehydrated one day before the administration
of iodinated contrast material in order to develop CIN.
Intraperitoneally, 8 gr/kg iopromide (Ultravist 100 mL, Bayer,
Berlin, Germany) was administered gradually. Regarding
the occurrence of CIN, the clinical practice guidelines for
Kidney Disease Improvement Global Outcomes (KDIGO) for
acute kidney damage were taken as the basis. According
to the KDIGO, CIN can be described as at least 0.3 mg/dL
elevation (or 26.5 umol/L) from baseline in serum creatinine
(Cr) in the following 48 hours after contrast agent exposure
or elevation that is more than 1.5x baseline within a week
(7 days) after contrast agent exposure, or obtaining urine
quantity that is less than 0.5 mL/(kg-h) at least six hours
after the exposure (3).

Study Groups

The rats were designated into four groups to understand
whether the results obtained in this study depended
on the ethanol in the ethanolic propolis or the propolis
substance.

Control group (group C, n=8): The rats were fed ad libitum
and supplied with water. The rats were euthanized
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according to established protocols after 48 hours.

Ethanol (group E, n=8): The rats were fed ad libitum and
supplied with drinking water. On Oth day intraperitoneal
(i.p.) ethanol was administered. The rats were euthanized
according to established protocols after 48 hours, using
high-dose anesthetics (150 mg/kg thiopental sodium).

Contrast-induced nephropathy group (group CIN, n=8):
In this group, 8 g/kg iopromide (Ultravist, Bayer, Berlin,
Germany) was injected intraperitoneally at a slow pace.
The rats were euthanized according to established
protocols after 48 hours as in group Ethanol.

Anzer propolis+contrast-induced nephropathy group
(group AP, n=8): On the first day of the experiment, the
rats in this group were gastric gavaged twice with 2 mL
of saline and 100 mg/kg of propolis from the Anzer region
that had been dissolved in ethanol. On day 0, the procedure
was applied to CIN. The rats were sacrificed according to
established protocols after 48 hours like the other groups.
The animals were weighed on day 0 and at the end of 48
hours Sacrificed rats' harvested kidneys were stored in
10% formol for histopathological examination.

Biochemical Analysis
Evaluation of renal functions

The values of urea, creatinine, and serum were measured
using an autoanalyzer as the indicators of a decrease in
glomerular functions, in blood samples obtained by an
intracardiac puncture at the 48th hour.

Evaluation of neutrophil migration

Myeloperoxidase (MPO) activity was used to demonstrate
the neutrophil infiltration in tissues. Rat MPO
measurements were carried out by the ELISA method.

Biochemical measurements in blood samples

Determination of MPO, proinflammatory cytokines, and
antioxidant status levels in serum

The serum MPO (Sunred Rabbit MPO ELISA Kit; Catalog.
No: YLA0O57RB; Shanghai YL Biotech Co., Ltd., China), IL-
1B (Rat Interleukin-1B, Catalog No: YLA 0031RA; Shanghai
YL Biotech Co., Ltd., -China.), IL-6 (Rat Interleukin-6
Catalog No: YLA 0031RA; Shanghai YL Biotech Co., Ltd.
-China.), TAS (Rat Total Antioxidant Status; Catalog No:
YLA 1389 RA; Shanghai YL Biotech Co., Ltd., -China.),
TOS (Rat Total Oxidant Status; Catalog No: (YLA 1392
RA; Shanghai YL Biotech Co., Ltd., China), and TNF-a (Rat
Tumor necrosis alfa; ELISA Kit; EO764Ra ) were analyzed
by ELISA kits using MVGt Lambda Scan 200 (Bio-Tek
Instrument, Winooski, VT, USA).

Measurement of the serum electrolyte level

An autoanalyzer (Roche Cobas 8000, Germany) was
employed to measure the levels of serum K+, Ca++, Na+,
Cl-, and Mg++ in blood samples taken at the 48th hour
from all groups.
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Hemogram measurement

The blood samples were obtained from the groups, and
the hemogram was measured in a hemogram-measuring
Cell Counter device (Huma Cell Count 80 TS).

Histopathological Evaluation

The 10% buffered neutral formaldehyde solution was
used to fix the kidneys. After 48 hours, they were cut
and transferred to cassettes for further tissue analysis.
The tissues underwent a series of alcohol and xylene
treatments before being blocked in paraffin. After that,
blocks between 4 and 5 microns thick were cut using a
microtome and mounted on slides. Following hematoxylin-
eosin (HE) staining, the sections were examined under
an optical microscope. The pathological changes in the
kidneys were assessed and are presented in Table 1.

Table 1. Classification of renal pathology after CIN

Degree = Damage Pathological definition

0 None Normal tubule

1 Light Slight swelling and loss of brush-like edge

2 Light Intense swelling and moderate vacuolization

3 Moderate Nucleus shrinkage and severe vacuolization

4 Severe Necrosis and rupture of .the basal membrane
of apoptotic cells

5 Necrosis Tubular necrosis in its entirety
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Statistical Analysis

Meanzstandard deviation values were used to present
the data, and to identify variations in the biochemical,
electrolyte, and oxidative stress parameters, non-
parametric ANOVA tests were employed. Furthermore, to
determine the significance level a Tukey test was used.
Microsoft's Statistical Package for Social Sciences (SPSS)
version 24.0 was used to analyze the data (USA). It was
deemed significant if p<0.05.

RESULTS

The difference between the groups in serum urea and
creatinine levels is shown in Table 2.

Compared to C, E, and AP, CIN's WBC levels significantly
decreased (p=0.000). While the Hb level did not change for
others, there was a significant increase in AP's Hb levels
(p=0.005) (Table 3).

The differences between the groups for serum MPO,
proinflammatory cytokines and antioxidant status levels
are shown in Table 4.

The histopathological differences observed between
the groups are shown in Table 5. The pathological
examinations of all groups are shown in Figure 1.

Upon analysis, we discovered that Anzer Propolis utilized in
the research contained high levels of ethyl oleate (10.23%),
5-hydroxy (9.07%), and 4H-1 benzopyran-4-one (12).

Kidney function tests in the groups (n=8) (MeanSD)

Groups Creatinine Na** K* Cl- Ca*2 Urea Mg*
mg/dL mmol/L mmol/L mmol/L mg/dL mg/dL mg/dL
c 0.37°+0.04 140.13+2.42 5.24°+0.28 99.80+0.58 9.75°+0.28 37.60°40.65 2.69+0.27
E 0.442+0.05 141.88+1.13 5.69°+0.25 99.78+1.53 10.452£0.40 43.8120+3.48 2.58+0.14
CIN 0.41°+0.03 142.38+3.74 6.15+0.62 101.04+2.77 10.242+0.25 44.512%4.72 2.57+0.11
AP 0.38"+0.03 141.50+1.60 5.62°+0.49 101.79+1.68 10.342£0.29 40.36°13.63 2.47+0.20
P 0.008+ 0.307 0.003~ 0.093 0.001~* 0.001~* 0.165

K*: potassium; CI: chlorine; Ca**: calcium; Mg*: magnesium. *: p<0.01; a, b, c: kidney function tests values (p<0.05) with different letters in the

same column are statistically significant

Table 3. Hematological parameters in the groups (n=8) (MeantSD)

Groups WBC RBC HGB
10°%/L 10"%/L g/dL

Cc 5.85°+0.73 9.02+0.49 15.73°+0.52

E 6.18°+£1.69 9.16+0.36 15.58°+0.34

CIN 3.32°41.17 8.80+0.55 15.33°+0.70

AP 6.90°+1.79 9.40+0.26 16.482+0.79

P 0.000+ 0.064 0.005%

HCT MCV PLT
% fL 10°/L
54.612+2.29 54.61+2.29 690.25+65.08
51.53+1.49 55.65+1.10 818.75°+50.38
49.43°12.64 56.23+2.48 912.132+117.73
53.68%+2.56 57.11+2.05 814.75°+134.14
0.000+ 0.124 0.007=

Hb: hemoglobin, HCT: hematocrit, MCH: mean corpuscular hemoglobin, PLT: platelet, RBC: red blood count, WBC: white blood count; Hematological
values (p<0.05) with different letters in the same column are statistically significant
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Table 4. Biochemical parameters in the groups (n=8) (MeantSD)

Parameters/groups CIN E
TOS (U/mL) 5.56950+.215372 4.8638+.08401°
TAS (U/mL) 11.0650+.43727° 10.7500+.28069°

IL-1B(ng/mL) 26.0250+1.655712 20.8525+1.15944>

IL-6 (ng/L) 35.0338+1.76343° 19.5363+1.51576°
Hyp (ng/L) 260.0000+13.56203  271.5850+5.33029
MPO (ng/mL) 22.6013+.71762° 16.3200+.41467°

TNF-a(ng/mL) 44.6950+3.18151° 25.9275+1.34338°

AP C P value
4.7775+.13872° 4.9525+.04636° 0.001
12.9388+.25721° 11.2437+.23140° 0.001
19.0463+.89201"° 16.9063+.34428¢ 0.001

25.07113+1.29203" 20.9962+.59118° 0.001
289.625047.33372 281.468815.51215 0.110
15.8700+.42172°¢ 18.0788+.22303° 0.001
23.0063+1.16015° 24.2250+1.08938° 0.001

Hyp: Hydroxyproline, IL-1: Interleukin-1, IL-6: interleukin-6, MPO: myeloperoxidase, TAS: total antioxidant status, TOS: total oxidant status,
TNF: tumor necrosis factor. Letters next to biochemical parameters indicate statistical significance (p<0.05)

Table 5. Pathological evaluation of the groups (n=8)

Enlargement of the glomerular

ETTES Bowman's space glomerular capillary ball
C 0.00d+0.00 0.00d+0.00

E 0.88b+0.35 1.25b+0.46

CIN 1.88a+0.35 1.88a+0.35

AP 0.50c+0.53 0.75c+0.46

P 0.000+ 0.000+

Vacuolization formation in the

Vacuolar degeneration

formations in tubular epithelial LAl fi i et e

interstitial region

cells
0.00c+0.00 0.00b+0.00
1.00b+0.00 0.38b+0.52
2.25a+0.89 2.50a+0.76
0.63b+0.52 0.38b+0.52
0.000+ 0.000+

*: a, b, ¢, d: Letters next to renal histopathological values indicate statistical significance (p<0.05); MNC: mononuclear cell

DISCUSSION

Despite the risk assessment and prevention strategies for
CIN before the use of iodinated contrast agents, it develops
at a rate ranging from 1% to 25% of hospitalized patients.
However, patients with high risk, like diabetics, geriatrics
and those who suffer from chronic kidney diseases, this
rate increases to 50%, increasing the length of hospital
stay and contributing to mortality and morbidity (2,13).
The pathogenesis of CIN is still not fully elucidated.
However, there are various mechanisms suggested in the
pathogenesis. These mechanisms are direct toxicity due
to iodinated contrast agents, renal medullary hypoxia, and
increased apoptosis (14). All these mechanisms cause
increased oxidative stress, tissue damage and acute
kidney injury. lodized contrast agents increase oxidative
stress through the increase of ROS production, or by
decreasing antioxidant enzyme levels (6). For this reason,
studies that aim to reduce oxidative stress were conducted
to prevent the development of CIN (1,4,15). In this study,
the protective properties of Anzer propolis against CIN
were investigated biochemically and histopathologically.

Propolis is a natural substance broadly utilized both in
folkloric and alternative medicine along with other bee
products such as royal jelly, bee pollen, beeswax, and
honey (5). Health benefits of propolis have been shown

in the treatment of various diseases resulting from its
antiviral, antitumor, antioxidant, immunomodulatory, and
anti-inflammatory effects (6-8). The main antioxidant
mechanism of propolis polyphenols is that ROS and
reactive nitrogen radical species (RNS) reduce the
xanthine oxidase reaction. Thus, they reduce the formation
of free radicals (9). Several investigation indicated that
ethanolic propolis extract contains important antioxidant
compounds can inhibit ROS production (10-11).

In our study, it was shown that serum creatinine level
increased significantly in CIN and E, in comparison to
C and AP (p=0.008). The similarity of serum creatinine
levels in AP and C may be related to propolis phenols'
nephroprotective properties due to their antioxidant and
antitoxic properties. Likewise, in a previous experimental
work of Baykara et al. (16), the nephroprotective effect
of propolis against iodinated contrast agents was
demonstrated. After administration of iodinated contrast,
a significant increase in plasma urea level was observed
in CIN, in comparison to C.

Nevertheless, AP's levels of plasma urea were significantly
lower than CIN. Past studies reached similar conclusions
(16-17).

Exposure to iodinated contrast agents triggers oxidative
stress, increasing the production of ROS (14). In a previous
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study, it has been shown that the TOS level increases and
the TAS level decreases after application of iodinated
contrast material (18). In our study, CIN's levels of TOS
and TAS production were significantly higher than AP's.
This result is related to the antioxidant and antitoxic
properties of Anzer Propolis phenols (19).

In previous studies, it has been shown that CIN causes
an increase in the level of interleukins (4,9). We observed
significant decrease in IL-1 levels in AP, in comparison to E
and CIN (p<0.05). Propolis has arich content of flavonoids
that inhibit nitric oxide, IL-1 and IL-6 production (20). It
has been demonstrated that the acute phase reactant
IL-6 contributes to renal autoimmune and inflammatory
diseases by locally activating the classical and transsignal
pathways. Podocytes, endothelial, mesangial, and tubular
epithelial cells, among others, canare able to secrete IL-6
in kidneys (21). In the study of Hudzig B., et al. (22), there
was an increase in patients' IL-6 levels who developed
CIN. In our study, a statistically significant decrease in
IL-6 levels was observed in AP and E, compared to CIN
(p<0.05). The low levels of IL-1 and IL-6 in AP in our study
may be due to the effect of flavonoids in AP content.

It has been shown that the level of MPO, a proinflammatory
enzyme, increases in CIN (23). Increased MPO levels in the
kidney are directly correlated with neutrophil infiltration
and tissue inflammation brought on by contrast media.
Activation of MPO can generate glomerular morphological
changes, endothelial and mesangial cell damage and
platelet activation, as well as glomerulonephritis (24). In
our study, Anzer Propolis has been shown to reduce the
level of MPO.

One of the proinflammatory mediators whose levels
increase in contrast-related nephropathy is TNFa (25). It
has been shown that the increase in TNFa level causes
damage to renal tubular cells (26). In a single-center study,
it was shown that the baseline level of TNFa is useful in
demonstrating the prognosis in patients who develop
CIN (27). For this reason, studies have been carried out
to reduce the level of TNF a (25,26). In this study, Anzer
propolis was shown to reduce TNFa level.

An increase in WBC level has been shown in contrast-
related nephropathy (28). In the current study, WBC
levels were statistically significantly higher in CIN and E
than in AP (p<0.05). Anemia can trigger CIN progress by
causing hypoxia due to reduced oxygen carrying capacity
(29). Statistically significant increases were observed in
hemoglobin and Hct values in AP compared to others
(p<0.05). This result may be related to the antioxidant
effect of Anzer Propolis.

The pathological effects of contrast agents on the kidneys
are vacuolization in proximal epithelial cells, interstitial
inflammation and cellular necrosis (30). In the pathological
evaluation of our study, enlargement of the Bowman's
space of the glomerulus in CIN, vacuolization formation
in the glomerular capillary ball, vacuolar degeneration
formations in the tubular epithelial cells and mononuclear
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cell (MND) infiltration areas in the interstitial region were
detected. These findings were significantly higher in CIN
compared to AP (p<0.05). As a result of this pathological
evaluation, it was revealed that AP protects kidney tissue
with its antioxidant and antitoxic effects.

Since AP extract used in our study contains ethanol, it
was revealed both biochemically and pathologically that
the results obtained were related to the effect of AP, not
ethanol.

CONCLUSION

CIN is iatrogenic acute kidney damage that prolongs
hospital stays and increases mortality and morbidity.
According to the literature, pathophysiological
mechanisms leading to CIN have still not been fully
explained. There are ongoing studies for preventing and
treating CIN. Propolis protects the kidney tissue against
the toxicity caused by CIN and negative effects of free
radicals; most likely due to the antioxidant and antitoxic
properties. Propolis is a promising natural substance for
preventing CIN. There is a need for further research on the
properties of propolis.
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Abstract

Aim: The COVID-19 pandemic has changed hand-washing habits. Exposure to water more frequently and time than normal causes
dryness, dermatitis, and damage to the skin barrier. We aimed to investigate the relationship between the frequency and duration of
exposure to water on the hands, obsession with hand washing, and warts on the hands.

Material and Method: A questionnaire was administered to hand warts group (n=94), plantar warts group (n=46), and healthy
volunteers (n=30) questioning the factors that predispose to wart formation, hygiene behaviors, hand moisturizing habits, and hand
washing obsession. The presence of warts, localization, number, and clinical type, presence of xerosis, and hand dermatitis were
recorded. Data from the hand warts group were compared with control groups of healthy volunteers with plantar warts.

Results: The total exposure time of the hands to water per day was significantly higher in hand warts group than in the plantar warts
group and healthy ones (<0.001, both). While xerosis was observed in 51.1% of the hand warts group, further clinical evaluation was
recommended with the suspicion of handwashing obsession in 26.6%. The suspicion of handwashing obsession was reinforced
by bilateral warts, hand dorsum involvement, more than one anatomical region involvement, and a high number of warts (p=0.039,
p=0.048, p=0.027, p=0.018; respectively).

Conclusion: Water exposure might be a novel unrecognized risk factor for hand warts. Patients with hand warts should be evaluated

regarding OCD and the need for moisturizer by questioning the frequency of handwashing.

Keywords: Wart, hand washing, xerosis, nail-biting, obsessive-compulsive disorder

INTRODUCTION

Cutaneous warts are mucocutaneous lesions caused by
the human papillomavirus (HPV). According to the site
of involvement and morphology, they are classified by
different nomenclatures such as verruca vulgaris, verruca
plana, verruca plantaris, and condyloma acuminata (1).
Cutaneous warts are a common viral infection in the
general population, especially in children. One-third of
primary school children have one or more warts on their
hands or feet, with an incidence of 29 per 100 person-years
for developing new warts (2). The estimated prevalence
of warts has been reported to be 33% in children aged
6-12 years and 3.5% in adults (3). It is a usual reason for
dermatology outpatient clinic applications.

Transmission of infection usually occurs through direct

CITATION

contact or, more rarely, through contaminated objects
(4). Infection occurs when the virus penetrates through a
damaged epithelial barrier, especially in poorly perfused
areas such as the hands, fingers, or feet. Microtraumas
expose basal layer keratinocytes and facilitate
transmission (5). HPV infecting basal cells causes
abnormal acceleration of the cell cycle and the emergence
of neoplasia. Immunosuppression, close contact with
family members with warts, handling meat, walking
barefoot for plantar warts, nail-biting, and palmoplantar
hyperhidrosis are predisposing factors (6-9). The more
frequent hand warts in some occupational groups have
been attributed to trauma in some studies (3,6).

Itis clear that washing hands with soap and water is crucial
for protection from viruses and bacteria, contamination
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control, and sanitation (10). Hand hygiene practices began
to be widely implemented after the COVID-19 outbreak.
Washing hands with soap and using alcohol-based hand
sanitizer is known to reduce the spread of the virus (11).

However, more frequent and more prolonged exposure to
water than usual causes xerosis, dermatitis, and damage
to the skin barrier on the hands (12). Prolonged exposure
of hands to water can be caused by various occupational
reasons such as dishwashing, housewife, babysitting,
cleaning, hairdressing, or various psychiatric reasons
such as anxiety and obsessive-compulsive disorder (OCD)
(13,14). Although it is sensible that the factors increasing
the risk of xerosis on the hands may also predispose to
hand warts, the best of our known, no study has been
done on this subject.

This study aimed to investigate the relationship between
the frequency and duration of exposure to water on the
hands due to various reasons and warts on the hand.

MATERIAL AND METHOD
Patients and Study Design

The study was conducted with participants aged 15-45,
between April and September 2021, when the weather is
milder in our geography, to minimize the seasonal effect on
xerosis. Approval for the study was granted by the Erzurum
Atatiirk University Clinical Research Ethics Committee,
(reference no: B.30.2ATA.0.01.00/335). Informed consent
forms were obtained from all participants. The study
was performed per the latest version of the "Helsinki
Declaration” and the "Guidelines for Good Clinical
Practice.”

Patients with verruca vulgaris only on their hands and
only on their plantar regions and healthy individuals who
have never had warts were recruited for the study. It was
reported that warts in family members and schoolmates
are a risk factor for transmission (15). In order to adjust
the groups in terms of family history of warts, some of
the healthy individuals were selected from the relatives of
other patients who presented with verruca vulgaris. This
selection of healthy volunteers was intended to reinforce
the assumption of exposure to HPV. Patients with plantar
warts and healthy individuals were considered two
separate control groups in the study. The reasons for
attributing patients with plantar warts to the control group
were the reduction of the risk of type 1 statistical error
and the fact that the feet are end organs with perfusion
characteristics similar to the hands.

Participants' sociodemographic data, current number,
localization and distribution of warts, complaint duration,
family history, and the number seeking treatment were
recorded. While the number of handwashing, water
exposure length, soap usage, and disinfectant exposure
were recorded, some questions with dichotomous (Yes/
No) answers were asked to the patient to screen for the
presence of a cleaning obsession: Do you think you have
a cleaning obsession?/Do you feel the urge to wash your
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hands repeatedly after washing them? / Does your hand
washing or cleaning job take up hours? / Does the feeling
of contamination occupy your mind all the time? Patients
suspected of handwashing obsession were referred to
psychiatry. Also, the nail-biting/onychophagia behavior of
all participants was questioned.

Exclusion criteria from the study were as follows:
Palmoplantar hyperhidrosis, history of frequent exposure
to irritant agents other than water or soap, atopic
dermatitis, allergic contact dermatitis, presence of any
systemic disease or regular supplementary food products
or drug use, immunosuppression, topical steroid/
calcineurin inhibitory use of inhibitor, the simultaneous
presence of concomitant warts in distant localization
from the relevant area. Besides, patients with subungual
warts were not included in the study.

Statistical Analysis

All procedures were performed using Statistical Package
for Social Sciences (SPSS Inc., Chicago, IL, USA, v21.0)
software. After checking the normality distribution of
scale variables by Kolmogorov—Smirnov test, continuous
parameters were compared using Kruskal-Wallis H
and Mann-Whitney U tests according to the number
of samples. The exact significance test for the Mann-
Whitney U test was performed when the sample size
was insufficient. Pearson's chi-square or Fisher's exact
tests compared independent categorical variables
according to the sample sizes. Continuous variables
were stated as meantstandard deviation or median
(interquartile range), and categorical variables as numbers
(percentages). Bonferroni correction was applied post-
hoc if significant results were obtained in more than
two-sample comparisons. The p-values achieved after
post-hoc analysis were tabulated in an adjusted manner.
A two-sided p-value<0.05 was considered statistically
significant.

RESULTS

One hundred and seventy individuals participated in
the study: hand warts (n=94), plantar warts (n=46),
and healthy individuals (n=30). The study groups were
similar in terms of age and gender (p=0.172, p=0.881;
respectively). Comparisons of some data of patients with
hand warts with the other two separate control groups
(patients with plantar warts and healthy individuals) were
presented in Table 1. The sociodemographic and clinical
characteristics of the patients, the use of water, soap,
disinfectant, and moisturizer, the presence of xerosis in
the hands, the suspicion of handwashing obsession, and
the nail-biting behavior were compared in Table 1. There
was no difference between those with hand and plantar
warts in terms of the total number and distribution of
warts. The frequency of handwashing was significantly
higher in patients with hand warts than in both plantar
warts and healthy controls (p<0.001; post-hoc: adjusted
p<0.001, adjusted p=0.046; respectively). Similarly, the
total exposure time of the hands to water per day was
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significantly higher in patients with hand warts than
in plantar warts and healthy ones (<0.001; post-hoc:
adjusted p<0.001, adjusted p=0.001; respectively). On the
other hand, there was no difference between the groups
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regarding the use of moisturizer (p>0.05). No relationship
was found between hand warts and nail-biting behavior
(p=0.828).

Table 1. Comparison of some data of patients with hand warts and 2 separate control groups consisting of healthy individuals and those with plantar warts

Patient group Control groups
Parameters Warts on hands Plantar warts Healthy individuals p-value
(A; n=94) (B; n=46) (C; n=30)
Age, years 25.347.8 244157 27.847.5 0.172
Man 47 (50.0%) 25 (54.3%) 15 (50.0%)
Sex 0.881
Woman 47 (50.0%) 21 (45.7%) 15 (50.0%)
. Middle school & below 19 (20.2%) 8 (17.4%) 6 (20.0%)
Education level 0.921
Secondary school & above 75 (79.8%) 38 (82.6%) 24 (80.0%)
L Unilateral 54 (57.4%) 31 (67.4%) =
Direction of warts . 0.258
Bilateral 40 (42.6%) 15 (32.6%) -
Total number of warts 5.316.1 4.614.5 - 0.723
Complaint length; months 12.9+15.1 8.9+8.1 = 0.335
Family history of warts; Yes 29 (30.9%) 14 (34.1%) 11 (36.7%) 0.775
Number of seeking treatment for warts 2.412.6 2.312.0 - 0.928
Number of handwashing per day 12.54¢8.6 7.3+3.5 8.0+3.1 <0.0012°
Total daily water_ exposure time to hands; min. (including handwashing 331437 1 16.5423.1 11.049.6 <0.007°
and all other activities)
Reasonable and mandatory occasion for ~ Yes 11 (11.7%) 3 (6.5%) 5 (16.7%) 0,379
water exposure to hands (e.g., job, hobby)  No 83 (88.3%) 43 (93.5%) 25 (83.3%) ’
Bar 23 (24.5%) 16 (34.8%) 5(16.7%)
Soap type o 0.190
Liquid 71 (75.5%) 30 (65.2%) 25 (83.3%)
Total number of disinfectant usages per day 3.5%3.0 2.9+2.9 3.9+3.7 0.220
Never 34 (36.2%) 19 (41.3%) 15 (50.0%)
Habit of using any moisturizer Rarely 36 (38.3%) 18 (39.1%) 12 (40.0%) 0.434
Regularly 24 (25.5%) 9 (19.6%) 3 (10.0%)
. . . 2.0£1.9 2.4+1.4
Frequency of using a moisturizer per day for regular users (n=36) (n=24) (n=12) 0.129
. . Yes 48 (51.1%) 11 (23.9%) 6 (20.0%)
Xerosis cutis on the hands 0.0012°
No 46 (48.9%) 35 (76.1%) 24 (80.0%)
. » Yes 13 (13.8%) 3 (6.5%) 1 (3.3%)
Irritant dermatitis on the hands N/A
No 81 (86.2%) 43 (93.5%) 29 (96.7%)
. . . Yes 25 (26.6%) 2 (4.3%) 0 (0.0%)
Suspicion of handwashing obsession 0.0012°
No 69 (73.4%) 44 (95.7%) 30 (100.0%)
Presence of nail biting/onychophagia Yes 22 (23.7%) 9 (19.6%) 6 (20.0%) 0.828
behavior No 71 (76.3%) 37 (80.4%) 24 (80.0%) ’
Total number of actions per day in those with nail biting behavior (n=37) 7(55:292'? 6(;19:195.? 0.897

Min.: minute, Data are expressed as meantstandard deviation or number of patients (percentage). Kruskal-Wallis H, Mann-Whitney U, and Pearson
chi-square tests were used, where is appropriate. Bonferroni correction was applied as post-hoc if significant results were obtained in more than
two-sample comparisons. Significant values were shown in bold. Superscript a for the difference between A and B groups; superscript b for the

difference between A and C groups; superscript ¢ for the difference between B and C groups

The relationship between the distribution and number of
warts on the hand and the presence of xerosis, suspicion
of handwashing, and nail-biting behavior is presented
in Table 2. Accordingly, xerosis was significantly more
common in older patients with hand warts and those who
washed their hands more frequently (p=0.006, p=0.022;
respectively). Dorsum involvement was significantly more
common in patients with warts on xerotic hands (p=0.014).
While xerosis was observed in 51.1% of the patients with

hand warts, further clinical evaluation was recommended
with the suspicion of handwashing obsession in 26.6%.
In patients presenting with hand warts, the suspicion of
handwashing obsession was reinforced by bilateral warts,
hand dorsum involvement, more than one anatomical
region involvement, and a high number of warts (p=0.039,
p=0.048, p=0.027, p=0.018; respectively). No correlation
was found between nail-biting behavior and the
distribution and number of warts on the hands (p>0.05).
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Dermatologists’ opinions on handwashing habits and
moisturizing requirements for patients with hand warts
were distributed as in Figure 1. In 19.1% of patients
with hand warts, it was necessary to make behavioral
recommendations to change frequent or prolonged
handwashing habits in addition to moisturizers. Apart
from this, the opinion that only moisturizer should be
recommended in 23.4% of the patients was adopted.

W Water exposure is closely related to
xerosis; moisturizing and behavioral
recommendations needed. (n=18; 19.1%)

The relationship is uncertain; but a
moisturizer should be recommended.
(n=22; 23.4%)

The relationship was not considered
(n=54; 57.4%)

Figure 1. Dermatologists’ opinions on handwashing habits and
moisturizing requirements for patients with hand warts

DISCUSSION

The main risk factors for skin infections are age, sex,
ethnicity, medical history, family history, local climate,
lifestyle, and hygiene habits (6). However, studies
evaluating the relationship between viral warts and
hygiene habits are lacking. One of the most important
causes of hand eczema is water exposure and alcohol-
based hand rubs. The clinical presentation includes rough,
dry, scaly skin, erythema, and a burning sensation (16).
Also, it may develop clinically as dryness and roughness
in the hands without dermatitis after exposure to water.
Irritant contact dermatitis can be seen with a frequency
of 17-30% in cases of occupational predisposition such
as housewives and healthcare workers; compared to
the general population with a prevalence of 5.4% (16-
18). In this study, the groups were similar in terms of the
existence of a reasonable and necessary condition, such
as a job or hobby, to explain the exposure to water. Since
our study was conducted during the COVID-19 pandemic
period, we found that handwashing frequency, duration,
and disinfectant use were relatively high in the patient
and control groups. However, handwashing frequency,
daily water exposure time, and xerosis cutis on the hands
were significantly higher in patients with hand warts than
in plantar and healthy controls. Xerosis was observed
in 51.1% of patients with hand warts, and dorsum
involvement was significantly higher in xerotic hands. As
dermatologists, we considered that 42.6% of the patients
with hand warts might have an uncertain relationship with
Xerosis.

The estimated prevalence of OCD in the United States has
been reported to be 2.3% for lifetime and 1.2% for one-
year criteria (19). The most common obsessive thoughts
are pollution, contamination, and the risk of infection.
The most common compulsive behaviors are cleaning/
washing, checking, repeating, counting, and ordering/
arranging (20). Contamination obsessions and cleaning/
washing compulsions are seen in cleaning OCD. Therefore,
it is not surprising that hand dermatitis is one of the

Med Records 2024;6(2):171-7

most common symptoms in patients with cleaning OCD.
Studies have shown that OCD patients begin psychiatric
treatment only 8-10 years after the first symptoms. In this
period, dermatological symptoms and findings generally
become chronic (21). Various studies have revealed that
9% to 35% of patients with OCD consult a dermatologist
with skin conditions such as dermatitis, hand eczema,
and lichen simplex chronicus before psychiatry (22). We
realized that warts on the hands have never been evaluated
in this respect in the studies. Suspicion of handwashing
obsession was significantly more common, especially in
those with warts on their hands than in those with plantar
warts and healthy ones in this study. As a dermatologist,
we think that 26.6% of patients with warts on their
hands deserve further evaluation in terms of OCD, and
hand dryness was clearly associated with handwashing
habits in 19.1%. These data suggest that hand warts
accompanying dryness and roughness on the hands
are also an indicator reinforcing the suspicion of OCD.
Indeed, we found that bilateral involvement, involvement
of more than one anatomical hand region, and increased
number of warts in patients with hand warts reinforce the
suspicion of OCD.

Nail-biting is a compulsive behavior common among
children and young adults. It seems to be associated
with OCD and usually occurs with psychopathological
symptoms (23,24). It has been reported that cuticle peeling
and nail-biting behaviors increase the risk of subungual
warts (9). This study did not confirm our assumption
that nail-biting may be associated with the number and
presence of periungual warts. Besides, nail-biting behavior
did not affect the distribution and number of warts on
the hands. However, the exclusion of those with atopic
dermatitis, allergic contact dermatitis, immunodeficiency,
and systemic disease in our study shows that nail-biting
alone may not be a potential risk factor for hand warts.

Kampf and Ennen emphasized that in case of repeated and
frequent hand washing, the regular use of a moisturizer
immediately after hand washing prevents hand drying.
Especially in subjects with dry skin, it was observed that the
skin condition improved despite intensive washing (25).
Symanzik et al showed that in the presence of frequent
and repetitive hand washing, the use of a moisturizer
immediately after washing and the use of syndet have
positive effects on epidermal barrier homeostasis. Their
findings imply the effect of using syndet and moisturizer
as part of treatment in patients with warts on xerotic
hands, especially those with prolonged water exposure
(26). In our study, the fact that there was no difference
between the groups regarding moisturizer usage habits
indicates the necessity of recommendation in this regard.

CONCLUSION

Our study revealed that water exposure might be a
novel unrecognized risk factor for hand warts, possibly
facilitating transmission by disrupting the skin barrier and
increasing the effect of microtraumas. In the presence
of warts on the hands, the patients should be evaluated
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regarding OCD and the need for moisturizer by questioning
the frequency of handwashing. We think that this will
contribute to the early detection of OCD patients. In
addition, the use of moisturizers and changes in hygiene
habits may contribute to the success of the treatment
of hand warts. Further studies with larger sample sizes
should support our results.

Study Limitations

Although this is the first study on this subject, its
limitations should be noted. The sample size is relatively
small. Therefore, the relationship between warts and
hand eczema could not be evaluated statistically. Due to
technical impossibility, trans-epidermal water loss (TEWL)
could not be measured. Xerosis on the hands is determined
subjectively by the physicians' opinion. In addition, the
study was conducted during the pandemic period. This
situation may have caused an increase in the frequency
of xerosis, eczema, and OCD suspicion. Although patients
with suspected OCD were referred to psychiatry, the
psychiatrist's opinion could not be interpreted due to the
disruption in patient follow-up. However, patient selection
criteria and the prospective design of our study allowed us
to interpret our results under optimal conditions
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Abstract
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Aim: This study aims to examine pain, disability, anxiety, and quality of life in patients undergoing lumbar disc herniation (LDH)

surgery with and without COVID-19.

Material and Method: Eighty patients who were diagnosed with LDH and planned surgery between March and September 2023
were included in the study. 50% of the patients were diagnosed with COVID-19 for at most six months, according to the positive
polymerase chain reaction (PCR) test. 50% of the patients had no symptoms of COVID-19, ranging from mild to severe, and the PCR
test was negative (-). The patients' pain level, disability, anxiety, and quality of life were evaluated and compared between the groups

with and without COVID.

Results: The mean scores of physical roles, physical function, mental health, body pain, and social function on the SF-36 quality of
life scale in the LDH+COVID-19 (+) patient group were significantly lower than those in LDH+COVID-19 (-) (p<0.05). Additionally, a
statistically significant difference was observed between pain, anxiety, and disability levels in favor of the LDH+COVID-19 (+) patient

group (p<0.05).

Conclusion: Patients with COVID-19 undergoing LDH surgery have poor quality of life with high levels of anxiety, pain, and disability.
Therefore, it is important to consider the current results during the postoperative rehabilitation process.

Keywords: Lumbar disc, COVID-19, anxiety, quality of life, pain

INTRODUCTION

Low back pain is a problem that affects approximately
80% of people at some point in their lives (1). Various
factors cause this situation. However, low back pain due
to degenerative joint and disc disease is relatively less
common (2). Lumbar disc herniation (LDH) is a pathology
characterized by achange in the discs' normal position due
to discs’ overload during the degeneration process (3,4).
Mechanical and inflammatory processes are considered
important factors in forming low back pain (5). Incorrect
movements, overload, or physical inactivity also affect
the load-bearing capacity of the spine and cause disc
lesions (4,5). Irritation and inflammation resulting from
compression of peripheral nerves between intervertebral
discs following disc lesions is the accepted theory for the

CITATION

origin of pain (6,7).

During the COVID-19 epidemic, many precautions were
taken to control it. Social isolation has also increased due
to travel restrictions and compliance with interpersonal
distance rules. As a result, there has been an increase in
loneliness rates, and this has led to the deterioration of
both mental and physical health worldwide (8,9). When
pain is evaluated from a biopsychological perspective,
loneliness and isolation are the most well-known causes
of pain exacerbation among psychosocial factors (10).
Studies report that an increase in loneliness and social
isolation may be associated with high levels of pain (10-
12). There has been an increase in psychological stress
rates due to increased loneliness and social isolation
in the COVID-19 epidemic, and this has triggered pain,
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leading to an effective potential in individuals with chronic
pain (11,12). When the literature is examined, it has also
been shown that patients’ quality of life after COVID-19 is
seriously affected (13,14).

Studies have shown that increased social isolation
because of COVID-19 measures may be associated with
psychological stress, pain, and quality of life (10-14). This
situation also results in physical inactivity and increases
problems such as low back pain (11). Additionally, it may
increase LDH symptoms. However, when the literature
is examined, there is no direct evidence of a relationship
between psychosocial factors after LDH surgery and a
history of COVID-19 infection. Our hypothesis in our study
is that there may be an increase in the degree of disability
and pain symptoms after COVID-19 infection in patients
who underwent LDH surgery. In this context, this study
aims to compare the pain, quality of life levels, disability
and anxiety of patients who underwent LDH surgery
according to their COVID-19 infection status.

MATERIAL AND METHOD

This cross-sectional study included patients scheduled
for LDH surgery referred to the neurosurgery outpatient
clinic of Karabiik University Training and Research
Hospital between March 2022 and September 2023. Forty
female and forty male patients were included in the study.
Patients whose diagnosis of intervertebral disc pathology
was confirmed by MRI after evaluation by a neurosurgeon
who was over 18 years of age and who volunteered to
participateinthe study wereincluded. Additionally, patients
who had or had not had COVID in the last six months,
according to the positive polymerase chain reaction test,
were included in the study. Patients who were pregnant,
had lumbar degenerative changes (spondylolisthesis,
scoliosis, malignancy, vertebral fracture, osteoporosis,
lumbar osteoarthritis, etc.) in the MRI report, had other
musculoskeletal diseases in addition to low back pain,
had fibromyalgia, and had a primary psychiatric disease
were excluded from the study.

The number of individuals to participate in the study was
determined by the G*Power program. According to the
pain results of the pilot study, it was determined that the
sample size would have 80% power with at least 39 people
in each group for an effect size of a=0.05 and d=0.641.
The University Ethics Committee gave its approval, (2023-
1293), and the study was carried out in accordance with
the Declaration of Helsinki. Participants gave informed
consent to participate voluntarily before participating in
the study.

Patients who met the inclusion criteria were asked
to answer the survey face-to-face. Through the
questionnaire, patients’ age, gender, height, weight,
duration of symptoms, affected side, etc., information was
recorded. Then, the patients were divided into two groups
according to whether they had COVID before LDH surgery.
During the clinical follow-up period after LDH surgery,

Med Records 2024;6(2):178-83

the recovery process of the patients was evaluated one
month later during the follow-up. Patients' pain levels
were evaluated with the Visual Analog Scale (VAS), their
quality of life with the Short Form-36 Quality of Life Scale
(SF-36), their disability levels with the Oswestry Disability
Index (ODI), and their anxiety levels with the Beck Anxiety
Inventory (BAI).

Data Collection tools
Pain severity

The severity of low back pain the patients experienced
during their daily activities was evaluated with VAS. VAS
consists of a0-10 cm line, and the patient is asked to mark
their pain level. As the score increases, the pain intensity
increases (5).

Quality of life

The patient's quality of life was evaluated using SF-36.
SF-36 appraises quality of life across eight domains and
36 items. These domains are physical function, social
functioning, body pain, physical limitations, emotional
limitations, energy/fatigue, general health perception, and
mental health. The scale score ranges from 0 to 100, and
an increase in score indicates an increase in quality of life
(15).

Disability

ODI was used to evaluate the degree of loss of function
that occurred with low back pain. The questionnaire
consists of 10 items assessing travel, lifting, carrying,
pain intensity, walking, sitting, sleep, degree of pain
change, standing, self-care, and social life. Each question
is scored between "0" and "5". A higher score indicates
more disability (16).

Anxiety

The anxiety level of the patients was evaluated with BAI.
The scale is a 21-item self-report scale to measure the
severity of self-reported anxiety. It is a Likert-type scale
scored between 0-3. The total score varies between 0-64,
and as the score increases, the anxiety level also increases
an.

Statistical Analysis

SPSS version 25 software was used in the study to
conduct statistical analysis. The normal distribution of
variables was examined histograms and Kolmogorov-
Smirnov. When comparing normally distributed data,
Student'’s t-test was used, while Mann Whitney-U test was
employed for data that did not follow normal distribution.
The difference between the two groups in terms of these
factors was compared using Chi Square or Fischer tests,
depending on the situation. P value below 0.05 were
considered statistically significant.

RESULTS

Eighty patients diagnosed with LDH and planned for
surgery were included in the study. Forty patients

179



DOI: 10.37990/medr.1419116

scheduled for LDH surgery had been diagnosed with
COVID-19 in the last six months, and the other 40 patients
did not have any symptoms. The patients were evaluated
at the 1-month follow-up after surgery and divided into
two groups: those with COVID and those without. While
the average age of patients with LDH who had COVID was
49.1112.2, the average age of patients with COVID (-) was
49.7+12.9. Sociodemographic information of the groups
was similar to each other (p>0.05, Table 1).

It was found that the average physical role, physical
function, mental health, body pain and social function
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scores on the SF-36 of patients participating in the study
are statistically lower in the LDH+ COVID-19 (+) patient
group than the participants of the LDH+ COVID-19 (-)
patient group (Table 2). According to Table 2 and Figure
1, the study found no statistically significant difference in
emotional role, vitality,and mean general health perception
scores between the two groups. The consecutive
p-values for these variables were 0.296, 0.133, and 0.508,
respectively, based on the SF-36. Based on the study, the
LDH+ COVID-19 (+) patients had a higher BAI, VAS, and
ODI score compared to the LDH+ COVID-19 (-) patients
(p<0.05).

Table 1. Evaluation of demographic characteristics of participants according to groups

Group
LDH+COVID (-) LDH+COVID (+) p
Female 21 (52.5) 19 (47.5)
Sex, n (%) 0.823
Male 19 (47.5) 21 (52.5)
Married 36 (90) 30 (75)
Marital status, n (%) 0.141
Single 4(10) 10 (25)
Right 38 (95) 37 (92.5)
Dominant hand, n (%) 1.000
Left 2 (5) 3(7.5)
Smoker 26 (65) 26 (65)
Smoking status, n (%) 1.000
Non smoker 14 (35) 14 (35)
Housewife 18 (45) 13 (32.5)
Officer 4(10) 7(17.5)
Occupational status, n (%) 0.415
Employee 16 (40) 15 (37.5)
Retired 2 (5) 5(12.5)
llliterate 1(1.2) 0 (0)
Primary school 14 (35) 11 (12.5)
Educational status, n (%) 0.584
High school 19 (47.5) 19 (47.5)
University 6 (15) 10 (259
L1/L2 0(0) 0(0)
L2/L3 0 (0) 1(2.59
Lumbar disc level, n (%) L3/L4 3(7.5) 3(7.59) 0.939
L4/L5 14 (35) 15 (37.5)
L5/S1 23 (57.5) 21 (52.5)
None 27 (67.5) 32 (80)
Diabetes mellitus 10 (25) 4(10)
Heart disease 0(0) 1(2.5)
Chronic diseases, n (%) 0.233
Hypertension 3(7.5) 3(7.5)
Respiratory diseases 0 (0) 0 (0)
Other 0 (0) 0 (0)
Age, XtSD 49.7+12.9 49.1+12.2 0.817
Weight (kg), X+SD 78.6+11.8 78+11.7 0.813
BMI (kg/m?2), XtSD 27+2.9 26.7£2.4 0.601

BMI: body mass index, SD: standart deviation
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Table 2. Comparison of BAI, ODI, VAS and SF-36 subscales between both groups

Group Mean
LDH+COVID (-) 11.5
BAI
LDH+COVID (+) 16.4
LDH+COVID (-) 61.5
ODI
LDH+COVID (+) 73.3
LDH+COVID (-) 4.4
VAS
LDH+COVID (+) 5.3
SF-36
LDH+COVID (-) 8.8
Role physical
LDH+COVID (+) 0.6
LDH+COVID (-) 5
Role emotional
LDH+COVID (+) 0.8
LDH+COVID (-) 40.4
Physical functioning
LDH+COVID (+) 22.9
LDH+COVID (-) 28
Vitality
LDH+COVID (+) 24.8
LDH+COVID (-) 51.3
Mental health
LDH+COVID (+) 47.7
LDH+COVID (-) 40.8
General health
LDH+COVID (+) 38.5
LDH+COVID (-) 40.6
Bodily pain
LDH+COVID (+) 23.3
LDH+COVID (-) 40.6
Social functioning
LDH+COVID (+) 27.5

SD Min Max p
83 7 19
<0.001
5.9 7 30
16.9 28 96
0.003
16.9 42 100
1.5 2 7
0.014
1.9 2 8
21.6 0 100
0.024
4 0 25
19.3 0 100
0.296
5.3 0 3383
25.8 0 85
0.003
19.5 0 55|
10.6 5 45
0.133
11.4 0 50
5.7 32 64
0.008
7.2 32 60
13 15 65
0.508
15.2 5) 65
14 10 67.5
<0.001
18.3 0 55|
14.1 0 62.5
<0.001
16.3 0 50

BAI: Beck Anxiety Inventory, ODI: Oswestry Disability Index, VAS: Visual Analog Scale, SF-36: Quality of Life-Short Form, SD: standart deviation,

LDH: Lumbar Disc Herniation

Report
Mean

grup
WLDH+COVID(+)
60 ML DH+COVID (-)
OTotal

501
404
Mean

30

204

Physical Functioning Role Emotional
Role Physical Vitality

SF-36 subscales

Mental Health Bodily Pain
Social Functioning General Health

Figure 1. Comparison of the quality of life of LDH Covid-19 (+) and
LDH Covid-19 (-) patients. Physical role, physical function, mental
health, body pain and social function in the SF-36 quality of life scale
of the cases in the LDH + Covid 19 (+) patient group mean score was
significantly lower

DISCUSSION

This study determined that disability, anxiety, and pain
scores in patients who had LDH surgery and had COVID-19
were significantly higher than in patients without
COVID-19. Moreover, the results show that contracting
COVID-19 disease plays an important role in the quality of
life of patients with LDH.

In addition to common symptoms such as fever, cough,
myalgia, and fatigue, musculoskeletal pain can also
be an important symptom of COVID-19. Additionally,
musculoskeletal disorders associated with COVID-19
may also lead to increased disability in patients (18,19).
According to studies, people with COVID-19 infections
may experience worsening neck and back pain, which may
persist even after the infection is cured (20). Research
indicates that during the COVID-19 pandemic, there has
been a rise in the prevalence and severity of low back
pain in comparison to pre-pandemic levels (18-20). A
meta-analysis showed that the intensity of low back
pain increased significantly during the COVID-19, and the
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decrease in physical activity rate played an important role
(21). Present study, similar to the existing literature, it was
determined that patients diagnosed with COVID-19 and
who underwent LDH surgery had higher pain levels than
those who did not have COVID-19. This may have been
caused by lifestyle changes, such as a sedentary lifestyle
and weight gain, caused by isolation methods taken to
reduce the spread of COVID-19 disease.

COVID-19 may lead to radical changes in the living
conditions of society due to disease and restrictions,
leading to negative physical and psychological
consequences (22,23). It has been stated that myalgia
is frequently observed in one-quarter of symptomatic
COVID-19 patients (24). Anxiety and depression symptoms
are more common in patients with low back pain and
are thought to be twice as common as in the general
population (25). It is also stated that one-third of patients
operated on for LDH experience anxiety and depression
(26,27). Studies show that anxiety and depression are
substantial contributing factors to decreased quality of life
in patients undergoing spine surgery (28,29). In this study,
it was determined that LDH patients who had COVID-19
had higher anxiety levels than those who did not have
COVID-19. When examined, this situation may be due
to the permanent symptoms and psychological effects
of COVID-19 infection on patients. Therefore, clinicians
need to be more careful with LDH patients who have
had COVID-19 and have high levels of anxiety in terms of
negative surgical outcomes or subsequent maladaptive
rehabilitation. Additionally, studies have shown that there
is a relationship between preoperative pain, anxiety, and
depression (30,31). Inadequate pain management in
LDH patients whose psychological risk factors cannot be
adequately evaluated may cause chronic pain and lead to
increased anxiety and depression.

A person's psychological well-being is negatively
impacted, and their quality of life is diminished when they
are unable to engage in social and everyday activities
due to their illness (32). Previous studies have found that
patients with persistent low back pain score lower on
quality-of-life measures (33,34). Another study found a
correlation between the physical component scores and
quality of life in individuals with persistent low back pain
(34). In a different study, the quality-of-life scores of one
hundred patients with lumbar discopathy who were going
to have surgery were shown to be lower than those of
healthy volunteers (35). In this study, COVID-19 positive
(COVID-19+) LDH patients showed more impairment
in their physical role, physical function, mental health,
bodily pain, and social function subscale quality of life
scores than did COVID-19 negative (COVID-19-) LDH
patients. Previous research indicates that COVID-19 has a
detrimental impact on patients' quality of life. Furthermore,
COVID-19 has been linked to psychological symptoms
that impact mental health status, including anxiety,
depression, and post-traumatic stress disorder (36).
Therefore, the decline in individual functionality brought
on by the incapacity to adjust to everyday living activities
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and social interactions may account for the decline in
quality of life observed in COVID-19+ LDH patients in our
investigation. Consequently, it may be said that a lower
quality of life is caused by both higher pain and decreased
mental health.

The connection between patients with persistent low back
pain and their avoidance of pain has garnered attention in
recent years (36). Patients with persistent low back pain
are more disabled when they suffer from psychosocial
variables such anxiety, sadness, and pain phobia (38,39).
Furthermore, a study found a correlation between pain
thresholds and disability (40). The association between
pain and incapacity can be explained by psychological
states, fear, and self-efficacy. The study found that
patients with COVID-19 (+) LDH had considerably higher
degrees of impairment. The rise in the disability rate has
an impact on this scenario because of the rising levels of
dread and anxiety during the pandemic.

CONCLUSION

This study found that patients with COVID-19 (+) LDH had
higher levels of anxiety, pain, and disability and poorer
quality of life compared to patients without COVID-19.
Clinicians must understand the role of social stresses
created by pandemic situations such as COVID-19 on
quality of life and healthcare utilization. Therefore, the
relationship of psychosocial factors with COVID-19
should be considered during the clinical follow-up and
rehabilitation process after surgery.
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Abstract

Aim: To evaluate injuries and organ damage occurring in traffic accidents, and the cause of death in cases with mortality.
Material and Method: The study included cases involved in traffic accidents who presented at hospital in a 4-year period. The cases
were evaluated in respect of age, gender, injuries, alcohol consumption, form of involvement in traffic, and cause of death in deceased

cases. The data were analyzed using SPSS vn. 26.0 software.

Results: The total 3039 cases included in the study comprised 68.08% males and 31.92% females. Of the cases who presented at
hospital, 4.11% died. The age group most involved in accidents was the 20-29 years group. The bones most frequently fractured
were the costae. According to body regions, the nasal bone was the bone most often fractured in the head region, the humerus in the
upper extremities, the pubis in the pelvis, the tibia in the lower extremities, and the costae in the chest region. The abdominal organ

most often damaged was the liver.

Conclusion: A statistically significant correlation was determined between gender and fractures of the ischium, sacrum, iliac, and
pubic bones, with these fractures seen more in females than males. This higher rate of pelvic fractures in females can be attributed

to the differences in male and female pelvic anatomy.

Keywords: Traffic accidents, injuries, death

INTRODUCTION

Traffic accidents have started to become a significant
health problem both in Tirkiye and throughout the world.
According to World Heaalth Organization (WHO) data,
there are approximately 1.19 million deaths per year
as a result of traffic accidents, more than 20-50 million
individuals are injured, and most of these injuries result in
disability (1).

Traffic accidents cause significant economic losses for
both individuals and society. According to WHO data, road
traffic accidents constitute a cost of 3% of gross domestic
product of many countries (1). These losses are due to
not only treatment costs, but also the loss of productivity
of family members requiring leave of absence from work
or school to care for those who are injured or disabled,
and of those who die because of their injuries. Due to
the increased number of vehicles with the economic
development of countries, there has been an increase
in the number of traffic accidents and deaths related to
traffic accidents (2). One of the most frequent causes of
early death throughout the world is traffic accidents (3).

CITATION

Injuries sustained in road traffic acidents are the leading
cause of death for children and young adults aged 5-29
years (1). Traffic accidents are ranked 12th in the causes
leading to death worldwide (4).

Together with developing technology, transport options
have increased both in Tiirkiye and throughout the world.
Although the options have increased, road transport is
generally predominant worldwide, and this is the case in
Turkiye (5).

The aim of this study was to determine injuries and organ
damage occurring in traffic accidents, and the cause of
death in cases with mortality.

MATERIAL AND METHOD

Approval for the study was granted by the Health Sciences
Non-Interventional Clinical Research Ethics Committee of
inénii University (Decision no: 2021/2763, Session no: 24,
Dated: 30.11.2021). Data of the cases included in the study
were retrieved from the ward notes, consultation notes,
radiological images, radiological results, laboratory tests,
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epicrisis notes, and the records of polyclinic follow-up
examinations in the hospital automated records system.

The patients involved in traffic accidents were evaluated
in respect of age, gender, injuries, cause of death, alcohol
consumption, and type of traffic accident. The patients
were separated into age groups, as 0-9 years (0=birth to
12 months), 10-19 years, 20-29 years, and in decades
thereafter.

The type of traffic acident was defined as unknown, within
vehicle-driver, within vehicle -passenger, within vehicle-
unknown whether driver or passenger, not in a motor
vehicle (pedestrian, cyclist), motorcycle, tractor, other
agricultural vehicles, train. Traffic accidents experienced
by individuals within cars, buses, minibuses, lorries, pickup
trucks, articulated lories, and tow trucks, were accepted
as "within vehicle traffic accident”.

Statistical Analysis

Data obtained in the study were analyzed statistically
using IBM SPSS Statistics vn. 26.0 software. In the
analyses of the data, the Pearson Chi-square test, and
Yates corrected Chi-square test were used. A value of
p<0.05 was accepted as statistically significant.

RESULTS

Within the defined study period, a total of 3039 individuals
were involved in traffic accidents. The most presentations
at hospital because of a traffic accident were seen to be
in 2020 (Table 1).

Table 1. Number of traffic accidents per year

Year n (%)

2017 764 (25.1)
2018 723 (23.8)
2019 758 (24.9)
2020 794 (26.1)
Total 3039 (100)

Thetypeoftrafficaccidentseenmostfrequently waswithin-
vehicle traffic accident and train accidents were seen the
least often. As the province of Malatya is an agricultural
area, there were also accidents involving tractors and other
agricultural vehicles (Table 2).

Table 2. Types of traffic accidents in which the cases were involved

Type of traffic accident n (%)
Unknown 182 (5.99)
Within vehicle-unknown whether driver or passenger 1783 (58.67)
Within vehicle-driver 128 (4.21)
Within vehicle-passenger 138 (4.54)
Not a motor vehicle (pedestrian, bicycle) 427 (14.05)
Motorcycle 188 (6.19)
Tractor 110 (3.62)
Other agricultural vehicle 78 (2.57)
Train 5(0.16)
Total 3039 (100)

Med Records 2024;6(2):184-9

The total cases comprised 68.08% males and 31.92%
females. The mean age was determined to be
33.806+19.447 years, median age was 31 years, and the
age range was from 0 to 95 years. The age group most
involved in traffic accidents was determined to be the
20-29 years age group, followed by the 30-39 years group
(Table 3).

Table 3. Distribution of traffic accident cases according to gender and

age groups

n (%)
Male 2069 (68.08)
Gender
Female 970 (31.92)
0-9 306 (10.07)
10-19 469 (15.43)
20-29 679 (22.34)
30-39 514 (16.91)
e T 40-49 406 (13.36)
50-59 287 (9.44)
60-69 227 (7.47)
70-79 120 (3.95)
80-89 28 (0.92)
90-99 3(0.10)

Alcohol was determined to be present in 152 (5%) cases.
As there were cases of unknown type of accident, the rate
of drivers who had consumed alcohol could not be clearly
determined. Mortality developed in 125 (4.11%) of the
traffic accident cases. The cause of death was determined
by examining the data in the hospital information system
(clinician notes, radiological imaging results, etc.). For the
cases where the cause of death could not be explained
from the hospital data, the autopsy reports had to be
examined, but as the forensic autopsies were conducted
in a different centre, the autopsy reports could not be
accessed. Of the exitus cases, the cause of death was
skull fracture together with intracranial bleeding in 14.4%,
and in 30.4% of casaes, the cause of death could not be
determined (Table 4).

Table 4. Cause of death in traffic accident cases

Cause of death n (%)
No death 2914 (95.89)
Cause of death undetermined 38 (1.25)
Skull fracture together with intracranial bleeding 18 (0.59)
Only internal organ damage 18 (0.59)
Lr;:zrdniilgorgan damage together with intracranial 16 (0.53)
Lr;:rclailgorgan damage, skull fracture, and intracranial 15 (0.49)
Only intracranial bleeding 8(0.26)
Only skull fracture 5(0.16)
!n_ter_nal organ damage together with major vascular 3(0.10)
injuries

Internal organ damage and skull fracture 2(0.07)
Medulla spinalis injury together with skull fracture 1(0.03)
Only major vascular injuries 1(0.03)
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The bones most frequently fractured were determined to
be costae at the rate of 12.08%, followed by vertebrae at
10.86%, and the nasal bone at 4.74%. The bone most often
fractured in the head region was determined to be the nasal
bone. In the other regions of the body, the most frequently

Table 5. Injuries resulting from traffic accidents
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fractured bones were seen to be the humerus (3.29%) in
the upper extremities, the pubis (3.92%) in the pelvis, the
costae (12.08%) in the chest region, and the tibia (4.74%)
in the lower extremities. The liver was determined to be the
abdominal organ most often damaged (2.40%) (Table 5).

Injury type n (%)
Nasal fracture 144 (4.74)
Subarachnoid bleeding 141 (4.64)
Frontal fracture 97 (3.19)
Subdural bleeding 96 (3.16)
Temporal fracture 86 (2.83)
Maxilla fracture 79 (2.60)
Orbita fracture 72 (2.37)
Cerebral contusion 69 (2.27)
Zygoma fracture 62 (2.04)
Epidural bleeding 57 (1.88)
Occipital fracture 46 (1.51)
Parietal fracture 45 (1.48)
Mandibula fracture 40 (1.32)
Sphenoid fracture 34(1.12)
Ethmoid fracture 32 (1.05)
Pneumocephaly 27 (0.89)
Cerebral parenchyma bleeding or hematoma 22 (0.72)
Diffuse axonal damage 18 (0.59)
Cornea laceration 12 (0.39)
Ventricular bleeding 6 (0.20)
Septum fracture 6 (0.20)
Sclera laceration 2(0.07)
Cerebellar bleeding-hematoma 2(0.07)
Costae fracture 367 (12.08)
Lung contusion 190 (6.25)
Pneumothorax 177 (5.82)
Clavicle fracture 126 (4.15)
Hemothorax 91 (2.99)
Scapula fracture 91 (2.99)
Sternum fracture 45 (1.48)
Traumatic cyst in the lung 15 (0.49)
Acromioclavicular dislocation-separation 7 (0.23)
Diaphragm rupture 1(0.03)
Mitral papillary muscle rupture 1(0.03)
Vertebra fracture or dislocation 330 (10.86)
Spinal cord injury 6 (0.19)
Tendon rupture 43 (1.41)

Injury type n (%)
Humerus fracture 100 (3.29)
Radius fracture 98 (3.22)
Ulna fracture 56 (1.84)
Metacarpal fracture 28 (0.92)
Hand phalanx fracture 26 (0.86)
Carpal bone fracture 16 (0.53)
Shoulder dislocation 8 (0.26)
Elbow dislocation 2(0.07)
Pubis fracture 119 (3.92)
Acetabulum fracture 78 (2.57)
Sacrum fracture 58 (1.91)
lliac fracture 51 (1.68)
Ischium fracture 46 (1.51)
Sacroiliac separation 24 (0.79)
Hip dislocation 19 (0.63)
Pubic diastasis 9(0.30)
Tibia fracture 144 (4.74)
Femur fracture 137 (4.51)
Fibula fracture 113 (3.72)
Tarsal bone fracture 37(1.22)
Patella fracture 31 (1.02)
Metatarsal fracture 28 (0.92)
Foot phalanx fracture 10 (0.33)
Liver laceration or hematoma 73 (2.40)
Spleen laceration or hematoma 46 (1.51)
Kidney laceration or hematoma 21 (0.69)
Renal gland bleeding or hematoma 4(0.13)
Stomacch or intestine perforation 4(0.13)
Bladder rupture 2(0.07)
Testis injury 2(0.07)
Pancreas laceration 2 (0.07)
Placenta detachment 1(0.03)
Urethra rupture 1(0.03)
Ureter rupture 1(0.03)
Nerve damage 22 (0.72)
Compartment syndrome 2 (0.07)
Major vascular injury 27 (0.89)
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Costae fractures were seen most in males, and vertebrae
fracture/dislocation in females. A significant correlation
was determined between ischium, sacrum, iliac, and pubic
fractures and gender, with these fractures seen more
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in females than in males. A significant correlation was
determined between costa, zygoma, and scapula fractures
and gender with these fractures seen more in males than
in females (Table 6).

Table 6. Distribution of injuries according to gender

Gender
p value
Male n (%) Female n (%)
. Absent 2050 (99.08) 943 (97.22)
Ischium fracture <0.007**
Present 19 (0.92) 27 (2.78)
Absent 2043 (98.74) 938 (96.70)
Sacrum fracture <0.001*
Present 26 (1.26) 32 (3.30)
. Absent 2042 (98.70) 946 (97.53)
lliac fracture 0.029+
Present 27 (1.30) 24 (2.47)
. Absent 2012 (97.25) 908 (93.61)
Pubic fracture <0.001*
Present 57 (2.75) 62 (6.39)
Absent 1799 (86.95) 873 (90.00)
Costa fracture 0.016+
Present 270 (13.05) 97 (10.00)
Absent 1996 (96.47) 952 (98.14)
Scapula fracture 0.016*
Present 73 (3.53) 18 (1.86)
Absent 2019 (97.58) 958 (98.76)
Zygoma fracture 0.045**
Present 50 (2.42) 12 (1.24)
. . Absent 1844 (89.13) 865 (89.18)
Vertebra fracture and dislocation 0.967*
Present 225(10.87) 105 (10.82)

*: Pearson Chi-square test, **: Yates corrected chi-square test

DISCUSSION

The gender distribution of the traffic accident cases in this
study was found to be 68.08% males and 31.92% females.
In a study in Sri Lanka by Fernando et al., the rate of males
was 72% and females was 28% (6). Gender distribution in
other studies has been determined to be males 69.7% and
females 30.3% by Varlik et al. (7), 68.2% males and 31.8%
females by Perysinakis et al. in a study in Crete (8), 71.2%
males and 28.8% females by Kourouma et al. in a study in
Guinea (9), and 69% males and 31% females by Ozdemir et
al. in a study in istanbul (10). The current study rates were
seen to be consistent with those of previous studies.

The mean age of the traffic accident cases in the current
study was 33.806+19.447 years and the median age was
31 years. Previous studies in Tirkiye have reported these
ages as mean 35.33118.26 years and median 32 years by
Polatin a study in Edirne (11), 32.06 years by Ozdemir et al.
in istanbul (12), mean 30.57+18.44 years by Varol et al. in
Sivas (13),and mean 35 years by Cetinoglu et al. in Samsun
(14). The mean age of the cases in the current study was
seen to be consistent with these previous studies.

In the current study, the age group that presented most
often at hospital was the 20-29 years age group (22.34%),
followed by the 30-39 years group (16.91%). In a study in
izmir, Bilgin et al. reported that the 21-25 years age group
(13.4%) was most freqquently involved in traffic accidents,

followed by the 26-30 years age group, and in total the 21-
30 years group was involved in traffic accidents at the rate
of 26.3% (15). Ozdemir et al. determined traffic accident
cases in the 19-35 years age group at the rate of 44.2%
in istanbul (10). In a study in Tokat by Armagan et al.,
there was seen to be a peak in patients in the age range
of 20-30 years (16). The current study results on this point
were consistent with the findings in literature. The greater
involvementoftheyoung populationintrafficaccidentscan
be attributed to a more active social life, more travelling,
and using more exciting and fast cars.

The types of accidents in the current study were found to
be within vehicle traffic accidents at the rate of 67.42%,
outside the vehicle at 14.5%, motorcycle accidents at
6.19%, tractor accidents at 3.62%, and other agricultural
vehicle accidents at 2.57%. In a study in Edirne, Polat et al.
reported rates of 55.5% for within vehicle accident cases
and 44.5% for outside the vehicle (11). Bilgin et al. reported
48.6% within vehicle acccidents and 46.3% outside the
vehicle in a study in izmir (15). In a study in Ankara, Durdu
et al. determined that most traffic accidents were within
vehicle accidents followed by outside the vehicle, and
motorcycles (17). Ozdemir et al. in istanbul stated rates of
51.4% within vehicle accidents, 29.5% outside the vehicle,
16.6% motorcycles, 1.9% bicycles, and 0.6% horse-drawn
vehicles (10). The rate of within vehicle traffic accidents
in the current study was higher than the rates reported in
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these other studies.

The current study results showed that ischium, sacrum,
iliac, and pubic fractures occurred more in females than in
males. Compared to males, the pelvic bones of females are
thinner, the attachment sites of muscles and ligaments are
less evident, the spina iliaca anterior superior are further
from each other and the apertura pelvis superior is round
in shape and wider (18). That there were more ischium,
sacrum, iliac, and pubic fractures in females was thought
to be due to the difference in pelvis anatomy.

In the current study, the costae were the bones most
frequently fractured, followed by vertebrae fracture/
dislocation. When evaluated according to body regions,
the most frequently fractured bones were seen to be the
humerus in the upper extremities, the pubis in the pelvis,
and the tibia in the lower extremities. In males the most
frequently fractured bones were the costae, and in females
vertebrae fracture/dislocation. When traffic accidents
were evaluated in general by Polat et al. in a study in Edirne,
the most frequently fractured bones were determined to
be the costae, followed by vertebrae (11). In another study
by Aloudah et al. in Saudi Arabia of patients hospitalised
because of of bone fracture following a traffic accident,
the femur was seen to be the most frequently fractured
bone, followed by the humerus, and vertebrae. In males,
the femur was fractured most often and in females, the
humerus (19). In a study in Nigeria by Igho et al., of the
bones fractured after a traffic accident, the femur was seen
to be the most frequent followed by the tibia/fibula (20).
The results of the current study were seen to be consistent
with the findings of some studies and different from those
of some others.

CONCLUSION

Traffic accidents are a preventable health problem. To be
able to decrease the number of traffic accidents, more
importance must be given to traffic education, practical
examinations should be longer and more difficult, and
the driving ability of individuals should be sufficiently
supervised. For drivers, passengers, and pedestrians to
follow the rules of the road, traffic penalties should be
increased to an amount that will be a deterrant.

A significant correlation was determined between ischium,
sacrum, iliac, and pubic fractures and gender, with these
fractures seen more in females than in males. That there
were more pelvic fractures in females was thought to be
due to the difference in pelvis anatomy.
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Abstract

Aim: The substantia nigra pars compacta (SNc), a vital part of the brain that produces dopamine, is being closely studied due to
its potential role in the monoamine hypothesis, which aims to explain the causes of Major Depressive Disorder (MDD). Dopamine,
a chemical messenger in the brain, is linked to the monoamine hypothesis, suggesting that imbalances in these chemicals may
contribute to MDD. This study aimed to calculate volumetric changes in the substantia nigra (SN), using brain magnetic resonance
imaging (MRI) in individuals diagnosed with MDD.

Material and Method: Sixty-six participants, comprising 33 individuals diagnosed with MDD (mean age=44.30+13.98 years) and
33 healthy individuals (mean age=46.27+14.94 years), were recruited from the university hospital psychiatry outpatient clinic. In
the MDD group, there were 15 male participants (45%) and 18 female participants (55%). The healthy control group consisted of
28 males (84.8%) and 5 females (16.2%). Potential confounding factors, such as underlying chronic diseases, were ruled out by the
clinician through a thorough examination of the patient's medical history, ensuring the study outcomes were not influenced. Three-
dimensional brain MRI scans were conducted using a 1.5 Tesla MRI scanner. Volumes of the SN and midbrain were automatically
computed using MRIStudio, an atlas-based image analysis program.

Results: Statistically significant higher volumes were observed in the right SN in the MDD group compared to controls (0.146+0.045
cm?3 vs. 0.122+0.035 cm?, p=0.02, p<0.05). The ratio of SN to midbrain volume was higher in MDD patients on both sides, with a
22.4% higher value on the right side and a 12.7% higher on the left side relative to controls (p=0.002 for the right, p=0.01 for the left;
p<0.05). Moreover, a negative correlation between left and right SN volumes and age was identified in the MDD group (p=0.01 for the
left, p=0.05 for the right side; p<0.05).

Conclusion: Our study revealed an increase in SN volume in MDD patients. Identifying volumetric discrepancies in brain regions
responsible for dopamine release could hold significant value in elucidating the underlying causes of the disease and guiding
treatment strategies.

Keywords: Dopamine, magnetic resonance imaging, major depressive disorder, substantia nigra

INTRODUCTION of 16.2% for MDD (4). Given its significant prevalence
and detrimental effects, effective MDD treatment is
of paramount importance for public health. A more
comprehensive understanding of MDD's pathophysiology
and associated morphological changes can significantly
enhance diagnosis and treatment strategies in clinical
practice (5) Therefore identifying structural findings
associated with the monoamine hypothesis, a widely
accepted theory regarding MDD's pathophysiology, is
crucial (6).

Major Depressive Disorder (MDD) has emerged as a
pervasive public health issue, severely compromising
overall well-being worldwide (1). Global estimates from
the 2017 World Health Organization (WHO) report indicate
that MDD affects over 300 million individuals, with suicide
attempts being a leading cause of mortality, accounting
for approximately 800,000 deaths each year (2). MDD's
impact on public health surpasses that of other prevalent
conditions such as coronary heart disease, rheumatoid
arthritis, and diabetes mellitus (3). A study reports a The monoamine hypothesis proposes that a central
12-month prevalence of 6.6% and a lifetime prevalence neurophysiological factor contributing to MDD is a
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reduction in the levels of monoaminergic transmission
(serotonin, norepinephrine, and/or dopamine) within the
central nervous system (6). Based on this hypothesis,
antidepressants, particularly monoamine reuptake
inhibitors, have been developed and are extensively used
in clinical practice (7). Despite extensive research efforts,
direct evidence supporting the monoamine hypothesis
remains largely inconclusive (8). Therefore, further
research is needed to strengthen the evidence supporting
the monoamine hypothesis.

Dopamine, one of the monoamine neurotransmitters, plays
a crucial role in various functions of the central nervous
system, including regulation of movement, cognitive
executive functions, and emotional limbic activity (9).
Alterations in dopaminergic pathways have been shown
to affect both locomotor activity and cognitive functions
(10,11). The midbrain houses approximately 90% of the
brain's dopamine-producing neurons. Within the midbrain,
the substantia nigra pars compacta (SNc) and ventral
tegmental area host the majority of these dopaminergic
neurons (12). The SNc, recognized as a dopaminergic
nucleus essential for modulating motor movements and
reward functions within the basal ganglia circuitry, plays
a pivotal role (9).

A study reported an instance in which erroneous deep
brain stimulation of the SN resulted in a reversible
severe depressive episode (13). Numerous studies have
demonstrated a correlation between volumetric changes
in the SN observed in various neuropsychiatric disorders
and brain functions (14,15).

In our study, we aimed to evaluate substantia nigra (SN)
volume differences in MDD patients using brain magnetic
resonance imaging (MRI) and an atlas-based automated
volumetric measurement method. We believe that
assessing volumetric differences in the SN, a critical center
for dopamine synthesis, will contribute to elucidating the
etiology of MDD.

MATERIAL AND METHOD
Participants

Sixty-six participants were enrolled in our study, including
33 patients diagnosed with MDD (mean age=44.30+13.98
years) and 33 healthy individuals (mean age=46.27+14.94
years), who were recruited from the university hospital
psychiatry outpatient clinic. The study comprised 15 male
participants (45%) and 18 female participants (55%) in
MDD group. 28 males (84.8%) and 5 females (16.2%) were
included in healthy control group. No gender-specific
analyses were conducted due to asymmetric sex ratios in
the study groups. All participants underwent assessment
using the Hamilton Depression Rating Scale (HAM-D) and
the Hamilton Anxiety Rating Scale (HAM-A).

The clinical assessments in this study were conducted
following the gquidelines outlined by the American
Psychiatric Association (APA) clinical practice guidelines.
Participants underwent clinical psychiatric assessment
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were subsequently categorized into two groups: a control
group comprising individuals with no diagnosed mental
health conditions, and a patient group consisting of
individuals diagnosed with MDD.

Inclusion criteria for MDD patients were the ability to use
their right hand, the absence of any chronic illnesses,
and no history of bipolar disorder, psychosis, or other
psychiatric disorders in the patient or their first-degree
relatives. Exclusion criteria for the healthy control group
included a history of any psychiatric disorders, any
neurological diseases, a cerebral trauma history resulting
in a coma lasting more than five minutes, left-handedness,
and the presence of individuals with psychotic or bipolar
disorders among their first-degree relatives. No exclusions
were made from the healthy group; all participants initially
categorized as healthy remained part of the analysis
throughout the study.

Ethical approval for this study was obtained from
Canakkale 18 Mart Universty Ethical Committee (Approval
No: 2013/75, dated 09/10/2013), and written informed
consent was obtained from all participants.

MRI Protocol

MRI scans were acquired using a 1.5 Tesla Magnetic
Resonance unit (Philips Ingenia, Netherlands, 2013). For
volumetric measurements, we utilized images acquired in
the axial plane using a T1-weighted 3D multiplanar turbo
spin-echo sequence. The imaging parameters included
voxel dimensions of 1x1x1 mm, a Repetition Time (TR): of
7.0 ms, an Echo Time (TE): of 3.4 ms, a Field of View (FoV):
of 256x240, a Matrix: of 256x216, a slice thickness of 0.9
mm, and no gap.

Volumetric Calculation with Atlas-Based Method

The volume of relevant brain structures was automatically
calculated using MRIStudio, an atlas-based image
analysis software developed by H. Jiang and S. Mori at
Johns Hopkins University (16). The MRIStudio program
consists of DTIStudio, DiffeoMap, and ROIEditor software.
Images were processed using DTIStudio and MRIicro to
separate bone structures. DiffeoMap aligned images with
atemplate, and the subject image was saved as "updated_
maskT1." The resulting data were sent for analysis.
Each participant's image was linearly and nonlinearly
transformed using large deformation diffeomorphic
metric mapping to match single-participant skull-
stripped templates produced by Johns Hopkins University
(17). The DiffeoMap software aligned the template image
("Updated_maskT1") and the subject image ("JHU_MNI_
SS_BPM_Typell_V2.1"). The ROIEditor program obtained
volumes by overlaying "Updated_Lddmmposthmap.
img0" onto MaskT1, with results saved as "roi statistics”
in the working file. After normalizing the MR images, the
ROIEditor software was employed to automatically divide
the braininto 160-180 anatomical structures and calculate
their volumes (Figure 1). Procedures for calculating the
volumes of brain regions using MRIStudio have been
previously described in other studies (16,18).
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Resdy (171, 34, 692 0006000

Figure 1. A. Identification of the substantia nigra on normalized images
using ROIEditor, B. Identification of the midbrain areas on normalized
images using ROIEditor

Zoom: 2000%

Statistical Analysis

All volumetric data were expressed as meanzstandard
deviation (SD). The Shapiro-Wilk test was used for
normality analysis of continuous variables. Since
continuous variables met the assumption of normality,
independent samples t-tests were used in univariate
analyses. Similarly, Pearson correlation analysis was
used in correlation analyses as continuous variables met
the assumption of normality. Results with a p-value less
than 0.05 were considered statistically significant.

RESULTS

Sociodemographic data for both the patient and control
groups are summarized in Table 1. Volumetric data for
the assessed brain structures are presented in Table 2.
Patients with MDD exhibited significantly higher right SN
volume (0.146+0.045 cm?3 vs. 0.122+0.035 cm?, p=0.02,
p<0.05) (Figure 2), HAM-D, and HAM-A scores compared
to the control group (p=0,001 for both HAM-D and HAM-A,
p<0.05) (Figures 3). We also noticed that the SN volume-
to-midbrain volume ratio (SNVR) statistically increased to

HAM-D Scores by MDD and HC Groups

A

HAM-D

p=0.01, p <0.05

==

HC MDD

Groups
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22.4% on the right side (p=0.002, p<0.05) (Figure 4) and to
12.7% on the left side (p=0.01, p<0.05) (Figure 4) in MDD
patients respect to the control group. Correlation analysis
revealed a statistically significant negative correlation
between age and the volumes of both the left and right SN
respectively in the MDD group (p=0.015, p=0.05; p<0.05)
(Table 3).

Table 1. Demographic data and clinical characteristics of MDD patients

and healthy controls

Controls MDD
(Mean#SD) (MeantSD)
Age (year) 46.27+14.94 44.30+13.98
Female/male (18/15) (28/5)
HAM-D score 2.30£1.31 17.48+6.03"
HAM-A score 3.00+1.15 17.5846.31"

MDD: major depressive disorder, HAM-D: Hamilton rating scale for
depression, HAM-A: Hamilton rating scale for anxiety, SD: standard
deviation. * Both HAM-D and HAM-A scores were higher in MDD group
significantly in comparison to HC (p=0.001, p<0.05)

Tablo 2. Mean volumes of brain regions in MDD and control groups

Brain regions i AL P value
MeantSD Mean+SD
LEFT SN 0.149+0.043 0.164+0.036 0.144
RIGHT SN 0.122+0.035 0.146+0.045 0.023
LEFT MB 2.648+0.382 2.611+0.446 0.791
RIGHT MB 3.169+0.493 3.102+0.522 0.598
TOTAL MB 5.817+0.860 5.713+0.950 0.679
LEFT SNVR 0.056+0.011 0.063£0.011 0.010
RIGHT SNVR 0.038+0.008 0.047+0.013 0.002

MDD: major depressive disorder, SD: standard deviation, SN: substantia
nigra, MB: midbrain, SNVR: substantia nigra volume ratio

Right substantia nigra volume differences between study groups

p=0.02, p <0.05

Lo

HC MDD

Right SN Volume (cm?)

Groups
Figure 2. Box plot showing right side substantia nigra volume differences
between MDD group and healthy controls. MDD: Major depressive
disorder, SN: Substantia nigra, HC: Healthy controls

B

HAM-A Scores by HC and MDD Groups

HAM-A

p=0.01, p <0.05

HC MDD
Groups

Figure 3. A. Box plot of HAM-D score differences between MDD group and healthy controls, B. Box plot of HAM-A score differences between MDD
group and healthy controls. MDD: major depressive disorder, HC: healthy controls, HAM-D: Hamilton Rating Scale for depression, HAM-A: Hamilton

Rating Scale for anxiety
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A SNRYV differences between study groups on the right side

Right Side SNVR

p =0.02, p <0.05
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HC MDD
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B SNRYV differences between study groups on the left side

p =0.01, p <0.05

Left Side SNVR

HC MDD

Groups

Figure 4. A. Box plot of right SN to midbrain volume ratio (SNVR) differences between MDD group and healthy controls, B. Box plot of left SN to
midbrain volume ratio (SNVR) differences between MDD group and healthy controls, HC: healthy controls, MDD: major depressive disorder,

SN: substantia nigra, SNV: substantia nigra volume ratio

Table 3. Correlation between average volumes of brain regions in the MDD group and age, HAM-D, and HAM-A scores

Left Right Left
SN SN MB
r -0.422 -0.343 -0.260
Age
p 0.015 0.050 0.144
0.187 -0.124 0.296
HAM-D
p 0.296 0.491 0.094
r 0.020 -0.193 0.152
HAM-A
p 0914 0.281 0.400

Right Total Left Right

MB MB SNVR SNVR
-0.271 -0.271 -0.285 -0.208
0.128 0.127 0.108 0.246
0.210 0.255 -0.064 -0.264
0.240 0.152 0.722 0.138
0.050 0.099 -0.101 -0.245
0.781 0.585 0.577 0.169

MDD: major depressive disorder, HAM-D: Hamilton rating scale for depression, HAM-A: Hamilton rating scale for anxiety, SN: substantia nigra, MB:

midbrain, SNVR: substantia nigra volume ratio

DISCUSSION

MDD is a clinically heterogeneous, multifactorial
condition. In our study, we found an increase in the
volume of the right SN and the bilateral SN volume to
midbrain ratio in patients with MDD. The identification of
these alterations shows potential for refining diagnosis
and advancing targeted therapeutic interventions in the
context of MDD (19,20). The SN is a crucial component
of the reward pathway, termed as the limbic-cortical-
striatal-pallidal-thalamic circuit. Numerous studies
have indicated volumetric differences in brain regions
associated with this pathway in MDD, suggesting that
functional and volumetric alterations in these regions
could play a significant role in MDD pathogenesis (21-24).
Furthermore, several neuroimaging studies have shown
volume reductions in prefrontal cortex areas, anterior
cingulate cortex, hippocampus, amygdala, and subcortical
brain regions such as the basal ganglia in MDD patients
(25,26).

A thorough review of the literature revealed prior studies
directly investigating SN volume in Parkinson's disease
but found a scarcity of such studies for MDD (27-32).
However, volumetric or pathophysiological changes and
dopaminergic dysregulation in the SN have been reported
in several neuropsychiatric disorders. Gao et al. observed
reductions in bilateral SN volume and decreased functional
connectivity in the left SN in patients with traumatic brain
injury, emphasizing the association of these structural and
functional changes with increased anxiety and depressive
symptoms (14). Kempton et al. found an increase in SN
volume in patients with bipolar disorder (33). Moreover, in
a study conducted on schizophrenia patients, an increase

in the size of SN dopaminergic neurons' nucleoli and
nuclei was demonstrated (27). In addition, the prevalence
of depression accompanying schizophrenia was found
to be 28.6% in a meta-analysis (34). The changes in SN
volume observed in various neuropsychiatric disorders
are not only consistent with our findings but also support
the hypothesis that volumetric and functional alterations
in the SN and its connected brain regions are associated
with depressive symptoms.

In addition to studies measuring the volumes of brain
regions, positron emission tomography (PET) imaging
studies have reported a significant decrease in dopamine
transporter activity in patients with MDD compared to
healthy subjects, suggesting a reduction in dopaminergic
neurotransmission, a key neurochemical mechanism
implicated in the pathophysiology of depression (35,36).
Based on ex vivo immunohistochemical measurements in
the human brain, approximately 68% of all dopaminergic
neurons identified in the midbrain are in the SNc, and 12%
areinthe ventraltegmental area (37). Dubol et al. found that
individuals with depression have lower levels of dopamine
transporters in upper midbrain areas, including the SN,
ventral tegmental area, and the right putamen region. They
suggested that the decrease in dopamine transporter
levels could result from impaired dopaminergic function,
structural changes in dopaminergic neurons, or both
(35). Another study associated hyperintensity in the SN
observed in patients with MDD with functional impairment
in the nigrostriatal dopaminergic system (29). Therefore,
alterations in dopaminergic neuron morphology and
function in MDD may underlie the volumetric and intensity
changes observed in the SN, suggesting a role for SN
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structural plasticity in the pathophysiology of depression.

Several meta-analyses have emphasized that variations
in brain region volumes among individuals with MDD
may be influenced by disease progression, the age at
which the disease manifests, and the administration of
antidepressant medication (21,38). In MRI investigations
addressing the timing of disease initiation in MDD,
reductions in gray matter volume were noted in early-
onset cases within the right fusiform gyrus, right
middle temporal gyrus, and right posterior cingulate
cortex. Conversely, augmented gray matter volume was
discerned in the right middle occipital gyrus and left
middle temporal gyrus in instances of late-onset (39).
Another examination involving MDD patients with a later
onset revealed heightened thickness in the right prefrontal
cortex and orbitofrontal cortex compared to those with
an early onset. Moreover, onset before the age of 30 is
considered early onset in the literature (40). Considering
that our study’'s average participant age exceeded 30,
and an elevation in SN volume was noted in the patient
cohort, our findings align with these established patterns.
Observed alterations in volume associated with the age
at which the disease begins could stem from distinct
pathological mechanisms or represent compensatory
responses.

A limited sample size and the unavailability of measures
for dopaminergic neurotransmission activity constrain
the limitations of our study.

CONCLUSION
In conclusion, the investigation of structural and
functional alterations within the SN in MDD via

neuroimaging methods holds potential utility for clinicians
in MDD diagnosis and disease progression assessment.
Longitudinal neuroimaging inquiries can shed light on the
temporal dynamics of SN volume changes, elucidating
whether these changes are constant or progressive.
Additionally, such studies can elucidate how SN volume
alterations correlate with variables such as antidepressant
medication use, disease severity or patient age. The
detailed analysis of the SN's structural changes in MDD
is poised to play a significant role in understanding the
fundamental pathogenesis of the disease.
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Abstract

Aim: Prostate cancer (PCa), one of the most common malignant solid tumors, has become a significant and rapidly increasing global
health concern for men. One of the vitamins in the B group that is essential in decreasing the risk of cancer is folic acid (FA). However,
the protective effects of FA against PCa are insufficiently examined, and the underlying mechanism is still unknown. In this study,
androgen-nonresponsive (PC3) human PCa was used to get a better understanding of the effect of FA on cell proliferation.

Material and Method: In the present study, the MTT assay was used to assess FA's inhibitory effect on cellular proliferation.
Additionally, all groups underwent the TUNEL immunofluorescence staining procedure to identify apoptosis in the PC3 cell line.
Results: The most appropriate cytotoxic dose was determined to be the 24-hour FA values. When apoptotic TUNEL staining was
evaluated in the PC3 cell line, FA significantly increased apoptosis. There was not a significant difference observed between the
docetaxel (Dtx) and FA groups in terms of TUNEL-positive cellimmunoreactivity in the PC3 cell line. There was no apparent distinction
in the immunreactivity intensity of TUNEL-positive cells in these groups.

Conclusion: The present study provides a fresh perspective on the fundamental mechanism underlying FA's capability to prevent PC3
cancer cells from proliferating. Our findings suggest that FA effectively inhibits PC3 cell line proliferation through the upregulation of
apoptosis. Consequently, FA may be a potential novel cytotoxic and therapeutic strategy in the treatment of PCa disease.

Keywords: Folic acid, prostate cancer, docetaxel, apoptosis

INTRODUCTION survey conducted in 2019 founded that there were about
1,64,690 new cases and 29,430 deaths in the US. However,
hormonal therapy, chemotherapy, radiation therapy, and
radical prostatectomy (surgery) were the usual methods
utilized to treat PCa. Cancer patients experience a variety
of side effects from their treatment, including decreased
sexual desire, incontinence, infertility, and hormone-
based side effects (5). The high mortality rate among PCa
patients is the primary cause of the early detection of PCa.
Therefore, to increase patient survival rates, it is essential
to develop rapid and early diagnostic strategies for PCa.

Cancer (an abnormal and uncontrolled proliferation
of cells) is one of the world's leading causes of death.
The World Health Organization (WHO) predicts that 11
million people receive a cancer diagnosis each year and
that 7 million people die due to cancer-related causes
(1). As a result, cancer is currently one of the deadliest
diseases, and over the past few decades, advances in
medical technology have produced a variety of options for
treating cancer (2). Traditional chemotherapy has several
limitations, including high toxicity, ineffective tumor-
specific delivery, and the potential to cause multi-drug One crucial water-soluble B vitamin is folate, which can be
resistance (3). Prostate cancer (PCa) continues to be the found in a variety of foods, including legumes, fruit juices,
cancer that is most prevalent in men worldwide and the and green leafy vegetables. Naturally occurring and
third-largest cause of cancer-related mortality (4). APCa non-immunogenic, folic acid (FA) has a small molecular
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weight. It is transformed into folate within the body, which
has a strong affinity for the receptor (6). FA is the synthetic
form of this vitamin that is typically found in foods that
have been fortified, particularly grains and cereals, as well
as supplements. While FA is the oxidized form of folate
that contains a single glutamate moiety and is easily
bioavailable, folate in the diet is present in a reduced
form with side chains that contain multiple glutamate
residues and must be absorbed through either oxidation
or hydrolysis. Dietary folate has a bioavailability that
varies from 10 to 98% (7). Due to its involvement in both
nucleotide synthesis and methylation, folate has been
the subject of much research (8). FA is a cheaply non-
immunogenic chemical that functions as a great targeted
ligand in a variety of cancer cells, including those from the
brain, ovary, prostate, breast, lung, and colorectal cancer
(9). Studies have indicated that FA-targeting nanodrugs
have promising potential applications in a range of cancer
types. FA is a high-affinity medication that targets the
folate receptor (10). It has been found that some cancers,
such as neoplasms of the colon, cervix, lung, esophageal,
and pancreatic, were positively correlated with lower
dietary FA consumption and low circulatory folate status

(11).

Within the taxoid family, docetaxel (Dtx) is a semisynthetic
anticancer mitotic ("antineoplastic” or "cytotoxic")
chemotherapy drug. According to Rivero-Buceta (2019)
(12), patients with hormone-refractory metastatic PCa are
advised to consider Dtx as an optional treatment option.
It has been established by many studies that Dtx binds
to B-tubulin, interfering with the microtubules’ normal
polymerization dynamics, dividing cells during mitosis,
connecting to microtubules, and inducing apoptosis (13).
Drug resistance, however, is defined as a decrease in the
effects of chemotherapy drugs such as Dtx. In this context,
one of the main obstacles to successful chemotherapy is
considered to be drug resistance.

Here are some indications of the cytotoxicity and apoptotic
effects of FA. Overall, we hypothesized that treating the
PC3-PCa cell line with FA reduces cell proliferation by
inhibiting apoptosis. The aim of the current study is to
determine whether FA increases the cytotoxicity of the
PC3-PCa cell line in order to test the hypothesis. Future
patient survival rates would be significantly impacted by
the development of efficient Dtx chemotherapy, which
would have a considerable impact on patient survival
rates in the future.

MATERIAL AND METHOD
The study does not require ethics committee approval.
Cell Line

The androgen-independent human prostate cell line PC3
(ATCC. CRL1435TM) was utilized. RPMI-1640 (Thermo
Fisher Scientific, USA) medium was used to grow the cells.
To make complete media, 10% fetal bovine serum (Thermo
Scientific, USA), 1% L-glutamine (Thermo Scientific, USA),
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and 1% penicillin and streptomycin (Thermo Scientific,
USA) were added to RPMI.

Cell Viability Assay

FA (Merck, Germany) was diluted in dimethyl sulfoxide
(DMSO, Sigma, MO, USA) (14). T mM stock solution was
made. The Dtx (160 mg/8 mL, Kogak Farma, Istanbul)
was supplied in liquid form. The MTT assay was used to
evaluate the cell proliferation as previously described (15).
Following cell culture, PC3 cells were treated with FA at
doses of 1, 10, 100 pM and 1T mM or Dtx at doses of 1,
4,16, and 64 nM. For every concentration, four duplicate
samples were analyzed. The IC50 values of FA and Dtx
were calculated statistically.

Cell Apoptosis Assay

Cells were seeded in 12-well plates at a density of 5x10°
cells perwell. Then, cells were incubated with the IC50 dose
of FA or Dtx. The ApopTag Fluorescein In Situ Apoptosis
Detection Kit (EMD Millipore, Darmstadt, Germany) was
used as previously described (16). To observe cells, an
Olympus BX51 fluorescent microscope (Tokyo, Japan)
was used to evaluate preparations. Ten different fields
of view in total were chosen at random for quantitative
analysis, and the immunoreactivity of TUNEL-positive
cells was measured with Image J software (Bethesda,
USA).

Statistical Analysis

The Graph-Pad Prism 9.4.1 program (San Diego, CA,
USA) was used for the statistical analysis. The data's
conformance to the normal distribution was assessed
using the Kolmogorov-Smirnov test. To examine
comparisons between two groups, a one-way ANOVA
was used, while for comparisons among multiple groups,
Bonferroni's multiple comparisons test was used. The
data is shown as the meantstandard deviation.

RESULTS

Effects of FA and Dtx on the growth of PC3 human PCa
cells: Following treatment for 24, 48, and 72 h, the FA's
and Dtx's inhibitory effects on the PC3 PCa cell lines were
evaluated by an MTT assay. Cell viability in the PC3 cell
lines decreased with dose and the passage of time upon
treatment with FA or Dtx. The IC50 values of the effect
of FA or Dtx on PC3 cells were 116.8 mM and 3.69 nM
at 24 h, respectively (Figures 1 and 2). These FA and Dtx
concentrations were used for further investigations based
on this dose-effect relationship.
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Figure 1. 1A. Change in FA IC50 dose depending on time. 1B. Dose
response curves for FA (24h)
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Figure 2. 2A. Change in Dtx IC50 dose depending on time. 2B. Dose
response curves for Dtx (24h)

Effects of FA and Dtx on the apoptosis of PC3 human PCa
cells: To examine the mechanism underlying the cell death
effects of FA and Dtx, the TUNEL assay was performed.
As shown in Figure 3, apoptosis was triggered by FA
and Dtx in PC3 cells. After FA and Dtx treatment, nuclear
fragmentation was detected in PC3 cells. Compared with
the control, treatment with FA significantly increased the
proportion of TUNEL-positive apoptotic cells (p=0.0005).
There was a noticeable increase in TUNEL-positive
apoptotic cells in PC3 cells when comparing the Dtx group
to the control group (p<0.001). There was an increase in
TUNEL positive apoptotic cells in the Dtx group compared

>

24h 48h 72h B
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to the FA group. But this was not statistically significant
(p<0.001) (Table 1).

MERGE

TUNEL

DAPI

CONTROL

FA

DTX

Figure 3. TUNEL images of the PC-3 cell line treated with FA and Dtx.
The apoptotic bodies released in the cells were detectable under the
fluorescent microscope as green reflections

Table 1. TUNEL statistical analysis results of PC-3 human PCa cell lines treated with FA or Dtx
FA Dtx p

Control

Immunoreactivity intensities of TUNEL (1.78+ 0.38)?

(3.35+ 0.77)° (3.95% 0.49)° <0.0001

Data are expressed as mean  st. deviation. p: refers to the significance of the difference between the groups. The same lowercase letters in the
same row show similarity between groups, and different lowercase letters indicate differences between groups. P value of <0.05 was used for

significance

DISCUSSION

Itis especially crucial to consume exogenous folates, such
as FA, in order to replenish the intracellular folate pool in
rapidly dividing cells, such as cancer cells (17). Thus, it's
critical to ascertain whether FA causes or prevents cell
damage. This study examined how FA administration’s
targeted mechanism affected the PC3 PCa cell line's
capacity to undergo apoptosis. Few epidemiological
studies examined the impact of dietary folic acid or folate
on the incidence of prostate cancer. Moreover, taking
the inconsistency of study designs into consideration,
it comes as no surprise that their conclusions vary so
dramatically. Therefore, with growing experimental
evidence indicating that folic acid contributes to prostate
progression, continued research is required to further
delineate these complex relationships (18). We therefore
turned to experimental models to glean any clues about
the role of folate in prostate carcinogenesis.

One of the numerous cancers associated with
chromosome rearrangement, DNA uracil mismatch,
and epigenetic modification is PCa (19). Even though
chemotherapy is frequently used to treat cancer, most
chemotherapy drugs have harmful side effects and organ
toxicity. The medications' nonselective distribution as well
as poor pharmaco-bioavailability are the main causes of
these issues. In order to overcome these limitations, it
is essential to develop novel therapeutic systems that
specifically target abnormal tissues while avoiding normal

ones. Fruits, dairy products, and green leafy vegetables
are common sources of FA, an essential B vitamin that
plays a major role in immune response (20). Currently, the
exact mechanism by which FA inhibits the proliferation of
tumors is still unknown.

FA is a ligand that specifically targets cancer cells and has
a strong affinity for the overexpressed folate receptors
found in the epithelium of cancer cells. On the other
hand, overexpression of different molecular receptors is
typically associated with cancer cells (21). There is an
overexpression of folate receptors in certain tumors, such
as cancers of the colon, breast, ovary, lung, and prostate.
Because non-cancerous cells lack folate receptors, FA is
an incredibly attractive ligand (22). After attaching to the
folate receptor, FA and folate conjugates form endosomes
that allow them to enter cells (23). Recent research has
confirmed that both folate receptors (FRa and FRpB) are
expressed in pancreatic cancer (24). Additionally, reports
have stated that PCa cells overexpress folate receptors
(25).

It has been suggested that FA acts through the transfer of
one-carbon units for methylation reactions and nucleotide
biosynthesis through folate one-carbon metabolism.
Consistent with structural and clinical observations, FA
requires long-term supplementation to have a significant
effect because nucleotide biosynthesis, DNA methylation,
gene transcription, and expression all require sufficient
reaction timescales in organisms (26).
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Drug treatments for diseases will become possible
once the mechanisms of apoptosis' cellular death are
understood (27). A few research investigations have been
carried out on the use of folate overexpression in treating
PCa, despite the fact that it has been used to treat other
forms of cancer (28). It was found that FA supplementation
induced apoptosis in sentinel breast cancer cells by
upregulating the expression of proapoptotic proteins
(BAX, PARP). Nevertheless, FA supplementation was
found to have no discernible impact on the expressions
of PCNA, BCL-2, BCL-XL, and caspase-3 in the same
study (29). When applied to MCF 7 and MDA-MB 23
lines, R-lactoglobulin nanoparticles and FA loaded with
doxorubicin significantly inhibited cell proliferation and
induced apoptosis (30). Additionally, it examined how
FA affected the up- and down-regulation of Bakl and
Bclx expression in MCF-7 cells. The results showed that
a cisplatinum complex containing FA can considerably
increase Bak1/Bclx ratios in contrast to cisplatin alone
(31). Based on all of these findings, FA could be crucial
in promoting apoptosis. Studies on the Bcl-2 protein
family can provide a comprehensive understanding of
the mitochondria-mediated apoptotic pathway, as they
are the key regulators of apoptosis (32). Previous studies
have shown that high-dose FA has an important effect
on preventing gastric cancer (33). There have been no
reports of FA's inhibitory effects on the PC3 PCa cell line
as of yet. This is the first study that demonstrates that FA
can effectively reduce proliferation, possibly by preventing
the apoptotic pathway from being activated. When we
evaluated our research in terms of apoptosis, we found
that in PC3 cell lines, the FA group increased TUNEL-
positive apoptotic cell numbers significantly more than
the control group. Thus, it can be said that one useful step
in the treatment of PCa may be the inclusion of targeting
factors, including FA, in the complex structure.

CONCLUSION

Taken together, the study's findings showed that FA
causes cytotoxicity in the PC3 cell line based on the
MTT assay results. In PC3 PCa models, the FA group
successfully increased the number of TUNEL-positive
cells. Furthermore, the TUNEL assay clearly indicates that
FA could potentially use in vitro apoptosis. In conclusion,
despite being a necessary treatment option for PCa,
chemotherapy presents challenges with regard to cost,
efficacy, toxicity, and resistance. Additionally, the FA may
be suggested as a promising addition to Dtx therapy,
prolonging survival times in PCa models. Consequently,
the findings indicate that the previously mentioned FA
could prove beneficial for PCa treatment and monitoring
with fewer adverse effects. Examining the mechanism
underlying its impact on various tumor cells is suggested.
The safety and efficacy of FA in PCa need to be determined
through pre-clinical research in the field.

Financial disclosures: The authors declared that this study has
received no financial support.

Med Records 2024;6(2):196-200

Conflict of interest: The authors have no conflicts of interest to
declare.

Ethical approval: The study does not require ethics committee
approval.

Acknowledgements: We thank the Erciyes University Genome and
Stem Cell Center where many stages of the study took place.

REFERENCES

1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence
and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136:E359-
86.

2. Wang Y, Shim MS, Levinson NS, et al. Stimuli-responsive
materials for controlled release of theranostic agents. Adv
Funct Mater. 2014;24:4206-20.

3. Lehto U-S, Tenhola H, Taari K, Aromaa A. Patients’
perceptions of the negative effects following different
prostate cancer treatments and the impact on psychological
well-being: a nationwide survey. Br J Cancer. 2017;116:864-
73.

4. Rawla P. Epidemiology of prostate cancer. World J Oncol.
2019;10:63-89.

5. Luo D, Wang X, Zeng S, et al. Prostate-specific membrane
antigen targeted gold nanoparticles for prostate cancer
radiotherapy: Does size matter for targeted particles. Chem
Sci. 2019;10:8119-28.

6. Anirudhan T, Varghese S, Manjusha V. Hyaluronic acid
coated pluronic F127/pluronic P123 mixed micelle for
targeted delivery of paclitaxel and curcumin. Int J Biol
Macromol. 2021;192:950-7.

7. Pieroth R, Paver S, Day S, Lammersfeld C. Folate and its
impact on cancer risk. Curr Nutr Rep. 2018;7:70-84.

8. Friso S, Choi S-W. Gene-nutrient interactions and DNA
methylation. J Nutr. 2002;132:2382S-7.

9. Cheng W, Nie J, Xu Lv, et al. pH-sensitive delivery vehicle
based on folic acid-conjugated polydopamine-modified
mesoporous silica nanoparticles for targeted cancer
therapy. ACS Appl Mater Interfaces. 2017;9:18462-73.

10. Yao V, Berkman CE, Choi JK, et al. Expression of prostate-
specific membrane antigen (PSMA), increases cell folate
uptake and proliferation and suggests a novel role for PSMA
in the uptake of the non-polyglutamated folate, folic acid.
Prostate. 2010;70:305-16.

11. Stolzenberg-Solomon RZ, Chang S-C, Leitzmann MF, et
al. Folate intake, alcohol use, and postmenopausal breast
cancer risk in the prostate, lung, colorectal, and ovarian
cancer screening trial. Am J Clin Nutr. 2006;83:895-904.

12. Rivero-Buceta E, Vidaurre-Agut C, Vera-Donoso CD, et
al. PSMA-Targeted mesoporous silica nanoparticles for
selective intracellular delivery of docetaxel in prostate
cancer cells. ACS Omega. 2019;4:1281-91.

13. Katsumata N. Docetaxel: an alternative taxane in ovarian
cancer. Br J Cancer. 2003;89:S9-15.

14. Onder GO, Goktepe 0, Baran M, et al. Therapeutic potential of
hesperidin: Apoptosis induction in breast cancer cell lines.
Food Chem Toxicol. 2023;176:113791.

199



DOI: 10.37990/medr.1432649

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Genc S, Pennisi M, Yeni Y, et al. Potential neurotoxic effects
of glioblastoma-derived exosomes in primary cultures
of cerebellar neurons via oxidant stress and glutathione
depletion. Antioxidants (Basel). 2022;11:1225.

Baran M, Onder GO, Goktepe O, Yay A. Role of apoptosis
and autophagy in folic acid-induced cytotoxicity of human
breast cancer cells in vitro. Fundam Clin Pharmacol.
2024;38:126-38.

Hwang SY, Kang YJ, Sung B, et al. Folic acid is necessary
forproliferation and differentiation of C2C12 myoblasts. J
Cell Physiol. 2018;233:736-47.

Rycyna KJ, Bacich DJ, O'Keefe DS. Opposing roles of folate
in prostate cancer. Urology. 2013;82:1197-203.

Yegnasubramanian S, Haffner MC, Zhang Y, et al. DNA
hypomethylation arises later in prostate cancer progression
than Cp Gisland hypermethylation and contributes to
metastatic tumor heterogeneity. Cancer Res. 2008;68:8954-
67.

Craenen K, Verslegers M, Baatout S, Abderrafi Benotmane
M. An appraisal of folates as key factors in cognition
and ageing-related diseases. Crit Rev Food Sci Nutr.
2020;60:722-39.

Hassn Mesrati M, Syafruddin SE, Mohtar MA, Syahir A.
CD44: a multifunctional mediator of cancer progression.
Biomolecules. 2021;11:1850.

Purohit B, Kumar A, Mahato K, et al. Cancer cytosensing
approaches in miniaturized settings based on advanced
nanomaterials and biosensors. In: Nanotechnology in
modern animal biotechnology. Elsevier. 2019;133-47.

Song H, Su C, Cui W, et al. Folic acid-chitosan conjugated
nanoparticles for improving tumor-targeted drug delivery.
BioMed Res Int. 2013;2013:723158.

Scaranti M, Cojocaru E, Banerjee S, Banerji U. Exploiting
the folate receptor A in oncology. Nat Rev Clin Oncol.
2020;17:349-59.

25.

26.

27.

28.

29.

30.

31.

32.

33.

200

Med Records 2024;6(2):196-200

Omote S, Takata K, Tanaka T, et al. Over expression of folate
receptor alpha is an inde- pendent prognostic factor for
outcomes of pancreatic cancer patients. Med Mol Morphol.
2018;51:237-43.

RichmondRC, Sharp GC,HerbertG, etal. Thelong-termimpact
of folic acid in pregnancy on offspring DNA methylation:
follow-up of the aberdeen folic acid supplementation trial
(AFAST). Int J Epidemiol. 2018;47:928-37.

Elmore S. Apoptosis: a review of programmed cell death.
Toxicol Pathol. 2007;35:495-516.

Bonvin D, Bastiaansen JA, Stuber M, et al. Folic acid on
iron oxide nanoparticles: platform with high potential for
simultaneous targeting, MRI detection and hyperthermia
treatment of lymph node metastases of prostate cancer.
Dalton Trans. 2017;46:12692-704.

Manshadi SD, Ishiguro L, Sohn K-J, et al. Folic acid
supplementation promotes mammary tumor progression in
arat model. PLoS One 2014;9:e84635.

Kayani Z, Bordbar AK, Firuzi 0. Novel folic acid-conjugated
doxo-rubicin loadedB-lactoglobulin nanoparticles induce
apoptosis inbreast cancer cells. Biomed Pharmacother.
2018;107:945-56.

He C, Heidari Majd M, Shiri F, Shahraki S. Palladium and
platinum complexes of folic acid as new drug delivery
systems for treatment of breast cancer cells. J Mol Struct.
2021;1229:129806.

Popgeorgiev N, Sa JD, Jabbour L, et al. Ancient and
conserved functional interplay between Bcl-2 family
proteins in the mitochondrial pathway of apoptosis. Sci Adv.
2020;6:eabc4149.

Xiao SD, Meng XJ, Shi Y, et al. Interventional study of high
dose folic acid in gastric carcinogenesis in beagles. Gut.
2002;50:61-4.



DOI: 10.37990/medr.1419747

MEDICAL RECORDS-International Medical Journal

Research Article

The Effect of Telehealth-Based Rehabilitation on Patient
Reported Outcomes and Objective Clinical Measurements in
Patients With Degenerative Meniscal Tear

Ismail Uysal’, ®Fatih Ozden?, ®Mehmet Ozkeskin®, ®lsmet Tumturk?, ©®Bircan Yucekaya®, ©®Cem Yalin Kilinc®

"Mugla Sitki Kogman University, Fethiye Vocational School of Health Services, Department of Health Care Services, Mugla, Tirkiye
2Mugdla Sitki Kogman University, Kdycegiz Vocational School of Health Services, Department of Health Care Services, Mugla, Tirkiye
3Ege University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, izmir, Tirkiye

4Suleyman Demirel University, Institute of Health Sciences, Department of Physiotherapy and Rehabilitation, Isparta, Turkiye
*0Ondokuz Mayis University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Samsun, Turkiye

®CARIA Orthopaedics & Rehabilitation, Mugla, Turkiye

() OOO

MG MWD

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License.

Abstract

Aim: The study aimed to compare the effectiveness of telehealth-based home exercises and conventionally prescribed home
exercises in patients with degenerative meniscal tears.

Material and Method: A two-armed, randomized controlled study was conducted with 49 participants with degenerative meniscal
disease. Patients were randomized into Telerehabilitation (TR=25) and Conventional Home Exercise Rehabilitation (CR=24) groups.
The TR group provided video exercises and self-management education via an online platform. The same protocol was given to
the CR group in the clinical setting. Pain with Visual Analog Scale, muscle strength with Hand-Held Dynamometer, proprioception
with Baseline bubble inclinometer, functional status with Western Ontario and McMaster Universities Osteoarthritis Index, exercise
adherence with Exercise Adherence Rating Scale, quality of life with Short Form-12 were evaluated at baseline and after eight weeks of
intervention. In addition, satisfaction and usability were assessed with the Telemedicine Satisfaction and Usefulness Questionnaire
at week 8.

Results: The TR group improved activity pain, proprioception, some parameters of the muscle strength outcomes, and exercise
adherence scores (p<0.05). The TR group was not superior to the CR group regarding pain at rest, quality of life and functional status
(p>0.05). In addition, 52 percent of the TR group reported high levels of satisfaction and usability.

Conclusion: Despite increased participation and satisfaction, the telerehabilitation group noticed improvements in clinician-based
measures (proprioception, strength) but not in rest pain, function, and quality of life. As a result, telerehabilitation-based home
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exercises prescribed to these patient groups are more effective.

Keywords: Menisci, mobile health, self-care, video exercise

INTRODUCTION

Degenerative meniscal lesions are a widespread disease
burden, particularly in middle-aged and older individuals
(1). Although this type of lesion is mainly seen in the
posterior horn of the medial meniscus, additionally
overloading the joint, malalignment, and excessive body
weight accelerate degenerative meniscus formation (2).
The literature provides updated approaches (exercise,
surgery) and discusses how appropriate treatment should
be in degenerative meniscal lesions (3). Conservative and
surgical treatment components are recommended in the
treatment of degenerative meniscal lesions. Especially in

CITATION

the last decade, conservative approaches have replaced
arthroscopic surgical approaches in treating degenerative
meniscal lesions (4). Hence, a conservative treatment
component, including evidence-based physiotherapy,
is frequently administered in degenerative meniscal
tears (if there is no sign of locking or entanglement) (5).
Effective approaches that constitute the most essential
part of evidence-based physiotherapy and play a key
role in individuals with this disease burden are exercise
programs that increase muscle strength and function (6).
Different studies have emphasized the positive effects of
exercises on pain, muscle strength, and quality of life in
individuals with degenerative meniscal tears (7,8).
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In recent years, health services have been prescribed to
individuals through telecommunication technologies and
access to health centers. Via remote telerehabilitation,
physiotherapy applications are increasingly prescribed
for individuals with musculoskeletal problems. With
telerehabilitation, it is possible to meet with patients
remotely, and evaluation, consultation, physiotherapy,
and follow-up are alternative and low-cost methods
(9,10). Physiotherapists can use different communication
techniques and sound evidence-based strategies such
as video exercises, video conferencing, self-management
principles, e-mail, telephone, and messages (11).
Telerehabilitation has been reported to positively affect
pain and function when given simultaneously (real-time)
with videoconferencinginindividuals with musculoskeletal
problems (12). Moreover, it has been reported that the
evaluation of musculoskeletal disorders involving the
knee through telerehabilitation is feasible and has good
inter or intra-rater reliability (13).

Telerehabilitation services are gradually developing
with the spread of telemedicine applications in
musculoskeletal disorders (9). In another experiment,
two methods (videoconference, telemedicine follow-
up, and office-based follow-up) were compared in
the postoperative follow-up of individuals who had
arthroscopic meniscectomy and repair. In conclusion, it
has been emphasized that telemedicine and traditional
office-based follow-up are equivalent to each other in
the postoperative follow-up of individuals who have
undergone arthroscopic meniscectomy and repair, and
the importance of telemedicine follow-up as an alternative
method (14). As yet, there is no study evaluating the
effects of telerehabilitation on clinical status, patient
satisfaction, and quality of life using subjective and
objective measurements in individuals with degenerative
meniscal lesions followed by conservative treatment. In
addition, degenerative meniscal injury usually involves
middle-aged individuals, and middle-aged individuals
may adapt more easily to tele-rehabilitation methods.
Therefore, we aimed to conduct the present study in this
population. The study aimed to compare the effectiveness
of telehealth-based and conventional paper-based home
exercises on patient-reported outcomes and objective
clinical measures in patients with degenerative meniscal
tears. We hypothesized that telerehabilitation-based
home exercises would be more effective than traditional
paper-based home exercises in patients with degenerative
meniscus.

MATERIAL AND METHOD
Study Design and Participants

A randomized controlled trial was conducted in Mugla
Sitki Kogman University, Department of Orthopedics
and Traumatology. Forty-nine participants diagnosed
with degenerative meniscus injury by an orthopedic
specialist were included in the study. The trial is reported
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according to the “CONsolidated Standards of Reporting
Trials (CONSORT) stages and taken into account the
recommendations of Standard Protocol Items: SPIRIT
(Statement of Recommendations for Interventional
Trials)" (15).

Inclusion criteria were; (1) individuals aged between
18 and 65, (2) individuals diagnosed with degenerative
meniscus injury after clinical and radiological evaluations
by an orthopedic specialist and decided to follow up with
conservative treatment. Exclusion criteria from the study:
(1) people with a history of surgery due to degenerative
meniscus injury, 2) orthopedic and neurological conditions
that could prevent evaluation and/or treatment, (3)
conditions that may prevent communication in the
evaluation and follow-up of individuals.

At the baseline, 85 individuals were recruited. However, 25
were excluded as they did not meet the inclusion criteria.
A total of 60 patients were randomly allocated to the
groups. Eleven individuals were excluded from the study
for different reasons. As a result, 49 patients, including
24 conventional home exercise rehabilitation (CR) and 25
telerehabilitation (TR), were analyzed (Figure 1).

Patients assessed for eligibility
Enroliment (n=85)

Excluded (n=25)
+ Patients who did not give consent to

participate in the study (n=5)
+ Patients with chronic diseases that
may affect the evaluation and/or joint

such as rheumatoid arthritis,
ankylosing spondylitis (n=3)

+ Patients with a history of surgery in the
knee joint (n=2)

+ Patients who do not have the
equipment in the infrastructure to
receive telerehabilitation support (n=2)

+ Patients over 65 years (n=13)

| Randomized (n=60) |

| e l

Allocated to telerehabilitation (n=30)

Allocated to conventional rehabilitation (n=30)

-Received allocated intervention (n=30) - Received allocated intervention (n=30)

|  CEew) |

Number of patients lost during follow-up

Number of patients lost during follow-up (not
(anterior cruciate ligament injury, decision to being able to communicate with patient, the
have surgery for the knee joint, family reasons) participants wish to leave the study, family
(n=5) reasons, moving out of town) (n=6)

l l

| Analysed (n=25) ‘ ‘

Analysed (n=24)

Figure 1. CONSORT flow chart of the study
Recruitment

Participants who met all criteria were informed about
the study. The purpose, method, and possible risks of
the study were explained to the individuals diagnosed
with degenerative meniscal injury within the scope of the
information. Written informed consent was obtained from
individuals who agreed to participate in the study.

Sample Size

According to a power analysis that was calculated with
G-Power 3 (16), regarding the reference values of the
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study with identical methodology (17), the effect size was
calculated as 1.00. At least 23 individuals were calculated
to be required for each group, with a power of 0.95 and a
confidence interval of 0.05.

Ethical Consideration

The study protocol was approved by the ethics committee
of Mugla Sitki Kogman University (Decision dated
05/01/2022 and numbered 1/1V). The study protocol was
registered (ClinicalTrials.gov Identifier. NCT05233839).

Randomization

The study’s allocation method was determined by the order
of patients' arrival using the random assignment table
generated by the "National Institutes of Health National
Cancer Institute Clinical Trial Randomization Tool."

Interventions

The TR group received video-based exercise and
self-management education. The CR group received
the identical paper-based exercise and education
protocol. The exercise program included stretching and
strengthening exercises for lower extremity muscles given
to individuals diagnosed with degenerative meniscus
injury as part of conservative treatment (Additional File 1)
(Figure 2). All individuals were asked to do the exercises
for eight weeks (10 repetitions once a day). In addition,
the exercises were tailored to the individual's needs. Self-
management criteria include educational information
such as joint protection techniques and methods of
coping with pain (Additional File 2). The individuals in
the TR group were shown home exercises and self-
management criteria in the clinic on the first day, and they
were asked to do it correctly. Relevant documents were
sent to individuals' mobile phones via the online platform.
Similarly, the individuals in the CR group were shown the
exercises and self-management criteria in the clinic on
the first day. However, an exercise brochure with pictures
and explanations was given instead of a video.

Exercise 1: Knee extension in sitting position

Figure 2. Exercise sample from the rehabilitation protocol
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Pain intensity of individuals in both groups “Visual Analog
Scale (VAS), functionality Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), proprioception
Baseline bubble inclinometer, muscle strength Lafayette
hand-held dynamometer, exercise compliance Exercise
Adherence Rating Scale (EARS), quality of life Short Form-
12 (SF-12) measured at the baseline and 8th week. At
the end of the study, patient satisfaction was evaluated
with the Telemedicine Satisfaction and Usefulness
Questionnaire (TSUQ)".

Visual Analog Scale

The study evaluated pain severity with the VAS. Individuals
participating in the study were asked to mark the severity
of pain (0: no pain, 10: maximum pain) on a 10 cm straight
line. Pain severity was evaluated for both rest and activity
status (18).

Western Ontario and McMaster Universities Osteoarthritis
Index

Individuals' level of functionality was assessed with the
WOMAC. WOMAC is a patient reporting scale comprising
24 questions with three sub-dimensions: pain, stiffness,
and physical function. Each question is evaluated on
a Likert scale between 0 (none) and 4 (extreme). An
increase in the score in WOMAC indicates more or worse
symptoms, maximum restrictions, and poor health (19).

Proprioception Measurement

Proprioception was evaluated by a Baseline bubble
inclinometer (model 12-1056, Fabrication Enterprises;
White Plains, New York) with the active angle repetition
test in a closed kinetic chain position, with the individual
standing. The inclinometer was placed on the distal part of
the tibial tuberosity. The individual was asked to perform
a single leg squat from the full knee extension position
while standing. He was asked to stay at 30° knee flexion
and return to full knee extension, keeping his position for 5
seconds. This movement was repeated three times. Then,
without giving the stop command, the individual was
asked to reach the targeted 30° knee flexion as before. In
the same way, this movement was repeated three times.
To prevent possible loss of balance during the test, the
individual was allowed to receive support with the help of
one hand. The difference between the targeted angle and
the angle made by the individual in each test repetition was
determined as "absolute angular error". The arithmetic
mean of the difference between the targeted angle and
the angle made by the individual was calculated as "“The
Relative Angular Error (RAE)" and recorded (20,21).

Muscle Strength Test

The strength of the quadriceps femoris muscle
was measured in “Kilogram (kg)" with a Hand-Held
Dynamometer (model-01165, Lafayette Instrument®,
Lafayette IN, USA). For the test, the individual was
seated in a standard chair. Knee extension strength was
measured with a dynamometer placed two fingers above
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the ankle from the front of the leg. The individual was
asked to bring the knee from 90° flexion to knee extension
with maximum force. Measurements were made three
times. The individual was allowed to rest for 120 seconds
between measurements. The highest muscle strength
measurement value was recorded (22).

Exercise Adherence Rating Scale

The individual's level of exercise compliance was
evaluated with the EARS. EARS consists of six items that
individuals can answer themselves. Each item is scored
between 0 and 4. The scoring of the 1st, 4th, and 6th items
is done in reverse. Individuals who score high on the scale
also have high exercise compliance (23).

Short Form 12

The SF-12 evaluates individuals' quality of life. The scale
has sub-dimensions similar to SF-36. Items related to
physical and emotional roles are answered as yes/no.
Other items are Likert type, with response options ranging
from three to six. Physical dimension-12 and mental
dimension-12 scores range from 0 to 100. Higher scores
indicate better health (24).

Telemedicine Satisfaction and Usefulness Questionnaire

The TSUQ evaluated individuals' satisfaction levels and
usability concerning telerehabilitation.” Each item in the
questionnaire is evaluated with a 5-point Likert scale.
TSUQ's total score ranges from 21 to 105 (25).

Statistical Analysis

All analysis was conducted by SPSS (Statistical Package
for Social Sciences) for Windows v25.0 (SPSS Inc, IBM
Corp, Armonk, New York). In the statistical analysis
test decision, the conformity of all the data to the
normal distribution was examined by conducting the
One-sample Kolmogorov—Smirnov test. Parametric
and non-parametric tests were used according to the
homogeneity of the data. Independent Sample t-test was
used to compare independent group differences when
parametric test assumptions were met; when parametric
test assumptions were not met, the Mann-Whitney U test
was used to compare independent group differences. In
addition, chi-square analysis was used for categorical
variablesinindependent group comparisons. In dependent
group comparisons, when parametric test assumptions
are provided, the Paired t-test is used; when parametric
test assumptions are not met, the Wilcoxon signed-rank
test is used. The statistical significance level was set at
p<0.05.

RESULTS

Patient Characteristics

The study was completed with 49 patients (41.0849.8
years, 25 female, 24 male). Table 1 shows the demographic
and clinical characteristics of the participants. There was
no significant difference in participants’ baseline data.
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Pain

The change in pain scores is given in Table 2. In group
comparisons, the r-VAS value improved significantly
in the telerehabilitation group (TRG) (p<0.001) and
conventional home exercise rehabilitation group (CRG)
(p<0.01) after treatment compared to pretreatment.
There was a significant improvement in a-VAS values in
both groups (p<0.001). The a-VAS values showed more
significant differences in TRG in the adjusted analyses,
comparing the difference in change between the initial
and final assessments of the groups (p=0.03). However,
no significant difference was found in other parameter
comparisons between groups (p>0.05).

Function

The analyses of the WOMAC scores of the groups are
summarized in Table 2. We found significant in-group
improvement in all WOMAC subscores and total scores
(p<0.07). In between-group analysis, no significant
difference was found in any of the parameters (p>0.05).

Quality of Life

Data on health-related quality of life are presented in Table
2. Wereported a significantimprovement in SF-12 physical
component summary (PCS) and SF-12 mental component
summary (MCS) scores only in TRG in group comparisons
(p<0.01). No significant difference was found in any of the
comparisons between groups. (p>0.05).

Strength-Proprioception

Objective muscle strength and joint proprioception
measurement values are given in Table 3. Except for the
left hamstring strength values, there was a significant
improvement in TRG within the group in other values
(p<0.01). In intragroup comparisons, considerable
progress was found in CRG in other values except for
right quadriceps femoris muscle strength (p<0.05). In the
intergroup comparison, a more significant improvement
in right hamstring muscle strength was found in TRG
after treatment (p<0.05). The corrected analysis showed
a significant difference in favor of TRG in the right
quadriceps femoris muscle strength (p<0.01). There was
no significant difference between the groups in other
muscle strength measurements (p>0.05).

Significant improvements in proprioception measures
were reported within groups (p<0.01). Only right extremity
proprioception showed no significant improvement in CRG
(p>0.05). Incomparisons between groups in proprioception
measurements, a more significant decrease in TRG was
found on both sides (p<0.05).

Motivation-Satisfaction-Usability

EARS and TSUQ values are given in Table 4. TRG showed
significantly greater motivation and exercise adherence
for EARS between the groups (p<0.01). When TSUQ values
were analyzed in TRG, the median value was 87. More
than half (52%) of the participants in TRG scored above
the median.
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Table 1. Demographic and clinical characteristics of the participants

Telerehabilitation (n=25) Standard rehabilitation (n=24) p
Gender (female/male, %) 44/56 58.3/41.7 0.316°
Age (years, meantSD) 38.36+9.84 43.91%9.1 0.062°
BMI (kg/m?, mean+SD) 27.13+5.4 26.94+4.09 0.895¢
Living area (urban/rural, %) 88/12 70.8/29.2 0.171¢
Education status (primary/high school and above, %) 24/76 37.5/62.5 0.305°
Working status (working/not working, %) 68/32 54.2/45.8 0.3202
Smoking (yes/no, %) 32/68 29.2/70.8 0.8302
Presence of chronic disease (present/absent, %) 24/76 29.2/70.8 0.6822
Symptom duration (months, mean+SD) 16.56118.25 11.7£12.58 0.208°
Affected side (right/left, %) 52/48 62.5/37.5 0.4582

n: the number of participants, SD: standard deviation, BMI: body mass index, kg: kilogram, m: metre, a: Pearson Chi-Square test, b: Mann-Whitney
U test, c: independent sample t test, d: Fisher's Exact test

Table 2. Patient self-reported outcome measures between and within groups

Telerehabilitation (n=25) Standard rehabilitation (n=24) P (between group)
Before treatment (meanxSD) 3.66+2.48 2.64+1.91 0.16°
VAS After treatment (meantSD) 2.141.96 1.95+2.01 0.7732
r-VAS*
A (mean) -1.56 -0.68 0.089°
p (within group) 0.000473° 0.008°
Before treatment (meanxSD) 7.4241.92 6.47+1.67 0.0542
_— After treatment (meanSD) 4.78+1.84 4.75+2.15 0.808¢®
a-VAS*
A (mean) -2.64 -1.72 0.03°
p (within group) 0.000049° 0.000088"
Before treatment (mean+SD) 39+16.58 30.62+19.24 0.1152
. After treatment (mean+SD) 25+16.61 24.16%21.45 0.5462
WOMAC-pain*
A (mean) -14 -6.45 0.072
p (within group) 0.0001°® 0.002°
Before treatment (meanxSD) 25+17.67 23.43+19.61 0.838°
. After treatment (mean+SD) 11£15.44 15.1£17.28 0.370°
WOMAC-stiffness*
A (mean) -14 -8.33 0.109°
p (within group) 0.001° 0.001°
Before treatment (meantSD) 31.64+16.43 33.32+19.78 0.7112
. After treatment (meantSD) 24.28+14.73 29.63+23.35 0.7872
WOMAC-function®
A (mean) -7.35 -3.69 0.352°
p (within group) 0.004" 0.002°
Before treatment (meanzSD) 32.62+15.4 31.94+18.85 0.992:
After treatment (mean+SD) 23.32+14.3 27.68%22.92 0.7952
WOMAC-total*
A (mean) -9.29 -4.25 0.161°
p (within group) 0.001° 0.003"
Before treatment (mean+SD) 35.27+8.1 38.4419.78 0.223¢
After treatment (mean+SD) 39.75+6.92 40.65+10.07 0.716¢
SF-12 PCS*
A (mean) 4.47 2.21 0.246°
p (within group) 0.005° 0.142°
Before treatment (meanxSD) 39.97+10.41 39.29+10.41 0.697°2
After treatment (meantSD) 46.27+8.67 42.81+9.43 0.1972
SF-12 MCS*
A (mean) 6.3 3.62 0.2542
p (within group) 0.008° 0.067°

n: the number of participants, SD: standard deviation, A: mean difference, r-VAS: Visual Analog Scale for rest, a-VAS: Visual Analog Scale for
activity, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, SF-12 PCS: short form 12 physical component summary, SF-12
MCS: short form 12 mental component summary, a: Mann-Whitney U test, b: Wilcoxon signed-rank test, c: Paired t test, d: independent sample t
test, »: Lower values=Better, **: Higher values=Better
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Table 3. Objective measurement scores between and within groups

Med Records 2024;6(2):201-11

Before treatment (kg, meantSD)
. . After treatment (kg, meanxSD)
HHD-QF right extremity
A (mean)
p (within group)
Before treatment (kg, meantSD)
. After treatment (kg, meanzSD)
HHD-QF left extremity*
A (mean)
p (within group)
Before treatment (kg, mean+SD)
. . After treatment (kg, meaniSD)
HHD-H right extremity*
A (mean)
p (within group)
Before treatment (kg, meantSD)
. After treatment (kg, meanxSD)
HHD-H left extremity*
A (mean)
p (within group)
Before treatment (°, meantSD)
. L . After treatment (°, meanSD)
Proprioception right extremity*
A (mean)
p (within group)
Before treatment (°, mean+SD)
. . . After treatment (°, meantSD)
Proprioception left extremity*
A (mean)

p (within group)

Telerehabilitation Standard rehabilitation

P (between group)

(n=25) (n=24)
21.73+7.64 22.64+5.96 0.645?
24.5916.86 23.8615.96 0.6952
2.85 1.21 0.007¢
0.002° 0.062°
22.27+7 22.8316.18 0.769?
25.58+6.86 25.25+5.42 0.8512
3.8 2.41 0.285¢
0.005" 0,00004°
13.97+4.7 11.7+4.62 0.0952
15.35+5.28 12.4+4.66 0.0352
1.38 0.7 0.4354
0.003¢ 0.016°
13.28+4.53 11.41+4.48 0.171¢
14.62+4.97 12.35+4.71 0.136¢
1.33 0.93 0.638¢
0.052° 0.002°
4.29+2.28 5.01+4.04 0.9844
2.42+1.21 4.14+2.83 0.042¢
-1.86 -0.86 0.024¢
0.000319° 0.217¢
7.83+3.73 6.49+3.66 0.2112
3.21+1.64 4.3341.96 0.035°
-4.62 -2.16 0.01¢
0.000018° 0.005°

n: the number of participants, kg: kilogram, °: degree, SD: standard deviation, A: mean difference, HHD-QF: Hand Held Dynamometer Quadriceps
Femoris muscle measurement, HHD-H: Hand Held Dynamometer Hamstring muscle measurement, a: independent sample t test, b: paired t test, c:
Wilcoxon signed-rank test, d: Mann-Whitney U test, *: lower values=better, *+: higher values=better

Table 4. Changes in motivation, satisfaction between and within the groups

Telerehabilitation (n=25)

EARS*+  After treatment (meantSD) 15.44+4.26

TSUQ#**  Post-treatment (median) 87
Below the median value (n/%) 12/48
Median value and above (n/%) 13/52

Standard rehabilitation (n=24)
10.62+5.53

p (between group)
0.004°

n: the number of participants, SD: standard deviation, EARS: exercise adherence rating scale, TSUQ: telemedicine satisfaction and usefulness

questionnaire, a: Mann-Whitney U test, **: higher values=better

DISCUSSION

Thepresentstudy aimedto evaluate the effect of telehealth-
based rehabilitation on patient-reported outcomes and
objective clinical measurements in individuals with
degenerative meniscal tears. Our research showed that
telerehabilitation did not provide an additional advantage
in subjective parameters (rest-VAS, WOMAC, and SF-12)
assessing pain, function, and quality of life. However,
in objective measurements, it was observed that the
telehealth-based exercise group improved more in activity
pain, quadriceps femoris, hamstring muscle strength and
proprioception sense. Finally, it was observed that the
participation and satisfaction of individuals who received
telerehabilitation were higher.

The clinical benefits and cost-satisfaction advantages
of remote rehabilitation applications were widely known
(26,27). The effectiveness of the exercise program with
telehealthin knee osteoarthritis and total knee arthroplasty
groups has been demonstrated (26,28). However, no other
studies have shown the effectiveness of telerehabilitation
in individuals with degenerative meniscal tears. Our
study provided an additional opportunity to observe the
achievements of telemedicine in terms of patient-based
and objective measurements. Because sometimes,
clinical improvements are only observed with objective
measurement results (29). Patients’ statements regarding
their symptoms may not reflect the actual outcomes.
Since monitoring changes in parameters such as pain and
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quality of life are associated with psychosocial status, it
suggests the importance of considering objective and
subjective evaluation parameters together (30). Indeed,
the results of our study showed that telerehabilitation
did not provide an additional advantage in subjective
parameters (rest-VAS, WOMAC, and SF-12) assessing
pain, function, and quality of life. However, in objective
measurements, it was observed that the telehealth-based
exercise group improved more in activity pain, quadriceps
femoris, hamstring muscle strength, and proprioception
sense. Finally, it was observed that the participation and
satisfaction of individuals who received telerehabilitation
were higher. It can be communicated that the additional
advancements obtained from the 8-week exercise program
inthetelerehabilitation group werereflectedintheclinician-
based measurements but not in the individual rest-pain,
function, and quality of life reports, despite the increased
participation and satisfaction. Strength and proprioception
gains achieved in dynamometer and goniometer-based
measurements may not have been achieved as functional
gains due to the lack of improvement in pain and, therefore,
may not have contributed positively to the physical and
psychological components of quality of life.

There were significant improvements in both groups in
terms of rest pain. However, there was no difference
between groups. This result showed that increased
participation and satisfaction with telerehabilitation were
more beneficial for strength-proprioception gains than
pain. A comprehensive systematic review showed that
most studies did not emphasize any additional advantage
of telerehabilitation on pain (31). It may be advantageous
to include education-based pain management with a fear-
avoidance model or cognitive behavioral therapy to provide
more advancements with telerehabilitation in terms of pain
(30,32). A similar study also emphasized the superiority
of a training program that promotes physical activity and
exercise for individuals with knee osteoarthritis (33).

The superiority of telerehabilitation was not demonstrated
in pain and function parameters evaluated with WOMAC.
No functional gain might be related to the patient's pain
levels. Although it was observed that the patients in the
telerehabilitation group improved muscle strength and
proprioception, it demonstrates the importance of pain
in functional gain. A large meta-analysis has shown that
telerehabilitation is more effective in pain and functional
gain among post-arthroplasty cases (34). However, these
studies include older individuals with more disabilities,
where improvements are essential even in basic daily
activities. In our research, it was inconceivable to achieve
functional gains on WOMAC regarding the relatively young
sample. Because WOMAC is a PROM that evaluates
disability in older individuals, especially those containing
basic and instrumental daily living activities (19,35). In this
respect, conducting the study with more specific PROMs
would provide indications for future studies.

There was no difference between the two groups in terms
of SF-12 results. It should be emphasized that quality of
life is a more suitable parameter for longer-term gains.

Med Records 2024;6(2):201-11

The effect of symptomatic gains on quality of life can
be considered in the longer term. Telerehabilitation did
not provide an additional advantage regarding the quality
of life in individuals with knee osteoarthritis with more
advanced symptoms, which is the closest case group
(36). Moreover, it should be emphasized that these results
are in parallel with our results since they include quality-
of-life findings, including a 6-month follow-up. In addition,
telerehabilitation was not found to be more effective in
quality of life in individuals with total knee arthroplasty
compared to the conventional program (37).

Our study demonstrated an additional advantage of
telerehabilitation regarding clinician-based strength
and proprioception measurements. Among these
measurements, it was observed that more improvements
were recorded in the right extremity quadriceps femoris
and hamstring and both extremity proprioception
measurements. A recent randomized controlled study
focused on the advantage of virtual reality-based
telerehabilitation in proprioception in individuals with total
knee arthroplasty (38). Inthis context, the fact the exercises
such as "mini squats”, which are included in our exercise
program in the current case group, where proprioceptive
losses are likely to occur through meniscus degeneration,
contain more basic multimedia narration with video and
in this respect, more learnable for patients, may have
provided more gains in a proprioceptive sense. Finally,
a study similar to our hamstring and quadriceps gains
has been shown in the literature in individuals with total
knee arthroplasty (34,39). The fact that telerehabilitation
provides more advantages in quadriceps muscle strength
may have been achieved through the video advantage
of telerehabilitation, especially in exercises where
strengthening is more effective by waiting for a specific
time in certain positions. An objective pain assessment
may be possible with an algometer. In this respect, a
subjective measurement parameter evaluated with VAS in
PROMs can be compared with the objective.

Limitations

Some limitations of the study should be mentioned. The
first is the absence of evaluator blindness. This situation
brings to mind the possibility of bias risk, according to
PEDro and Cochrane (40). In this respect, performing
objective measurement results by a single blind evaluator
can minimize the risk of measurement error or bias.
However, the available facilities did not allow blinding
in this trial. Second, individuals are evaluated with less
specific meniscus assessment PROMs rather than
WOMAC and VAS. This situation was due to the need for
more Turkish standardized assessment tools. Finally, the
clinical comparison could only be constructed with knee
osteoarthritis and arthroplasty groups, as there were no
other studies onthe effectiveness oftelerehabilitationinthe
meniscus. However, considering the significant difference
in disability and mean age distribution of individuals, this
showed that the clinical features of each case group were
suitable for a stratified comparison.
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CONCLUSION

Our study showed that telerehabilitation did not provide
an additional advantage in subjective parameters (rest-
VAS, WOMAC, and SF-12) evaluating pain, function, and
quality of life. However, in objective measurements, it was
observed that the remote rehabilitation group improved
moreinactivity pain,quadriceps femoris,hamstringmuscle
strength, and proprioception sense. Finally, as expected,
it was observed that the participation and satisfaction of
individuals who received telerehabilitation were higher. It
can be said that the additional gains obtained from the
8-week exercise program in the telerehabilitation group
were reflected in the clinician-based measurements but
not in the rest pain, function, and quality of life reports,
despite the increased participation and satisfaction.
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Additional File 1

Home Exercises

Exercise 1: Knee extension in sitting position Exercise 7: Hip extension with knee extended in prone
] ju position
a b

—— e — 3
Exercise 2: Isometric knee extension with towel
compression below the knee in the long sitting position Exercise 8: Hip abduction in side lying position

a

Exercise 9: Standing toe raise

Exercise 10: Gastrosoleus stretching with rigid sheet in
long sitting position

Exercise 11: Hamstring stretching with rigid sheet in
supine position

Exercise 6: 90° knee flexion in prone position

a
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10.

11.

12.

Additional File 2

Useful Suggestions for Knee Pain

Go up and down as few stairs as possible and use the elevator if available.

Avoid activities such as crossing legs, tucking legs under, and sitting on the floor. Choose a seat that is a high chair
or sofa. Do not sit on low and soft sofas. When sitting, put your feet a little forward and try not to bend your knees
too much. When standing up after sitting, try to get support from somewhere with your hands.

Sit on a stool when praying.
When using the toilet, use a European (sitting) toilet. Do not use squat toilets.

If you are overweight, consult a specialist to lose weight and do the exercises we recommend regularly. Excess
weight puts excessive strain on your knee joint and causes further wear on your joint surfaces. So be careful about
losing weight.

Do not stand still for long periods of time. If you are in a situation where you have to stand for a long time, if there
is a small elevation where you are every 5 minutes, put your feet on that elevation in order to let your knees rest. If
there is no elevation, bend one leg slightly from the knee and rest that knee. Or, with a cane, you can move the cane
to the right and left side by side, allowing your knees to rest.

If you are a smoker, stop smoking. Smoking and cigarette smoke will adversely affect blood circulation and prevent
adequate nutrition of your knee joint. As a result, the healing of your knee will really slow down.

When you have knee pain, place a cold pack wrapped in a towel on your knee for 5 minutes. Meanwhile, breathe
calmly into your lower abdomen for 4 seconds and exhale slowly for 8 seconds. Get rid of bad thoughts, do an
activity such as listening to calming music, drinking tea, watching beautiful scenery, thinking about a good moment.

Do not do movements that cause pain in your knee. When your pain starts, take a break from your work and rest
for a while.

Do not walk for a long time. Walks should not exceed 15-20 minutes. If you have to walk for a long time, walk with
a cane on the painless side. Use soft-soled shoes. The ground you walk on should be soft ground suitable for
walking. Do not walk on extremely rough roads.

Do the recommended exercises regularly. These exercises will strengthen your muscles, accelerate nutrition and
healing of your knee joint, and make you feel more energetic.

Remember, the only treatment for your knee pain before surgery and without adverse effects is regular exercise and
following the recommendations.

We wish you good health.
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Abstract

Aim: In order for a person to stand in a balanced way, the pelvis and spine must be in harmony. The aim of this study was to determine
the normal ranges of spinopelvic parameters in children and adolescents in Turkiye.

Material and Method: In our study, computed tomography images of 1018 healthy 7-17 year olds were examined. As a result of this
examination, sacrum pubic incidence, lumbar lordosis, sacral slope, sacral kyphosis, pelvic tilt and pelvic incidence were measured.
Results: The sacrum pubic incidence was 58.7116.17°, sacral slope 37.265.77, lumbar lordosis 42.98+8.06°, sacral kyphosis
21.27+9.96°, pelvic incidence 46.77+6.38, and pelvic tilt 9.51+5.06°. The calculations revealed that, with age, all parameters except
pelvic tilt increased significantly. A statistically significant difference was found between the age groups.

Conclusion: The results of this study will contribute to the existing literature and may give clinicians insight into sagittal corrections

in spine and pelvic surgery.

Keywords: Sagittal balance, spinopelvic parameters, sacral slope, pelvic incidence

INTRODUCTION

In recent years, numerous studies have emphasized the
significance of pelvis morphology in balanced walking and
standing upright (1-4). Understanding the morphology
of the pelvis in healthy individuals provides important
information for planned surgery operations for patients
with spinal deformity.

The spine and pelvis must be delicately balanced in
order to maintain a proper standing posture. The spine
and pelvis, which are lined up to provide the least energy
consumption, will also provide a balanced posture (5).

Basic parameters used in the evaluation of spinopelvic
balance are sacral slope (SS), pelvic tilt (PT) and pelvic
incidence. Pelvic incidence (PI) is often used to assess
the sagittal balance of the spine because It is a constant

CITATION

parameter unaffected by the pelvic and spine's positions
(6). In hip osteoarthritis or when the femoral head is not
spherical, two new parameters have been proposed,
namely sacrum pubic posterior angle and sacrum pubic
incidence, to replace pelvic incidence (7).

Numerous studies have shown a significant relationship
between spinal sagittal balance and pelvic parameters,
particularly sacral kyphosis (SK) and lumbar lordosis (LL).
It is necessary to consider the spine and pelvis as a whole
(8-11).

The presence of abnormal spinopelvic parameters are
lumbar disc hernia, low back pain, degenerative and
isthmic spondylolisthesis, degenerative disc disease,
hip osteoarthrosis and similar pathologies affect the
formation and progression. In patients with deformity,
spinopelvic parameters fall outside the normal range (12).
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Spinopelvic parameters normative values by age groups
and population have been reported in numerous research
(13-17). However, there have been few studies conducted
on the Turkish population of children and adolescents, and
these studies have utilized lateral radiography. No study
has been found regarding 3D computed tomography (CT)
images.

This study aims to determine the normative ranges of
spinopelvic parametersusing 3D CTimages andtoexamine
the development of these parameters in the Turkish child
and adolescent population.

MATERIAL AND METHOD

This study was carried out with the scope of the approval
and information of Erciyes University Clinical Research
Ethics Committee (Date and Decision No: 2019/587).

In this study, pelvis-abdominal CT images taken for any
indication of the Turkish population aged 7-17 years were
examined. After the examination, individuals with pelvic
trauma, hip dislocation, vertebral fracture and scoliosis
were excluded and 1018 pelvis-abdominal CT images were
selected. The study examined pelvic-abdominal CT images
of 1018 healthy children and adolescents (503 female,
515 male, aged 7-17 years) from the Turkish population.
The study measured sacral kyphosis, lumbar lordosis,
sacral slope, pelvic tilt, pelvic incidence and sacrum
pubic incidence (SPI). Each age range is regarded as a
group when evaluating by age and divided into 11 groups.
The differences between the groups were evaluated
statistically.

Creation of 3D Pelvis Skeleton and Measurement of Angles

Three-dimensional pelvis skeleton model was created from
pelvis-abdomen CT images for 3D measurement. From
this model, anatomical structures other than the reference
points required for measurement were excluded from this
skeleton model. The measurement of the parameters was
performed on the sagittal plane through this image.

While measuring the sacral slope, pelvic tilt and pelvic
incidence, the wings of the sacrum and femoral heads
were adjusted on top of the sagittal plane. Then, the screen
shot was taken and the measurement of the parameters
was carried out in the ImageJ program with the Duval-
Beaupere method (Figure 1) (6).

Lumbal lordosis and sacral kyphosis were measured using
Picture Archiving and Communication System (PACS). In
the lumbal lordosis measurement using the Cobb method,
the angle between the line drawn tangent to the superior
endplate of L1 and the line drawn tangent to the superior
endplate of S1 was calculated (8). Sacral kyphosis is
defined as the angle formed by a line connecting the
midpoint of the inferior and superior borders of S1 and a
line connecting the inferior borders of S2 and S4. (Figure
2) (9,18).
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While measuring the SPI, the sacrum wings were adjusted
to overlap and the created pelvic skeleton was cut in half
in a horizontal plane. The left part was removed and the
sacrum pubic incidence was measured in the ImageJ
program through this image. To measure the sacrum pubic
incidence, the vertical line passing through the midpoint
between the anterior and posterior edges of the upper
surface of S1 and the angle between this point and the
line connecting the upper edge of the symphysis pubis are
measured (Figure 1) (7).

Pelvic

incidence

Figure 1. 1A. Measurement of PI, PT and SS with the Duval-Beaupére
method. In Pl measurement, the midpoint of the superior endplate of S1
is determined and a perpendicular line is drawn from this point. Then, a
line is drawn from this determined point to the femoral head. The angle
between this line and the vertical line gives the pelvic incidence. In PT
measurement, the angle created by a vertical line that passes through the
sacral endplate's midpoint, the center of the femoral axis, and the center
of the femoral head is measured. In SS measurement, the angle between
the line tangent to the superior endplate of S1 and the horizontal line
passing through the rear point of the superior endplate of S1 is measured
1B. In SPI measurement, the vertical line passing through the midpoint
between the anterior and posterior edges of the superior endplate of S1
and the angle between this point and the line connecting the upper edge
of the symphysis pubis is measured.

Figure 2. 2A. Measurement of lumbar lordosis by the Cobb method, In
the LL measurement, the angle between the line drawn tangent to the
upper surface of L1 and the line drawn tangent to the upper surface of S1
was measured 2B. In SC measurement, the angle formed by the midpoint
of the inferior and superior borders of S1 and the line connecting the
inferior borders of S2 and S4 was measured

Statistical Analysis

The normal distribution suitability of the data was
assessed using histograms, Q-Q plots, and the Shapiro-
Wilk test. Levene's test was used to test for variance
homogeneity. For quantitative variables, two independent
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samples t-tests were used to compare groups. Method
comparisons were performed using Passing-Bablok
regression analysis. The statistical software TURCOSA
(Turcosa Analytical Solutions Ltd. Co., www.turcosa.com.
tr) was used for data analysis. The significance level was
set at p<0.05.

Correlation coefficient levels: 0.0<r<0.20 very poor
relationship, 0.20<r<0.40 weak level relationship,
0.40<r<0.60 medium level relationship, 0.60=r<0.80 good
level relationship, 0.80=r<1.00 very good relationship.

Table 1. Comparison of spinopelvic parameters by gender

Med Records 2024;6(2):212-8

RESULTS

Comparison of Spinopelvic Parameters by Gender

Pl, PT, SS, LL, SK and SPI values of 1018 (503 female,
515 male) healthy individuals included in the study were
measured. Table 1 shows the mean values and standard
deviations of the spinopelvic parameters for males and
females. The LL value was higher in women than in men
and this statistical difference was significant (p<0.01). PI,
PT, SS, SK and SPI values were not statistically significant
in men and women (p>0.05).

Parameters
Female (n=503)

Pl () 47.0316.68
PT (°) 9.4915.21
SS () 37.5445.93
LL (°) 43.9748.41
SK (°) 21.44+10.06
SPI (°) 58.916.50

Gender p value
Male (n=515)
46.5246.07 0.202
9.54+4.91 0.873
36.98+5.60 0.120
42.0147.58 <0.01+
21.10+9.88 0.583
58.54+5.84 0.350

Data are shown as meantstandard deviation. PI: pelvic incidence, PT: pelvic tilt, SS: sacral slope, LL: lumbar lordosis, SK: sacral kyphosis, SPI:

sacrum pubic incidence

Values of Spinopelvic Parameters

Table 2 presents the measured spinopelvic parameters
results. The PI, PT, SS, LL, SK and SPI means (+ standard
deviation) were 46.77+6.38°, 9.5145.06°, 37.26%5.77°,
42.98+8.06°, 21.27+9.96° and 58.71+6.17° respectively. PI,
SS, LL, SK and SPI tend to increase with age. This increase
in Pl and SPI becomes particularly evident with the onset

of puberty (Figure 3). The Pl value shows a statistically
significant difference between the 7-11 and 13-17 age
groups and between the 12 and 15-17 age groups (p<0.01).
SS and SPI values show statistically significant differences
between 7-9 and 13-17 age groups (p<0.01). Age-related
changes and statistical significance of spinopelvic
parameters are shown in Figure 3.

Table 2. Values of spinopelvic parameters

Age n PI(°) PT (°)

7 83 44.08+5.47 10.43+5.56
8 96 43.735.81 8.7745.67
9 84 43.451+5.14 8.3845.11

10 85 44.6416.40 8.20+5.48
11 85 44.61+6.51 8.47+5.45
12 83 46.09+6.43 8.74+5.08
13 102 48.6516.27 10.43+4.95
14 100 48.6915.62 10.31+4.22
15 100 49.41+5.50 10.15+4.61
16 100 49.4615.72 10.22+4.39
17 100 49.78+5.98 9.99+4.60

Total 1018 46.77+6.38 9.5145.06

SS () LL (°) SK () SPI ()
33.6416.24 38.65:7.13 16.337.93 55.78+5.20
34.96+5.26 41.25+8.30 18.90+8.38 56.07+5.60
35.07+5.59 42.29+8.16 21.33+9.09 55.5145.27
36.44+5.24 42.46£7.57 20.65+8.56 56.73£6.22
36.156.21 43.2249.22 21.96+11.01 57.666.29
37.356.48 42.9148.70 20.25+10.38 58.99:6.21
38.2245.23 43.5148.24 23.58+10.90 60.87+6.24
38.3845.27 43.94+7.76 22.199.89 60.14+5.46
39.27+4.90 44.51£7.10 23.27+9.95 61.035.28
39.23+4.97 44.70+7.44 22.00+9.87 60.33+5.72
39.78+4.84 44.37+7.53 22.38+11.03 61.176.23
37.2645.77 42.98+8.06 21.27+9.96 58.71+6.17

Data are shown as meantstandard deviation. PI: pelvic incidence, PT: pelvic tilt, SS: sacral slope, LL: lumbar lordosis, SK: sacral kyphosis, SPI:

sacrum pubic incidence
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Figure 3. 3A. Age-related change of PI. Pl values show a statistically
significant difference between the 7-11 and 13-17 age groups and
between the 12 and 15-17 age groups (p<0.01) 3B. Age-related change
of PT. PT values did not differ statistically between age groups (p > 0.05)
3C. Age-related change of SS. SS values show statistically significant
differences between 7-9 and 13-17 age groups (p<0.01) 3D. Age-related
change of LL. LL values show statistically significant differences between
7 and 13-17 age groups (p<0.01) 3E. Age-related change of SK. SK values
show statistically significant differences between 7 and 13-17 age groups
(p<0.01) 3F. Age-related change of SPI. SPI values show statistically
significant differences between 7-9 and 13-17 age groups (p<0.01)
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Method Comparison and Estimating of Pelvic Incidence

The SPI shows a very strong positive correlation with the
Pl (Figure 4). SPI cannot be used as a substitute for PI.
However, this value is sensitive for the estimation of the
Pl value in cases where the Pl cannot be measured. For PI
estimation, the formula SPI=0.97(PI)+13.38 can be used
(Table 3).

80

70—

Sacrum pubic incidence
[=2]
o
1

4c 1 1 1 1
30 40 50 60 70
Pelvic incidence

Figure 4. Correlations of Pl and SPI. The clustering of points close to a
linear line indicates a very strong positive correlation between Pl and SPI

Table 3. Method comparison

Passing-Bablok

Variable
B, (95%) B, (95%)
13.38 0.97
laSHE (12.55-14.26) (0.95-0.98)

ICC CccC
Coefficient p value Coefficient
0.96 0.34
(0.96-0.97) S (0.32-0.36)

Pl: pelvic incidence, SPI: sacrum pubic incidence, ICC: intraclass correlation coefficient, CCC: concordance correlation coefficient

DISCUSSION

In order to follow the progression of deformities in patients
with spinal deformities and to plan appropriate treatment
for these disorders, it is necessary to know the normal
value ranges of spinopelvic parameters in individuals
without spinal deformities. Many studies have shown
that pelvic parameters are in a great relationship with the
spinal sagittal balance, especially lumbar lordosis, and
the importance of considering the spine and pelvis as a
whole has been mentioned (8,10). There are few studies
examining the spinopelvic parameters of healthy children
and adolescents in the Turkish population. Our aim in this
study is to determine the normal spinopelvic parameter
ranges in healthy Turkish child and adolescent population
and to use them as an aid in surgical planning in pediatric
individuals with spinal deformity.

In studies in the literature, lateral radiography images,
magnetic resonance images and three-dimensional CT
images were used to calculate spinopelvic parameter
values. On lateral radiographs, rotation of the pelvic
skeleton may occur during acquisition, and therefore the
two femoral heads do not always coincide. In such cases,
the intersection of the two femoral heads is taken as a
reference for measurement.

Iplikcioglu et al., showed that spinopelvic parameters
measured using CT have high validity and reliability (19).
Tyrakowski et al., Vrtovec et al. and Chen et al., reported
that there is less margin of error in the measurement of
pelvic parameters using three-dimensional CT compared
to lateral radiography (20-22). Therefore, in our study, the
measurement of pelvic parameters was made using a
three-dimensional pelvic skeleton model.

In the literature, there are studies examining the change
in pelvic incidence in healthy children and adolescents
belonging to the Turkish population or other populations
(Table 4). Inthe studies reviewed, Bailey et al. reported that
pelvic incidence did not increase with age; other studies
reported that pelvic incidence increases with age and a
statistically significant difference was found between
age groups (5,8,15,23-25). In addition, Mac-Thiong et al.,
Tonbul et al. and Abelin-Genevois et al. reported in their
study that there was no statistically significant difference
between the mean pelvic incidence values in male and
female individuals (5,15,23,25). In our study, the mean
pelvic incidence value in men and women was found to
be 46.52+6.0 and 47.03+6.6, respectively, while the mean
pelvic incidence value of all individuals included in the
study was found to be 46.77+6.3. In our study, it is seen
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that the pelvic incidence increases with age, and there is
no statistically significant difference between the mean
pelvic incidence values in male and female individuals.
Our results are compatible with the literature.

There are studies in the literature examining the pelvic
tilt changes of healthy children and adolescents from
the Turkish population or other populations (Table 4). In
the studies reviewed, Abelin-Genevois et al. reported that
pelvic tilt value did not increase with age in their study,
while Mac-Thiong et al. and Tonbul et al. reported that
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pelvic tilt value increases with age and a statistically
significant difference was found between age groups
(5,15,23). In our study, there was no increase in pelvic
tilt value with age. We think that this may be due to the
method used and the fact that our study includes a more
limited age group compared to other studies. It has been
reported that there is no statistically significant difference
between the mean pelvic tilt values in men and women
in all studies examined. The results of our study are also
compatible with the literature.

Table 4. Comparison of studies in the literature

) e PI PT ss LL
Studies UM and n
groups Mean+SD M/F Mean+SD M/F Mean+SD M/F Mean+SD M/F
11-17 47.4475 58.2¢11.5
LETEEVCEIEL e g e 57.0¢11.5 i . i i i 58.3:10.8 .
Mac-Thionget  4-9 R- 180 44.6£10.6 ) 43181 ) 40.3:8.7 ] 45.6412.1 )
al. (2004) 10-18 (68 M, 112F)  49.3+11.2 7.947 41.4185 49.2412.4
Mac-Thiong et R-341 49.2¢11.2 6.547.5 41.718.4 46.6£10.8
al. (2007) 318 qarm20aF) HOTHTO 4g7ii07 T8O ghig3 ATAB2 45080 4BOHNTT segiinn
R- 120 49.4£11.4 6.747.8 42.88.7
Tonbul et al. 318 comeop 490100 ool TBB1  griel 424186 ool - -
Abelin- R- 85 44.1
Genevoisctal. 318 (omasp 445:76 453438 54459 6147 39481 392392 451108 P
2-9 44.0£6.5 34.246.9
Baileyetal.  10-14 138%1 ;g b 481185 : - - ; - 42,4487 -
15-20 ' 46.648.4 43.1£8.0
) MR-413 34.6847.7 40.9410.1
Sevinc et al. 13-40 (188 M, 225 F) - - - - 35.3617.6 37.06+8.3 43.21+9.9 47245111
Tokpinar et al. 1-16 MR-321 - - - - - - 28.0+7.3 -
3CT-1018 46.5216.0 9.5414.91 36.9815.6 42.0147.5
Current study 7-17 (515 M, 503 F) 46.77+6.3 47.0346.6 9.51+5.06 0.4945.21 37.2615.7 37 5445.9 42.98+8.0 43.9748.4

UM: modality used, MR: magnetic resonance, 3CT: 3D computed tomography, R: radiography, M: male, F. female, n: number of samples, PI: pelvic

incidence, PT: pelvic tilt, SS: sacral slope, LL: lumbar lordosis

In the literature, there are studies examining the change
in the value of the sacral slope in healthy children and
adolescents belonging to the Turkish population or other
populations (Table 4). In the studies reviewed, Seving et al.
and Abelin-Genevois et al. found a significant difference
between the mean sacral slope values in men and women,
Mac-Thiong et al. and Tonbul et al., on the other hand,
reported that there was no significant difference between
the mean sacral slope values in men and women in their
studies (5,15,23,25,26). In our study, the mean sacral slope
values in male and female individuals were calculated as
36.9815.6 and 37.54+5.9, respectively, and no statistically
significant difference was found between the two groups.

Studies have reported that the increase in sacral slope
with age is not statistically significant. In our study, this

increase was statistically significant between the 7 and
12-17 age groups. We think that this difference may
be due to the narrower age group included in the study
compared to other studies, the use of different modalities,
and the differences between populations.

In the studies examined, it is seen that the mean lumbar
lordosis value differs between men and women. Mac-
Thiong et al. did not find this difference statistically
significant, while other studies found this difference
between genders statistically significant (8,15,23,26,27). In
our study, mean lumbar lordosis values in male and female
individuals were found to be 42.01+7.5 and 43.9718.4,
respectively, and a statistically significant difference was
observed between the two groups. The result of our study
is compatible with the literature.
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Hanson et al. found the lumbar lordosis value by
measuring the T12-S1 interval in their study (24). Seving
et al. found the lumbar lordosis value by measuring the
L1-S1 interval in their study (26). Tokpinar et al., on the
other hand, found the lumbar lordosis value by measuring
the L1-L5 interval in their study (27). In our study, the
lumbar lordosis value was found by measuring the L1-
S1 interval. Measurement values at the same level were
found at different intervals in different studies. This is due
to differences in measurement methods. (Table 4).

McKay et al. reported the mean pelvic incidence and sacral
kyphosis values as 55.3° and 35.1°, respectively, in their
study on healthy adults (11). They reported a statistically
significant relationship between pelvic incidence and
sacral kyphosis (r=0.636, p<0.001). Baker et al. reported
mean pelvic incidence and sacral kyphosis values as
50.1+10.08° and 24.2+13.1°, respectively, in their study on
healthy adults (9). They reported a statistically significant
correlation between pelvic incidence and sacral kyphosis
(r=0.796, p<0.05). In our study, mean pelvic incidence and
sacral kyphosis values were calculated as 46.77+6.38°
and 21.2749.96°, respectively. There is a significant
relationship between pelvic incidence and sacral kyphosis
(r=0.606, p<0.01). The result of our study showed that the
relationship between these parameters in children and
adolescents is similar to the relationship in adults. Due
to an anatomical relationship between sacral kyphosis
and sacral slope, we think that the increase in sacral
kyphosis will affect the sacral slope and therefore the
pelvic incidence will be affected. The positive correlation
they found between pelvic incidence and sacral kyphosis
supports this.

Wang et al. reported mean pelvic incidence and sacrum
pubic incidence values as 46.94+9.9°, 68.319.4° in women,
and 44.6+9.0° and 64.4+9.5° in men, in a study they
conducted on healthy adults (7). They reported that there
was no statistically significant difference between mean
pelvic incidence and sacrum pubic incidence values in
men and women (p>0.05). They reported a statistically
significant relationship between pelvic incidence and
sacrum pubic incidence (r=0.958, p<0.01, respectively).
They reported that sacrum pubic incidence is a sensitive
parameter that can be used in the estimation of pelvic
incidence. In our study, mean pelvic incidence and sacrum
pubic incidence values were calculated as 47.03+6.68°,
58.946.50° in women and 46.52+6.07° and 58.54+5.84° in
men, respectively. It is seen that there is no statistically
significant difference between mean pelvic incidence
and sacrum pubic incidence values in men and women
(p>0.05). There is a statistically significant relationship
between pelvic incidence and sacrum pubic incidence
(r=0.962, p<0.001). We can say that sacrum pubic
incidence has a very strong relationship with the pelvic
incidence, and this parameter can be used to estimate the
pelvic incidence.

CONCLUSION

As a result, it is important to know the normal sagittal
values of the spine, which performs many functions in a
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healthy individual. Sacral slope, pelvic incidence, lumbar
lordosis tend to increase with age during childhood and
adolescence to maintain adequate sagittal balance during
growth. Unlike other studies of the Turkish population, we
used a larger sample size and evaluated more parameters
to determine the normative values of spinopelvic
parameters of the Turkish population. In addition, we
performed our measurements on a three-dimensional
model of the pelvis skeleton, which, unlike other studies,
gave more precise results. We believe that this study, in
which we examined the changes in spinopelvic parameters
in healthy individuals during childhood and adolescence,
will contribute to the literature and give clinicians ideas for
sagittal corrections in spine and pelvis surgery.
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Abstract

Aim: Proximal humerus fractures are common injuries in the elderly population. This study hypothesizes that arthroplasty is not
superior to conservative treatment in the management of multi-part proximal humerus fractures in elderly patients.

Material and Method: Patients aged 65 and above with 3—4-part proximal humerus fractures, treated either conservatively or with
arthroplasty, were included in the study. The minimum follow-up period was set at 12 months. Functional evaluations of the patients
were performed using the Quick Disabilities of Arm, Shoulder and Hand (Q-DASH) scoring system. Statistical analysis comparing the
two groups was conducted using the SPSS software. The mean values of numerical data were analyzed using the Mann-Whitney U
test, while categorical data were compared using the Chi-square test. A significant level of 0.05 was considered.

Results: A total of 67 patients who received adequate clinical follow-up were included in the study (50 conservative 17 arthroplasty).
The average age of the patients was 76.12 years, with 9 male and 58 female patients. The average follow-up period was 22.61
months (range: 12-82). There were no statistically significant differences in age, gender, side, follow-up period, and fracture type
distribution between the two groups. However, a significant difference in Q-DASH scores was observed (p<0.05).

Conclusion: In the treatment of proximal humerus fractures, even when they are multi-part fractures, conservative treatment should
may be the first choice. We think that the early results of conservative treatment are better than arthroplasty.

Keywords: Proximal humerus fracture, conservative treatment, shoulder arthroplasty

INTRODUCTION

Proximal humerus fractures represent a frequent
occurrence among the elderly and pose considerable
dilemmas in determining the most appropriate course
of treatment (1,2). Given the functional impairment and
diminished quality of life associated with these fractures,

need for surgical intervention. However, recent advances
in surgical techniques and implant designs have led to
the increased utilization of arthroplasty as an alternative
treatment modality (2,3).

Arthroplasty, encompassing both hemiarthroplasty and
reverse shoulder arthroplasty (RSA), offers the potential

especially those categorized as 3- or 4-part fractures,
selecting the optimal treatment approach remains
a subject of ongoing discussion among orthopedic
specialists (1,2).

Traditionally, conservative management, including sling
immobilization, early motion exercises, and physical
therapy, has been the preferred approach for managing
proximal humerus fractures in the elderly (1). This
conservative approach aims to achieve fracture healing,
pain relief, and restoration of shoulder function without the

CITATION

benefits of immediate stability, anatomical alignment,
and improved functional outcomes (3). This surgical
intervention replaces the damaged or fractured proximal
humerus with an artificial joint, thus providing structural
support and facilitating early rehabilitation (4). Despite
the growing popularity of arthroplasty, the optimal
treatment strategy for elderly patients with 3- or 4-part
proximal humerus fractures remains a subject of ongoing
investigation.

By comparing the outcomes of conservative management

Akdemir M, Bicen AC, Turan AC, et al. Comparison of Conservative and Arthroplasty Treatment for 3 or 4 Part Proximal Humerus
Fractures in the Elderly. Med Records. 2024;6(2):219-23. DOI:1037990/medr.1418007

Received: 11.01.2024 Accepted: 23.04.2024 Published: 08.05.2024

Corresponding Author: Mehmet Akdemir, Ekol Hospital, Department of Orthopaedics, izmir, Tiirkiye

E-mail: akdemir_mehmet@yahoo.com

219


https://orcid.org/0000-0001-9638-4907
https://orcid.org/0000-0002-0711-9376
https://orcid.org/0000-0002-7149-3055
https://orcid.org/0000-0001-9302-9475
https://orcid.org/0000-0001-7491-6044
https://orcid.org/0000-0001-9576-5994
https://creativecommons.org/licenses/by-nc-nd/4.0/

DOI: 10.37990/medr.1418007

and arthroplasty, we seek to shed light on the relative
efficacy, functional outcomes, and complications
associated with each approach. The aim of our study is
to contribute to the ongoing discussion surrounding the
treatment of 3- or 4-part proximal humerus fractures in
the elderly population (5).

MATERIAL AND METHOD

After obtaining ethical approval from the institutional
review board, patients with proximal humerus fractures
who were treated conservatively or with arthroplasty
between 2011 and 2019 at our clinic were included
in the study. Three or four-part displaced fractures
were identified using direct radiographs and computed
tomography images (according to Neer classification,
types Il and IV) (2). Patients aged 65 and above at the
time of fracture occurrence were enrolled in the study.
Patients under 65 years old, those with pathological
fractures, those who could not be clinically followed, non-
displaced or two-part fractures, those treated with plates,
screws, or K-wires, patients with inadequate clinical
follow-up or significant cognitive impairment, and those
with advanced systemic conditions were excluded from
the study. Patients who underwent surgery within T month
after the fracture occurred were included in this study.
Arthroplasty patients who underwent later sequelae
after bone union were not included in the study. Reverse
shoulder arthroplasty was preferred for patients with no
additional health problems and better bone quality, and
hemiarthroplasty was preferred for patients who were
older and had lower expectations.

In the conservative treatment group, patients were
followed with a shoulder-arm sling for three weeks. All
patients in this group had declined surgical intervention
despite being recommended due to fracture displacement.
Reduction with simple traction was attempted in fracture-
dislocation patients. In case of non-reduction, surgical
treatment was recommended to the patients, but patients
who did not accept were followed in the conservative
group. Fracture union evaluation was performed using
direct radiographs after the follow-up period. Elbow and
wrist movements were initiated by removing the shoulder-
arm sling. Shoulder movements were initiated after
removing the sling (Figure 1).

Figure 1. A. Four-part proximal humerus fracture, at the time of
presentation B. At the end of the conservative treatment of the same
patient
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Surgical procedures of patients who underwent
arthroplasty were performed by the authors who
contributed to the article. Patients who underwent
arthroplasty were operated on under general anesthesia
in the beach chair position. The procedure was performed
through a deltopectoral incision. Tubercle fragments were
secured with 5-0 Ethicon sutures. The humeral head was
excised, and the humerus was reamed. Although cement
was used only in some reverse shoulder prostheses, it was
not used in hemiarthroplasty patients. For patients who
received reverse shoulder prostheses, glenoid reaming
was performed. The glenoid component was placed
and fixed with 3-4 locking screws. A glenosphere was
inserted, a reverse polyethylene cup was placed on the
humeral component, and joint reduction was performed.
Once stability was achieved, tubercles were anatomically
reduced and fixed in place using sutures passed through
the prosthesis or the humerus. Prophylactic antibiotics
were administered for 48 hours postoperatively. Deep vein
thrombosis prophylaxis was initiated with subcutaneous
enoxaparin sodium 0.4 cc for 10 days. Patients were
followed with a shoulder-arm sling for two weeks. Elbow
and hand movements were initiated immediately after
surgery. Pendulum exercises were initiated, followed
by gentle passive movements based on the patient's
tolerance. Depending on the patient's condition, active
movements were introduced from the second week to the
first month, and patients were followed with the assistance
of the physiotherapy unit (Figure 2).

Figure 2. A. Four-part proximal humerus fracture, preoperative x-ray B.
Post operative x-ray of the patient. The treatment was reverse shoulder
arthroplasty

The clinical evaluation of patients was performed using
the Quick Disabilities of Arm Shoulder and Hand (Q-DASH)
scoring system. Q-DASH scoring was routinely applied
after the first year after surgery. Some of the patients had
their scores evaluated at outpatient clinic controls, and
some of them were called by phone. The application of
the scores was done by the physiotherapists working in
our clinic, both in the outpatient clinic and by phone call.

Statistical analysis involved using mean and median
values for numerical data and rates/percentages for
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categorical data. The Shapiro-Wilk test was used to
assess the normality of the numerical data distribution.
Parametric tests were employed to compare two groups
when the data followed a normal distribution, and
nonparametric tests were used when the data did not
follow a normal distribution. The chi-square test was used
for the evaluation of categorical data. Fisher's exact test
was used when the observed table value was less than 5.
A significance level of p<0.05 was considered statistically
significant.

RESULTS

A total of 131 patients were treated for proximal humerus
fractures classified as three or four-part fractures. Among
them, 27 patients were treated with plates and screws.
Due to differences in the age distribution of patients
treated with plates and screws, they were excluded from
the study. The remaining 104 patients were treated with
either conservative or arthroplasty methods. Out of the
104 patients, 67 patients were included in the study after
excluding those who could not be clinically followed, had
several reasons for mortality, or lacked sufficient cognitive
ability for functional scoring. Among these patients,
50 were treated conservatively, and 17 underwent
arthroplasty (Table 1). Among the patients who underwent
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arthroplasty, four received hemiarthroplasty, and 13
received reverse shoulder prosthesis.

The average age of the patients was 76.12 (range: 65-
87) years. There were nine male patients (13.4%) and 58
female patients (86.6%). Treatment was performed on
the right side in 42 patients (62.7%) and on the left side
in 25 patients (37.3%). The average follow-up period
was 22.61 months (range: 12-82). Fracture-dislocations
were observed in 14 patients, three-part fractures in
22 patients, and four-part fractures in 31 patients. The
statistical analysis showed no significant differences
between the two groups in terms of age, gender, side,
follow-up period, and fracture type distribution (p>0.05)
(Table 1). The average Q-DASH scores of the patients
were 21.68 (range: 0-70.45). The average Q-DASH score
was 15.59 for patients treated conservatively, while it was
39.57 for those who underwent arthroplasty. There was a
statistically significant difference between the two groups
(p<0.05, Mann Whitney U test) (Table 1).

There were two complications after arthroplasty; one
periprosthetic fracture and the other was a dislocation.
There was no infection in our series. We did not have any
patients in the conservatively treated group with nonunion,
infection, or additional instability.

Table 1. Statistical comparison of general demographic values and clinical score (Quick Disabilities of Arm, Shoulder, and Hand; Q-DASH)

Conservative

Number of patients 50 75%
Mean age (years) 76.12 +/-6.79
Gender Male 6 12.0%
Female 44 88.0%
Side Right 32 64.0%
Left 18 36.0%
Mean follow-up time (months) 23.74 +/-17.17
Fracture type  Fractured dislocation 8 16.0%
Three parts 16 32.0%
Four parts 26 52.0%
Mean Q-DASH score 15.59 +/-11.95

DISCUSSION

The optimal treatment strategy for elderly patients with
3- or 4-part proximal humerus fractures remains a subject
of ongoing investigation. Proximal humerus fractures
in the elderly population can have a substantial impact
on functional capacity and quality of life. Traditionally,
conservative management has been the preferred
approach, aiming to achieve fracture healing, pain relief,
and restoration of shoulder function without surgical
intervention (1). The main finding of this study shows
that there is a statistically significant difference between
conservative treatment and arthroplasty treatment.
The Q-DASH scores of the patients who underwent
conservative treatment were found to be lower than the
patients who underwent arthroplasty. This result shows
that conservative treatment provides better clinical

Arthroplasty All p value
17 25% 67 -
76.12 +/-4.76 76.12 0.954
3 17.6% 9 13.4% 0.682
14 82.4% 58 86.6%
10 41.2% 42 62.7% 0.703
7 58.8% 25 37.3%
19.29 +/- 4.31 22.61 0.608
6 35.3% 14 20.9% 0.157
6 35.3% 22 32.8%
5 29.4% 31 46.3%
39.57 +/-15.20 <0.001
outcomes.

However, recent advances in surgical techniques and
implant designs have led to the increased utilization of
arthroplasty as an alternative treatment modality (6).
Arthroplasty offers potential benefits such as immediate
stability, anatomical alignment, and improved functional
outcomes (3,6). Studies have shown that arthroplasty can
provide structural support and facilitate early rehabilitation
by replacing the damaged or fractured proximal humerus
with an artificial joint (4). Due to the elevated risk of
osteoporosis, bone defects, graft requirements, and
osteonecrosis, arthroplasty is preferred over internal
fixation (7). In these studies, the risk of osteonecrosis in
proximal humerus fractures in elderly and osteoporotic
patients has been reported to be between 16% and 22%
(8-10). Additionally, poor outcomes have been reported
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due to tuberosity displacement and improper positioning
of the humeral head (2,7,11). However, some studies
have shown that a significant portion of patients with
radiological avascularnecrosis are minimally symptomatic
or asymptomatic (2,11). In elderly patients with poor
expectations, tuberosity displacement or varus-valgus
angulation may have fewer clinical implications (2,11).
Some authors have recommended arthroplasty for 3- or
4-part proximal humerus fractures in the elderly (12). While
hemiarthroplasty was preferred in previous years, reverse
shoulder arthroplasty is currently more favored (13). In our
study, the arthroplasty group, we observed unfavorable
outcomes.

Nevertheless, in recent years, there has been an increase
in publications reporting that conservative treatment
yields fewer complications and better clinical outcomes,
particularly in elderly patients with poor bone quality,
low expectations, and additional comorbidities (2,11).
Postoperative complications such as instability (2-31%),
infection (1-15%), scapular notching (44-96%), glenoid
loosening (5-38%), tubercular malposition (50%) and
anesthesia-related complications are frequently observed
after arthroplasty (2,14). However, these issues are not
seen in patients undergoing conservative management.
Avascular necrosis, malunion, and nonunion, which may
occur in conservatively managed patients, are not as
common in this age group. Therefore, recent publications
have begun reporting better outcomes in conservatively
treated proximal humerus fractures, especially in elderly
patients (15-18). Our patient group also achieved
statistically better clinical outcomes in the conservative
group (p<0.05).

Our study aimed to compare the outcomes of conservative
managementandarthroplastytreatmentforelderlypatients
with 3- or 4-part proximal humerus fractures. It is crucial
to consider patient-specific factors when selecting the
optimal treatment approach. Age, fracture displacement,
bone quality, comorbidities, and patient expectations
should all be considered (19,20). By evaluating these
factors and their impact on treatment outcomes, our study
provides a comprehensive assessment of the benefits
and risks associated with conservative and arthroplasty
treatment options for elderly patients with 3- or 4-part
proximal humerus fractures. In our analysis, we found no
significantdifferencesinage,gender,side, follow-up period,
and fracture type distribution between the conservative
management and arthroplasty groups (p>0.05). However,
therewas astatistically significant differenceintheaverage
Q-DASH scores between the two groups (p<0.05, Mann
Whitney U test). The conservative treatment group had
lower Q-DASH scores (15.59) compared to the arthroplasty
group (39.57), indicating better functional outcomes in the
conservative management group (3,15,16).

While arthroplasty may offer immediate stability and
anatomical alignment, it is important to consider the
potential complications associated with surgery, such as
infection, implant failure, and limited implant longevity
(4). On the other hand, conservative management aims to
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avoid surgical intervention and its associated risks. Our
findings support the notion that conservative management
can achieve satisfactory functional outcomes for elderly
patientswith 3- or4-partproximalhumerusfractures(1,15-
18).

This study has limitations. Retrospective studies rely on
existing medical records, and there may be variations
in the documentation and availability of information,
potentially impacting the accuracy and completeness
of the data analyzed. The sample size was relatively
small. The decision to choose between conservative and
arthroplasty treatments was not randomized but based
on individual patient factors and preferences. Among
the patients who underwent arthroplasty, some patients
had hemiarthroplasty, and some had reverse shoulder
arthroplasty. Further research with larger sample sizes
and multi-center studies would be beneficial to validate our
findings and provide more robust evidence for treatment
decision-makinginthispatientpopulation.Q-DASHscoring
is subjective rather than objective scoring. It is a patient
dependent score. It does not look at data such as joint
range of motion and muscle strength. This issue should be
taken into consideration when evaluating Q-DASH scoring.
Our follow-up period was not sufficient for the development
of posttraumatic arthrosis in the conservatively treated

group.
CONCLUSION

In conclusion, our study adds to the ongoing discussion
surrounding the treatment of 3- or 4-part proximal humerus
fractures in elderly patients. Based on our findings,
conservativemanagementcan offer satisfactory functional
outcomes for elderly patients, while arthroplasty may be
considered in select cases where immediate stability and
anatomical alignment are crucial. Clinical judgment and
patient preferences should guide treatment decisions,
considering individual patient factors. Future research
should aim to further clarify the optimal treatment strategy
by addressing the limitations of our study and conducting
larger-scale investigations.
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Abstract

Aim: To evaluate the relationship between the 2nd and 4th finger measurement ratio (2d:4d) ratio of university students' internet
addiction level through phone use.

Material and Method: 322 students were questioned about their demografic data, dominant extremity, and the device while using the
internet. Hand width (HW), length (HL), grip strength (HGS), 2d:4d measurements were taken. Young Internet Addiction Scale (YIAS)
was used for internet addiction, Smartphone Addiction Scale-Short Form (SAS) was used for smartphone addiction.

Results: In men, it was determined that there was a statistically significant difference between the groups in terms of Right-Left
HL, Left HGS, Right/4d, YIAS and SAS values. In addition, it was determined that the device preference, HL right, HL left, HGS left
and Right/4d parameters originated from normal and dependent groups. It was determined that there was a statistically significant
difference between the groups in women in terms of Left HL, Right/2d, Right/4d, Left/2d, Left/4d, Young and SAS values. It was
determined that the device preference was due to individuals falling into the normal group of Left HL according to the YIAS, and the
statistical difference of the Right/2d, Right/4d, Left/2d and Left/Ad parameters. It was determined that there was a moderately strong
negative correlation between SAS and Right/2d, Right/4d, Left/2d, Left/4d parameters in addicted men.

Conclusion: The gender relations of the accepted scales regarding phone and internet addiction may be due to the length of the left
hand and the movement function of the right 4d to provide control in phone use, rather than the 2d:4d finger ratios.

Keywords: 2nd and 4th finger measurement ratio, internet, smartphone, addiction, university students

INTRODUCTION the evaluation of conditions affecting mental health such
as attention deficit and hyperactivity disorder, autism
spectrum disorder, substance use, addiction, anorexia
nervosa, schizophrenia, depression, borderline personality
disorder, antisocial personality disorder (Fusar-Poli et al.,
2021). One of these approaches is the neurodevelopmental
approach. The basis of neurodevelopmental diseases is
related to development. In this context, developmental
psychopathology may result from the interaction of
both prenatal and postnatal periods (5). The ratio of the
lengths of the second finger and fourth finger on the
hand, known as 2d:4d is formed at the end of the first
trimester in the prenatal period. This ratio is considered
an indicator of testosterone and estrogen exposure.
There is increasing data showing that high testosterone
exposure is associated with behavioral problems, alcohol
Nowadays, it is seen that unidirectional perspectives have and substance use disorders, addictions and physical
begun to be replaced by multidisciplinary perspectives in aggression (6).

Mobile phones, which entered our lives in the 90s with
functions such as calling and message, have become
important with the development of technology due to
their many features such as internet use, video, photo
taking, navigation and document transfer (1). While this
developing technology makes life easier, it has also
brought about internet addiction, which we can call the
new concept of addiction (2). In the literature, Young
defined internet addiction as the desire to use the internet
excessively, the urge to constantly stay online, and
extreme irritability and aggression due to deprivation (3).
It is reported that university students, who are the group
that uses the internet most intensively, have a high risk of
internet addiction (4).
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Additionally, at the systemic neuroscientific level,
dysfunctions in the frontostriatal-limbic cycle have been
observed in people suffering from internet addiction (7).
While less is known at the molecular level underlying
these neural dysfunctions, this study aimed to evaluate
the relationship between university students' level of
internet addiction through phone use and the 2d:4d ratio.

MATERIAL AND METHOD

This study is a cross-sectional analytical study. A total of
322 volunteer students, 126 male and 196 female, from
Bandirma University Nursing and Physical Therapy and
Rehabilitation Department students participated in the
study. Criteria for inclusion in the study; being a university
student, volunteering to participate in the study, and using
a smartphone. Participants with hand and wrist diseases
or a history of trauma were excluded from the study when
measuring hands. This work was implemented with the
approval of the Bandirma University Non-Interventional
Clinical Ethics Committee (2022-165). The study complies
with the ethical standards of the Declaration of Helsinki as
revised in 2013.

Descriptive statistics median (min-max) values for the
ages of male and female students: male-normal 19
(17-41), male-risky 19 (17-28), male-addicted 21 (17-
28), female-normal 19 (17-33), female-risky 19 (17-39),
female-addicted 20 (17-28) (Table 1).

A structured survey was administered to the participants
regarding sociodemographic characteristics, telephone
and internet usage. In the evaluation form (age, gender,
height, weight, body mass index (BMI), dominant extremity,
device used while using the internet) were recorded by the
practitioner. In addition, hand width, hand length, hand
grip strength, and 2d:4d measurements of the fingers
were taken. Young Internet Addiction Scale was used for
internet addiction, and Smartphone Addiction Scale-Short
Form was used for smartphone addiction.

Evaluation Parameters

Hand Width (HW): The distance between the second and
fifth metacarpophalangel joints was measured with an
electronic digital caliper (150 mm, 0.01 mm/0.0005 inch
precision, Shan brand) (8) (Figure 1).

Hand Length (HL): The distance between the distal part of
the styloid process of the radius and the tip of the longest
finger was measured with a non-flexible tape measure (8)
(Figure 1).

Hand Grip Strength (HGS): While the individual stood
with his arms at his side and stood ready with a Saehan
brand hand dynamometer in his hand, the measurement
part of the dynamometer was held facing outwards. The
dynamometer was tightened with maximal force. The test
was applied twice for both hands and the best result was
recorded in kilograms (8).

2nd and 4th finger measurement ratio (2d:4d): The length
of the second finger and the fourth finger was measured
twice with an electronic digital caliper (150 mm, Shan
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brand with 0.01 mm/0.0005 inch precision) and written in
cm (8) (Figure 1).

20
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Figure 1. Hand width (HW), Hand length (HL), 2D (2th finger measurement),
4D (4th finger measurement)

Young Internet Addiction Scale (YIAS)

It is a 20-question self-assessment scale developed by
Dr. Young and whose validity and reliability in Turkish
has been proven by Balta et al. In studies on internet
addiction, participants are asked to mark one of the
"Never - 0 points”, "Rarely - 1 point", "Sometimes - 2
points”, "Often - 3 points”, "Often - 4 points” or "Always - 5
points"options in response to the questions asked. From
the survey, a total score of "80 and above" is defined as
an internet addict, "between 50-79 points” is defined as a
risky internet addict, and "49 points and below" is defined
as an "average internet user” (9).

Smartphone Addiction Scale-Short Form (SAS)

The scale assessing smartphone addiction consists of 10
items with a 6-point Likert scale (1: | strongly disagree,
6: | strongly agree). While scores from the scale can be
between 10 and 60, an increase in score indicates an
increase in smartphone addiction (10).

Statistical Analysis

The suitability of the data for normal distribution was
checked with the Kolmogorov Smirnov test and it
was determined that the data did not show a normal
distribution. Median, minimum (min) and maximum (max)
values of data that did not show normal distribution were
given. Kruskal Wallis H test was applied to compare men
and women according to addiction groups. According to
the results of the Kruskal Wallis H test, Mann Whitney U
test was applied to the data as a Post Hoc test to find out
which group caused the statistically significant difference.
IBM SPSS Statistics 22.0 package program was used in the
analyses. P<0.05 was considered statistically significant.

RESULTS

A total of 322 volunteers, 126 men and 196 women,
participated in our study. According to the Young
scale, addiction levels of individuals were divided into 3
groups: normal, risky and addicted individuals. Among
men, it was determined that there were 46 participants
considered normal, 35 participants considered risky, and
45 participants considered addicted according to their
scale scores. Among women, it was determined that there
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were 126 participants considered normal, 28 participants
considered risky, and 41 participants considered addicted
according to their scale scores. Median (min-max) values
of the results showing age, height, weight and Body Mass
Index (BMI), dominant extremity, and the technological
device they use mostin daily life according to the addiction

Med Records 2024;6(2):224-9

levels of men and women are given in Table 1. According to
the analysis results of the Kruskall Wallis H Test between
the groups, itwas determined that there was no statistically
significant difference in terms of demographic data,
dominant extremity, and device preference according to
the addiction levels of men and women (p>0.05), (Table 1).

Table 1. Demographic data, dominant extremity and device preference results of male and female participants

Dominant ekstremity Device preference

Gender Group Age Height Weight BMI
R L Phone Tablet Computer All
Normal 19(17-41) 175(157-189) 65(50-88) 21.6(17.3-27.7) 42 3 39 2 4 0
= Risky 19(17-28) 174 (156-190) 69 (42-93) 22.4(15.7-28.7) 32 4 27 2 3 4
=  Addicted 21(17-28) 173(160-190) 70(50-92) 23.1(17.9-31.8) 39 6 28 4 2 11
p value .051 .148 .257 .056 .575 .014
Normal  19(17-33) 163 (150-180) 57 (35-90) 20.8 (14.5-34.7) 121 5 123 2 1
< Risky 19(17-39) 165 (150-172) 58 (45-94)  21.4(18-345) 24 4 21 3
E Addicted 20(17-28) 162 (150-179) 55(45-89) 21.4(16.5-29.7) 36 5 28 3 0 10
p value .052 .628 .766 416 .061 <0.001
R: right, L: left

Median (min-max) values of measurements taken from
the right and left hands of men and women according to
their addiction levels and 2D:4D ratios are given in Table
2. According to the results of the Kruskall Wallis H Test
analysis, it was determined that there was a statistically
significant difference between the groups in terms of right

Table 2. Measurement values taken from the hands of men and women

hand length, left hand length, HGS left, Right/4d, Young
and SAS values in men (p<0.05). According to the Kruskall
Wallis H Test analysis results, it was determined that there
wasastatistically significantdifferencebetweenthegroups
in terms of hand length left, Right/2d, Right/4d, Left/2d,
Left/4d, Young and SAS valuesinwomen (p<0.05) (Table 2).

Parameters Normal addicted Risky addicted Addicted p value
R-Hand width 86 (76.3-94.3) 87.7(76.3-94.9) 86.4 (73.2-94.1) .259
L-Hand width 84.7 (74.3-95.6) 85.7 (75.8-99.1) 84 (71-93.3) 226
R-Hand length 189.7 (161.5-206.7) 192.6 (178.8-214) 187.4 (107.8-214) .040
L- Hand length 188 (160-207) 192 (173-215) 185.5 (107.8-215) .048
R-HGS 30.8 (18-41) 45.2 (25-78) 40 (15-78) 11
L-HGS 31.15 (18-43) 43.6 (17-62) 38 (17-62) .039
2 R/2d 71.8 (62.5-80.7) 73.7 (61.6-82.8) 74.5(61.6-106.2) 159
= R/4d 72.6 (60.3-84.7) 74.7 (63.8-85.2) 75.3(62-95.1) .025
R (2d:4d) .988 (.93-1.14) .981 (.86-.1.08) 1985 (.91-1.12) 822
L/2d 71.4 (62.5-82) 73.1 (63.8-82.1) 73.1 (62-98.4) 319
L/4d 72.6 (60.8-84.4) 74.9 (65-85.1) 75.4 (60.4-94.4) 216
L (2d:4d) 981 (.92-1.07) 974 (.92-.1.1) .980 (.91-1.10) 539
Young 37 (10-47) 53 (50-65) 81 (80-88) .000
SAS 30 (13-51) 38.5 (18-58) 45 (26-60) .000
R-Hand width 76.6 (64.6-89.7) 76.8 (67.5-90) 77.2 (67.5-92.4) 439
L-Hand width 74.9 (65.6-85.2) 75.4 (68.1-86.9) 75.5 (68.1-90.7) .962
R-Hand length 175.5 (148-196) 176.1 (159.9-193.1) 173 (140.1-199.1) .209
L- Hand length 175 (149.6-202) 177.1 (159.6-195) 170 (138.5-194) .008
R-HGS 23.9 (7-38) 24.9 (9-37) 24.5 (9-46) .694
L-HGS 21.8 (9-36) 24.3(11-34) 23 (11-49) .242
S R/2d 68 (57.7- 82.8) 68.5 (61.6-77) 70 (60-89.8) .027
§ R/4d 67.8 (59-83.8) 67.6 (60.9-78) 69.2 (60.1-89.8) .034
R (2d:4d) 1999 (.86-1.12) 1.00 (.94-.1.12) 1.01 (.94-1.10) 450
L/2d 67 (58.2-86.7) 67.3 (60.9-76.8) 70.2 (59.3-89.3) .003
L/4d 67 (58.4-84.9) 67.8 (61.8-78.1) 70.3 (58-84.6) .003
L (2d:4d) .993 (.93-1.14) .996 (.93-1.04) 1.00 (.92-1.10) .394
Young 28 (6-49) 52.5 (50-74) 81 (80-84) .000
SAS 26 (10-45) 37.5(18-50) 45 (30-55) .000

R: right, L: left, HGS: hand grip strength, SAS: Smartphone Addiction Scale
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According to the analysis results, the device preference was
determined by the normal-dependent groups of hand length
right, hand length left, HGS left and Right/4d parameters.
As a result of the analysis, it could not be concluded which
group caused the difference for Young and SAS parameters
in all pairwise comparisons (Table 3). In order to determine

Med Records 2024;6(2):224-9

which addiction group caused the difference in the men's
device preference and the measurements taken from
their hands, Mann Whitney U test was applied to the data
as a Post Hoc test and a Pairwise Comparison table was
created. Model viewer image of the analysis result is
given in Table 4.

Table 3. Pairwise comparison results of parameters that differ between groups in men

Male Device preference R-Hand length L-Hand length L-HGS R/4d Young SAS
Normal-risky .568 .999 .999 .999 27 .000 .005
Normal-addicted .011 .049 .047 .037 .032 .000 .000
Risky-addicted 457 .108 .126 .233 1.000 .000 .005

R: right, L: left, HGS: hand grip strength, SAS: Smartphone Addiction Scale

In order to determine which addiction group caused the
difference in the women's device preference and the
measurements taken from their hands, Mann Whitney
U test was applied to the data as a Post Hoc test and
a Pairwise Comparison table was created. According
to the results of the analysis, it was determined that
the device preference and hand length left were from

individuals in the normal group according to the Young
scale, and the statistical difference in the parameters
Right/2d, Right/4d, Left/2d, Left/4d was from the
Normal-dependent groups. As a result of the analysis,
it could not be concluded which group caused the
difference for Young and SAS parameters in all pairwise
comparisons (Table 4).

Table 4. Pairwise comparison results of parameters that differ between groups in women
R/2d

Female Device preference L-hand length
Normal-risky .008 .010
Normal-addicted .000 .033 .021
Risky-addicted 1.000 1.000

R: right, L: left, SAS: Smartphone Addiction Scale

Spearman Rho correlation analysis was applied to the data
todetermine how SAS, hand measurements and 2d:4d ratios
changed. Accordingtotheanalysisresults,itwasdetermined

1.000

466

R/4d L/2d L/4d Young SAS
1.000 1.000 727 .000 .000
.029 .002 .003 .000 .000
.281 .222 439 .038 .014

that there was a moderately strong negative correlation
between SAS andthe parameters Right/2d,Right/4d, Left/2d,
Left/4d in the group of men identified as addicts (Table 5).

Table 5. Spearman Rho correlation analysis results

Parameter Test statistics Male

Normal Risky

R-Hand width L ;f: 322
) =211 .04

L-Hand width rp 158 go?

R-Hand length :’ _:;22 _129255

L-Hand length rp -505898 -1263;

wies e 62
12 -0.4

L-HGS L ,392 .392fs

;, e B

031 -0.

;, o o0s

-.221 -1.44

R (2d:4d) 'r) 140 409

- =

-.026 -.247

L/4d :) 864 153

Laas o “oo5

R: right, L: left, HGS: hand grip strength

Female
Addicted Normal Risky Addicted
-.238 .056 -.082 .188
115 .533 .678 .239
-.147 -.029 -.070 132
.335 744 725 410
.155 .046 .263 .066
.309 .605 77 .683
173 .028 .246 .285
.257 .756 .208 .070
-.289 .015 .270 -.125
.054 .866 .164 .435
=177 -.038 189 -.021
244 671 .336 .898
-.421 .074 .123 =171
.004 .409 .532 .285
-.378 .005 .168 -.199
.010 .960 .393 212
-.212 .092 -.076 .044
.163 .307 .701 .786
-454 .044 118 -.143
.002 .624 .551 374
-.396 -.052 .071 -.104
.007 .566 715 517
-094 .165 127 -.121
.540 .064 .519 452
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DISCUSSION

In this study, it could not be concluded which group
caused the difference in hand width, hand length, hand grip
strength, and 2d:4d measurements of fingers for Young
and SAS parameters among male and female university
students. However, it was determined that there was a
moderately strong negative correlation between SAS and
Right/2d, Right/4d, Left/2d, Left/4d parameters in male
students.

Zhang et al.'s (10) meta-analysis study, which evaluated
the results of 10 articles from 6 different countries in 2018,
showed that approximately 30% of medical students were
addicted to the internet. In addition to this study, Haroon et
al. (11) observed in their study that most of the students
participating in the study were internet addicts, and that
women were more internet addicted than men. Shek and
You (12) revealed that gender has nothing to do with
internet addiction. According to the results of our study,
in terms of internet addiction level of all students, 55%
are normal (F: 39%, M: 14%), 19% are at risk addicts (F.
9%, M: 10%), 26% are in the addict group (F 12%, E: 13%)
was observed to be. With this result, we found that the
prevalence of internet addiction in university students was
approximately similar to the Zhang et al. meta-analysis.
In addition, the similar rate of internet addiction results in
both genders supported Shek and You's study. In the study
where we evaluated physical therapy and nursing students,
we think that the difficulty of the academic program related
to the department, such as the students' busy schedules,
long internships, and compulsory attendance, caused a
decrease in the time spent on the internet, and gender did
not affect this situation.

With the ability to use the Internet from desktop computers
to mobile phones, it has become a great comfort to use
it whenever and wherever you want. Kuyucu et al. (13)
stated that mobile phones are mostly used in internet
usage. Ozsoy and Kulu (14) also found similar results for
our country in their study. In our study, in terms of device
preference for internet use, the phone was at the forefront
for 82% of all participants (74% for men, 88% for women).
In addition, in terms of device preference for internet use,
94% of normal addicts, 76% of risky addicts, and 65% of
addicts were using phones.

In our study, it was determined that there was no
statistically significant difference in terms of height,
weight, BMI, dominant extremity, and device preference
according to the addiction levels of the genders (Table 1).
In our literature review, we could not find any studies on
height, weight, dominant extremity and device preference
according to the addiction level of the genders. However,
regarding BMI, Canan et al., in a study conducted on 1938
students in 2013, showed that there was a relationship
between BMI and internet addiction in Turkish adolescents,
but it was reported that there was no difference between
genders (15). Since the sample population in our study
consisted of young healthcare professionals, we think
that normal values were recorded in terms of BMI in both
genders.

Med Records 2024;6(2):224-9

It is known that sex hormones in men and women
are related to the 2d:4d ratio and that these lengths
affect physiological, psychological and behavioral
characteristics (16). Studies have found that low 2d:4d
due to prenatal androgens is associated with alcohol
addiction, substance addiction, and phone and computer
game addiction in men (17,18). The 2d:4d marker, which
we know can be easily included as a biomarker to
understand the biological basis of excessive internet use,
has been reported to regulate prenatal sex steroids, brain
structure and function, and finger development during
embryogenesis (19). Inastudy by Cananetal. (15), theright
hand was associated with internet use disorder with lower
2D:4D values in men, and in another study by Kornhuber et
al. (20), young men diagnosed with video game addiction
had lower 2D:4D values compared to healthy controls.
It was observed that the 4D result was obtained. In our
study, we found that there was no difference regarding
2d:4d in both male and female individuals. We concluded
that these parameters are decisive in investigating the
relationship with addiction status, regardless of gender.

It is known in the literature that there is a relationship
between finger length and hand grip strength (21). It has
been found that dominant side grip strength decreases
due to smartphone use (22). In our study, we concluded
that there were significant differences in left hand length,
right 4d, young, SAS in both male and female individuals,
and that these parameters were decisive in investigating
the relationship with addiction status, regardless of
gender. We thought that the significant difference in left
HGS in men was due to the muscle strength of men and
that the parameters affected by muscle strength could
not yield results in the difference parameters between
genders. In addition, we think that the effect of the right
4d is on the fact that the phone is generally held with the
right hand and the 2nd finger is generally fixed in the grip,
while the 4th finger has the task of being mobile to control
the thumb movements.

CONCLUSION

We have concluded that the scales accepted for phone
and internet addiction in male and female individuals may
be decisive in their gender relations rather than the 2d:4d
finger ratios, as hand length, especially the right 4d, acts
as a mobile device that provides control in phone use.
In other words, we think that the biomechanical factor
may be effective rather than the 2d:4d anthropometric
measurement of addiction.
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Abstract

Aim: Many studies have found that high altitudes are associated with suicide. Despite numerous studies in the
literature, the mechanism by which high altitude increases suicide rates is not known. In this study, we investigated
whether divorce affects the suicide rate at high altitudes.

Material and Method: Using publicly available data from the Turkish Statistical Institute (TUIK), the average altitude
above sea level, suicide rate, and divorce rate of each province over the last 14 years were calculated. Divorce rates,
suicide rates, and altitudes were statistically compared at the end of the study.

Results: The mean suicide rate did not differ according to altitude (r=0.112; p=0.322). The mean divorce rate differed
according to altitude. The highest mean divorce rate was observed in the group with an altitude of less than 500 m
(p<0.001). In the correlation analysis, it was found that altitude was negatively correlated with the divorce rate, divorce,
and suicide rates were positively correlated, and in the regression analysis, high altitude and divorce rate increased
the suicide rate (<0.05).

Conclusion: Our study suggests that divorced people in high-altitude areas are in the high-risk group for suicide and
that mental health protective interventions, especially for this group, may be appropriate for prevention. In conclusion,
this study is important, as it is the first to investigate the relationship between altitude, divorce, and suicide. Larger-
scale studies in which individual factors were excluded are required.

Keywords: Altitude, divorce, suicide, family ties, geographical region

INTRODUCTION in many countries because they leave severe traumas on
the immediate environment and society. For this reason,
every country is trying to develop various policies and
measures to prevent suicide. Despite this, the number
of people dying by suicide is increasing day by day.
The biggest obstacle to early intervention is the lack of
knowledge of the population at risk. Many studies have
identified various risk factors that may be associated with

Suicide is the voluntary ending of one's life. Its etiology
is multifactorial. Suicide attempts may occur due to
biological, sociological, and psychological reasons.
Suicide is among the leading causes of death worldwide,
with more deaths due to suicide than to malaria,
Human Immunodeficiency  Virus  (HIV)/Acquired
Immunodeficiency Syndrome (AIDS), breast cancer, war, - _ ; _ oSTRIdt
and homicide. More than one in every 100 deaths (1.3%) suicide. The biggest risk factor is psychiatric diseases
in 2019 were the result of suicide. According to the World  €SPecially depressive disorder (2). The high suicide rate in

Health Organisation (WHO), 700,000 people died by taking  SO™Me families indicates that t_hg event may be genetically
their own lives in 2019 (1). It is estimated that suicidal elated (3). The concept of suicide has been handled from

acts are 10 times higher than this number. Suicide and PSychological, sociological, biological, and economic
suicide attempts have become a public health problem perspectives and various theories have been developed
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on its causes. When we look at sociological risks, it has
been reported that weak social ties may constitute a risk
for suicide. Other sociological risk factors include family
discord, divorce, forced migration, inability to find a job,
course failure, etc. (4). Most studies have focused on the
biological and psychological causes of suicide. Recent
studies have focused on natural environmental factors,
such as altitude, temperature, and climatic factors. A
study conducted in Tiirkiye found that high altitude and
low temperature were associated with female suicide (5).
A meta-analysis reported a positive relationship between
high altitude and suicide in 17 of 19 studies (United States
(n=11), Turkiye (n=2), Ecuador (n=1), Japan (n=1), South
Korea (n=1), Austria (n=1), Italy (n=1), and one study that
encompassed sixty-two nations.) (6). It is not known
exactly which factors affect suiciderates athigh altitudes.
However, most studies conducted on the sociological
causes of suicide reported that divorce was positively
associated with suicide. Being divorced or separated is
associated with a higher suicide risk than never being
married, for both sexes. The separated have an odds ratio
over five times as high as married do (7). Some studies
have reported that divorce is negatively associated
with suicide in some groups (8). Individual factors have
been ignored in most studies. Although many studies
have been conducted on which factors mediate the high
suicide rate at high altitudes, no definite conclusion has
been reached. In this study, we investigated whether the
divorce rate mediates the suicide rate at high altitudes.

MATERIAL AND METHOD

Ethical approval for the study was obtained with the
permission of the Karamanoglu Mehmetbey University
Ethics Committee, dated February 27,2024, and numbered
01-2024/04. The data in this study were obtained from
the web pages of the Turkish Statistical Institute (TUIK)
(9). The suicide rate and divorce rate of all provinces
in Tirkiye (81 provinces) were calculated by taking the
average of 14 years between 2009 and 2022. Crude
suicide rate refers to the number of suicides per hundred
thousand population (10). The crude divorce rate refers
to the number of divorces per thousand population (11).
The provinces were grouped at three different altitudes:
0-499m, 500-999m, and above 1000m (12). At the end
of the study, divorce rate, suicide rate, and altitude were
compared statistically.

Statistical Analysis

All data were analyzed in a computer environment using
SPSS 25.0. The conformity of the data to a normal
distribution was evaluated using the Kolmogorov—
Smirnov test. ANOVA test was used to determine the
differences between groups in the analysis of normally
distributed continuous variables. The Post Hoc Tamhane
test was used to evaluate differences between the
groups. Pearson's Correlation test was used to analyze

Med Records 2024;6(2):230-4

the relationships between continuous variables. The
correlation coefficient was interpreted according to the
correlation coefficients reported by Sumbuloglu (2007)
(Low=0.01-0.49; Medium=0.50-0.69; High=0.70-1.00)
(13). Linear regression analysis was used to examine
the factors predicting mean suicide rates. In regression
analyses, autocorrelation was evaluated with Durbin-
Watson, and multicollinearity was evaluated using
tolerance and variance inflation factor (VIF). A statistical
significance level of p<0.05 was accepted in the study.

RESULTS

Changes in suicide and divorce rates in Tiirkiye by years
are given in Figure 1.
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Figure 1. Changes in suicide and divorce rates by years (2009-2022)

The averages of suicide rates and divorce rates in all
provinces between 2009 and 2022 are presented in Table
1.

When the correlation between altitude, suicide rates,
and divorce rates of the provinces was analyzed, it was
observed that there was a negative, moderate correlation
between altitude and divorce rate, and a positive, weak
correlation between suicide and divorce rates (Table 2).

The suicide rate averages did not differ according to
altitude. However, the mean divorce rates differed
between the groups, and the highest mean divorce rate
was observed in the 0-499-meter altitude group (p<0.001)
(Table 3).

In the regression model established between the mean
crude suicide rates and the mean altitude and divorce
rates, it was determined that there was no autocorrelation
(Durbin-Watson=1.797), there was no multicollinearity
problem, and the standardized residuals of the variables
fit a normal distribution. The model explained 16.1% of
the change in mean crude suicide rate (F=8.556; Adj.
R2=0.161; p<0.001). When the significance level of the B
coefficient in the model was analyzed, it was observed
that altitude made a positive (t=3.053; p<0.001) and
independent contribution to the model (t=3.991; p<0.001)
(Table 4).

231



DOI: 10.37990/medr.1447832 Med Records 2024;6(2):230-4

Table 1. Altitude, average suicide rate (2009-2022) and average divorce rate (2009-2022)

Average Average Average Average Average Average

Province name GG suicide divorce Province name G suicide divorce Province name GRS suicide divorce
) rates rates () rates rates iy rates rates
Erzurum 1890 3.65 0.67  Kiitahya 950 4.51 1.57 Kirklareli 209 5.02 1.87
Ardahan 1870 7.1 0.67  Mardin 938 3.25 0.47  Bursa 155 4.3 1.85
Kars 1768 5.94 0.6 Tunceli 914 9.62 1.62  Osmaniye 150 3.94 1.44
Hakkari 1748 4.04 0.2 Usak 906 5.5 2.31 Diizce 146 3.32 1.78
Van 1727 4.37 0.37  Siirt 902 4.29 0.3 Balikesir 139 5.15 2.07
Agri 1640 4.28 0.4 Igdir 860 5.06 1.17  istanbul 120 383 1.98
Bayburt 1556 0.65  Ankara 850 4.04 2.22  Hatay 85 2.85 1.52
Bitlis 1500 3.43 0.29  Gaziantep 843 3.77 1.42  Manisa 74 4.43 1.84
Mus 1404 5.7 0.29  Gorum 801 4.84 1.55  Aydin 64 7.03 2.27
Sirnak 1350 3.96 0.24  Kastamonu 798 511 1.2 Edirne 42 6.09 1.8
Yozgat 1301 3.38 1.47 Eskisehir 782 5.87 2.19  Antalya 39 4.93 2.72
Sivas 1285 4.37 1.2 Bolu 725 4.13 1.51 Sakarya 31 2.96 1.62
Nevsehir 1250 4.18 2.03  Gankin 723 3.35 1.22  Adana 23 4.83 1.96
Nigde 1229 4.72 1.58  Kirikkale 700 4.63 2.07 Bartin 19 4.91 1.59
Erzincan 1214 4.07 1.25 Diyarbakir 670 4.77 0.56 Sinop 17 4.79 1.54
Giimiighane 1153 1.76 0.65  Adiyaman 669 3.74 0.91 Tekirdag 10 4.61 2.05
Bingol 1151 5.39 0.55  Kilis 640 4.65 1.18  Trabzon 10 3.37 0.96
Kayseri 1071 5.06 1.93  Tokat 640 4.1 1.2 Zonguldak 10 4.93 1.81
Elazig 1067 5.15 1.19  Mugla 625 6.21 2.58  Mersin 6 5.32 2.15
Karaman 1038 5.95 1.98  K.maras 568 3.6 1.53  Rize 6 3.08 0.95
Isparta 1035 5.68 1.56 Batman 525 3.8 0.4 Giresun 5 3.12 1.32
Afyonkarahisar 1021 4.93 1.47  Artvin 520 3.18 1.01 Yalova 5 3.79 1.91
Konya 1016 412 1.77 Sanlurfa 518 3.05 0.58 Samsun 4 4.21 1.52
Kirgehir 978 4.91 1.81 Bilecik 500 5.25 1.63  Canakkale 3 5.42 1.84
Aksaray 975 3.6 2.12  Amasya 392 3.58 1.39  Kocaeli 3 35 1.81
Malatya 964 3.84 1.3 Denizli 354 6.23 2.38  Ordu 3 3.99 1.25
Burdur 950 6.45 1.67  Karabiik 258 413 1.65  izmir 2 4.98 2.77

Table 2. Correlation between altitude, average suicide rates, and average divorce rates of provinces

Average suicide rates Average divorce rates
. r 0.112 -.546*
Altitude (m)
p 0.322 <0.001
o r 1 288+
Average suicide rates
p 0.010

** Pearson's correlation test

Table 3. Comparison of the average suicide rate and average divorce rate of provinces by altitude

Altitude (m) n Mean  Std. Dev Min Max p* pl1 p2 p3
0-499 (1) 30 4.40 1.04 2.85 7.03

Average suicide rates 500-999 (2) 28 4.61 1.33 3.05 9.62 0.758
1000 and above (3) 23 4.60 1.13 1.76 7.1
0-499 (1) 30 1.79 0.43 0.95 2.77

Average divorce rates 500-999 (2) 28 1.40 0.61 0.30 2.58 <0.001 <0.05 <0.05 >0.05
1000 and above (3) 23 1.00 0.62 0.20 2.03

*ANOVA Test, p1=1 vs 2, p2=1 vs 3,p3=2vs 3
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Table 4. Effect of altitude and average divorce rate on predicting suicide rates of provinces
95.0% Cl for B

Collinearity statistics

Beta Std. error t B Lower bound  Upper bound Tolerance VIF
(Constant) 0.458 5.901+ 2.705 1.792 3.617
Altitude (m) 0.372 0.000 3.053+ 0.001 0.000 0.001 0.714 1.400
Average divorce rates 0.487 0.226 3.991+ 0.901 0.451 1.350 0.714 1.400

* Linear regression analysis

DISCUSSION

In our study, the suicide rate was found to be more related
to the divorce rate in high-altitude areas than in low-
altitude areas. According to our study, as the divorce rate
increases in high-altitude areas, the suicide rate also
increases. No studies in the literature have compared
these three parameters: altitude, divorce rate, and suicide
rate. Therefore, our study may lead to new research and
contribute to the literature.

According to our study, there was no direct relationship
between altitude and suicide rates. Several studies have
investigated the relationship between altitude and suicide.
In a meta-analysis, a positive relationship was found
between high altitude and suicide rates in the majority of
studies (6). The reason for the relationship between high
altitude and suicide remains unknown. However, there
are conflicting results for these reasons. A large-scale
study conducted in China concluded that suicide rates
were not directly related to the place of residence and
that high suicide rates at high altitudes were related to
low socioeconomic status (14). In contrast to this study,
another study reported that suicide rates were still higher
at high altitudes, even after excluding low socioeconomic
levels, age, sex, and ethnic origin (15). Possible reasons
for the lack of difference between the two variables in our
study may be socioeconomic status, educational status,
deficiency in keeping records, etc.However, suicide rate
is not directly related to high altitude, suggesting that the
increase in divorce rate at high altitude may mediate the
increase in suicide rate.

A negative relationship was found between the divorce
rate and altitude. The divorce rate was higher in provinces
with low altitudes (0-499m) and lower in provinces with
high altitudes (1000m and above).

The divorce rate was positively associated with the suicide
rate in high-altitude areas. The fact that the divorce rate
was positively associated with the suicide rate in high-
altitude areas may be related to the fact that family ties
are culturally strong in high-altitude areas and isolation
as aresult of divorce. The finding that the divorce rate was
lower in high-altitude areas supports our hypothesis that
the importance given to families is higher. There are no
studies in the literature that investigate the relationship
between altitude and divorce. In this respect, our study
may lead to further research.

In this study, the positive relationship between the divorce
rate and the suicide rate is consistent with the literature

(16-18). Although the positive relationship between
divorce and suicidal behavior has been documented in
many studies, the reasons for mediating this relationship
are not fully known (19). Understanding the reason for the
relationship between divorce and suicidal behavior and the
conditions that play aroleis important for the identification
of the population at risk of suicide, screening, and early
intervention. The fact that industrialization, urbanization,
and education levels are higher in low-altitude provinces
than in high-altitude provinces may have decreased the
suicide rate as a result of divorce. The fact that divorces
with religious marriages, which do not have legal validity
in high altitude and rural areas, are not reflected in the
statistics, on the other hand, traditional social pressures
on marriage are higher in rural areas may have led to these
results. In addition, the higher divorce rate in low-altitude
areas may indicate culturally weak family ties. This may
explain why the importance given to the family in low-
altitude areas may be less than in high-altitude areas,
and therefore, the divorce rate may have less effect on the
suicide rate.

Our study had some limitations. First, individual factors
such as educational status, socioeconomic status, age,
and gender, which are confounding factors, were not
considered. Provinces located at the same altitude but
in different geographical regions were not compared.
In Tirkiye, death records are kept through the "Death
Notification System” of the Ministry of Health. The causes
of death entered into this system may be incomplete,
which may make the number of suicides appear different
than it is. In addition, data from only one country were
evaluated. It should be taken into consideration that
there may be cultural and behavioral differences between
regions within the country

CONCLUSION

The relationship between altitude and suicide is an
emerging science and there is a small but growing
literature suggesting that altitude is associated with
increased suicide risk. This study suggests that divorce
at high altitudes is not associated with suicide at the
same rate as divorce at low altitudes, that divorced people
at high altitudes are in the high-risk group for suicide,
and that mental health interventions, especially those
targeting this group, may be appropriate for prevention.
In conclusion, this study is important, as it is the first to
investigate the relationship between altitude, divorce, and
suicide. Larger-scale studies in which individual factors
were excluded are required.
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Abstract
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Aim: This study aims to evaluate the ability of ChatGPT-4 to generate clinical case-based multiple-choice questions in dental

traumatology.

Material and Method: International Association of Dental Traumatology guidelines for the management of traumatic dental injuries
were introduced to ChatGPT-4 as an information source and ChatGPT-4 was prompted to 20 generate questions in fractures and
luxations, avulsion of permanent teeth, injuries in the primary dentition. Sixty questions in total were generated by ChatGPT and the
questions were evaluated by 2 endodontists using a 3-point scale. The One-way analysis of variance and Post Hoc Tukey test were

used to analyze the data and the significance was P<0.05.

Results: The average time to generate 20 questions was 1 min 55 sec. It was noted that 52% of the questions were usable without
modification or with minor changes, while 28% were incorrect or completely useless.
Conclusion: Despite the flaws, ChatGPT can be useful for creating multiple-choice questions in dental traumatology after a rigorous

evaluation, elimination, and development procedure.

Keywords: Artificial intelligence, clinical practice guidelines, dental education, endodontics, treatment planning

INTRODUCTION

Dental education is a meticulously structured journey that
prepares students for the challenging responsibilities
of the occupation. It combines rigorous academic
coursework with practical training. The goal is to ensure
that upon graduation, these students are academically and
practically competent. Dental traumatology (DT) education
is an essential component of dental school curricula,
addressing the diagnosis, treatment, and prevention
of trauma to the teeth and surrounding oral structures.
Moreover, DT is one of the important topics of both
endodontics and pediatric dentistry, as it is a wide area
ranging from an enamel fracture to tooth avulsion and may
require complex treatments depending on the diagnosis.
Traumatic dental injuries, often seen in sports, accidents,
or falls, require immediate and effective intervention to
save teeth and maintain oral function. By integrating DT
into dental education, future dentists are equipped with the
necessary skills and knowledge to manage these injuries
effectively.

CITATION

Assessment is a crucial part of understanding students'
competence. Multiple choice questions (MCQs) are a
common method of assessment of medical examinations
becausetheyareobjective, standardized,and time-efficient
(1). Preparation of MCQs that evaluate both the application
and interpretation of knowledge rather than the recall of
information only can be challenging (2). Furthermore, it
was found that students were inclined to engage more
thoroughly in their studies when faced with test questions
that necessitated advanced analytical thinking (3). The
university staff has various tasks including treatment
of patients, research, and teaching, etc (4). Therefore,
reducing the workload through automation of appropriate
tasks can be useful for the productive use of time and to
avoid staff burnout.

Education is among the fields that potentially be
revolutionized by artificial intelligence (Al) (5). Al is a
rapidly developing phenomenon that includes many
different technologies, such as machine learning and
natural language processing. Al technologies can assist
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healthcare professionals by automating tasks that are
repetitive and consume a lot of time (6). Large Language
Models (LLMs) are advanced Al systems that emulate
human language processing skills by training on extensive
datasets. These models are capable of comprehending
and generating the content, allowing them to perform
tasks like article generation and answering questions in a
near-human manner (7,8).

ChatGPT (Chat Generative Pre-Trained Transformer)
(OpenAl, San Francisco, CA, USA) is a promising LLM,
utilizing deep learning Al techniques to generate articulate
and human-resembling texts (9). Although studies (10-13)
questioning the ability of ChatGPT to answer questions
correctly related to different fields of dentistry and its use
as an information source are increasing, it has been found
in different studies that it can produce texts containing
unrealistic and misleading information, which is called
"hallucination”. ChatGPT's ability to generate questions
has also been evaluated in various studies (14,15) and
different results have been reported. Cheung et al. (14)
found that ChatGPT can generate medical MCQs with
comparable quality to university staff. ChatGPT-3.5,
the older version, was found to generate suboptimal
MCQs without distractor options in dermatology (15).
ChatGPT-4, as the newest version, has features that its
predecessors did not have, such as enabling image and
document input and internet access. Thus, when a text is
uploaded as a document, it can understand, summarise,
and answer questions about that text (16,17). Given these
features, it can be speculated that ChatGPT-4 can produce
high-quality and reliable MCQs based on an existing
text. Deriving questions by introducing documents
representing consensus in dentistry, such as position
statements of dental associations and clinical guidelines,
into ChatGPT-4 can shorten the question preparation
time and improve the quality of the evaluated questions.
Thereby, the production of texts containing unrealistic
references and information can be prevented.

To the best of our knowledge, there is no study in the
literature questioning the ability of LLMs such as ChatGPT
to generate questions in any other field of dentistry.
Thus, the aim of this study is to evaluate the ability of
ChatGPT-4 to generate clinical case-based MCQs in
DT. The null hypothesis was as follows: There is no
association between the type of dental trauma (fractures
and luxations, avulsion of permanent teeth, injuries in the
primary dentition) and the usability of MCQs generated by
ChatGPT-4.

MATERIAL AND METHOD

The study was conducted under the Declaration of
Helsinki. Since the study had no human subjects involved,
ethical approval was not required. ChatGPT-4 was logged
in on 14 January 2024. International Association of Dental
Traumatology (IADT) guidelines for the management

Med Records 2024;6(2):235-8

of traumatic dental injuries represent the consensus
of experts in the field and are up-to-date as a resource
prepared by the working group of the IADT as a result of
a comprehensive literature review and approved by the
board of directors (18-21). In addition, since these are
open-access articles, they were used as a source to derive
questions in our study.

The first part of the guidelines, “fractures and luxations”,
was uploaded to the ChatGPT console and the following
prompt was written exactly as follows: "Can you write a
full set of 20 multiple-choice questions based on the
document | provided, each with 5 options and focusing
solely on clinical case scenarios in dental traumatology?
An answer key is required at the end.” (Figure 1). Then the
second section, avulsion of permanent teeth, and the third
section, injuries in the primary dentition, were uploaded
in separate tabs and questions were generated with the
same prompt. Question generation times for all sections
were noted and as a result, 60 questions were obtained,
and these questions were copied and saved. The two
reviewers jointly assessed and scored the questions
based on the guidelines. In case of disagreement, the
decision of a third reviewer was decisive. In the evaluation,
the evaluation criteria used in a similar study by Ngo et al.
(22) was adopted (Table 1).

ChatGPT 4 ~

[ Derte! Traumatology - 2020- Bourguig.-
PDF

Can you write a full set of 20 multiple-choice questions based on the document | provided, each with 5 options and
focusing solely on clinical case scenarios in dental traumatology? An answer key is required at the end.

174

@) chatGPT
) The document "International Association of Dental Traumatology guidelines for the management of traumatic dental
injuries" includes comprehensive information on various aspects of dental traumatology. This information is
essential for creating multiple-choice questions focusing on clinical case scenarios in dental traumatology. Given the
depth and breadth of the docurr
based on the guidelines and clinical

will now proceed to develop 20 multiple-choice questions, each with 5 options,
rios presented in the document. An answer key will be provided at the end.

This process will take a bit of time to ensure accuracy and relevance. Let's start with the first few questions.

I have reviewed the document and will create 20 multiple-choice questions based on the clinical case scenarios in

dental traumatology covered in it. Here are the first five questions:

A 12-year-old patient presents with a luxated permanent tooth. What is the recommended initial step in
management?
A. Immediate extraction
B. Splinting for 2 weeks
C. Radiographic examination
D. Administration of systemic antibiotics
E. Observation without intervention
2. For a crown fracture with no pulp exposure, which of the following is the most appropriate treatment?
A. Root canal treatment
B. Dental implant placement
C. Reattachment of the fractured fragment
D. Restoration with composite
E. Extraction and orthodontic space closure
3. What is the recommended management for an avulsed, dry, and extra-orally stored permanent tooth for more
than 60 minutes?
A. Immediate replantation without any treatment
B. Replantation after endodontic treatment
C. Storage in a suitable medium until replantation
D. No replantation, proceed with dental implant
E. Replantation after soaking in fluoride solution
4. Inthe case of a lateral luxation injury, what is the most common complication to anticipate?
A. Ankylosis
B. Pulp necrosis 4

C. Root resorption

[0} Me:

g importantinformation

Figure 1. Generation of multiple-choice questions via ChatGPT-4
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Table1. Scoring definition

Score Description

1 Questions and answers were correct and may be used with only minor formatting
2 Questions and answers would require substantial modifications to be appropriate
3 Answers were incorrect or significantly misleading

Statistical Analysis

The statistical analysis was performed via MiniTab 17 (Minitab
Inc., PA, USA). The normality of the data was assessed with
Ryan-Joiner test and the normal distribution of the data was
confirmed. One-way analysis of variance (ANOVA) and Post
Hoc Tukey test were performed. A significance level of P<0.05
was used to determine statistical significance.

RESULTS

The mean values and standard deviations of each group are

presented in Table 2. Average score of all DT questions was
1,55. “Avulsion of permanent” teeth demonstrated the
best score followed by “injuries in the primary dentition”
and “fractures and luxations” respectively. The difference
between “fractures and luxations” and “avulsion of
permanent teeth” was statistically significant (P=0.029).
After the prompt was input, the average time to generate
20 questions was 1 min 55 sec. It was noted that 52% of
the questions were usable without modification or with
minor changes, while 28% were incorrect or completely
useless.

Table 2. Scores of questions by topic

Topic Number of questions Mean Standard deviation Score-1 Score-2 Score-3
Fractures and luxations* 20 2.00 0.858 7 6 7
Avulsion of permanent teeth® 20 1.35 0.587 14 5] 1
Injuries in the primary dentition*® 20 1.95 0.999 10 1 9
Dental traumatology 60 1.55 0.790 31 (52%) 12 (20%) 17 (28%)

Different letters indicate statistically significant difference (P<0.05)

DISCUSSION

The null hypothesis was that there is no association
between the type of dental trauma and the usability of
MCQs generated by ChatGPT-4. The null hypothesis can
be partially rejected as the analysis revealed a significant
association between the type of dental trauma and
question usability.

It was found that all the questions were within the scope
of the subject. It was also concluded that there were no
spelling or grammatical errors in the questions and all
questions were understandable. The ability to prepare 20
questions within the scope of the subject in a short time
such as an average of 1 min 55 sec shows that ChatGPT
is a potential tool that can save time for the faculty
members. In agreement with our study, Cheung et al. (14)
also reported that ChatGPT prepared 50 medical MCQs
in 20 min 25 sec, which is much faster compared to the
professional staff who prepared 50 medical MCQs in 211
min 33 sec.

The reason why questions with case scenarios were
included in the study is that it is important to measure
the usability of information in addition to the recall of
information. The common deficiency observed in some
of the questions produced by ChatGPT was that the
case stories were quite superficial and lacked detail. For
example, one of the prepared questions was as follows:
"A 15-year-old patient presents with a luxated and non-
responsive tooth. The most likely diagnosis is...." It can be
expected that more relevant and high-quality questions
would contain more details about the cases. This may
make it necessary to revise the ChatGPT questions rather

than using them as they are. Therefore, it is not possible to
claim that all the questions produced by ChatGPT are high
quality clinical case-based questions, although the dental
trauma questions are within the context and relevant.

When preparing a case question, depending on the
question, the presence of periapical X-rays or intraoral
photographs may be essential or may improve the quality
of the question. Unlike its predecessors, ChatGPT-4
has the feature of creating images as instructed and
within the limits of skill. However, it is apparent that
ChatGPT-4's inability to create medical images reduces
the question quality and this is a deficiency in its use for
MCQ preparation. Considering the pace of development
of LLMs, it may be useful to re-evaluate the usability of
ChatGPT and other language models in dental education
when more advanced versions become available.

ChatGPT and other LLMs producing false information
and references have been observed before in various
studies (10-13,22) in various fields. In this study, to avoid
this situation, which is called hallucination, and to obtain
questions based on accurate and up-to-date information,
IADT's guidelines were introduced to ChatGPT, and it was
aimed to prepare the questions within the framework of
these guidelines. The results showed that introducing
sources to ChatGPT did not prevent completely the
production of text containing false information.

In previous studies (14,22) in which MCQs were prepared
based on a selected source, the researchers introduced
the information source to ChatGPT by selecting a text,
copying and pasting it into ChatGPT. The reason for
using ChatGPT-4 in the present study is that, unlike its
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predecessors and other LLMs, it allows documents to be
uploaded as files. Thus, in this study, unlike the previous
studies, sources were directly uploaded as files. The
direct uploadability of the source on which the questions
are based may offer ease of use.

According to the results of this study, only 52% of the
questions produced by ChatGPT can be used without
major revision. Ngo et al. (22) reported that only 32% of
the MCQs generated by ChatGPT-3.5 in pathology were
correct. However, it should be taken into consideration
that the previous version of ChatGPT was used in the
study of Ngo et al. However, these results are in line with
our study in terms of the presence of completely wrong or
useless questions.

CONCLUSION

This is the first study to evaluate the question preparation
ability of an LLM in dentistry and evaluated the MCQs
produced by ChatGPT-4 on DT and considered ChatGPT-4
as a potential question bank. Although ChatGPT has
the potential to be used as a question bank in dental
education, it can only remain as a "potential” unless the
production of misinformation and the lack of creative
medical writing are completely eliminated. The questions
produced by ChatGPT can only be used in their current
form after a serious evaluation and revision.
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Abstract

Aim: The calcaneus has a significant role in the foot due to its location. It is used together with the pelvis and skull bones in gender
determination. In this study, it was aimed to determine the morphometric characteristics of the calcaneus and determine the
suitability of these measurement locations for gender estimation.

Material and Method: In the study, seven measurements were taken bilaterally from 1,080 lateral foot radiographs of 540 individuals
aged 20-65 years. For foot bone height (FBL), the distance between the anterior end of the distal phalanx of the most distal toe and
the most posterior end of the foot was taken, while for maximum calcaneal length (maxCalL), the distance between the anterior end
of the calcaneus and the posterior end of the calcaneus was taken. SPSS 21 program was used for statistical analyses and the ratio
of gender prediction performances was examined by Receiver operating characteristic (ROC) analysis.

Results: All length measurements were higher in males than females (p<0.05), and foot bone height (FBL) (p=0.035) and maximum
calcaneus height (maxCaH) (p=0.007) were higher on the right side than on the left side. The study also found a weak negative
correlation between age and the right-sided medial calcaneus length parameter (rmedCal) and strong correlations between certain
measurements. Foot bone length (FBL) was found to have the highest accuracy in predicting gender (AUC=0.913).

Conclusion: The findings provide useful information for forensic cases, provide reference data for diagnosis and treatment processes
in the clinic, and provide data for the development of machine learning software that can be used in medical and forensic cases.

Keywords: Calcaneus, forensic science, gender prediction, radiology, receiver operating characteristic analysis

INTRODUCTION Due to natural disasters, tragic accidents, terrorist attacks,
and homicides, victims and their bodies can become
unrecognizable. ldentification of the body is particularly
difficult in cases where the body has been decomposed,
mutilated, or burned (6). One of the important fields of
anthropology, and forensic anthropology in particular,
is the identification of individuals. In the identification
process, the age, race, and gender of the person are
important. Therefore, knowing the gender of the person is
quite important in terms of reducing the result set in the
Due to its shape and position, the calcaneus plays a identification process (7,8).

major role in transmitting force between the body and the
ground. It plays a critical role in weight bearing. Due to its
complexity and multiple joints connecting the ankle and
hindfoot, disruption of the calcaneal anatomy can alter
the biomechanics of the foot and lower extremities (4). In
some pathologic conditions, changes in the morphometric
characteristics of the calcaneus may be observed . In such
cases, normal morphometric values of the calcaneus may
guide the diagnosis and treatment processes (5).

The feet carry and transfer the weight of the body to the
ground throughout life and have anatomical features that
do not require any auxiliary organs to fulfill their function
(1). The calcaneus, one of the parts of the foot in contact
with the ground, is the largest, longest, and most robust
of the seven tarsal bones in the foot and is a roughly box-
shaped bone that forms the heel at the back of the foot. It
has complex contours and joint surfaces (2,3).

Although the identification by DNA analysis is highly
accurate, it is not practical to use this method in complex
cases with a large number of cases due to its cost and
time-consuming nature (8,9). Although the pelvis and
skull bones used to estimate gender from bone have a
high accuracy rate, other bones can be used in case of
deterioration and fragmentation (10). One of these bones,
the calcaneus, is often evaluated in forensic anthropology.
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The calcaneus can withstand high tensile forces due to
its shape and the density of its trabeculae. It is a bone
that is more protected against external factors since it is
constantly in shoes and socks in daily life (11,12).

The objective of this study was to measure the length
parameters of the calcaneus from lateral radiographs of
the foot in a Central Anatolian population and to determine
the effectiveness of these values for gender prediction.

MATERIAL AND METHOD

The study was conducted with a retrospective design
with the approval of Necmettin Erbakan University Drug
and Non-Medical Device Research Ethics Committee
dated 04.02.2022 and numbered 2022/3632. Bilateral
comparative foot radiography images (RI) of 8,001 people
who applied to the Department of Radiology between
2018 and 2021 were scanned in the PACS (Picture
Archiving and Communication System) archive system.
The number of participants for this study was determined
by G*Power (3.9.1) analysis based on the Agoada 2018
study (13). Images were randomly selected from PACS
by two investigators according to the criteria. Rl images
of healthy individuals without any pathology in the foot
region were included in the study. Patients with fractures,
trauma or bone pathology in the tarsal, metatarsal bones
and phalanxes, structural defects, previous surgical
intervention, aged 20 years or younger, and Rl defects
were excluded from the study. A total of 540 people
between the ages of 20 and 65, 137 (25.4%) men and 403
(74.6%) women, who met these criteria were included in
the study. The individuals included in the study (20-29
years, 30-39 years, 40-49 years, 50-59 years, and 60-
65 years) were divided into age groups (Table 1). Seven
distance measurements were made on the lateral Rl of the
foot (Figure 1). Measurements were taken three times by
the same person at certain date intervals and the average
values were used.

Table 1. Classification of the study population into five different

groups according to age

Male 137 25.4
Sex

Female 403 74.6

20-29 45 8.3

30-39 126 233
Age groups 40-49 157 29.1

50-59 177 32.8

60-65 35 6.5

N: number of individuals
Definitions of Measurements

Foot bone height (FBH): The vertical distance between
the line passing between the calcaneus and the caput
os metatarsale-I and the highest point of the talus was
measured (14) (Figure 1a).

Foot bone length (FBL): The distance between the anterior
end of the phalanx distalis of the most distal finger (1st

Med Records 2024;6(2):239-48

or 2nd finger) and the most posterior end point of the foot
was measured (15) (Figure 1b).

Maximum calcaneus length (maxCal): The distance
between the anterior extreme point of the calcaneus and
the posterior extreme point was measured (16) (Figure 1c).

Medial calcaneus length (medCaL): The distance between
the point where the anterior border of the lateral surface
of the calcaneus begins to curve upward and the most
posterior point of the tuber calcanei was measured (13)
(Figure 1d).

Minimum calcaneus height (minCaH): The distance
between the deepest point behind the facies articularis
talaris posterior of the calcaneus and the highest point of
the lower border of the lateral surface in front of the tuber
calcanei was measured (13) (Figure 1e).

Calcaneus anterior facet height (CaAFH): On the anterior
face of the calcaneus, the minimum distance between the
upper and lower borders of the articular surface for cuboid
on calcaneum was measured (16) (Figure 1f).

Maximum calcaneus height (maxCaH): The perpendicular
distance between the line extending distally from the
plantar aspect of the tuber calcanei parallel to the long axis
of the calcaneus and the highest point of the anterior talar
articular posterior surface was measured (13) (Figure 1g).

A

78.75 mm

8006 T 5
237.55 mm

Figure 1. Measurements in the study (1A: Schematic view, 1B: PACS
image, 1: line through the most anterior point of the foot, 2: contact
surface, 3: parallel drawn on the lower surface of the calcaneus, 4: line
through the most posterior point of the foot, 1a: foot bone length, 1b:
foot bone height, Tc: maximum calcaneus length, 1d: medial calcaneus
length, Te: minimum calcaneus height, 1f: calcaneus anterior facet
height, 1g: maximum calcaneus height)

Statistical Analysis

Statistical analysis of the study was performed with the
IBM SPSS Statistics 21.0 (SPSS, V21; IBM Corp) program.
The conformity of the data to normal distribution was
analyzed with Kolmogorov—Smirnov test. The relationship
between genders and ages was evaluated by the Chi-
square analysis. Independent t-test was used to separate

240



DOI: 10.37990/medr.1419133

and evaluate the measurements according to gender. The
One-Way ANOVA-Tukey test was used for the evaluation
between age groups. All measurements were analyzed
with a dependent t-test between the right and left sides.
Receiver operating characteristic (ROC) analysis was
also performed to evaluate the suitability of gender
prediction from the measured parameters. Analysis
results were presented as MeanzSD for quantitative data
and percentage (frequency) values for categorical data.
The level of significance was taken as p<0.05 in statistical
analysis.

Med Records 2024;6(2):239-48

RESULTS

The minimum (min.), maximum (max.), mean, and
standard deviation (SD) values of the right and left side and
gender measurement data obtained in the study are given
in Tables 2,3. Comparing the right and left sides of our
measurement data, FBH (p=0.035) and maxCaH (p=0.007)
values were found to be statistically significantly higher
on the right side (Table 3).

All of the distance measurements made on the right and
left sides were statistically significantly greater in men
(p<0.05) (Table 3).

Table 2. Minimum, maximum and mean values for all parameters

Right

Min. Max. Mean+SD
FBH 54.63 98.8 83.2916.43
FBL 129.56 313.45 242.04+18.63
maxCaL 27.92 108.25 83.13+6.96
medCalL 35.14 100.5 76.8616.16
minCaH 26.39 78.3 39.57+4.27
CaAFH 18.69 37.75 25.73+2.7
maxCaH 24.76 61.34 46.71£3.93

Left
Min. Max. MeanSD &
62.97 99.82 82.96+6.27 0.035*
202.38 360.63 242.87+18.08 0.105
7.7 109.42 83.22+5.96 0.566
43.26 100.77 76.79+5.98 0.633
27.73 68.71 39.43+4.06 0.279
17.23 45.49 25.76+3.01 0.798
35.19 59.94 46.43+3.75 0.007+*

Min.: minimum value, Max.: maximum value, SD: standard deviation value, FBH: foot bone height, FBL: foot bone length, maxCaL: maximum
calcaneus length, medCaL: medial calcaneus length, minCaH: minimum calcaneus height, CaAFH: calcaneus anterior facet height, maxCaH:

maximum calcaneus height, *0.05 significance level

Table 3. Comparison of the measurements according to gender

Male (N=137) Female (N=403)
Min. Max. MeantSD Min. Max. MeantSD P
Age 20 65 42.29411.48 20 65 43.814£10.46 0.174
FBH 64.24 98.88 89.07+5.97 54.63 97.42 81.33+5.31 <0.001+*
FBL 167.39 313.45 261.27+16.89 129.56 299.55 235.5+14.15 <0.001+*
maxCaL 77.25 108.25 89.94+5.58 27.92 98.85 80.8115.76 <0.001+*
Right medCalL 71.88 100.5 83.2615.29 35.14 90.32 74.69+4.77 <0.001*
minCaH 33.92 53.32 42.89+3.57 26.39 78.3 38.44+3.88 <0.001+
CaAFH 21.26 34.82 27.47+2.76 18.69 37.75 25.14+2.40 <0.001+*
maxCaH 42.03 61.34 50.58+3.61 24.76 57.07 45.4+3.07 <0.001+*
FBH 73.54 99.82 89.03+5.93 62.97 94.58 80.89+4.89 <0.001+
FBL 225.18 315.2 261.81+15.13 202.38 360.63 236.43+14.03 <0.001*
maxCaL 74.73 109.42 89.7+5.6 7.7 98.68 81.02+4.22 <0.001+*
Left medCaL 72.8 100.77 83.02+5.05 43.26 90.36 74.6614.64 <0.001+*
minCaH 35.57 68.71 43.2144.2 27.73 47.2 38.153.1 <0.001+
CaAFH 19.38 34.15 27.53+2.74 17.23 45.49 25.16+2.86 <0.001*
maxCaH 35.19 59.94 50.02+3.72 36.37 56.16 45.22+2.89 <0.001+*

N: number of individuals, Min: minimum value, Max: maximum value, SD: standard deviation value, FBH: foot bone height, FBL: foot bone length,
maxCaL: maximum calcaneus length, medCaL: medial calcaneus length, minCaH: minimum calcaneus height, CaAFH: calcaneus anterior facet

height, maxCaH: maximum calcaneus height, *0.05 significance level

Examining the relationship between the length
measurements of the calcaneus between age groups, it
was seen that the parameter right calcaneus anterior facet
height (rCaAFH) had a significant difference between age
groups (p=0.026). Nevertheless, none of the parameters,
including rCaAFH, showed a regular increase or decrease
with age.

Examining the correlation between the data on the right

side, it was seen that all length measurements had a strong
positive correlation among themselves (p<0.05) (Table 4).
When the correlation between the data on the left side was
examined, a positive correlation was observed between all
length measurements as on the right side (p<0.05). While
the correlation between left foot bone height (IFBH) and
left foot bone length (IFBL) was weaker (p<0.05, r=0.562),
the correlation between the remaining data was found to
be strong (Table 4).
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Table 4. Correlation of the data of the parties within themselves

Med Records 2024;6(2):239-48

AGE rFBH rFBL rmaxCaL rmedCaL rminCaH rCaAFH rmaxCaH
r .041 .657 .603*x 579 .558*x 573 392+ 1
rmaxCaH
p .343 .000 .000 .000 .000 .000 .000 1 r .
r .059 .367* 427 418#* 447 .365% 1 p
rCaAFH
P 71 .000 .000 .000 .000 .000 1 .005 r T
. r .059 547 494 .465% .500% 1 .902 p
rminCaH
p 172 .000 .000 .000 .000 1 578 -.076 r (e
r -.060 .565* 27 739*x .000 .079 P
rmedCalL
p .162 .000 .000 .000 1 .755% (0 E -.063 r
ImaxCaL
r -.094+ 572 .670** 1 .000 .000 142 p
rmaxCaL
p .029 .000 .000 .840* 728+ 582 .058 r
ImedCaL
FBH -.079 .496%* 1 .000 .000 .000 -.082 p
r
p .067 .000 1 529 .595#x 587 .639*x .022 r .
IminCaH
1 .018 1 .000 .000 .000 .000 .610 p
r
p .679 1 .409*x .406** .469*x 404+ 377 .012 r
ICaAFH
e r 1 .000 .000 .000 .000 .000 781 p
p 1 479% 675+ 583+ .655%* 599+ T24+ .074 r
ImaxCaH
.000 .000 .000 .000 .000 .000 .088 p
ImaxCaH ICaAFH IminCaH ImedCaL ImaxCaL IFBL IFBH AGE

* Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed), r: right, I: left, FBH: foot bone height,
FBL: foot bone length, maxCaL: maximum calcaneus length, medCaL: medial calcaneus length, minCaH: minimum calcaneus height, CaAFH:

calcaneus anterior facet height, maxCaH: maximum calcaneus height

In the study, the results of the ROC analysis for the usability
of the parameters in gender prediction are presented in
tables and graphs (Table 5, Figure 2). Analyzing the data
on the right side, the highest accuracy rate was found in
right foot bone height (rFBH) (0.913) and rmedCaL (0.910)
values. Among the length data, right calcaneus anterior
facet height (rCaAFH) (0.737) had the lowest rate of gender
prediction accuracy. When the results of the parameters
on the left side for gender estimation were analyzed, it
was seen that the values on the left side had a higher

accuracy rate in the minCaH and CaAFH parameters, while
the data on the right side had a higher accuracy rate in the
FBH, FBL, maxCal, medCal, maxCaH parameters. Based
on the foot model obtained by analyzing all parameters,
the parameters on the left side give a reliable rate of 87.5%
and the parameters on the right side give a reliable rate of
85.7%. When only the calcaneus data are evaluated, the
left side gives a reliable result of 85.2% and the right side
84.9%. Thus, in both models, the left-hand side parameters
were found to have a higher accuracy rate.

Table 5. ROC analysis results

AUC (95%) Min-Max Cut off value p
FBH 0.841 0.800-0.881 F<84.59<M 0.021+
FBL 0.913 0.884-0.942 F<247.48<M <0.001*
maxCaL 0.904 0.874-0.933 F<83.34<M <0.001*
Right medCaL 0.91 0.883-0.938 F<78.81<M <0.001*
minCaH 0.831 0.791-0.87 F<40.53<M 0.020+
CaAFH 0.737 0.686-0.788 F<26.11<M 0.026+*
maxCaH 0.867 0.832-0.902 F<47.68<M 0.018+
FBH 0.853 0.815-0.892 F<84.50<M 0.020+
FBL 0.913 0.886-0.94 F<247.63<M 0.014+
maxCaL 0.897 0.865-0.929 F<84.7<M 0.016+
Left medCaL 0.905 0.877-0.933 F<78.36<M 0.014+
minCaH 0.852 0.816-0.889 F<40.37<M 0.019+
CaAFH 0.755 0.706-0.803 F<26.13<M 0.025+
maxCaH 0.852 0.814-0.891 F<47.32<M 0.020+

AUC: area under the ROC curve, Min: minimum value, Max: maximum value, FBH: foot bone height, FBL: foot bone length, maxCaL: maximum
calcaneus length, medCaL: medial calcaneus length, minCaH: minimum calcaneus height, CaAFH: calcaneus anterior facet height, maxCaH:

maximum calcaneus height, F. female, M: male, p: significance level
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Figure 2. ROC analysis graph for gender prediction (A: Left side, B: Right
side)

DISCUSSION

One of the three points of the foot in contact with the
ground is the calcaneus. There are studies in the literature
on morphometric measurements of both the foot and
calcaneus on bones, cadavers, and living specimens
(2,4,13,17-21). Evaluation of Rl is necessary prior to
calcaneus surgical treatment. Furthermore, knowledge of
calcaneus morphometry before surgery provides useful
information to prevent surgical complications.

Diagonal segments are produced by ties.

Radiological approaches allow the examination of the
relevant region without any intervention to the individual
during the diagnosis of diseases. The data obtained as
a result of radiological measurements of the foot and
calcaneus can determine the degree of disease and the
programming of treatment in cases involving this area.

Some measurements of the calcaneus are utilized both
in clinical practice and in various forensic cases or
archaeological excavations to estimate gender from bone
(22,23). Distance measurements of the foot and calcaneus
were performed within the scope of the study. Considering
the biomechanical importance of the calcaneus in the
foot, we aimed to determine its relationship with foot bone
length and foot bone height. In the literature, there are few
studies on Rl regarding our measurement parameters in
the Turkish population (15,23,24) In the study conducted
by Schepers et al. (2007), examining the changes caused
by calcaneus fractures in foot measurements in the foot
Rl of 33 individuals belonging to the Dutch population, the
FBH value was 81 mm on the intact side, while this value
was 77 mm on the side where the fracture was present,
and a statistically significant difference was found
between these values. In a study conducted in a German
population, the FBH value was 84 mm (25). Altuntas
(2021) measured the FBH data on the foot Rl of 90 male
and 90 female individuals as 84.48+6.12 mm on the right
side and 84.5t6 mm on the left side. Altuntas (2021)
found a statistical significance between the right and left
sides of men in his study (p=0.022). However, he reported
that there was no statistical significance between the two
sides in women (23).

In the present study, no significant difference was found
between right and left foot lengths (p=0.105). This
conclusion supports the results of the study by Zeybek et
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al. (2008) on cadavers in which they aimed to estimate
gender from foot anthropometric characteristics and
Torun and Cay's (2018) study in which they examined the
relationship between arcus longitudinalis medialis and
foot length bilaterally in 106 patients (19,24). Torun and
Cay (2018) reported that the foot dome flattened as the
FBL increased. In the study, comparing the FBL values
between genders, the lengths of the right and left sides
were found to be significantly higher in men (p<0.001) (24).
This result is consistent with the result obtained by Gwani
et al. (2017) who measured foot lengths in two different
ways with and without including metatarsal bones (26).
Altuntas (2021) reported that the foot lengths of males
were significantly higher than females in his study (23). We
think that the fact that our measurements in the Turkish
population have higher values than the studies of Sanli et
al. (2005) and Dogruyol and Cimen (2021) is due to the
age difference of the study populations (Table 6). Hill et
al. (2017) evaluated the FBL value in their study with the
3D modeling method (27). We think that the differences in
this study, which has higher FBL values than the current
study, may be due to differences in methodology rather
than racial differences in the study population.

There are two measurements of the length of the calcaneus
in the study. In the literature, maxCaL is the most evaluated
of these lengths, which is generally used in studies to
estimate gender. In the study, it was determined that there
was no statistically significant difference between the
right and left sides of maxCaL data (p>0.05). Statistically
significant differences were detected in both right and left
maxCal data in males and females (p<0.001) (Table 7).

Riepert et al. (1995) found no significant differences
between males and females in the sex prediction of
calcaneus length in lateral foot Rl of 800 individuals from
a Central European population (p<0.001) (16). Cekdemir
et al. (2021) found statistically significant differences
between the two sides in their study performed on CT
images aiming to predict gender from the calcaneus
(p<0.001) (28). These results are consistent with the
findings of the present study. In addition, there are studies
in the literature showing that there are no statistically
significant differences between maxCalL lengths on the
right and left sides as a result of research on dry bones
(2,20). We think that the higher values of the results
obtained in the present study compared to studies on
cadavers in different populations are due to the different
populations. Furthermore, Lopez-Capdevila et al. (2020)
measured the maxCalL value as 91 mm before surgical
intervention applied to calcaneus fractures and 85.25
mm after surgery (29) (Table 7). They found significant
differences between preoperative and postoperative
outcomes (p<0.025).

We think that the medCaL data obtained in the study is
lower than the data obtained by Agoada (2018) due to the
difference in sample size and the characteristics of the
populations (Table 7) (13).
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Table 6. FBL value in other studies in the literature

Med Records 2024;6(2):239-48

Authors
Sanli et al. (2005) (17)
Sen and Ghosh (2008) (18)

Zeybek et al. (2008) (19)

Gwani et al. (2017) (26)

Hill et al. (2017) (27)

Torun and Cay (2018) (24)

Altuntas (2021) (23)

Dogruyol and Cimen (2021) (15) RI

Present study

Method  Population Age range MeantSD
Human Tirkiye 155 17-23 249.10+18.55
Human India 350 18-50 222.6%1
Right Left
Human Turkiye 249 18-44 Male Female Male Female
256.01+11.17  230.4649.03  255.79+11.17  230.79%9.07
L Male Female
RI Nigeria 32 20-35
257.2+11.5 236+10.4
Male Female
3D . .
Modeling UK 62 - Right Left Right Left
268.25+11.52 268.50+12.13  240.22+9.62 240.07+9.76
S Male Female
RI Tirkiye 106 18-80
264.14£16.5 237.5%12.1
L Right Left
RI Tirkiye 180 20-64
261.13+17.28 261.08+17.2
L Right Left
Tirkiye 662 18-86
258.9+22.5 258.1£22.4
Right Left
. 242.04+18.63 242.87+18.08
RI Tirkiye 540 20-65
Male Female Male Female
261.27+16.89  235.5%14.15 261.81+£15.13 236.43+14.03

FBL: foot bone length, N: number of individuals, RI: radiography images, 3D: three-dimensional, SD: standard deviation

Table 7. maxCaL and medCAL values in studies in the literature

Authors
Riepert et al. (1995) (16)
Kim et al. (38)

Agoada (2018) (13)
Amuti et al. (2020) (2)
Schmutz et al. (2020) (4)

Cekdemir et al. (2021) (8)

Present study

Authors

Agoada (2018) (13)

Altuntas (2021) (23)

Present study

Method Population
RI Central Europe
Cadaver South Korea
Rl and Cadaver USA
Cadaver Kenya
3D CT Thailand and
Japan
Cili Tirkiye
RI Tirkiye
Method Population
Rl and Cadaver USA
RI Tirkiye
RI Tirkiye

N

800

42

54

64

M

489

540

N

54

180

540

maxCAL
Age range

20-79
54-91

35-89

18-65

44-90

20-65

medCAL
Age range

35-89

20-64

20-65

Mean+SD
Male Female
89.8+4.7 82+4.6
74.32+3
RI Cadaver
86.75+6.72 83.8716.56
Right Left
68.95+9.85 68.26+10.46
Right Left
76.31+5.15 76.4315.26
Male Female
85.65+5.16 76.74+4.21
Right Left
83.12+6.96 83.22+5.96
Male Female Male Female
89.94+5.58 80.81+5.76 89.745.6 81.02+4.22
Mean+SD
RI Cadaver
83.3216.74 82.15+6.74
Right Left
81.06+6.45 81.02t6.4
Male Female Male Female
85.414.9 76.8+4.7 85.3+4.9 76.8+4.7
Right Left
76.8616.16 76.79+5.98
Male Female Male Female
83.26+5.29 74.69+4.77 83.02+5.05 74.6614.64

maxCaL: maximum calcaneus length, medCaL: medial calcaneus length, N: number of individuals, Rl: radiographic images, 3D: three-dimensional,
CT: computed tomography, SD: standard deviation
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There are two different measurements that determine
the height of the calcaneus in the study. In the literature,
no study has been found in which minCAH and maxCAH
measurements were taken the same in the Turkish
population. Additionally, in our study, maxCAH and
minCAH data were found to have similar accuracy rates
in gender prediction. It has been revealed that minCAH
measurements can be preferred in bones where maxCAH
measurements cannot be taken (Table 5). We think that
the differences between the results of Zakaria et al.
(2010) and Riepert et al. (1996), whereas the results of the
present study and Agoada (2018) are close to each other,
are due to the racial characteristics of the populations in
the studies (13,16,30) (Table 8).

One of the lengths indicating calcaneus height is maxCaH.
In the literature, this value was compared between the sides

Med Records 2024;6(2):239-48

with (47 mm) and without (50 mm) calcaneus fracture and
it was shown that maxCaH decreased on the fractured side
with statistically significant differences (p=0.001) (14).
Arslan et al. (2014) measured maxCaH as 47.68+2.8 mm
in men and 43.16+£2.71 mm in women in their study and
reported a statistically significant difference between the
two sides (p<0.001). This result is consistent with the result
obtained in the current study (p<0.001) (31) (Table 8).

The last length measurement of the calcaneus evaluated
in the study was CaAFH. The data obtained by Amuti et
al. (2020) have lower values than the data in the present
study (2). Cekdemir et al. reported statistically significant
differences between the genders in this length in their
study in which they aimed to predict gender from the
calcaneus (p<0.001) (8). These data are consistent with
the results of the present study (p<0.001) (Table 8).

Table 8. minCaH, maxCaH and CaAFH values in other studies in the literature

minCaH
Authors Method Population N Age range MeantSD
. Male Female
Riepert et al. (1995) (16) RI Central Europe 800 20-79
42.3+3.1 37.8+2.9
i Male Female
Zakaria et al. (2010) (30) RI Egypt 204 20-70
40.2943.1 34.59+3.2
RI Cadaver
Agoada (2018) (13) Rl and Cadaver USA 54 35-89
38.98+3.82 39.24+3.65
] Right Left
Present study RI Turkiye 540 20-65
39.57+4.27 39.43+4.06
maxCaH
Mean*SD Authors
. Male Female
Riepert et al. (1995) (16) RI Central Europe 800 20-79
51.8+4.0 46.7+3.6
Schepers et al. (2007) (14) RI Holland 33 18-65 50
. Male Female
Zakaria et al. (2010) (30) RI Egypt 204 20-70
47.94+3.5 41.41£3.5
) Male Female
Arslan et al. (2014) (31) RI Tirkiye 69 18-79
47.68+2.8 43.16%2.71
Kim et al. (2014) (38) Cadaver South Korea 42 54-91 42.5+3.0
RI Cadaver
Agoada (2018) (13) Rl and Cadaver USA 54 35-89
50.5045.68 49.75+4.31
] Right Left
Present study RI Tirkiye 540 20-65
46.71+3.93 46.43+3.75
CaAFH
RI Cadaver
Agoada (2018) (13) Rl and Cadaver USA 54 35-89
23.0842.21 25.0742.12
. Right Left
Amuti et al. (2020) (2) Cadaver Kenya 64 18-65
18.83+4.71 17.91+3.93
. ) Male Female
Cekdemir et al. (2021) (28) CT Turkiye 489 -
28.83+£2.13 25.45+1.99
) Right Left
Present study RI Turkiye 540 20-65
25.73%2.7 25.76%3.01

minCaH: minimum calcaneus height, maxCaH: maximum calcaneus height, CaAFH: calcaneus anterior facet height, N: number of individuals, RI:

radiographic images, CT: computed tomography, SD: standard deviation
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Gender estimation from bones is gaining importance
in various forensic cases or major disasters affecting
masses (12). Gender estimation from skeletal remains is
an important issue in both forensics and bioarchaeology
(32). In the present study, right and left calcaneus
measurement parameters were subjected to ROC analysis
to determine theiraccuracyin gender prediction. As aresult
of the analysis, FBL was the parameter with the highest
accuracy rate on both the right (0.913) and left (0.913)
sides. In the Turkish population, it was reported that the
FBL parameter on cadavers (19) and the FBL parameter
on RI (23) provided highly accurate results for gender
prediction. Fun et al. (2011) reported that the accuracy
rate of predicting gender from foot length was 85.7-86.7%
in their study in which they stated that predicting gender
from foot length has a high accuracy rate (33). Another
study reported that FBL is a strong parameter in predicting
gender (34). In another study conducted on a northern
Australian population, which aimed to predict gender from
foot and footprint measurements, it was reported that FBL
was 90.5% successful in predicting gender (35). In a study
conducted on a Nigerian population that examined the
ability to predict gender from foot measurements, height,
and body mass index, FBL was found to be an important
parameter for gender prediction (36).

In the present study, the accuracy of maxCalL was 0.904
on the right side and 0.897 on the left side. DiMichele and
Spradley (2012) reported the accuracy of this parameter
in predicting gender as 0.800 (37).

In the study, minCaH had an accuracy of 0.831 on the right
side and 0.852 on the left side; CaAFH had an accuracy of
0.737 on the right side and 0.755 on the left side. In the
study by Kim et al. (2013) in which these parameters were
also evaluated, the accuracy value of maxCal was 0.902,
minCaH value was 0.871 and CaAFH was 0.780 as well (38).
In another study, the accuracy of maxCalL was reported to
be 83.5%, while the accuracy of CaAFH was 78.7% (39).
In a different study, it was reported that maxCaL length
was successful by 82.3% in predicting gender. In the same
study, the value of minCaH length was reported as 81.2%
and CaAFH as 78.5% (10). Ekizoglu et al. (2017) reported
that maxCalL was quite different between genders in
their study based on computed tomography images (40).
Gualdi-Rosso (2007) reported that talus lengths were
more successful in predicting gender than calcaneus
lengths (22). However, he stated that length and width
measurements of the calcaneus were more accurate than
height measurements. In another study performed on
computed tomography images in the Turkish population,
Cekdemir et al. (2021) reported the accuracy of maxCalL
as 0.971 and CaAFH as 0.878 (8).

The limitations of our study are that it is a retrospective
study and that the individuals participating in the study
do not know their body mass index, so the relationship
between weight, height and body mass index and our
measurement data could not be revealed.

Med Records 2024;6(2):239-48

CONCLUSION

The conclusion is very detailed and long written. It will
be sufficient to emphasize the result of the study, its
difference from other studies and its contribution to the
literature in one paragraph.

The calcaneus plays an important role in body
biomechanics. One of the most important features
that enables it to fulfill this role is that it is one of the
strongest bones in the body. Due to its robust structure,
the calcaneus can maintain its morphometric properties
even under the ground or in natural disasters. In addition
to revealing morphometric differences between races, it
provides information about people and communities that
lived many years ago in forensic medicine, archaeology,
and anthropology for gender determination. For these
reasons, the morphometric measurements of the
calcaneus and the accuracy of these measurements
in gender determination were presented in the present
study. These data are important for many disciplines
such as forensics, archaeology, and anthropology. In this
study, we aimed to contribute to the literature with various
morphometric measurements of the calcaneus. The study
was carried out on 1,080 calcanei belonging to individuals
aged 20-65 years.All the values of length were higher in
men than in women. Among the parameters in the study,
FBL and maxCaL showed the highest accuracy in gender
prediction. Besides, the right-side parameters in the study
have a higher accuracy rate in gender determination than
the left side.

In future studies, the inclusion of individuals under the age
of 20 years and over the age of 65 years in studies covering
larger populations will allow more comprehensive data on
the calcaneus to be obtained. These data can be used
for the development of machine learning and artificial
intelligence methods in future studies.

It is believed that the results obtained in the study will
be helpful in forensic and clinical applications. Knowing
the average values of the measured parameters in the
Turkish population will allow for more accurate results.
Contributory results are presented for situations where
gender prediction is required.

Financial disclosures: The authors declared that this study has
received no financial support.

Conflict of interest: The authors have no conflicts of interest to
declare.

Ethical approval: The study was conducted with a retrospective
design with the approval of Necmettin Erbakan University Drug and
Non-Medical Device Research Ethics Committee dated 04.02.2022
and numbered 2022/3632.

REFERENCES

1. Korkmaz T. Calcaneal and metatarsal weight distribution in
children's feet. Selcuk Med J. 1989;5:99-106.

246



DOI: 10.37990/medr.1419133

10.

11.

12.

13.

14.

15.

16.

17.

18.

Amuti T, Muuthuri N, Nichome L, et al. Morphometric
dimensions of the calcaneus. J Foot Ankle Surg.
2020;59:949-52.

Standring S. Gray's anatomy the anatomical basis of clinical
practice. 42nd edition. Elsevier, Amsterdam, 2020;1347.

Schmutz B, Luthi M, Schmutz-Leong YK, et al. Morphological
analysis of Gissane's angle utilising a statistical shape
model of the calcaneus. Arch Orthop Trauma Surg.
2021;141:937-45.

Kutlu A. The cavus deformity of the foot and its therapy.
Selcuk Med J. 1990;6:28-35.

Mendonca DS, Kurita LM, Carvalho FSR, et al. Development
and validation of a new formula for sex estimation based
on multislice computed tomographic measurements of
maxillary and frontal sinuses among Brazilian adults.
Dentomaxillofac Radiol. 2021;50:20200490.

Kramer NA, Lopez-Capp TT, Michel-Crosato E, et al. Sex
estimation from the mastoid process using Micro-CT among
Brazilians: Discriminant analysis and ROC curve analysis. J
Forensic Radiol Imaging. 2018;14:1-7.

Cekdemir YE, Mutlu U, Karaman G, et al. Estimation of
sex using morphometric measurements performed on
cranial computerized tomography scans. Radiol Med.
2021;126:306-15.

Garcovich D, Albert Gasco L, Alvarado Lorenzo A, et al. Sex
estimation through geometric morphometric analysis of
the frontal bone: an assessment in pre-pubertal and post-
pubertal modern Spanish population. Int J Legal Med.
2022;136:319-28.

Zhang K, Fan F, Tu M, et al. Estimation of stature and sex
from calcaneal measurements in Chinese. Aust J Forensic
Sci. 2016;49:69-77.

Bidmos MA, Asala SA. Sexual dimorphism of the calcaneus
of South African blacks. J Forensic Sci. 2004;49:446-50.

Scott S, Ruengdit S, Peckmann TR, Mahakkanukrauh P.
Sex estimation from measurements of the calcaneus:
Applications for personal identification in Thailand. Forensic
Sci Int. 2018;278:405-e1-8.

Agoada D. The relationship between linear osteological and
radiographic measurements of the human calcaneus and
talus. Anat Rec. 2018;301:21-33.

Schepers T, Ginai AZ, Mulder PG, et al. Radiographic
evaluation of calcaneal fractures: to measure or not to
measure. Skeletal Radiol. 2007;36:847-52.

Dogruyol G, Cimen M. Radiological research of medial and
lateral arch angles and foot length in terms of age, gender
and side differences. Turk J Med Sci. 2021;2:76-83.

Riepert T, Drechsler T, Schild H, et al. Estimation of sex on
the basis of radiographs of the calcaneus. Forensic Sci Int.
1996;77:133-40.

Sanli SG, Kizilkanat ED, Boyan N, et al. Stature estimation
based on hand length and foot length. Clin Anat.
2005;18:589-96.

Sen J, Ghosh S. Estimation of stature from foot length and
foot breadth among the Rajbanshi: anindigenous population
of North Bengal. Forensic Sci Int. 2008;181:55.e1-6.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

247

Med Records 2024;6(2):239-48

Zeybek G, Ergur I, Demiroglu Z. Stature and gender estimation
using foot measurements. Forensic Sci Int. 2008;181:54.e1-
5.

Kim JH, Gwak HJ, Kim JG, et al. Measurement of normal
calcaneus in Korean cadavers: a preliminary report. J
Korean foot ankle soc. 2014;18:14-8.

Deniz G, Kaya A, Ercan Z, et al. The evaluation of radiologic
angular measurements in patients with foot pain. J Am
Podiatr Med Assoc. 2020;110:Article_8.

Gualdi-Russo E. Sex determination from the talus and
calcaneus measurements. Forensic Sci Int. 2007;171:151-
6.

Altuntas E. Sex determination from radiographs of foot
bones. Ph.D. thesis, On Dokuz Mayis University, Samsun,
2021.

Torun BI, Cay N. Relationship between the angle of the foot
arch and the length of the foot. Kafkas J Med. 2018;8:172-7.

Rammelt S, Grass R, Zawadski T, et al. Foot function after
subtalar distraction bone- block arthrodesis. A prospective
study. J Bone Joint Surg Br. 2004;86:659-68.

Gwani AS, Salihu AT, Garba IS, et al. Estimation of stature
from radiographic measurement of foot dimensions:
Truncated foot length may be more reliable than full foot
length. J Forensic Leg Med. 2017;46:53-7.

Hill M, Naemi R, Branthwaite H, Chockalingam N. The
relationship between arch height and foot length:
Implications for size grading. Appl Ergon. 2017;59:243-50.

Cekdemir YE, Mutlu U, Karaman G, et al. Evaluation of
computed tomography images of calcaneus for estimation
of sex. Radiol Med. 2021;126:1064-73.

Lépez-Capdevila L, Santamaria Fumas A, Dominguez Sevilla
A, et al. Dorsal wedge calcaneal osteotomy as surgical
treatment for insertional Achilles tendinopathy. Rev Esp Cir
Ortop Traumatol (Engl Ed). 2020; 64:22-7.

Zakaria MS, Mohammed AH, Habib SR, et al. Calcaneus
radiograph as a diagnostic tool for sexual dimorphism in
Egyptians. J Forensic Leg Med. 2010;17:378-82.

Arslan G, Yirgin IK, Tasguzen A. A measuremental
approach to calcaneal fractures. Eur J Trauma Emerg Surg.
2014;40:593-9.

Gonzalez PN, Bernal V, Perez SI. Geometric morphometric
approach to sex estimation of human pelvis. Forensic Sci
Int. 2009;189:68-74.

Fun PS, Osman K, Hamzah SPAA, et al. Stature and sex
estimation using foot measurements for Malays and Chinese
in Malaysia. Jurnal Sains Kesihatan Malaysia 2011;9:23-8.

Sen J, Kanchan T, Ghosh S. Sex estimation from foot
dimensions in an indigenous Indian population. J Forensic
Sci. 2011;56:5148-53.

Hemy N, Flavel A, Ishak NI, et al. Sex estimation using
anthropometry of feet and footprints in a Western Australian
population. Forensic Sci Int. 2013;231:402.e1-6.

Ogbonnaya IO, Frank ET, Olasubomi SA, et al. Sex estimation
using foot measurements, stature and body mass index
(BMI) in a Nigerian population. Acta Sci Nat. 2018;5:32-7.



DOI: 10.37990/medr.1419133

37.

38.

DiMichele DL, Spradley MK. Sex estimation in a modern  39.

American osteological sample using a discriminant function
analysis from the calcaneus. Forensic Sci Int. 2012;221:152.
el-5.

Kim DI, Kim YS, Lee UY, Han SH. Sex determination from
calcaneus in Korean using discriminant analysis. Forensic
Sci Int. 2013;228:177.e1-7.

40.

248

Med Records 2024;6(2):239-48

Peckmann TR, Orr K, Meek S, Manolis SK. Sex determination
from the calcaneus in a 20th century. Greek population using
discriminant function analysis. Sci Justice. 2015;55:377-82.

Ekizoglu O, inci E, Palabiyik FB, et al. Sex estimation in a
contemporary Turkish population based on CT scans of the
calcaneus. Forensic Sci Int. 2017;279:310.e1-6.



DOI: 10.37990/medr.1468386

MEDICAL RECORDS-International Medical Journal

Research Article

Med Records 2024;6(2):249-54

The Relationship Between Pain Intensity, Pain Beliefs, and
Emotion Regulation Skills in Non-Surgical Spinal Pathology Pain

Zuhal Koc Apaydin’, ®Nefise Demir?,

Aydin Sinan Apaydin?

"KarabUlk University, Faculty of Medicine, Department of Psychiatry, Karabk, Tirkiye
2Karabtik University, Faculty of Medicine, Department of Neurosurgery, Karabuk, Tirkiye

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License.

Abstract
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Aim: Chronic pain, particularly spinal pain, presents a significant health concern globally. This study aims to investigate the interplay
between pain beliefs, emotion regulation strategies, and pain severity in individuals with complaints of spinal pain.

Material and Method: A sample of 100 participants presenting with back and neck pain, without indications for surgery, completed
measures assessing pain beliefs, emotion regulation strategies, and pain severity.

Results: Results indicated that individuals with higher levels of psychological pain beliefs reported lower pain severity, while those
employing maladaptive emotion regulation strategies experienced greater pain severity.

Conclusion: These findings underscore the importance of considering psychological factors in pain management and highlight the
potential utility of targeting emotion regulation strategies in clinical interventions. Future research should further explore the impact
of pain beliefs and emotion regulation on treatment outcomes and the pain experience, providing valuable insights for enhancing pain

management approaches.

Keywords: Spinal pain, pain beliefs, emotion regulation, spinal pathology

INTRODUCTION

Globally, pain is acknowledged as a common and rising
health concern (1). Pain is defined as "an unpleasant
sensory and emotional experience associated with actual
or potential tissue damage, or described in terms of such
damage" (2) by the International Association for the Study
of Pain (IASP). Individuals perceive body sensations and
somatic complaints differently, and research supports the
idea that people perceive pain differently (3).

Research involving individuals with chronic pain has
demonstrated that anxiety and depressive symptoms
frequently coexist with the pain (4). Moreover, it has
been shown that depressed symptoms are linked to
elevated pain-related disability, catastrophic thinking, and
functional impairment in these persons (5). Furthermore,
studies suggest that a number of variables, including age,
a sedentary lifestyle, low or inadequate levels of 25 (OH)
vitamin D, obesity, and smoking, may contribute to the
genesis of chronic neck and back pain (6,7). Furthermore,

CITATION

it has been proposed that psychological variables like
anxiety and depression may account for variations in
treatment response within a subgroup of patients, even
in the face of multiple medical and surgical treatment
methods for patients with chronic back and neck pain (8).

Studies have shown that chronic pain is more common
in people with premorbid psychosocial stresses such
as depression or anxiety (9). This phenomenon can be
explained by the theory that psychosocial elements
become more prominent when pain becomes persistent,
creating a vicious cycle that intensifies the person's pain
experience and degree of impairment. Thus, in order to
establish a thorough understanding and useful intervention
techniques, addressing pain from a biopsychosocial
viewpoint requires taking into account not only physical
variables but also the patient's psychological and social
surroundings (10). Accordingly, pain is a multifaceted
phenomenon that has elements related to neurophysiology,
biochemistry, psychology, ethnicity, culture, cognition, and
environment (11).
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Research examining pain from a biopsychosocial
standpoint has demonstrated that a patient's expectations,
beliefs, coping strategies, social support, diagnoses, health
insurance, and even the employer's response can all affect
how well they manage their pain (12). Of them, the idea of
pain beliefs is particularly noteworthy.

According to Ellis, pain beliefs are made up of cognitions,
thoughts, attitudes, and emotions. Research on pain beliefs
has also shown that people who stop their treatment tend to
have more negative pain beliefs. However, it is anticipated
that these beliefs will lessen with cognitive-behavioral
therapy (13). "Patients' beliefs about the causes of their
pain and the expected effects of treatment" (14) is the
definition of pain belief. Two sub-dimensions comprised
organic pain beliefs that signal physical pain and pose a
threat to well-being and psychological pain beliefs that
involve interior consequences and emotions impacting
the pain experience (15). While certain beliefs may help
people cope with their pain (16), negative views about pain
have been linked to higher use of healthcare resources and
the use of analgesic medications (17), as well as being
predictive of pain severity, disability, and distress (18).

It has also been noted that disruption in emotion regulation
influences pain beliefs as well as the sensation of pain.
Ellis points out that emotion regulation dysfunction is
characterized by a lack of awareness of one's emotions,
an inability to accept emotions, and an inability to manage
behaviors in reaction to negative emotions (19). Pain
beliefs, on the other hand, contain cognitions, thoughts,
attitudes, and emotions (13). Since unfavorable life
events have been shown to disrupt emotion regulation
abilities and emotion regulation dysfunction is linked to
somatization, it is crucial to comprehend how emotion
regulation dysfunction affects the pain experience in this
instance (20). Dysfunction in emotion regulation can make
it difficult to accurately measure the level of pain and other
factors associated with pain, which can make evaluation
challenging (21,22). Research has indicated that people
who struggle with controlling their emotions are more
prone to abuse opioids for pain relief, which increases the
intensity of pain and feeds a vicious cycle by impairing
positive emotion regulation (23). In this context, it has
been suggested that emotion regulation techniques may
be helpful in the treatment of pain, underscoring the need
for more research in this field (24).

Our study aims to evaluate the concurrent testing of pain-
related beliefs and emotion regulation skills in individuals
with complaints of spinal pain, given the 75-85% lifetime
prevalence of spinal pain (25). Considering the lack
of research in this field, we aim to thoroughly assess
the connection between pain-related beliefs, emotion
regulation abilities, and pain severity.

MATERIAL AND METHOD

Informed consent forms were signed by 100 participants
who did not require surgery but came to the Brain and
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Neurosurgery Clinic of Karablk University Training and
Research Hospital between June 2022 and August 2022
with complaints of pain related to spinal pathologies. The
participants ranged in age from 18 to 65, were literate in
Turkish, and had no history of medication usage that could
have led to mental symptoms or cognitive impairment.
Additionally, they had no additional neurological, chronic
medical, or psychiatric illnesses that could affect
cognitive performance. They also did not have any other
rheumatologic conditions.

Those who acceptedto participate and fulfilled the inclusion
criteria were given a sociodemographic information form
created by our team as part of the study. In addition, the
participants' own Pain Beliefs Questionnaire, Cognitive
Emotion Regulation Questionnaire, and The Short-Form
McGill Pain Questionnaire were given out. The Karabiik
University Non-Interventional Clinical Research Ethics
Committee examined and authorized our investigation; the
approval number for the study is 2022/924, dated May 31,
2022. The Helsinki Declaration's guiding principles were
followed in the conducting of the study.

Measures

Sociodemographic data form: Developed by researchers,
this form asks descriptive questions about the participant's
gender, age, place of birth, educational background, and, if
they are a student, their academic year as well as whether
they have ever had a mental health diagnosis.

Pain Beliefs Questionnaire (PBQ): The Pain Beliefs
Questionnaire (PBQ), created by Edwards et al. in 1992,
has two subscales: the four-item Psychological Beliefs
subscale and the eight-item Organic Beliefs subscale.
Understanding the psychological and biological
attributions of patients with chronic pain—which had not
been previously investigated—was the primary goal of
establishing the scale. The following are the item numbers
for each subscale:

ltems 1, 2, 3,5, 7, 8, 10, and 11 are examples of organic
beliefs. Beliefs in psychology: Items 4, 6,9, 12. Participants
are asked to check the option from six possibilities,
numbered from 1. "never" to 6. "always," that best describes
them. For every item, scores range from 1 to 6. The sum of
the scores from all of the items in a subscale divided by
the total number of items in that subscale yields the overall
score for each subscale (26). Sertel-Berk (27) conducted
the validity and reliability assessment for the Turkish
version.

The Short-Form McGill Pain Questionnaire (SF-MPQ):
A popular tool for measuring pain is the Short-Form
McGill Pain Questionnaire (SF-MPQ), which was created
by Melzack in 1987 and has been tested for validity and
reliability in Turkish. The sensory (11 words) and affective
(4 words) components of pain are assessed using a
total of 15 descriptive words in this questionnaire. The
three pain scores that result from this component of the
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questionnaire are sensory, affective, and total pain ratio
(sensory+affective), where 0 represents no pain, 1 is
mild, 2 is moderate, and three is severe. A 6-point Likert
scale is used to quantify overall pain severity, and a Visual
Analog Scale (VAS) is used to assess pain felt at the time
of assessment. 0 on this scale indicates no pain, one
mild pain, two upsetting pain, three bothersome pain, four
terrible pain, and five agonizing pain (28,29).

The Cognitive Emotion Regulation Questionnaire (CERQ):
Garnefski, Kraaij, and Spinhoven (30) created the Cognitive
Emotion Regulation Questionnaire (CERQ), a five-point
Likert-type assessment tool (1=not at all suited for me,
2=slightly suitable for me, 3=partially suitable for me,
4=extremely suitable for me, and 5=totally suitable for me).
There are 36 items in all on the scale. The Cronbach's alpha
coefficient in the scale's initial iteration spans from.67
t0.81. Self-blame, acceptance, centering on planning,
positive refocusing, positive reappraisal, putting into
perspective, catastrophizing, other-blame, and rumination
are the nine subscales that make up the scale. Onat and
Otrar (31) carried out the scale's adaption into Turkish and
validity and reliability investigations. The results showed a
test-retest reliability coefficient of r=.1,00 and a Cronbach's
alpha value of a=,784. The validity studies employed the
criterion-related validity technique. The Negative Affect
Scale and the Cognitive Emotion Regulation Questionnaire
were shown to be statistically significantly correlated (r=,-
572).

Statistical Analysis

IBM SPSS 21 software was used for statistical analysis.
Normality distribution was checked using the Shapiro-
Wilk test. Normally distributed data were presented as
meanzstandard deviation, while data that did not show
normal distribution were presented as median (min-max).
Chi-square test was used for comparing genders between
groups. Forcomparing numerical variables between groups,
T-test was used when data were normally distributed, and
Mann-Whitney U test was used when at least one data did
not follow normal distribution. The relationship between
variables was evaluated using the Spearman correlation
test. The significance level was set at 0.05.

RESULTS

A total of 100 patients presenting with complaints of back
and neck pain to the Brain Surgery Polyclinic of Karabuk
Education and Research Hospital, who were examined by
a neurosurgeon and found to have no pathologies requiring
surgery, were included in our study.

Since cutoff scores for the scales we used were not available
and to ensure standardization, we categorized the SF-MPQ
Pain Severity Scale based on mean values. Accordingly, in
our statistical analysis, we classified individuals with SF-
MPQ Pain Severity Scale scores below 17 as having low-
level pain, and those with scores above 17 as having high-
level pain. Demographic and clinical data according to this
classification are presented in Table 1.
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Table 1. Demographic and clinical data according to McGill Pain

Questionnaire severity

Low McGill High McGill
scoren: 48  score n: 52
Gender 0.4882
Woman 85 41
Man 13 11
Age 45.31411.57 41.63+11.39 0.232°
Occupation 0.622
Unemployed 4 13
Employed 18 11
Retired 3 6
Housewife 23 22
Educational level 0.2922
Primary school 20 31
High school 11 10
Associate degree 6 5
Bachelor’s degree 11 6
Pain beliefs
Organic beliefs 26.0416.27 24.15%6.15 0.132°
Psychological beliefs 9 (4-24) 6 (4-17) 0.002°
Cognitive emotion regulation
Self-blame 11 (4-20) 15.5(4-20) 0.022°
Acceptance 12.50+3.88 15 (4-20) 0.018¢°
;::::3:; focus - deep 10(520)  13.75:419  0.004°
Positive refocusing 11.54+4.60 14 (4-20) 0.016°
Re-focusing on planning 16 (5-20) 18 (9-20) 0.087¢
Positive reappraisal 16 (8-20) 18 (6-20) 0.132¢
Reframing 16 (8-20) 18 (6-20) 0.005°
Ruin 8 (4-20) 8.50 (4-20)  0.151°
Blaming others 6 (4-18) 9 (4-20) 0.013¢

a: Chi-Square test, b: t test, c: Mann Whitney U test

In our study, 76 female and 24 male patients participated,
and there was no difference between the two sexes interms
of pain severity. The mean age of the participants was
43.4+11.57 years. There were no significant differences
in age, occupation, or educational status among the
participants.

Of the participants, 51% were primary school graduates,
75% were married, and 29% were employed.

It was found that individuals with higher levels of
psychological pain beliefs experienced significantly lower
pain severity (p=0.022). Similarly, individuals who used
cognitive emotion regulation strategies such as self-blame
(p=0.022), acceptance (p=0.018), refocusing on planning
(p=0.004), positive refocusing (p=0.016), putting into
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perspective (p=0.005), and other-blame (p=0.013) were
found to experience statistically more severe pain.

Furthermore, the relationship between pain beliefs and
emotion regulation strategies with pain was evaluated in
our study, and the data are presented in Table 2.

Table 2: Relationship between McGill Pain Questionnaire and Pain

Beliefs and CERS Subscales

Mcgill Pain
Meanzsd
17.3149.01
AEek ] coe(f:f(::;:Inatﬁ((:)n/ p*
Organic beliefs 25.0616.25 -0.19/0.051
Psychological beliefs 9.00+4.58 -0.26/0.007
Self-blame 12.90+4.90 0.25/0.012
Acceptance 13.4143.99 0.23/0.017
Thought focus - deep thinking 12.58+4.51 0.29/0.003
Positive refocusing 12.69+4.57 0.16/0.093
Re-focusing on planning 16.1743.50 0.17/0.083
Positive reappraisal 15.8443.71 0.19/0.051
Reframing 16.02+3.52 0.32/0.001
Ruin 9.154.53 0.18/0.060
Blaming others 8.90+4.81 0.24/0.013

Spearman correlation test

According to the statistical evaluation, individuals who
perceive lower pain severity tend to have higher levels
of psychological pain beliefs. Additionally, the use of
cognitive emotion regulation strategies such as self-
blame, acceptance, refocusing on planning, putting into
perspective, and other-blame is associated with increased
pain severity. However, no significant relationship was
found between subgroups of organic beliefs, psychological
beliefs, and emotion regulation skills.

DISCUSSION

Numerous elements, including those that are structural,
physical, psychological, social, lifestyle, and related health
factors that interact, might affect the condition of pain. As
such, it is critical to address pain from a biopsychosocial
perspective (32,33). People who experience pain not only
bear a physical burden but also financial difficulties, which
are exacerbated by psychological considerations (34). Body
language serves as a means of expressing psychological
conflicts, anxieties, and wants when accompanied by
psychological elements. There are variations in the degree
of pain and how it is treated due to this vicious cycle,
which also has an impact on people's mental and social
circumstances (35).

It has been proposed that disparities in coping
mechanisms for addressing pain may result from views
about the biological or psychological causes of pain (36).
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The majority of participants in our survey believed that
pain results from physical damage, and we were unable
to discover a meaningful correlation between the severity
of pain and organic pain beliefs. Nonetheless, people
with more prevalent psychological pain beliefs reported
less severe pain, which is in line with the literature. Those
without any health problems had higher psychological pain
beliefs, according to Edwards et al. (1992) (26). Like our
investigation, Ulus et al. (2014) discovered that people with
less severe pain reported more common psychological pain
beliefs (37). As evidenced by the findings of the Edwards et
al. study, those without a history of suffering may express
their discomfort less severely, given that attitudes about
pain are particularly influenced by past experiences or
lessons (38). This condition in our study may have resulted
from those with low-level spinal pain not contemplating
any damage to the affected area because they did not see
the reason of their pain as physical. To clarify this part of
pain sensation that has remained unclear, more research
is required. Research has demonstrated that psychological
factors are linked to different elements of pain, including
chronicity and treatment resistance, which can affect
functioning (39). We also looked at the connection,
as shown in recent research (20), between emotion
management techniques—specifically, somatization—
and pain. Research on the relationship between pain and
emotion regulation is scarce, but what is known is that
those who use improper emotion regulation techniques
typically have more severe pain (40). In line with these
conclusions, our research also found that people who
engage in unhealthy emotion regulation techniques—
specifically, self-blame, rumination/deep thinking, and
blaming others—tend to experience pain more acutely. In
this sense, our work is consistent with the corpus of prior
studies. It's common knowledge that those who have
trouble controlling their emotions frequently somatize their
feelings. When our participants employ improper emotion
regulation techniques and give their current discomfort
greater relevance, they may feel it more keenly.

The cognitive states that are absent from the literature are
those that are still not well known in regard to this field.
Thus, more investigation is required to comprehend the
reactions to pain. Although the majority of the literature is
supported by our findings, it is important to emphasize that
those who use appropriate emotion regulation techniques—
like acceptance and perspective—also report higher
degrees of pain severity. While there isn't any information
about this problem in the literature, it's hypothesized that
this might be caused by the fact that there isn't a single
cause for pain. Even while some people manage their
emotions appropriately, there could be other factors that
influence how intense pain feels to them. It is crucial to
take into account how and when people employ emotion
regulation techniques, as well as how this influences
the management and treatment of pain. Therefore, the
emphasis should be on comprehending how patients apply
emotion regulation techniques and how those strategies
affect pain management and persistence.
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In the literature, no study investigating the relationship
between pain beliefs and emotion regulation strategies
in pain severity has been found. Our study is considered
important in supporting the multidimensional investigation
of psychiatric parameters in the etiology, progression, and
resolution of pain. The fact that our study was conducted
face-to-face with patients is also one of our strengths.
However, our study has limitations, such as the lack of
examination of how these parameters affect pain and
their relationship with the treatment process. Additionally,
our evaluation of spinal pain as a general concept in our
study may have affected its standardization. In future
studies, evaluating specific pathologies related to spinal
pain, investigating the effects of pain beliefs and emotion
regulation strategies on the process and treatment, and
assessing the effectiveness of therapy would be beneficial.

CONCLUSION

Our study examined the relationship between pain severity
and psychological parameters such as pain beliefs and
emotion regulation strategies. In this context, individuals
who endorsed higher levels of psychological pain beliefs
reported lower levels of pain, while those who employed
inappropriate emotion regulation strategies experienced
more severe pain. Future research investigating the
effects of pain beliefs and emotion regulation strategies
on the pain process and treatment may provide valuable
insights for clinical practice and the development of pain
management strategies.
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Abstract

Aim: The regulation of blood glucose levels is controlled by insulin, which is produced by the pancreatic beta system. Inadequate
synthesis of beta insulin, results in elevated glucose levels, a condition known as diabetes, which can lead to various chronic health
issues. In recent times, the diagnosis of diabetes, particularly type 1, has shifted towards the direct measurement of insulin levels. To
facilitate this, an immunosensor was created to enable rapid and sensitive examination of insulin levels, with the goal of improving the
quality for life for diabetic patients.

Material and Method: For this purpose, an insulin tracer protein based biosensor was designed for the determination of insulin at all
solutions. For determination of insulin, electrobiochemical analyses were performed. Optimisation and characterisation studies were
performed using differential pulse voltammetry. The performance of bioelectrochemical system was analysed by Receiver Operating
Characteristic method.

Results: The insulin biosensor cyclic woltammogram was obtained between -0,1 and 0,6 V potantial. At 0,45 V was found as the
anodic peak side for determination the insulin. Optimisation and characterisation studies performed at 0,45 V with differential pulse
voltammetry.

Conclusion: The study successfully identified stable and easy-to-use insulin concentrations, indicating the potential of the newly
developed immunosensor for applications in clinical biochemistry laboratories.

Keywords: Insulin tracer protein, biosensor, insulin

INTRODUCTION Those with suspected diabetes or insulin irregularity may
face hyperglycemia and related diabetes complications for
a long time before diagnosis. Diabetes and the amount it
causes can be kept under control by regularly monitoring
the amount of insulin (2). For years, they have been trying to
protect themselves from the consequences of diabetes by
monitoring blood sugar levels using glucose biosensors.
However, insulin is an alternative method for controlling
blood glucose levels in patients with diabetes, and insulin
obtained as a result of incorrectly evaluated glucose
levels can cause serious hypoglycemic or hyperglycemic
conditions. This will provide a healthier approach for
devices that directly monitor diabetes by measuring insulin
rather than glucose (6). Biosensor devices have recently
taken their place in new studies for use in laboratory
examinations due to their high sensitivity, short-time results
and low cost advantages. Various studies have attempted
to develop insulin detection devices, but insufficient

Insulin is secreted by the beta system of the pancreas
to take part in blood glucose level regulation when the
plasma glucose level increases (1). An increase in blood
glucose levels due to the inability to synthesize sufficient
beta insulin is known as diabetes and is seen a cause
of chronic kidney disease, cardiological disease and
blindness in humans (2). The clinical diagnosis of diabetes
is type 1 and type 2, mainly due to transmission (3). While
the hyperglycaemic picture seen due to insulin not being
synthesised as a result of beta damage marks type 1,
decreased insulin secretion or tissue resistance to insulin
causes permanent type 2 (4,5). In the early stages of type 2,
insulin synthesis increases to regulate the plasma glucose
level, but insulin resistance is prevented. The flow of time in
the beta system cannot be maintained and hyperglycemia
develops. 90% of diabetes cases worldwide are type 2 (3).
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sensitivity, difficulty in detecting in the correct range, and
stability problems have caused problems in measurement
techniques. Laboratory tests used for insulin detection are
time-consuming and require expensive equipment and
experienced personnel (6).

Glucose monitoring plays a crucial role in the initial
diagnosis and ongoing management of diabetes mellitus.
However, alongside monitoring glucose levels, keeping
track of insulin levels is equally essential as it offers
valuable insights into the progression and control of the
condition. Therefore, the monitoring of insulin levels holds
significant medical significance in the management of
diabetes (2,6).

The electrobiochemical method for insulin determination
presents novel perspectives for laboratory diagnosis in
contrast to conventional approaches. While traditional
methods rely on specialized and costly medical equipment,
bioelectrochemistry provides the advantage of affordable
and portable devices (3). The insulin biosensor investigated
in our study holds promise as a model for the development
of user-friendly and convenient portable/wearable medical
devices.

Therefore, in our study, an immunosensor was developed
to perform rapid and sensitive examination of insulin levels
to ensure regular insulin monitoring in order to maintain
the quality of life of diabetic patients. With the developed
immunosensor, shelf-stable and easy-to-use insulin
concentrations can detected.

MATERIAL AND METHOD
Chemicals

All biochemical solutions were freshly prepared before the
experiment. The source of all the chemicals acquired was
SPI bio Inc, a company situated in France. The experiment
involved the utilisation of various solution concentrations
to identify the most favourable working conditions and
to select the optimal potential differences for further
investigation. For determining insulin, insulin tracer
proteinwas used. Stock insulin (5x10° M) was diluted 100-
fold.

No biological samples from humans or animals were used
inthe studies. All solutions used are commercially available
products. For this reason, ethics committee approval is not
required in this study.

Apparatus

In order to conduct the electrobiochemical measurements,
the experimental setup involved the utilisation of a gold
working electrode, which was paired with the Ag/AgCl
reference electrode and the Au/Pd auxiliary electrode. The
electrochemical potential was measured using an lvium
potentiostat (Netherlands).

Statistical Analysis

Statistical analysis performed by SPSS 20 program.
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Biosensor System Preparation

Before the formation of the bioactive layer, the gold working
electrode surface underwent polishing using alumina
slurries on microfiber to achieve a pristine surface. The
pristine gold working electrode was then washed twice with
distilled water to eliminate any remnants of the alumina
slurries. Subsequently, the electrode was sonicated in pure
ethanol to eliminate any undispersed absorbable particles
and was washed twice with distilled water (7). Moving
on to the next stage, for the immobilisation of the insulin
tracer protein, the gold electrode was initially coated with
BSA and gelatine through a self-assembled monolayer
(SAM) (8). The Au electrode was then paired with the
Ag/AgCl as reference electrode. During the electrode
preparation for insulin determination, insulin tracer protein
was immobilised on a pre-made Au electrode. To achieve
this, 250ul of insulin tracer protein was deposited in an
Eppendorf tube.

RESULTS
Immobilisation

The research conducted demonstrated that through the
utilisation of SAM in the immobilisation process, a durable
bioactive film was established on the substrate, effectively
inhibiting the detachment of bioreceptors from the surface.
Consequently, this approach led to enhanced stability
during prolonged utilisation of the insulin tracer protein.

Electrochemical Characterisation of the Insulin Biosensor

Insulin biosensors were employed to analyse the
electrochemical properties of biosensors through the use of
cyclic voltammetry. Cyclic voltammograms were employed
to identify the potential point of 0.45 V in the study. The
biosensor working range cycle woltammogram shown as
Figure 1.

vA

Current

T T T T
00 02 04 06

Potential v

Figure 1. Biosensors cyclic voltammogram (phosphate buffer solution at
a 0.3 Vs-1 scan rate)

Optimisation of the Bioactive Layer of the Biosensor

Biologically active films play a crucial role in the operation
of biosensors by serving as a medium for detecting
and quantifying analytes (9). These layers facilitate the
identification and specificity of particular analytes. To
enhancetheperformanceofthebioactivelayerinbiosensors,
the impact of insulin tracer protein concentration and
polymerisation time on the electrochemical measurement
was examined (10). The differential pulse voltammetry
curve of the optimised biosensor is shown in Figure 2.
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Figure 2. Differential pulse voltammetry of insuline biosensor
Effect of Insulin Tracer Protein Concentration

The concentration of the insulin tracer protein plays a
crucial role in determining the sensitivity of the biosensor,
as the potentiometric responses of the biosensor rely on
the insulin tracer protein's activity (11,12).

In order to investigate the insulin tracer protein’s impact on
the biosensor's response’s, various concentrations of the
insulin tracer protein (0.05, 0.1, 0.2, 0.4, and 0.6 mg/mL)
were utilised.

The experimental findings revealed that a well-defined
calibration curve was achieved when the bioactive layer of
the biosensor contained 0.2 mg/mL of insulin tracer protein
shown as Figure 3.

Insulin Tracer Protein pH

mg/m pH

Temperature

15 25 5 . - s 100 200 300 400 500 600

o mg/dl
Figure 3. Optimisation and characterisation of insulin biosensor
Biosensor Working Condition Optimisation

pH effect on the biosensor response

The achievement of optimal responses from insulin tracer
proteins depends on the presence of a suitable pH medium
(13). In order to assess the impact of pH on the biosensor
response, various buffers were employed at different pH
levels. These buffers consisted of acetate (pH 5.0-5.5) ata
concentration of 50 mM, phosphate (pH 6.0-6.5-7.0-7.5),
and Tris-HCI (pH 8.0-8.5). The most favorable pH value,
determined by a 100% activity rate, was 6.5. Deviations
from this optimal pH value, either above or below, resulted
in a decline in the biosensor response, as depicted in Figure
3.

According to existing literature, the appropriate pH range
for insulin tracer protein is between 6.5 and 7.5. Figure 4
demonstrates that an increase in pH beyond 6.5 reduces
in signal intensity due to a loss of insulin tracer protein
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activity. The structure of is characterized by the presence
of three disulphide bridges, which play a crucial role in
maintaining the insulin tracer protein's stability and activity.
pH values exceeding 6.5 can disrupt the protein structure,
causing alterations in the protein structure and subsequent
activity loss. Under acidic conditions, the protonation
of amino acids may result in a positive charge, thereby
influencing the protein's activity through modifications in
the electrostatic interactions among charged residues
within the insulin tracer protein's active site. Furthermore, a
pH under 6.5 inhibits the function.

ROC Curve

0,84

Sensitivity

0,0 T T T T
00 02 04 086 08 10

1 - Specificity
Diagonal segments are produced by ties

Figure 4. Insulin biosensors ROC curve
Temperature effect

The investigation aimed to assess the impact of
temperature on the response of the biosensor (14), thus, a
range of temperatures (20-55°C) was analysed. The optimal
working temperature for the biosensors was 30°C. Notably,
the biosensor response exhibited a direct correlation with
temperature up to 30°C, after which any subsequent rise in
temperature resulted in a decline in the biosensor response
(Figure 3).

Electrobiochemical Analyses Analytical Characteristics
Range of linear detection

The term "linear detection range" pertains to the range of
values within which a biosensor is capable of measuring
(15). In this study, a linear calibration curve was established
by measuring concentrations of insulin ranging from 10
to 370 mg/dL under the most favourable experimental
conditions. The quantification and detection limits were
determined on the basis of well-defined calibration curves
for an insulin concentration of 50 mg/dl, with a sample size
of 10 (Figure 3).

Repeatability and Reproducibility

Repeatability refers to the degree of consistency in the
detection outcomes of a particular technic within a short
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time frame (16). In the case of the biosensor repeatability
experiments, the concentration of insulin used was
maintained at 50 mg/dl. After conducting 15 consecutive
measurements, the standard deviation of the insulin
sample with a concentration of 50 mg/dl was 2.9%, where
the coefficient of variation was determined to be 11%.
On the other hand, reproducibility pertains to the level of
agreement in the measurement results of a method across
different days. Based on the conducted experiments, it
was observed that when the working electrode is stored
at a temperature of +4°C, it can be effectively utilized for a
duration of 43 days. After 43 days shelf life duration insulin
biosensor yield obtained under the 80%.

Receiver Operating Characteristic (ROC) Analyses

The ROC curve serves multiple purposes, including
assessing the discriminatory ability of a test, establishing
the optimal positivity threshold, monitoring the accuracy of
laboratory findings, and comparing the diagnostic efficacy
of different tests (17,18). In our analysis, we found that the
area under the ROC curve amounted to 63.3% (Figure 4). It
is worth noting that if the area surpasses 50% in the ROC
curve analysis, it indicates a successful test outcome.

DISCUSSION
Immobilization Efficiency and Stability

The effectiveness and robustness of immobilization
techniques play a vital role in enhancing the stability of
bioactive films on substrates (19). Utilizing SAM has
been shown to be particularly effective in preventing
the detachment of bioreceptors, thereby improving the
overall stability of biosensors for prolonged durations.
This attribute is essential for ensuring the reliability and
longevity of biosensors in real-world applications where
long-term sensor stability is imperative (20).

Electrochemical Behavior and Optimization

The precise localization of a particular potential site and
the enhancement of the bioactive film are crucial stages
in attaining a responsive biosensor that is both sensitive
and specific (21). The ideal concentration of 0.2 mg/mL
for the insulin tracer protein was determined to be optimal,
highlighting the significance of adjusting biosensor
elements meticulously to improve overall functionality.

Impact of Physicochemical Conditions

The findings regarding the pH and temperature effects are
in line with the established understanding that biosensor
responses are highly sensitive to environmental conditions
(22,23). The optimal conditions identified for pH and
temperature are crucial for maintaining the functional
activity and structural integrity of the insulin tracer protein,
thereby ensuring accurate biosensor readings.

Analytical Performance

The biosensor's analytical reliability is confirmed through
the linear detection range, repeatability, reproducibility,
and ROC analysis. The biosensor's potential for consistent
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and reliable measurements is highlighted by the defined
linear range, high level of repeatability, and reproducibility.
Additionally, the ROC analysis serves to validate the
biosensor's diagnostic performance, establishing it as a
valuable tool in the analytical field (24,25).

CONCLUSION

When compared to existing methods with our
electrobiochemical method for insulin determination,
our method offers new insights for laboratory diagnosis.
Existing traditional methods need some spesific and
expensive medical devices however bioelectrochemistry
offers portable low costs devices. The insulin biosensor
we were studied on has the potential to be a reference for
new simple-to-use portable/wearable devices for medical
use.

Biosensors for insulin offer cost-effective, time-efficient,
sensitive, and practical solutions. These studies have
demonstrated that biosensors are highly sensitive, specific,
straightforward, and valuable techniques, typically utilizing
immobilised insulin tracer protein forms. The advancement
of biosensor technology has significantly enhanced the
efficiency of obtaining economical, practical, specific, and
sensitive insulin detection results. The newly developed
insulin biosensor shows great potential for utilisation in
clinical biochemistry laboratories.
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Abstract

Aim: The objective of this study was to investigate the correlation between upper extremity functionality, pain intensity, muscle strength,
and symptom severity among patients diagnosed with carpal tunnel syndrome (CTS) who underwent mini-open release surgery.
Material and Method: This retrospective study entailed the review of medical records of 70 patients diagnosed with CTS who underwent
mini-open release surgery between January 2021 and January 2023. Data were collected from preoperative assessments and routine
follow-up evaluations conducted at 3 months post-surgery. Upper extremity functionality was assessed utilizing the Disabilities of
Arm, Shoulder, and Hand (DASH) questionnaire, pain severity was determined using the Visual Analog Scale (VAS), muscle strength
was evaluated through hand grip strength, and disease severity was measured using the Boston Carpal Tunnel Questionnaire (BCTQ).
Results: A statistically significant improvement was observed in DASH questionnaire scores, VAS scores, hand grip strength, and BCTQ
scores at the 3-month follow-up compared to preoperative values (p<0.05). Furthermore, significant correlations were found between
DASH questionnaire scores and VAS scores, hand grip strength, and BCTQ scores during postoperative assessments (p<0.05).
Conclusion: Mini-open-release surgery demonstrates effectiveness as a surgical approach for achieving favorable clinical outcomes
in patients with CTS. Furthermore, our findings suggest that postoperative upper extremity functionality may be influenced by factors
such as pain intensity, symptom severity, and hand grip strength. Therefore, we advocate for the integration of these factors into
postoperative patient evaluation protocols and treatment programs to optimize patient outcomes.

Keywords: Functionality, carpal tunnel syndrome, treatment, mini-open-release surgery

INTRODUCTION Conservative treatments for CTS commonly include the
use of wrist splints, anti-inflammatory and analgesic
medications, physiotherapy modalities, and occasionally
corticosteroid injections into the carpal tunnel (5,6).
Surgical decompression techniques are reserved for
patients who fail to respond to conservative interventions.
an A ' These surgical procedures may involve either open or
individuals affected by CTS, sensory manifestations onqoscopic approaches. Surgical interventions have
|nclu'd|ng pare.sthe3|a, dysesthesia, muscular wgakness N heen shown to alleviate CTS symptoms in approximately
mequnerve-mnervgted muscles,and compromised upper  74_gg9, of patients (7,8). For instance, Verdugo et al. (9)
extremity functionality are frequently encountered (2). The 4o onstrated that surgical intervention provides greater

prevalence of CTS within the community is estimated tobe  q|iof of symptoms compared to wrist splinting in patients
approximately 8% (3), with an incidence roughly 2-3 times with CTS.

higher in women than in men (4).

Carpal tunnel syndrome (CTS) is characterized by
symptomatic compression of the median nerve at the
wrist level (1). CTS stands out as one of the most prevalent
entrapment neuropathies, impacting the upper extremity
and leading to constraints in daily activities. Among
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Studies have indicated a correlation between increased
compression on the median nerve in individuals with CTS
and motor nerve involvement, resulting in symptoms such
as hand weakness, diminished function, heightened pain
intensity, and atrophy of the thenar region muscles of the
hand (10). Consequently, these symptoms lead to a decline
in activities of daily living (11), particularly exacerbated by
repetitive wrist flexion and extension movements (12).
Such impairments have been shown to have a detrimental
impact on upper limb functionality and future quality
of life (13). Moreover, investigations have highlighted
associations between hand functionality, pain severity, and
grip strength in patients with CTS (13). Additionally, it has
been documented that atrophy of the lumbrical muscles
of the 2nd and 3rd fingers during the later stages of CTS
leads to hand weakness and a decline in fine motor skills
(14).

In the existing literature, studies predominantly focus
on investigating factors influencing upper extremity
functionality in patients diagnosed with CTS (13,15).
However, there are no studies examining the factors
related to upper extremity functionality following surgery
in CTS patients. Thus, the objective of our study was to
investigate the factors associated with upper extremity
functionality in patients with CTS who have undergone
mini-open release surgery.

MATERIAL AND METHOD
Ethical Aspect and Study Design

Ethical approval for this retrospective and cross-sectional
study was granted by the local ethics committee (Number:
5-2024/11), and the research adhered to the principles
outlined in the Declaration of Helsinki. In order to use the
data, all participants were contacted, and their written and
verbal consents were obtained.

Participants

Between January 2021 and January 2023, a retrospective
analysis was conducted on 70 patients who underwent
mini-open release surgery for unilateral carpal tunnel
syndrome (CTS) at the Training and Research Hospital. The
analysisincluded an examination of age, gender, body mass
index (BMI), preferred surgical treatment methods, and
complications. Patients over 65 years of age, patients who
underwent a different surgical intervention, and patients
who were included in a postoperative physiotherapy and
rehabilitation program were excluded from the study.

Surgical Method

Mini-open release surgery is performed in the following
sequence: After regional anesthesia, a 2-3 cm longitudinal
incision is made distal to the transverse carpal ligament
at the level of the third vein under an arm tourniquet.
Subcutaneous adipose tissue and palmar aponeurosis
are passed, and the distal transverse carpal ligament
is reached. At this time, the superficial palmar arch is
visualized and protected. The transverse carpal ligament
is checked for motor branch variations. Once the median
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nerve is visualized, an Adson forceps handle is positioned
between the nerve and the transverse carpal ligament. Then
the skin and subcutaneous tissues are excised proximally,
and the transverse carpal ligament is opened with scissors
from the ulnar side. Finally, the skin is closed by checking
the patency of the transverse carpal ligament (16).

Evaluation Tools

Age, gender, body mass index (BMI), and dominant upper
extremity designation of the patients were retrieved from
their medical records before the commencement of
the study. Measurements of the Disabilities of the Arm,
Shoulder, and Hand (DASH) Questionnaire, Visual Analog
Scale (VAS), hand grip strength, and Boston Carpal Tunnel
Questionnaire (BCTQ) scores of patients with CTS were
obtained by reviewing patient records both before mini-
open release surgery and three months postoperatively.

Upper Extremity Functionality

In the study, the upper extremity functionality of patients
with CTS who underwent mini-open release surgery
was assessed using the Turkish version of the DASH
questionnaire (17).Inthestudy,specifically, weadministered
the first part of the DASH questionnaire, comprising 30
items on functional status and symptoms. Among these,
21 items assessed challenges in participating in activities
of daily living, while 5 items addressed symptoms such as
tingling, weakness, stiffness, and pain, and the remaining
4 items explored aspects related to social function, work,
sleep, and self-confidence. Each item was rated on a scale
from 1 (no difficulty) to 5 (unable to perform), yielding a
total score ranging from 0 to 100. A higher score denoted a
greater degree of disability (18).

Pain Severity

The pain severity experienced by patients was assessed
utilizing the VAS. This scale comprises a 10 cm line,
segmented into 10 parts, with each part corresponding to
1 cm. Patients rate their pain level by indicating a point on
the line, with a score ranging from 0 (indicating no pain) to
10 (indicating unbearable pain) (19).

Muscle Strength

Hand grip strength was evaluated using a hand
dynamometer (Takei, Japan), with measurement
positions aligned according to the guidelines provided
by the American Association of Hand Therapists. The
assessment was conducted on the side affected by CTS.
Each measurement was repeated three times, interspersed
with a 30-second rest interval between measurements
to minimize fatigue. The maximum recorded value in
kilograms (kg) was documented for analysis (20).

Symptom Severity

The severity of CTS symptoms was assessed using the
Turkish version of the Boston Carpal Tunnel Questionnaire
(BCTQ) (21). The questionnaire comprises two parts: the
first part, consisting of 11 questions, evaluates symptom
severity, while the second part, comprising 8 questions,
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assesses functional status. Each question is rated on a
scale from 1 (indicating no symptoms) to 5 (indicating
very severe symptoms). The total score is calculated by
summing the scores from all questions. The score from the
first part indicates the severity of symptoms, categorized
as: no symptoms (0-11 points), mild symptoms (12-
22 points), moderate symptoms (23-33 points), severe
symptoms (34-44 points), and very severe symptoms
(45-55 points). A higher score reflects greater symptom
severity (21). For our study, only the first part of the BCTQ
was utilized.

Statistical Analysis

SPSS software was used to perform statistical analyses.
A paired sample t-test was used to compare change
over time in data that met normal distribution criteria.
Factors associated with fatigue severity were evaluated
by Pearson correlation analysis in parametric conditions.
The correlation degree was interpreted as follows: a
correlation coefficient ranging from 0.05 to 0.4 indicated
a low correlation, from 0.4 to 0.7 signified a moderate
correlation, and from 0.7 to 1.0 denoted a high correlation,
based on established correlation coefficients (22).

RESULTS

The demographic data and clinical evaluation of patients
with CTS are presented in Table 1. The mean age of patients
included in this study was 57.52+5.74 years.

Table 1. Descriptive values of patients with CTS

Variables Mean+SD Min Max
Age (years) 57.52+5.74 40.00 65.00
BMI (kg/m?) 26.81+2.31 21.08 32.38
n (%)

Male 20 28.6
Gender

Female 50 71.4

Right 48 68.6
Dominant upper extremity

Left 22 31.4

Right 45 64.2
Side of the surgery

Left 25 35.8

CTS: carpal tunnel syndrome, SD: standard deviation, Min: minimum,
Max: maximum, BMI: body mass index

Table 2 shows the preoperative and postoperative
comparison of DASH questionnaire, VAS, hand grip
strength, and BCTQ scores among the patients with CTS
included in the study. According to the results, when the
DASH questionnaire, VAS, hand grip strength, and BCTQ
scores of patients with CTS were compared preoperatively
and postoperatively, a statistically significant difference
was found for all parameters (p<0.05). Thus, it was
observed that the treatment method applied was effective
on upper extremity functionality, pain, hand grip strength,
and symptom severity.
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Table 2. Comparison of preoperative and postoperative evaluations

of patients with CTS

CTS
Variables (n: 70) t p
Mean+SD
Preoperative  70.64+10.71
DASH (score) 25.20 <0.001*
Postoperative 39.72+10.28
Preoperative 5.94+1.00
VAS (cm) 18.45 <0.001*
Postoperative 2.52+0.93
: Preoperative 9.9612.84
STl P 1281 <0.001%
Strength (kg)  postoperative  17.42+2.74
Boston Preoperative 42.3617.06
Carpal Tunnel 14.09 <0.001*
Questionnaire pogtoperative  25.884.72

(score)

CTS: carpal tunnel syndrome, SD: standard deviation, DASH: disabilities
of the arm, shoulder and hand questionnaire, VAS: visual analog scale,
t: Paired sample t-test

Table 3 presents the relationship between the DASH
questionnaire and VAS, BCTQ, and hand grip strength
results among the patients with CTS included in the study.
According to this table, a positive, high level statistical
relationship was found between the DASH questionnaire
results with hand grip strength and BCTQ results of patients
with CTS, while a negative, high level statistical relationship
was found between the DASH questionnaire results and
VAS (p<0.05) (Table 3).

Table 3. Investigation of the relationships between DASH questionnaire

and other evaluation parameters in patients with CTS

DASH (score)

Variables 7))
r(p)

VAS (cm) 0.894 (<0.001%)

Hand Grip Strength (kg) -0.800 (<0.001%*)

Boston Carpal Tunnel Questionnaire (score) 0.786 (<0.001%)

DASH: disabilities of the arm, shoulder and hand questionnaire, CTS:
carpal tunnel syndrome, VAS: visual analog scale, r: Pearson correlation
coefficient, *p<0.001

DISCUSSION

In this retrospective study, we examined the preoperative
and 3-month postoperative status of patients with CTS who
underwent mini-open release surgery and the relationship
between postoperative upper extremity functionality
and pain intensity, hand grip strength, and CTS symptom
severity. Our findings show that mini-open release surgery
provides significant improvements in pain relief, increased
hand grip strength and decreased symptom severity
in patients with CTS. Additionally, we observed a high
correlation between pain intensity, hand grip strength,
and symptom severity with upper extremity functionality
following mini-open release surgery.
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Mini-open surgical techniques offer expedited recovery of
hand function post-surgery in contrast to other methods.
These techniques present benefits such as minimal
scarring, reduced scar tissue pain, and shorter recovery
duration. To mitigate complications and enhance patient
functional status, numerous researchers favor mini-open
release surgery (23,24). Celocco et al. (25) compared the
BCTQ results of proximal mini-open technique and limited
open technique. They obtained a significant improvement
in symptom severity after treatment in the mini-open
technique. While symptom severity improved similarly
in both groups, improvement in grip strength and pain
level was found in favour of mini-open transverse release
surgery (25). Calleja et al. (26) showed that different mini-
open release surgical approaches resulted in significant
improvements in upper extremity functionality in patients
with CTS. Atroshi et al. (27) found that mini-open release
surgery showed significant improvements in functional
status and pain in patients with CTS. Thoma et al. (28)
stated that mini-open release surgery was effective in
improving pain and grip strength in patients with CTS. In
our study, improvements in upper extremity functionality,
pain severity, hand grip strength and symptom severity
were observed in patients with CTS after mini-open release
surgery, in accordance with the results in the literature.
Based on all these findings, it can be said that mini-open
release surgery reduces the pressure in the carpal tunnel
and the compression on the median nerve, reduces the
complaints of the patients and improves their functional
status.

Subjective questionnaires are more effective than
objective measurements in evaluating the general function
and disability of the hand from the patient's perspective
(29). In studies, there are conflicting results in terms of
the relationship between the increase in the occurrence of
clinical symptoms and the severity of electromyography
findings (30). Therefore, subjective data are thought to
reflect clinical symptoms more.

DASH is guiding in determining the functional status
of the upper extremity. It is documented that the DASH
questionnaire is a validated, sensitive, and reliable
measurement tool (31). Bakhsh et al. (32) evaluated the
validity and reliability of the DASH questionnaire and BCTQ
in patients with CTS and assessed the relationship between
these two questionnaires. They found a strong correlation
between functional status and symptom severity. Umay et
al. (29) found a strong correlation between upper extremity
functional status and symptom severity in individuals with
CTS. Akcay et al. (33) examined the relationship between
functional status, pain level, and symptom severity in
women with CTS. They stated that there was a significant
relationship between functional status and symptom
severity. In our study, a strong correlation was observed
between functional status and symptom severity,
consistent with existing literature.

Pain is a prevalent symptom among patients with CTS
and exerts a notable impact on functional abilities.
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Elevated pain levels result in restrictions in functional
status and activities of daily living (13,15). Akcay et al.
(33) identified a significant association between pain level
and hand functionality in patients with CTS. In our study,
we identified a notable relationship between pain intensity
and upper extremity functionality among patients with CTS
who underwent mini-open release surgery. These findings
suggest that pain may cause loss of functional status by
causing kinesiophobia. After mini-open release surgery,
the reduction of pain with the reduction of pressure on the
median nerve may have been effective in the improvement
of the upper extremity functionality of the patients.

The presence of tenar atrophy, which is one of the important
symptoms of CTS, negatively affects muscle strength
and thus grip strength. Singh et al. (34) examined the
relationship between disease severity and grip strength in
patients with CTS. They stated that grip strength decreased
as the severity of symptoms increased (34). The effects of
upper extremity muscle strength on functionality in women
with CTS were investigated. In this study, it was stated that
muscle strength was affected in patients with CTS, and the
DASH questionnaire score and grip strength were related
(15). Ise et al. (35) found a significant correlation between
grip strength and functionality after release surgery in
patients with CTS. In our study, a strong relationship
between functional status and grip strength was observed
in accordance with the literature. It can be said that the
decrease in the complaints of the patients after surgery
is effective in increasing the muscle strength and this
positively affects the upper extremity functionality.

To the authors' knowledge, this study represents the first
investigation into the factors influencing upper extremity
functionality following mini-open release surgery in patients
with CTS. In this regard, we assert that the findings of this
study, which we anticipate will offer valuable contributions
to the literature, hold significance.

Our study has several limitations. Firstly, no gender-based
evaluation was performed in our study. Secondly, our
study only analyzed the factors associated with upper
extremity functionality after mini-open release surgery. In
future studies, we think that gender-based evaluation and
factors associated with upper extremity functionality after
different surgical techniques should be examined.

CONCLUSION

To the best of our knowledge, the present study is the
first study to examine the factors associated with upper
extremity functionality after mini-open release surgery
in patients with CTS. In this respect, it is thought that
the findings of the current study are important and will
make important contributions to the literature. It can be
concluded that increased pain and symptom severity and
decreased hand grip strength are effective in worsening
upper extremity functionality in patients with CTS. On the
other hand, mini-open release surgery may be effective in
improving upper extremity functionality by reducing pain
and symptom severity and increasing hand grip strength
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in patients with CTS. We think that it may be useful to
consider the results of the this study in future research and
clinical practice in patients with CTS.
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Abstract

Aim: The primary objective of this study was to establish whether degeneration of the cervical vertebrae and paravertebral structures
serves as a predisposing factor for ischemic processes by disrupting hemodynamics in the posterior system through mechanical
effects on the vertebral arteries.

Material and Method: We conducted a retrospective analysis of 180 patients who underwent various imaging tests between
January 2017 and October 2023. These tests included cervical magnetic resonance imaging (MRI), cervical computed tomography
(CT), carotid-vertebral neck CT angiography (CTA), cranial CT, and cranial MRI. Of the 180 patients, 90 had mild degeneration or no
significant degeneration, with a mean age of 58 years, and 90 had significant cervical spondylosis (CS) with a mean age of 64 years.
The radiological findings were statistically analyzed, and a p-value of less than 0.05 was considered statistically significant.

Results: There was no significant difference between age and parenchymal density in the control group (p=0.09). There was no
statistically significant difference between the age and parenchymal density in the CS group (p=0.07). As CS became more severe,
there was a statistically significant increase in the incidence of atrophic enlargement of the cerebellar folia and loss of density in the
posterior fossa (p=0.03) and posterior circulation infarcts (POCI) (p=0.04).

Conclusion: When severe, CS can adversely affect vascular hemodynamics in the posterior system, predisposing perfused neural
parenchyma to ischemia.

Keywords: Paravertebral structures, posterior circulation, vertebrae degeneration, vertebral artery

INTRODUCTION degeneration, and hemodynamic negativities in addition
to secondary stenosis (9). The vertebral artery originates

: Je > - ) ' from the posterior superior part of the subclavian artery
spondylosis” (1,2). Cervical spondylosis (CS) is typically o poth sides, enters the transverse foramen at the level

observed in middle-aged and eId.erIy ir)dividuals. Itis the of the C6 cervical spine (7.5% from C7), and extends
most common cause of progressive spinal cord and nerve upward within these canals (10). The widespread use of
root compression (3,4). The majority of patients with CS  rgjplogical imaging modalities has revealed the more
are asymptomatic, and the most common initial finding in  frequent occurrence of chronic ischemic findings in the
symptomatic patients is neck pain and limitation of neck o ral parenchyma of the posterior fossa perfused by the

movement, which occur due_to cervical misalignment and posterior circulationin middle-aged and elderly populations
neural compression (5). Patients usually do not know the (11,12).

exact time of onset of symptoms (6). The most common

complaint is weakness and loss of dexterity in the upper In cases of severe CS, the vertebral artery may not be
extremities (7). compressed significantly when the patient is stable, or even
if it is compressed, the arterial system originating from
the posterior circulation and perfused neural parenchyma
may compensate for the hemodynamic abnormality in the
long term. However, since the cervical spine is a highly
unstable and mobile anatomical body part in daily life,
the compression to which the vertebral arteries may be

Spinal degeneration is terminologically defined as

Acute ischemic stroke in young patients is often attributed
to arterial dissections (8). In contrast, the chronic ischemic
processes observed in middle-aged and elderly patients
may be caused by the narrowing of the arteries due to
atherosclerosis, compression of the external lumen due to
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exposed may change rapidly. Therefore, the autonomic
nervous system may not be able to compensate for the
lack of perfusion that may result from this (13).

In our study, we aimed to quantitatively determine
the chronic ischemic process that may be caused
by hemodynamic disturbances originating from the
vertebrobasilar system in patients with CS by qualitatively
detecting ischemic areas in the posterior fossa on cranial
MRI and measuring the density in Hounsfield Units (HU) on
computed tomography (CT) from the same location.

MATERIAL AND METHOD
Ethics Committee Approval

Our study was conducted at the Department of Radiology
of BHT Clinic Istanbul Tema Hospital, with the approval and
permission of the Academic Board and Ethics Committee
of Nisantasl University (date: 14.08.2023, decision No:
13). Our study was retrospectively based on radiologic
imaging evaluation, and the procedures were performed
in accordance with the Declaration of Helsinki and its
amendments.

Study Population

This study included cervical magnetic resonance
imaging (MRI), cervical CT, neck CT angiography (CTA),
and radiological images of 180 patients who underwent
concurrent brain CT and brain MRI examinations between
January 2017 and October 2023. Poor quality images
were excluded. Patients with a history of intracranial
surgery, severe cerebral ischemia, cerebral hemorrhage,
vertebral artery occlusion, and/or significant stenosis were
excluded. Patients examined between January 2017 and
October 2023 were screened according to inclusion and
exclusion criteria. Data collection was initiated for 180
eligible patients.

Ninety patients with mild or no significant degeneration
were included in the control group, with a mean age of 58
years. In this group, 44 were female and 46 were male; the
youngest was 48 years old and the oldest was 62 years old
(Table 1).

The remaining 90 patients had moderate and prominent
CS, 40 of whom were female and 50 were male with a
mean age of 64 years. The youngest patient in this group
was 56 years old, and the oldest was 66 years old (Table 1).

Table 1. Age and gender distribution of patients

Patients Control group (02
Female/male

Gender

44/46 40/50

Minimum/maximum

48/62 56/66

Age(years)
Mean
58 66

CS: cervical spondylosis
Obtaining Radiologic Images and Study Design

The images of the patients included in our study were
retrospectively evaluated using a radiological image
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storage system (picture archiving and communication
system, PACS) at the hospital where the study was
performed. There were 2 CT devices used in the hospital,
the first was a General Electric (GE) Brightspeed 16 detector
Multislice CT (GE, Waukesha, Wisconsin, USA) and the
second was a GE Revolution GSI 256 detector Multislice
CT (GE, Waukesha, Wisconsin, USA). Similarly, the patients
examined in our study were examined using two MRI
devices, the first of which was a GE Signa HDe 1.5 Tesla
(GE, Waukesha, Wisconsin, USA). Coil: HD 8 channel NV
array coil (In vivo Corporation, Gainesville, Florida, USA)).
Our second device had more advanced features: GE Signa
Architect 3 Tesla (GE, Waukesha, Wisconsin, USA). Coil:
3.0T GEM HNU T9HN+PA NV coil (GE, Aurora, Ohio, USA)).
There was no significant difference between these two
different CT and MRI devices in terms of their performance
and capacity to evaluate patients, detect pathologies, and
measure quantitative values in terms of CT density.

Radiologic images of patients who were examined between
January 2017 and October 2023 were transferred from
the hospital closed-circuit image storage network to the
software interface Clear Canvas via PACS and evaluated
retrospectively.

Cervical CT and neck CTA images were evaluated using
multiplanar reconstruction (MPR) on axial (normal raw
data), sagittal, and coronal (MPR-enhanced plans) images.
In the CT examinations, osteophyte and facet hypertrophy,
especially of bony origin, were evaluated.

In cervical MRI examination, standard sagittal spin echo
(SE) T1 and T2 and axial SE T2 sequences were obtained.
Uncovertebral degeneration and degenerative findings
in the ligaments and paravertebral soft tissues were
evaluated using MRI.

Vertebral corpus corner osteophytic tapering and
degenerative signal changes in the endplates (classified
by Modic typing) on MRI examination are indicative of
cervical degeneration.

Modic Degeneration Changes are Divided into Three
Types

Inthe type 1 cases, edema and inflammation were observed
in the bone marrow. In type 2, normal bone marrow cells
are transformed into yellow fatty bone marrow cells due to
ischemia. Type 3 indicates subchondral bone sclerosis. In
addition, mixed types, in which type 1, type 2, type 2, and
type 3 are observed together may also be observed (14).

We classified the patients with spinal degeneration as
mild, moderate, or severe. We classified patients with mild
degeneration as those with minimal cervical osteophytes
at only one or a few vertebral levels, Schmorl's nodules on
vertebral endplates, and mild degenerative signal changes
on MRI (especially Modic type 1 and type 2 degeneration).
These patients exhibited minimal degenerative changes
in the intervertebral discs at one or two levels. Those with
moderate degeneration included those with significant
flattening of the cervical lordosis at the level of three
to four vertebrae, osteophytes involving the anterior
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longitudinal ligament (ALL) and occasionally extending
into the spinal canal, and degenerative changes in the facet
joints. In addition, cervical MRI scans of these patients
mostly showed Modic type 2 degeneration. In terms of
intervertebral disc degeneration, mild volume loss at two
or three levels and signal loss on MRI T2 sequence were
observed. Patients with severe degeneration showed
degeneration at almost all the vertebral levels. In addition,
cervical lordosis was mostly reversed and kyphosis
developed in these patients. In addition, syndesmophyte
formation was present at all levels, ALL was largely
eliminated, and intervertebral disc degeneration and
herniation were present at almost all levels. Although not
relevant, a narrow canal (cervical spinal stenosis) was
present. Some patients could not be fully classified and
were included in the group in which the characteristics of
the group were more predominant, and the difficulty caused
by this situation is expressed in the limitations section.

The patients in the control group were mostly normal
and had mild, if any, spondylosis (Figure 1), whereas the
other 90 patients in the pathology sample of the study had
moderate (Figure 2) and severe (Figure 3) CS.

Figure 1. Cervical CT image of one patient. Left (A) is a cervical CT image
obtained by MPR in the sagittal plane and right (B) is a cervical CT section
image in the axial plane. Examination was performed using a bone
window. In A, the thin horizontal yellow line indicates the level of the slice
on the right side. In images A and B, the red arrows indicate the cervical
osteophytes. When the blue arrows are followed in A, it is observed that
the cervical lordosis is flattened. These findings were consistent with
mild cervical degenerative changes.

Figure 2. Cervical CT image of one patient. Left (A) shows a cervical CT
image obtained by MPR in the sagittal plane and right (B) shows a cervical
CT slice image in the axial plane. Examination was performed using a
bone window. In A, the thin horizontal yellow line indicates the level of the
slice on the right side. The red arrows in panels A and B indicate cervical
osteophytes. The blue arrow in A indicates the ALL with an elongated
appearance. B, Yellow arrow indicates the transverse foramen. These
findings were consistent with moderate cervical degenerative changes.
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Figure 3. Cervical CT image of one patient. Left (A) is a cervical CT
image obtained by MPR in the sagittal plane and right (B) is a cervical
CT section image in the axial plane. Examination was performed using a
bone window. In A, the yellow line indicates the level of the slice on the
right-hand side. In images A and B, the red arrows indicate the cervical
osteophytes. In A, the green arrows indicate syndesmophytes. B, Yellow
arrow indicates the transverse foramen. These findings are consistent
with those of advanced cervical degenerative changes.

The vertebral arteries of the patients were evaluated using
axial raw images and MPR sagittal and coronal images
derived from contrast-enhanced neck CTA scans (Figure
4).

| Al 2 Pt el )
Figure 4. Cervical CTA images of two patients. The top images are of one
patient and the bottom images are of another patient Above; left (A) is a
cervical neck CTA image obtained by MPR in the sagittal plane and right
(B) is a cross-sectional image in the axial plane. Arteries were evaluated
in the vascular window on CTA; however, we chose an intermediate
window setting to evaluate both bone degeneration and arteries in these
two images. In A, the thin horizontal yellow line indicates the level of the
slice on the right and the red arrows indicate osteophytic degeneration
at the vertebral corners. In B, yellow arrows indicate the contrast-filled
vertebral arteries within the transverse foramen. In the images below,
MPR images in C. coronal and D. sagittal planes, and E. axial raw images
in the vascular window, from left to right, with yellow arrows pointing to
the vertebral arteries.
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Similarly, osteodegenerative findings were found on
cervical MRI examinations, and MRI had a higher image
resolution in soft tissues (paraspinal ligaments and
muscles) (Figure 5).

Figure 5. Cervical MRl images of the two patients. The top images are of
one patient, and the bottom images are of another patient; the top two
sagittal plane images (A. SE T2 and B. SE T1 sequences), red arrows
indicate osteophytes, and green arrows indicate syndemophytes. On
the basis of these features, this was a case of advanced degeneration.
The lower image (C. SE sagittal plane T2, D. SE sagittal plane T1, and E.
SE axial plane T2) is of a patient with moderate spondylosis; red arrows
indicate osteophytes, and yellow arrow indicates degeneration in the right
facet joint (SE: Spin echo).

All patients in the control group had conventional cervical
CT and MRI and were evaluated on the basis of these
examinations. CTA was not available for all patients in this
group. In this group, there were no radiologic degeneration
findings that could potentially cause significant
compression of the transverse foramen and thus the
vertebral arteries.

In the group of patients with moderate and severe
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degeneration, CTA examinations of all patients were
available and the condition of the vertebral arteries was
evaluated. Thus, by excluding patients with direct ischemia,
such as critical stenosis and occlusion in the vertebral
artery, we were able to exclude patients that should be
excluded in order to be able to construct a study on the
hypothesis of the negative effect of the dynamic process
due to degeneration of vertebral artery hemodynamics,
which is the main argument of the study.

Quantitative examination was performed using CT. On
cranial CT examinations, HU units were measured from the
neural parenchyma in the posterior fossae of patients with
moderate and severe degeneration in terms of cervical
spondylosis, from the widest location to include the
cerebellum and brainstem. HU values were quantitatively
measured in the control group. In HU measurements, the
largest region was selected in the cerebellar hemispheres
so that the white and gray matter of the hemisphere
would be included in the measurement area, and the
4th ventricle and transverse sinuses would be spared
from the measurement area, which was ensured to be
of equal size in all patients for standardization; this area
was approximately 7 cm?. Similarly, the largest area that
could be measured from the brain stem was measured
from an area of 3 cm? in all patients in order to measure
and standardize the largest area that could be measured.
(Figures 6A).

Qualitative evaluations were performed using cranial CT
and MRI. In addition to measuring density on CT, both CT
and MRI were used to assess folium enlargement and
volume loss, which represent cerebellar atrophy. Cerebellar
atrophy was considered mild if the enlargement of the
cerebellar folia was very mild and there was no significant
volume loss, moderate if the cerebellar folia were more
prominent and volume loss was also observed, and severe
if there was a marked atrophic appearance (15). In addition,
hypodense foci observed in the neural parenchymal area
of the posterior fossa were considered. The appearance
of these areas on MRI was also evaluated in terms of
millimetic cerebrospinal fluid lacunes and increased signal
in the periphery on T2 sequence images (especially fluid-
attenuated inversion recovery [FLAIR] ), which may be
compatible with chronic lacunar infarction and/or gliosis,
depending on the state of ischemia. Chronic lacunar
infarcts were usually found in patients with moderate-to-
severe chronic ischemia (Figure 6B). These were posterior
circulation infarct (POCI) findings. Data were collected and
categorized as described above and statistical analyses
were performed.

Statistical analyses: All statistical analyses, subject to a
significance threshold of p<0.05, were conducted using
IBM SPSS for Windows (version 25.0; IBM Corp., NY,
USA). Pearson, Spearman, or point-biserial correlation
coefficients were calculated as appropriate to explore the
relationships between the variables and HU on CT.
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Figure 6. Examples of different cranial CT and MRI examinations in
seven patients and HU measurement techniques in the posterior fossa
on CT. Top image A shows density measurements in the brainstem
and cerebellar hemispheres. In the lower B images, 1 shows a possible
chronic ischemic focus in the brainstem (green arrow) in a patient with
mild cerebellar atrophy (red arrows indicate marked reduction in folia).
Figure 2 shows a case with more pronounced enlargement of cerebellar
folia (red arrows indicate marked enlargement of the folia). Three showed
an even more prominent enlargement of the cerebellar follicles (red
arrows point to the prominent enlargement of the folia), and in this case,
volume loss of the cerebellum was evident (yellow arrows point to the
borders of the atrophic cerebellum with reduced volume). In image 4, foci
of chronic ischemia in the right cerebellar hemisphere, and in image 5,
foci in the brainstem are marked with green arrows. In image 6, foci of
chronic lacunar infarction in the brainstem and the right middle cerebellar
peduncle are marked with green arrows. These are the POCI findings.

RESULTS

Vertebral artery asymmetry was observed in 43 patients of
the control group. The images in A and B in Figure 4 are
from one such case. In 10 of these patients, asymmetry was
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prominent, the side with thin caliber was dominant, and the
other side was hypoplastic (Table 2). However, the patients
were asymptomatic. The HU values in these patients were
within the normal range. From this perspective, unilateral
hypoplasia of the vertebral artery does not cause an
ischemic process under normal conditions. The site of
vertebral artery hypoplasia has no effect on the ischemic
processes. However, in patients with unilateral vertebral
artery hypoplasia, atrophic changes, loss of density, and
POCI findings in the neural parenchyma in the posterior
fossa became statistically more prominent as the CS
increased (p=0.02) (Table 2).

Table 2. Anatomical structure-variations of vertebral arteries and

comparison of HU values of patients with and without unilateral
hypoplasic vertebral artery

Control group Cs
. Dominant- . Dominant-
Symmetrical ] Symmetrical 5
hypoplasic hypoplasic
47 43 51 39

Severely hypoplasic Severely hypoplasic

10 8
p=0.02
CS: cervical spondylosis, p: Pearson correlation coefficient

Increased tissue ischemia is directly associated with
aging. Therefore, it is expected that the CT density of the
tissue in the cerebral parenchyma will decrease after a
certain point with increasing age. In our control group, the
highest HU was 26 and the lowest HU was 24. There was
no statistically significant decrease in the HU values of the
neural parenchyma of the posterior fossa with increasing
age (p=0.09) (Table 3).

Table 3. Statistical correlation between the characteristics of the
patients and HU values

Control group

Age HU
p=0.09
cs
Age HU
p=0.07
CS severity HU
p=0.03
CS severity Cerebellar atrophy and POCI

p=0.04

CS: cervical spondylosis, p: Pearson correlation coefficient

Among the 90 patients with CS findings in the pathological
sample, 39 had asymmetry in the vertebral arteries. The
images in C, D, and E in Figure 4 are from one such case. In
eight of these patients, the asymmetry was quite prominent
and the artery contralateral to the dominant side was highly
hypoplastic with an extremely thin caliber (Table 2).
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In our pathological sample group, which constituted the
main population of the study, the highest HU value was 23
and the lowest HU value was 17. There was no significant
correlation between HU values of the neural parenchyma of
the posterior fossa and increasing age (p=0.07) (Table 3).

The cumulative mean HU values in the cerebellum and
brainstem decreased significantly as the severity of
degeneration of the cervical vertebral column increased
(p=0.03). Similarly, as the degree of CS progressed, the
frequency of cerebellar atrophy and POCI findings increased
significantly (p=0.04) (Table 3).

Both quantitative HU values measured on CT and qualitative
findings of cerebellar atrophy and POCI on CT and MRI
were statistically compared between the control group and
patients with moderate-to-advanced degeneration. As a
result of this analysis, both HU values were lower (p=0.02)
and qualitative findings were more pronounced ((p=0.04) in
the study population (Table 4).

Table 4. Statistical comparison of the control group and patients with

moderate and advanced degeneration in terms of HU and POCI

Control group Ccs
HU p=0.02

Cerebellar atrophy and POCI p=0.04

CS: cervical spondylosis, p: Pearson correlation coefficient

DISCUSSION

The main idea of our study is based on the idea that
hemodynamic disturbances may occur dynamically
during neck movements in daily life. In cases of mild CS,
there is usually no possibility of external compression
of the vertebral arteries by osteophytes. In patients with
moderate degeneration, vertebral artery compression
may be observed due to osteophytes at one or more
levels and/or degeneration in the unvertebral joints and
facet arthrosis. In cases of severe degeneration, there
are multiple levels of osteophyte-complicated joint and
disc degeneration, ligament thickening and calcification,
and even syndesmophytes, and usually bilateral foramen
transversarium stenosis and possible vertebral artery
stenosis secondary to this. These stenoses may not be
detected on a cross-sectional image at first glance.

Spinal degeneration is classified according to narrowing
of the spinal canal and compression of the spinal cord,
especially in the cervical region. As we did not evaluate the
patients from this point of view, we made a classification
according to the compressibility of the vertebral arteries
secondary to degeneration in the dynamic process by
determining the framework, albeit qualitatively. Our study
was based on the possibility that hemodynamics may be
disrupted by neck movements, even in the absence of
significant static stenosis in the vertebral arteries. The
vertebral column has an intricate anatomical relationship
with the vertebrae and paravertebral tissues in a compact
space, particularly in the spinal region (15).
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CSisaclinical condition that increases in severity with age.
However, this does not always occur with age. In some
patients, bone structure, metabolic processes, and lifestyle
predispose them to degeneration. Moderate or advanced
degeneration is observed in middle-aged patients, whereas
in others, mild degeneration may be observed even if they
are quite old (16,17). Some of our patients had moderate
degeneration findings despite being in the middle-aged
group and mild degeneration findings despite being in the
advanced age group.

Vertebral arteries are arterial vascular structures that are
vulnerable to atherosclerosis because of their relatively
narrow lumen diameters, emergence from the subclavian
artery as a steep branch, sharp kinks in their course,
tortuosity in many locations, and long course (18,19).
If external luminal compression secondary to cervical
degeneration is added to the critical stenosis, a decrease
in perfusion in the posterior circulation area is inevitable.
Particularly in the elderly population, the incidence and
severity of atherosclerosis and CS increase, and the
deterioration of hemodynamics creates a predisposition to
this condition at later ages (20,21).

In our study, we investigated whether the hemodynamics of
the posterior circulation, that is, the vertebrobasilar system,
are impaired due to movement in the background of CS.
There is insufficient data on this subject in the literature.
Studies in the literature generally aim to investigate
acute ischemic processes related to static stenosis in
the vertebrobasilar system or chronic ischemic changes
secondary to stenosis. Therefore, in the literature, acute
vertebrobasilar insufficiency developed in conditions such
as trauma, dissection, and chronic ischemic processes
due to stenoses caused by atherosclerotic changes in the
vertebral lumens or stenoses developed due to external
compression of the lumen predominate (22-28). In our
study, we attempted to detect ischemic processes caused
by vertebrobasilar insufficiency secondary to dynamic and
frequent compression of the vertebral arteries due to neck
movements, although no critical stenosis was observed on
static examination.

Although acute disturbances in hemodynamics are
tolerable, damaging effects may occur when chronic and
persistent abnormalities develop, even in small amounts
(29,30).

According to the literature, the HU value of gray matter
in normal cerebral parenchyma is approximately 35 and
that of white matter is approximately 25 (31). Based on
this information, it would not be incorrect to express a
mean value of 30 HU. In our measurements, we aimed
to examine the cerebellar hemisphere and brainstem
in a manner that covers both components at nearly
equal rates. The HU values of our patients in the control
group ranged from to 24-36 with a mean of 27, which is
approximately in agreement with the data in the literature.
In the group that constituted the main population of our
study, we found a minimum HU of 17 and maximum HU of
23. The cumulative decrease in these values was probably
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secondary to the ischemic processes caused by CS, as
determined statistically.

Study Limitations

One of our most important limitations is that the patients
were not analyzed in terms of hypertension, diabetes,
and cardiovascular disease status. While classifying
the cases in terms of spondylosis, the grouping of some
cases was not completely clear, and they were included in
whichever group was predominant. Another limitation is
the difficulty of measuring HU on CT examination; in other
words, the value obtained may not be reliable. Artifacts
caused by the calvarial bones in the posterior fossa may
cause this situation. Another limitation is the possibility
that fluctuations in blood pressure may also contribute to
hemodynamic disturbances. The small number of cases is
also a limitation.

In our study, when the qualitative and quantitative findings
of the control group and the group considered pathological
were compared statistically, the results supporting
chronic ischemia were found at a higher rate in cases with
moderate and advanced CS, in terms of both parameters.

CONCLUSION

Although cervical vertebral column degeneration is not
acutely symptomatic, it can cause long-term ischemia in
the neural parenchyma in this region by adversely affecting
perfusion in the posterior system, with recurrent micro-
hemodynamic disturbances through the vertebral arteries.
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Abstract

Aim: Placenta accreta spectrum disorders (PAS) are a global threat to maternal well-being. The aim of this study was to assess
differences in clinical characteristics and maternal outcomes between Turkish natives and Syrian refugees giving birth with a diagnosis
of PAS at a tertiary centre, and to experience the management of this condition in the unique context of Tirkiye, home to one of the
world's largest refugee populations.

Material and Method: A retrospective study was conducted using the medical records of 228 singleton pregnancies at high risk of PAS,
between January 2019 and October 2022. PAS risk assessment was initially performed by ultrasound at mid-trimester, with diagnosis
confirmed histologically or clinically, indicating the presence of placental retention following attempted manual removal. The study
population was divided into two groups: native and refugee. We investigated disparities in demographic and medical characteristics
and primary maternal and neonatal outcomes.

Results: The study found an increased prevalence of previous cesarean delivery (p=0.005), anterior placenta (p<0.000), placenta
previa (p=0.047), and deeper placental invasion (increta/percreta) (p<0.000) in the native group (n=161). The native group had a
significantly higher rate of estimated blood loss (2093.5¢1516.4 mL vs. 714.12731.6 mL, p<0.000) and peripartum hysterectomy
(p=0.005) compared to the refugee group (n=67). The refugee group had a notably higher incidence of delayed diagnosis (p<0.000)
and a shorter surgery duration (p=0.027) compared to the native group.

Conclusion: The current study highlights significant differences in patient characteristics and outcomes between native and refugee
pregnant women with PAS. Despite facing challenges, these women did not encounter adverse perinatal outcomes, indicating the
efficacy of healthcare interventions.

Keywords: Disparities, placenta accreta spectrum, Syrian refugees, Turkish natives

1993 t0 52% in 2018 (6,7). Placenta previa, previous uterine
surgery, in vitro fertilization (IVF) and advanced maternal
age are other recognised risk factors (8-10).

INTRODUCTION

Placenta accreta spectrum (PAS) is a histopathological
term for the abnormal attachment of all or part of the

placenta to the myometrium of the underlying uterine
wall (1). This condition is mainly defined by the lack of
decidua, leading to the direct attachment of chorionic villi
to the myometrial fibers. It is divided into three categories:
placenta accreta, placenta increta and placenta percreta,
based on the depth of myometrial invasion by the placental
villi (2).

Inrecent decades, the incidence of PAS has beenincreasing
(3,4), closely linked to the global rise in cesarean delivery
rates (5). This trend is similarly observed in Tiirkiye, where
the cesarean delivery rate has steadily climbed from 7% in

CITATION

PAS presents a significant global health challenge due
to its association with increased maternal morbidity and
mortality. About 60% of affected pregnancies experience
severe bleeding, with a mortality rate of up to 7% (11).
This often necessitates cesarean hysterectomy and
can potentially result in organ damage, sepsis, and
disseminated intravascular coagulation (12,13). Prenatal
diagnosis plays a crucial role in initiating appropriate
management, allowing multidisciplinary planning, and
facilitating referral to specialized centers, all of which
contribute to a reduction in the risk of maternal mortality
and morbidity (14).
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Migration has emerged as an unprecedented global
phenomenon, becoming an integral facet of life in
numerous societies. The management and outcomes of
PAS present unique challenges in populations with diverse
sociodemographic backgrounds (15). These challenges
may be particularly pronounced in the case of refugees,
where barriers such as limited access to healthcare
services, language differences, cultural distinctions, and
socioeconomic factors are often prevalent. In such cases,
there may be additional challenges in the early diagnosis
of PAS, which is crucial. These difficulties may also be
common in the Syrian refugee population living in Tdrkiye,
but it is not possible to definitively determine this because
of the limited data available. Therefore, the objective of
this study was to assess the incidence, management,
and outcomes of PAS among Syrian refugees and Turkish
natives.

MATERIAL AND METHOD

A retrospective study was conducted using the medical
records of 228 patients with singleton pregnancies at
high risk of PAS, who were delivered in the perinatology
department of a state tertiary hospital between January
2019 and October 2022.

The study protocol was approved by the Ethics Committee
of the University of Health Sciences Etlik Ziibeyde Women'’s
Gynecology Training and Research Hospital (2021/99).
PAS was primarily diagnosed by mid-trimester ultrasound
by a fetal medicine specialist. This involved evaluating
sonographic markers using grayscale and color Doppler
imaging, as well as adhering to a standardized reporting
protocol for sonographic findings. This protocol includes
criteria such as loss of the hypoechoic retroplacental
clear zone, abnormal placental lacunae, or myometrial
thinning as outlined by the European Working Group on
Abnormally Invasive Placenta (EW-AIP) (16). Furthermore,
the severity of PAS (placenta accreta, placenta increta,
and placenta percreta) at delivery was evaluated using the
International Federation of Gynaecology and Obstetrics
(FIGO) clinical grading system (17) and the International
Society of Abnormally Invasive Placenta (IS-AIP) guideline
(18). Surgical strategy was standardised, with all patients
receiving pre-delivery counselling regarding the need for
focal excision or cesarean hysterectomy in cases with
evidence of abnormal placental adhesion, regardless of
attempts to control bleeding with uterotonics, mechanical
intervention or surgical methods. Based on the expected
severity of PAS and to optimize perinatal outcomes,
patients with PAS were planned for cesarean delivery
between 34 and 37 weeks' gestation. Emergency cesarean
delivery was performed before 34 weeks' gestation if the
patient had severe vaginal bleeding, premature rupture of
membranes, or signs of preterm labor indicated by uterine
contractions.

Data extracted from hospital medical records included
maternal demographic and medical characteristics such
as gravidity, parity, history of uterine surgery, number of
previous cesarean deliveries, placental location (anterior

Med Records 2024;6(2):274-9

or posterior), presence of placenta previa (defined as
complete or marginal <2 cm from the cervix) and severity
of PAS. Maternal outcomes encompassed factors such
as duration of surgery, estimated blood loss (assessed
by examination of blood in the aspirator container and
sponges), transfusion of blood products, and any surgical
or non-surgical interventions performed during delivery.
Neonatal outcomes included variables such as gestational
age, birth weight, 5-minute Apgar score, and neonatal
intensive care unit (NICU) admission.

The analysis was conducted utilizing the Statistical
Package, version 28.0 (IBM Corporation, Armonk, New
York, USA). The study used meant(standard deviation)
or mediant(minimum-maximum) to describe numerical
data. Furthermore, parametric variables were analyzed
using the Student's t-test, while nonparametric variables
were assessed using the Mann-Whitney U test. The chi-
square test was employed to evaluate associations among
categorical variables, with statistical significance set at a
p-value<0.05.

RESULTS

From January 2019 to October 2022, a total of 228 pregnant
women diagnosed with PAS were included in the study. The
study population consisted of two groups: refugees (n=67,
29.4%) and natives (n=161, 70.6%), all of whom underwent
cesarean delivery.

The results of the demographic and medical characteristics
that were measured are shown in Table 1. Both groups
showed similarity in terms of prior uterine surgery and IVF.
The native group had ahigher BMI and smoking rate (p<0.000
and p=0.017, respectively), whereas the refugee group had a
lower age and higher parity rate, with a significant difference
(p<0.000). The native group had significantly higher rates
of previous cesarean delivery (p<0.000), placenta previa
(p=0.047) and deeper placental invasion (increta/percreta)
(36.7% vs. 7.5%, p<0.000). Regarding placental location, the
refugee group had a higher rate of posterior placentation
(69% vs. 45%, p<0.000) and intrapartum diagnosis (31.3%
vs. 8.7%, p<0.000) compared to the native group.

The maternal outcomes are shown in Table 2. The duration
of surgery was longer in refugee group (158.3+41.4 min
vs. 142.8432.6 min, p=0.027). The estimated blood loss
(2093.5¢1516.4 mL vs. 714.1£731.6 mL, p<0.000) and
the rate of peripartum hysterectomy were higher in native
group (73.2% vs. 47.7%, p=0.005). However, conservative
management techniques such as intrauterine balloon
tamponade replacement (34.3% vs. 11.2%, p=0.001) and
compression sutures (37.3% vs. 11.9%, p=0.001) were used
more frequently in the refugee group.

Neonatal outcomes are shown in Table 3. There were no
significant differences observed in the 5-minute Apgar
scores between the groups. The refugees group had a
higher gestational age (35.5+2.2 weeks vs. 34.6+3.2 weeks,
p=0.032) and birth weight (2889+449.1 g vs. 2486+458.7 g,
p<0.000).
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Table1. Demographic and medical characteristics

Antepartum characteristics Group Native, (n=161) Refugee, (n=67) p-value
<35 75 (46.6) 54 (80.6)
Maternal age (years), n (%) <0.000
=235 86 (53.4) 13 (19.4)
14 (8.6) 1(1.4)
. 44 (27.3) 1(1.4)
Parity, n (%) <0.000
3 62 (38.5) 5(7.4)
>4 41(25.6) 60 (89.8)
0 19 (11.8) 42 (62.6)
) o 1 69 (42.8) 10 (14.9)
Number of previous cesarean deliveries, n (%) <0.000
2 44 (27.3) 4(5.9)
=3 29 (18.1) 11(16.6)
Female 99 (61.4) 53 (79.1)
Sex, n (%) 0.001
Male 62 (38.6) 14 (20.9)
Smoking, n (%) 21(13.1) 2(2.9) 0.017
Previous uterine surgery, n (%) 11 (6.9) 6(8.9) 0.384
Previous dilatation and curettage of the uterus, n (%) 16 (9.9) 3(4.5) 0.148
IVF pregnancy, n (%) 3(1.9) 5(7.5) 0.684
BMI (kg/m?), (mediantsd) 30.97+5.21 24.4+4.4 <0.000
. Planned 98 (60.8) 27 (40.3)
Delivery type, n (%) <0.000
Urgency 63(39.2) 40 (59.7)
Placenta previa, n (%) 128 (79.6) 45 (67.2) 0.047
Placenta accreta, n (%) 102 (63.4) 62 (92.6) <0.000
Placenta (increata and percreata), n (%) 59 (36.7) 5(7.5) <0.000
o Anterior 110 (69%) 30 (45%)
Placental localization, n (%) . <0.000
Posterior 51 (31%) 37 (55%)
Intrapartum diagnosis 14 (8.7%) 21 (31.3%) <0.000
Maternal age, (meanisd) 36.245.3 3315.6 0.042

BMI: body mass index, IVF: in vitro fertilization

Table 2. Maternal outcomes

Outcomes Native, (n=161) Refugee, (n=67) p-value
Operating time, minutes (meantsd) 142.8+32.6 158.3+41.4 0.027
Estimated blood loss, mL (meantsd) 2093.5+1516.4 714.1£731.6 <0.000
The number of RBC units, (meantsd) 3.312.8 1.311.4 <0.000
. The number of FFP units, (meantsd) 2.2+2.5 1.242 0.032
Transfusion of blood products )
The number of platelet units, (meantsd) 0.410.7 0.2+0.6 0.152
The number of cryoprecipitate units, (meanisd) 0.240.6 0.440.7 0.152
Cesarean hysterectomy, n (%) 118 (73.2) 32 (47.7) 0.005
i Intrauterine balloon tamponade, n (%) 18(11.2) 23 (34.3) 0.001
Operative management . L
Internal iliac artery ligation, n (%) 10 (6.2) 4 (5.9) 0.092
Uterine compression sutures 19 (11.9) 25(37.3) 0.001
Bladder injury, n (%) 25(15.6) 8(11.9) 0.335
Urinary tract injury, n (%) 2(1.3) 7(10.5) 0.034
Vascular injury, n (%) 8(4.9) 7 (10.5) 0.072
The wound infection, n (%) 6(3.8) 3 (4.5) 0.685
. . Reoperation, n (%) 5(3.2) 3 (4.5) 0.838
Major maternal morbidity
Thromboemboly, n (%) 4 (2.5) 4 (5.9) 0.551
Bowel injury, n (%) 0 1(1.5) 0.167
Postop.hemorrhage, n (%) 6(3.8) 2 (2.9) 0.2450
Sepsis, n (%) 0 1(1.5) 0.167
The intensive care unit admission, n (%) 48 (29.9) 16 (23.9) 0.318

RBC: red blood cell, FFP: fresh frozen plasma
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Table 3. Neonatal outcomes

Outcomes Native, (n=161)
Gestational age, weeks (meanztsd) 34.643.2
Apgar score at 5 min, (meanisd) 7.4£0.9
Birth weight,g (meantsd) 2486+458.7
NICU, n (%) 61 (39.2)

NICU: neonatal intensive care unit

DISCUSSION

The Syrian refugee crisis has led to alarge influx of refugees
seeking safety and protection in neighboring countries
such as Tirkiye. Tlrkiye is home to the largest number of
Syrian refugees worldwide, with 3,713,344 people officially
registered, 18.2% of whom are women aged 18 and over
(19). The growing number of refugees worldwide poses
particular challenges to providing adequate healthcare,
especially for pregnant women. Previous studies have
extensively documented significantinequalities in maternal
morbidity and mortality, highlighting the disproportionate
impact on minority populations based on race and ethnicity
(20-23). However, studies of health inequalities emphasize
that the effects of race and ethnicity are due to social
structures rather than biological or genetic differences (24-
26). Understanding social determinants of health is crucial
as they encompass the circumstances in which individuals
are born, raised, reside, labor, and age. These factors also
include socioeconomic status, education, employment,
housing, and access to healthcare (27,28). This may be
particularly evident in the context of Syrian refugees living
in Turkiye, where language barriers, cultural differences
and socioeconomic factors may lead to disparities in
access to healthcare services (28).

Recent research has shown that a significant proportion
of pregnant Syrian refugees receive inadequate antenatal
care compared to the non-refugee population (29).
However, the results of a study conducted in Lebanon
are different, possibly because of the presence of Arabic
as a spoken language, which facilitates communication
for Arabic-speaking Syrian refugees. Interestingly, the
same study found that antenatal follow-up rates among
pregnant women in Syria before the war were significantly
higher than those in Lebanon (29). This demonstrates the
influential role of language while recognizing that other
factors influence access to appropriate health services.
These challenges may result in delayed or inadequate
antenatal care, thereby limiting the early diagnosis and
management of PAS. In Addition, multiple studies have
consistently shown that planned delivery, in contrast
to emergency delivery, is significantly associated with
reduced blood transfusion requirements and improved
neonatal outcomes in cases of PAS (30-33).

Natives are generally more familiar with the healthcare
system and have better access to prenatal care, which may
facilitate earlier diagnosis and appropriate management
of PAS. Nevertheless, it was important to critically assess
whether Turkish pregnant women with PAS were really more

Refugee, (n=67) p-value
35.5+2.2 0.032
7.610.7 0.159
2889+449.1 <0.000
41 (61.2) 0.004

fortunate than Syrian pregnant women because several
known factors were associated with an increased risk of
PAS in Turkish women. A meta-analysis examining the total
number of cesarean deliveries among Syrian refugees in
Tirkiye revealed a significantly lower rate compared with
the Turkish population (34). In particular, previous research
has consistently identified a previous caesarean delivery
as the most important risk factor for the development of
PAS (35,36). Crucially, the incidence of PAS increases with
the number of previous cesarean deliveries, from about
0.3% in women with one cesarean delivery to about 7% in
those with more than five (35). This study found that the
rate of cesarean section was significantly higher among
Turkish pregnant women compared to Syrian pregnant
women (p<0.000).

Placenta previa is another significant and independent risk
factorforthedevelopmentof PAS(36). Previousstudieshave
consistently shown that when placenta previa with PAS is
located in the anterior uterine wall, there's an increased risk
of postpartum hemorrhage, often necessitating massive
transfusions and potentially resulting in hysterectomy (37).
The current study found a higher prevalence of specific
risk factors for maternal morbidity among Turkish women,
including higher incidence of anterior placenta (p<0.000),
placenta previa (p=0.047) and peripartum hysterectomy
(p=0.005) compared to Syrian women.

A previous study showed that placenta percreta was
associated with increased maternal morbidity despite
planned management and the application of additional
measures, typically used in cases of PAS (37). This
study found that Turkish women had higher incidence of
deeper placental invasion (increta/percreta) (p<0.000)
and estimated blood loss (p<0.000) during delivery. In line
with Morgan's research (38), posterior placenta (p<0.000),
delayed diagnosis (p<0.000) and the use of conservative
management approaches (e.g., intrauterine balloon
tamponade replacement, uterine compression sutures,
and internal iliac artery ligation) (p=0.001) were found
significantly more common among Syrian pregnant women,
who also had lower rates of previous cesarean deliveries.
Similar to our findings, previous research has suggested
that PAS cases with a posterior placental position were
less likely to present as increta or percreta, conditions
associated with increased maternal morbidity (36-38).
This is probably the main reason that the Syrian pregnant
women in our study had better maternal and surgical
outcomes than the Turkish pregnant women, despite lower
rates of prenatal follow-up and delayed diagnosis.

277



DOI: 10.37990/medr.1436738

While acknowledging the limitations of the retrospective
study and the need for cautious interpretation of the
results, itis important to highlight that the study represents
the first investigation of obstetric data and outcomes
among Syrian refugees with PAS in Tirkiye. Despite the
challenges they faced in accessing antenatal care and
language problems, the refugee pregnant women in our
study did not experience adverse perinatal outcomes.

CONCLUSION

Given the potentially life-threatening nature of PAS
disorders, it is essential to further investigate the
differences between local and refugee pregnant
populations to optimize adverse maternal and neonatal
outcomes.
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Abstract

Aim: Tobacco use is a preventable cause of morbidity and mortality and a global public health problem. It is clear that physicians need
to increase their awareness, increase their level of knowledge, and change their negative attitudes and behaviours about smoking,
which is a risk factor for many preventable diseases in the world. This study was planned to evaluate the knowledge, attitudes and
behaviours of physicians working in a university hospital regarding smoking cessation treatments.

Material and Method: This study was a descriptive and cross-sectional study. The study included 203 physicians. A printed
questionnaire form was used to collect data. Nicotine dependence of the participants who smoked cigarettes was evaluated by
Fagerstrom nicotine dependence test (FNBT). Data were analyzed using SPSS 23.0 statistical package form. A value of p<0.05 was
accepted for statistical significance.

Results: The mean number of correct answers given by the participants to a total of 20 questions measuring the level of knowledge
about smoking cessation counselling was 13.41+3.80. Among the physicians, 14.3% (n=29) had received smoking cessation
counselling training and 85.7% (n=174) had not received any training. When the knowledge scores of the participants were analyzed
according to the status of receiving smoking cessation counselling training, it was seen that the mean correct answers given to the
knowledge questions by the participants who received training were significantly higher (p=0.023).

Conclusion: In addition to receiving smoking cessation counselling training, participants' having more time spent in medical education,
such as being a specialist and lecturer, was found to be associated with higher awareness of smoking and more positive attitudes and
behaviours regarding smoking cessation treatments. Increasing the number and quality of trainings related to smoking and smoking
cessation counselling will make significant contributions to the awareness, knowledge, attitudes and behaviours of physicians on this
issue.

Keywords: Smoking, smoking cessation, physicians

INTRODUCTION for 15% of the world's populace. Annually, nearly 7 million
] ) individuals succumb to smoking or tobacco-related usage,
Tobacco usage stands as a pivotal risk element for j,q),ding passive exposure. This figure is anticipated to
chronic non-communicable ailments and is a preventable |ise to 8.5 million by 2030 (1). Notably, China, Indonesia
contributor to morbidity and mortality (1). Its pervasive  4nq |ndia rank highest in tobacco prevalence globally, with

influence is felt globally, with smoking and addiction having Tiirkiye featuring as the tenth country with approximately
claimed the lives of approximately 100 million individualsin - 18 million tobacco users. The combined consumption

the 20th century, and a projected toll of 1 billion in the 2Tst  \jithin these top 10 nations, including Tiirkiye, constitutes
century. Smoking significantly escalates the risk for various 4 0-thirds of global tobacco usage (3).

ailments like cardiovascular diseases, cancer, chronic
respiratory conditions, and diabetes, which collectively InTtrkiye, 19.2 million individuals (31.6%) smoke cigarettes
stand as leading causes of global mortality (2). or other tobacco products, with a smoking rate of 44.1%
among men and 19.2% among women. On average,
smokers consume 18 cigarettes daily, with approximately
15% initiating smoking before the age of 15. Among those

According to the World Health Organization (WHQ), over
1.1 billion people were tobacco users in 2015, accounting
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who began smoking before 18, the average initiation age
stands at 17 (4).

Physicians and healthcare professionals bear significant
duties in disease prevention and health enhancement. A
simple yet effective approach within tobacco control entails
inquiring about smoking status and advising cessation
to patients. Studies indicate that physicians can achieve
5-10% smoking cessation rates through such interventions
alone (5,6).

Beyond serving as role models for a smoke-free lifestyle,
physicians play a crucial role in combating smoking by
questioning patients about their smoking habits, advising
cessation, and providing information and guidance on
appropriate cessation methods. Research underscores
the need to elevate physicians' awareness and knowledge
regarding smoking, particularly among primary care
providers who cater to diverse health needs within society.
It is imperative for physicians to enhance their awareness,
knowledge, and attitudes towards smoking, a modifiable
risk factor for numerous preventable diseases worldwide.
Especially in primary care medicine, there is a need for a
community-oriented but also patient-centred and long-term
medical approach that focuses on addiction and supports
a healthy lifestyle at a time of serious health problems. This
study was planned to evaluate the knowledge, attitudes
and behaviors of physicians working in a university hospital
regarding smoking cessation treatments.

MATERIAL AND METHOD

This study is a descriptive and cross-sectional study. The
study included 203 physicians who agreed to participate.
A printed questionnaire form was used to collect data. This
guestionnaire was based on the literature. The questionnaire
form was delivered to all participants by hand.

The questionnaire was determined by reviewing similar
previous studies and finalized by pre-application in a small
group of residents, specialists and faculty members before
starting our study. In the questionnaire, questions were
asked to measure the sociodemographic characteristics
of the participants, smoking status, smoking cessation
counseling training, awareness of the smoking cessation
outpatient clinic in our hospital, attitudes of physicians
towards patients in smoking cessation treatment, and
behaviors related to smoking addiction and smoking
cessation treatments. In addition, the Fagerstrom
nicotine dependence test consisting of 6 questions was
administered to measure the addiction level of physicians
who smoked. The Turkish validity of the Fagerstrom
nicotine dependence test was studied by Uysal et al.
and found to be moderately reliable (7). The Fagerstrom
nicotine dependence test (FNBT) consists of 6 questions
and points are given according to the answers given to
the questions. Maximum score is 10 and minimum score
is 0. 0-2 points: Very little dependent; 3-4 points: Slightly
dependent; 5 points: Moderately dependent; 6-7 points:
Highly dependent; 8-10 points: Very highly dependent.

Sample Size Analyses

When the studies were analysed, a power analysis was

Med Records 2024;6(2):280-7

performed by taking into account the knowledge of
smoking cessation treatments, which is one of the main
results of the study. In the sample calculation using Russ
Lenth's Java applet (Piface), a similar study was taken into
consideration and the sample size was calculated taking
into account Type | error (0.05), targeted power (0.80) and
it was concluded that there should be at least 196 people.
However, 203 people were reached in total.

Statistical Analysis

In the descriptive statistics of the study, numerical data
were expressed as mean and standard deviation or median
(minimum-maximum) according to normality. Categorical
data were expressed as number and percentage. The
distribution of numerical data was analyzed by Kolmogorov-
Smirnov Z Test and histogram graphs. Numerical dataintwo
groups were analyzed by Student's t test. Numerical data
between more than two independent groups were analyzed
by One Way Anova and Kruskal Wallis tests. Tamhane test
was used for post hoc analysis. Chi-Square test was used
to analyze categorical variables. P significance value was
accepted as <0.05. SPSS 23.0 package program was used
in the analyses.

Ethical Aspects of the Research

The ethics committee approval of this study was obtained
with the decision number 2022/209 dated 05.12.2022 and
numbered 2022/209 of Diizce University Non-Interventional
Health Research Ethics Committee.

RESULTS

A total of 203 physicians took part in the study. Among
them, 47.8% (n=97) were female, while 52.2% (n=106)
were male. Regarding marital status, 49.8% (n=101) were
married, and 50.2% (n=102) were single.

Analyzing the general branches of the participants, 4.9%
(n=10) were in preclinical fields, 68.5% (n=139) were
internal medicine specialists, and 26.6% (n=54) were
surgical physicians.

In terms of professional roles, 80.8% (n=164) were research
assistants, 2% (n=4) were specialists, and 17.2% (n=35)
were faculty members (Table 1).

Table 1. Sociodemographic data of the participants

n %

Female 97 47.8
Gender

Male 106 52.2

Married 101 49.8
Marital status

Single 102 50.2

Preclinical medicine 10 49
General branch  Internal medicine 139 68.5

Surgical medicine 54 26.6

Research assistant 164 80.8
Title Specialist 4 2.0

Academic staff 35 17.2

The mean age of the participants was 31.34+6.87
(minimum=24, maximum=61). There was a significant
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difference between age and smoking status of physicians
(p=0.002). It was observed that those who had never
smoked had a lower mean age. Post-hoc analysis
showed no significant age difference between the groups
(p>0.05). The median duration of the participants' medical
practice was 6.50 (minimum=0.5, maximum=37) years. A
significant difference was observed between the duration
of the participants' medical practice and their smoking
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status (p=0.007). Physicians who had never smoked were
found to have a lower mean duration of practice. The mean
number of correct answers given by the participants to a
total of 20 questions measuring the level of knowledge
about smoking cessation counseling was 13.41+3.80
(minimum=1, maximum=20). There was no statistically
significant difference between the knowledge scores of the
participants and their smoking status (p>0.05) (Table 2).

Table 2. Smoking status of participants according to age, number of children, length of practice and knowledge scores

Total
(n=203)
MeantSD
Age 31.34+6.87
Duration of residency 6.6916.73
Number of correctly answered knowledge questions 13.41+3.80

In order to measure the awareness of the physicians
who participated in our study about smoking cessation
outpatient clinic, their knowledge about the existence
of smoking cessation outpatient clinic and their patient
referral status were questioned. 78.8% (n=160) of the
participants answered the question "Is there a smoking
cessation outpatient clinic in the institution where you
work?", 0.5% (n=1) answered yes, 0.5% (n=1) answered no,
and 20.7% (n=42) answered don't know. To the question
"Have you ever referred a patient to a smoking cessation
outpatient clinic?" 50.2% (n=102) of the physicians
answered yes, 49.8% (n=101) answered no.

Participants were queried regarding their receipt of
smoking cessation counseling training and the sources
thereof. Results indicated that 14.3% (n=29) of physicians
had undergone such training, while the majority, comprising
85.7% (n=174), had not.

Among the 29 physicians who had received training,
the breakdown of training sources was as follows: 7
individuals reported exclusive training from the Ministry
of Health, 12 from their respective universities, 1 solely
from specialty training, 3 exclusively from attendance at

Smoking status

Using Quit Never drank
(n=32) (n=17) (n=154)
Mean*SD Mean*SD Mean*SD p
32.53+6.74 34.06+8.30 30.7946.68 0.002
8.1346.74 8.94+8.76 6.15£6.43 0.007
13.44£3.22 15.24+3.27 13.20£3.93 0.095

congresses, 1 from other institutions exclusively, 1 from
both the Ministry of Health and congresses, 2 from both
the Ministry of Health and their universities, 1 from both
the Ministry of Health, their university, and congresses, and
1 from a combination of their university, specialty training,
and congresses.

When the FNBT scores of the participants who smoked
cigarettes were evaluated, it was determined that 41.9%
(n=13) were very low, 25.8% (n=8) were low, 12.9% (n=4)
were moderate, 12.9% (n=4) were high and 6.5% (n=2)
were very high nicotine addicted.

When the smoking status of the participants was analyzed
according to their gender, a significant difference was
observed (p=0.004). It was observed that the rate of
smoking was lower in female physicians compared to male
physicians. A significant difference was observed between
the marital status of the participants and their smoking
status (p=0.002). It was observed that married participants
had higher smoking rates than single participants. There
was no significant difference between the presence of
children, general branch and title of the participants and
smoking status (p>0.05) (Table 3).

Table 3. Smoking status of participants according to gender, marital status, presence of children, general branch and title

Using
n (%)
Female 7 (21.88)
Gender
Male 25 (78.13)
. Married 23 (71.88)
Marital status .
Single 9(28.13)
) Yes 11 (34.38)
Child presence
No 21 (65.63)
Preclinical medicine 1(3.13)
General branch Internal medicine 23 (71.88)
Surgical medicine 8(25.00)
Research assistant 26 (81.25)
Title Specialist 1(3.13)
Academic staff 5(15.63)

Smoking status

Quit Never drank
n (%) n (%) p
7(41.18) 83 (53.90)
0.004
10 (58.82) 71 (46.10)
12 (70.59) 66 (42.86)
0.002
5(29.41) 88 (57.14)
6 (35.29) 45 (29.22)
0.767
11 (64.71) 109 (70.78)
0(0.00) 9 (5.84)
13 (76.47) 103 (66.88) 0.791
4(23.53) 42 (27.27)
14 (82.35) 124 (80.52)
0 (0.00) 3(1.95) 0.961
3(17.65) 27 (17.53)
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When the knowledge scores of the participants were
examined according to their general branches, no
significant statistical difference was observed between
the variables (p=0.092). When the knowledge scores of
the participants were analyzed according to their titles, a
statistically significant difference was found (p=0.028).
It was observed that the mean knowledge score of the
participants who were research assistants was higher
than the mean knowledge score of the participants who
were specialists or faculty members (since the number
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of specialist physicians was low, the numbers of faculty
members and specialist physicians were combined). When
the knowledge scores of the participants were examined
according to their smoking cessation counseling training
status, a statistically significant difference was observed
(p=0.023). It was determined that the mean knowledge
scores of the participants who received smoking
cessation counseling training were higher than those of
the participants who did not receive training (Table 4).

Table 4. Knowledge scores of participants according to their titles

Research assistant

Title L K
Specialist+academic staff*
. . . Py Yes
Smoking cessation counseling training .
o

Number of correctly answered knowledge questions

n Mean SD p
164 13.70 &7/
0.028
39 12.21 5.11
29 14.90 3.792
0.023
174 13.16 3.760

*Statistical analysis was performed by combining the number of specialists and faculty members.

In terms of behavioral assessment, the majority of the
participants answered "sometimes" for the statement "I
ask all my patients who smoke whether they want to quit
smoking". In addition, no significant correlation was found
between the branches of physicians and their behaviors of
questioning their patients whether they smoke or not and
advising smoking patients to quit smoking (p>0.05).

Propositions were presented to assess the knowledge level
of the participants. Participants were asked to mark one of
the options of true. false or no idea for each proposition.
With 97.5% (n=173) of the physicians answering correctly
to the proposition "The combination of behavioral therapy
methods and pharmacotherapy increases the success of

smoking cessation treatment”, this was the proposition
with the highest level of knowledge. The statement " For
the statement "Smoking cessation treatment should be
continued for at least one year", only 9.4% (n=19) of the
physicians chose the "incorrect" option and 59.6% (n=121)
chose the "correct" option. Thus, this statement was both
the least correct and the most incorrect statement. " For
the statement "Nicotine replacement therapy (NRT) can be
used for smoking cessation in pregnant and breastfeeding
women", 49.3% (n=100) of the participants responded that
they had no idea. This statement was the statement about
which the participants had the least opinion. The knowledge
level assessment questions and the answers given by the
participants are shown in Table 5.

Table 5. Level of knowledge about smoking cessation treatment assessment questions and distribution of answers

Knowledge level

Motivational talks and cognitive behavioral therapy methods alone are not effective in smoking

cessation

NRT, Varenicline and Bupropion are the primary pharmacotherapies for smoking cessation

Vaping is a type of treatment within NRT

The combination of behavioral therapy methods and pharmacotherapy increases the success of

smoking cessation treatment
Smoking cessation treatment should be continued for at least one year

NRT, is administered to patients with low nicotine dependence levels

In order for a person to be considered to have quit smoking, he/she must not have smoked any

cigarettes in the last 6 months

NRT, is safer in terms of side effects than Bupropion and Varenicline

Nicotine patch and gum are nicotine replacement therapy methods used in smoking cessation

treatment

Patients may continue to smoke during nicotine replacement therapy

The most common side effects in people taking bupropion are headache, insomnia and dry mouth

Varenicline; As a partial agonist, it stimulates alpha-4 beta-2 nicotinic receptors and reduces

nicotine withdrawal symptoms

NRT, can be used for smoking cessation in pregnant and breastfeeding women

Right Wrong No opinion
n (%) n (%) n (%)
73 (36.0) 118 (58.1)* 12 (5.9)
173 (85.2)* 9 (4.4) 21 (10.3)
25 (12.3) 138 (68.0)* 40 (19.7)
198 (97.5)* 0(0) 5(2.5)
121 (59.6) 19 (9.4)* 63 (31.0)
56 (27.6) 98 (48.3)* 49 (24.1)
114 (56.2)* 26 (12.8) 63 (31.0)
102 (50.2)* 23(11.3) 78 (38.4)
185 (91.1)* 1(0.5) 17 (8.4)
23(11.3) 137 (67.5)* 43(21.2)
137 (67.5)* 3(1.5) 63 (31.0)
111 (54.7)* 4(2.0) 88 (43.3)
25 (12.3) 78 (38.4)* 100 (49.3)

*The answers that must be marked in order to be considered correctly answered are shown in bold font.
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DISCUSSION

In this study, conducted to assess the knowledge,
attitudes, and practices of physicians regarding smoking
cessation treatments within a university hospital setting,
findings revealed a notably low prevalence of smoking
among physicians, alongside a correspondingly low
level of nicotine addiction among those who did smoke.
Furthermore, a striking observation emerged: a minority
of physicians reported having received formal training in
smoking cessation counseling.

Notably, male physicians and those of advanced age
exhibited higher rates of smoking, indicating potential
demographic associations with tobacco use among
medical professionals. Moreover, a noteworthy disparity
in knowledge levels surfaced between physicians who
underwent formal smoking cessation counseling training
and those who did not. Those who received such training
demonstrated a superior grasp of pertinent concepts and
practices associated with smoking cessation interventions.

When we look at other studies evaluating smoking rates
among physicians, differences between countries are
striking. In some studies conducted among physicians,
smoking rates were 2.6% in the UK (8), 3% in the USA (9),
7.2% in Brazil (10), 9.6% in Germany (11), 2.9% in women
and 12.5% in men in Japan (12), 15.2% in China (13), 18.9%
in Portugal (14), 19.2% in ltaly (15), 26% in France (16) and
29% in Pakistan (17). In Tirkiye, the prevalence of smoking
among physicians was found to be between 32.6-66.2% in
22 studies (18-21). The smoking rates of the physicians
who participated in our study were found to be higher than
the rates obtained in the UK, USA, Brazil, Germany, Japan
and China, but lower than the smoking rates in studies
conducted in Portugal, Italy, France, Pakistan and Tirkiye.
This may be explained by the gradual decrease in smoking
in our country as well as in the world, especially among
physicians.

In our investigation, the degree of nicotine addiction among
cigarette-smoking participants was assessed using the
FNBT, revealing predominantly low levels of addiction.
Upon review of existing literature, it became apparent
that physicians, as a cohort, typically exhibit low levels of
nicotine dependence. This aligns with findings from our
study, where addiction rates were comparable to or even
lower than those reported in the literature (22-26).

The observed consistency or even diminution of addiction
rates among physicians in our study compared to existing
literature is an encouraging indication. It underscores the
potential for successful smoking cessation interventions
among medical practitioners, promising advancements
in tobacco control efforts within this professional
demographic.

In our study, it was observed that physicians did not
give adequate appropriate answers to the questions
questioning their smoking cessation advice to their
smoking patients. In the literature, the rates of smoking
cessation advice to smoking patients vary significantly
(10,18,26,27). The reason for this variability may be that
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the level of knowledge of physicians, especially about
pharmacological treatments, increases according to their
level of training in smoking cessation counseling, and this
increased level of knowledge may be thought to trigger
the behavior of advising and guiding smoking patients.
It is clear that smoking cessation counseling trainings to
be organized will positively affect this advice and referral
behavior.

A significant difference was observed between the ages
of the physicians participating in this study and their
smoking status. While the mean age of physicians who
never smoked was the lowest, the mean age of physicians
who quit smoking was the highest. The mean age of
the physicians who smoked was 32.53+6.74. Similarly,
although there are studies in the literature showing that
smoking decreases as the average age decreases, there
are also studies showing that there is no significant
relationship between age and smoking status (26,28,29).
The fact that awareness about the harms of smoking and
personal health concerns increase with age may explain
the emergence of smoking cessation behavior at older
ages. At the same time, it may be thought that young
physicians are more conscious about smoking and use
cigarettes less frequently with the effect of successful
tobacco policies in recent years.

In our study, a significant relationship was found between
length of practice and smoking status. The duration of
practice of the participants who never smoked was found
to be significantly lower than the duration of practice of
the participants who smoked and quit smoking. In Cergi's
study, similar to our results, the rate of smoking was found
to be lower in participants with lower average years of
practice (26).

In our study, no statistically significant relationship
was found between the number of correctly answered
information questions and smoking status. In this
regard, our study yielded similar results with previous
thesis studies. It is thought-provoking that although the
knowledge levels of physicians who smoke about smoking
and smoking cessation treatments were similar to those
of non-smokers, they continued to smoke. However, the
fact that the knowledge levels did not show a significant
change may be interpreted as the fact that some of the
physicians fulfill the requirements of their profession
by not giving place to lack of knowledge on this subject
despite smoking.

In our study, men had significantly higher smoking levels
than women. According to the Global Adult Tobacco Survey
(GATS) 2016 data, the smoking rate of men was 44.1%,
while the smoking rate of women was 19.2% (30). The
smoking levels of male and female physicians in our study
were measured to be lower than the data from Tirkiye.
Similar to our study, many studies in the literature show
that the smoking level of men is higher (12,18,22,23,31).

In our study, the smoking rates of married physicians
were statistically significantly higher than the smoking
rates of single physicians. In the majority of studies that
investigated this relationship, no relationship was found
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between marital status and smoking (26,28,29,31). Our
study differs from most of the literature in this regard. In
our study, the mean age of non-smokers was significantly
lower. Considering that the mean age of single physicians
may be lower than that of married physicians, the
higher rate of smoking among married physicians is an
understandable result.

In this study, no significant difference was observed
between the smoking status of physicians and their
branches. In previous studies, physicians working in
surgical departments were found to smoke at a higher
rate than those working in internal and basic medicine
departments (25,31,32). Although there was no significant
difference between department and smoking in our study,
when other studies in the literature are considered, it can
be said that the department in which physicians work is
a factor affecting their smoking status. The fact that
the majority of the physicians participating in our study
(139/203) were internal medicine physicians may have
caused this discrepancy.

In our study, no significant relationship was found
between these variables when the smoking status of the
participants was examined according to their smoking
cessation counseling training status. In Cergi's study,
although the smoking rates of physicians who received
smoking cessation counseling training were found to be
lower than those of physicians who did not receive training,
statistical significance was not found (26). The fact that
physicians who do not smoke may have a higher interest
in smoking cessation counseling training may explain the
lower smoking rates of physicians who received training,
although there was no statistical significance.

In our study, a significant difference was found between
the titles of the participants and their level of knowledge
about smoking cessation counseling. The average
of the information questions answered correctly by
resident physicians was found to be higher than that of
specialists and lecturers. It can be said that the fact that
the participation in our study was mostly made by resident
physicians and that the majority of these residents were
family medicine residents who were actively working in the
smoking cessation outpatient clinic of our hospital led to
this result.

In our study, it was determined that the mean knowledge
scores of the participants who received smoking cessation
counseling training were higher than the participants
who did not receive training, as expected. In the study
conducted by Keten et al. with family physicians in 2014,
no significant difference was found in terms of knowledge
level between physicians who received and did not receive
training on smoking cessation treatments (27). In the
thesis study conducted by Cergi in 2017, the average of
correct answers given by physicians who received tobacco
addiction training to information questions about smoking
cessation treatments was found to be significantly higher
compared to physicians who did not receive training
(26). When the studies in the literature on this subject are
examined, it can be concluded that the contribution of
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education to the level of knowledge has increased over
the years. One of the factors affecting this result may be
thought to be the increase in the quality and accessibility
of smoking cessation counseling training.

In our study, a significant difference was found when
the number of correct answers given by physicians to
the knowledge level questions was compared with their
attitudes and behaviors in questioning the smoking
status of patients and advising them to quit smoking.
This robust association strongly underscores the premise
that the primary impediment to the adoption of attitudes
and behaviors conducive to smoking cessation among
physicians is a deficiency in knowledge. Consequently,
the provision of smoking cessation counseling training
to medical professionals is posited to exert a beneficial
impact not only on knowledge acquisition but also on
the cultivation of more favorable attitudes and behaviors
toward smoking cessation interventions.

CONCLUSION

The observable decline in smoking rates among young
physicians is attributed, in significant part, to the recent
implementation of tobacco control policies in our country.
This trend is particularly noteworthy given the pivotal role
that physicians play as societal role models. Moreover,
factors such as receipt of smoking cessation counseling
training and extended duration of medical education,
including attainment of specialist and lecturer status,
were identified as correlates of heightened awareness and
more favorable attitudes and behaviors toward smoking
cessation interventions.

Enhancing the quantity and quality of training initiatives
focused on smoking and smoking cessation counseling,
both within medical school curricula and throughout
post-graduate education, holds considerable promise for
bolstering physicians' awareness, knowledge, attitudes,
and practices regarding this critical public health
issue. Such endeavors are poised to yield substantial
contributions toward the advancement of tobacco control
efforts within the medical community.

All physicians, particularly family practitioners entrusted
with the provision of preventive healthcare services to
the entire community, must heighten their awareness and
assume a more proactive stance regarding smoking and
tobacco addiction. Given its status as one of the most
significant public health challenges of our time, with
potential health hazards mitigable through appropriate
strategies, it is imperative to prioritize the development
of requisite policies. Furthermore, due emphasis and
weight must be accorded to smoking cessation initiatives,
alongside concerted efforts to augment the quantity,
quality, and accessibility of training programs. Additionally,
there is a pressing need for the undertaking of more
comprehensive scientific research endeavors aimed
at elucidating this multifaceted issue. Such concerted
actions are indispensable for the effective mitigation of
the adverse impacts of smoking and tobacco addiction on
public health.
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Abstract

Aim: The aim of our article is to determine the depression status of elderly people living in nursing homes and the affecting factors.
Material and Method: The study included 75 elderly individuals who lived in assisted living facilities. Data was collected through a
Personal Information Form, the Geriatric Depression Scale, the Mini Mental Assessment Test, and retrospective blood results. The
data were analyzed using SPSS 26.0 software and non-parametric tests were used due to the non-normal distribution of the data.
The Mann-Whitney U test and the Kruskal-Wallis test were used to compare independent variables. Additionally, multiple regression
analysis was employed.

Results: The study found that 38.7% of elderly participants had abnormal mini-mental assessments, and 21.3% had significant
depression. Statistical analysis revealed significant differences in the total mean scores of the Mini Mental State Test (MMST) based
on gender (p=0.023), marital status (p=0.001), educational attainment (p=0.001), and level of schooling. Additionally, there was a
statistically significant difference (p=0.002) between the Geriatric Depression Scale (GDS) total mean score and the presence of
sleep issues. The total mean scores of MMST indicated a statistically significant difference between the status of urine incontinence
(p=0.001) and exercise (p=0.006), as well as their combination.

Conclusion: Approximately one third of the participants were depressed and had poor cognitive status. Depression was associated
with being female, low educational status and sleep problems, whereas mental status was associated with gender, marital status, and
educational status. It is recommended to conduct longitudinal studies with larger samples in future studies.

Keywords: Depression, nursing home, mental status, elderly

INTRODUCTION individuals in our society is 35% (3). Depression has been
linked to accelerated cognitive impairment and disability
(4). Social and emotional isolation, chronic diseases,
physical health problems, and life changes, such as a
change in lifestyle and adaptation to a new environment,
may affect the development of depression among elderly
people living in nursing homes (5). The diagnosis and
treatment of depression can be guided by depression
scales, which are part of a detailed geriatric assessment
(6). To cope with depression, it is important to strengthen
social connections, increase physical activity, and receive
psychosocial and emotional support (2,5,7).

Population ageing is a global issue of our time. Due to
technological advancements, declining birth rates, and
improved diagnostic and treatment options, people are
living longer, resulting in a larger aging population. The
world's aging rate has significantly increased in recent
years (1). In the final stages of life, some elderly individuals
may choose to reside in a nursing home, which can
increase the risk of depression. Depression is a prevalent
psychological issue among nursing home residents.
Research indicates that older adults are at a higher risk
of depression than younger adults due to factors such as
social isolation, physical health problems, and life changes ~ Nutritional status of elderly individuals affects both
(2). The estimated prevalence of depression in elderly their physical functions and mental health (8). In
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addition, deficiencies in physical functions and cognitive
dysfunction also lead to nutritional disorders. In a study
conducted on the elderly, it was reported that there was a
positive correlation between nutritional status and mental
status (9). Psychological, medical, and socioeconomic
problems experienced in old ages affect the occurrence
of malnutrition. Failure to recognize malnutrition early
and not intervening them lead to increases in mortality
and morbidity in old ages (10). It seems that depression
and nutritional disorders are conditions that can trigger
each other. In this sense, it is thought that our study would
contribute to the literature.

This article aims to determine the cognitive and mental
states of elderly individuals residing in nursing homes, as
well as the factors that influence them.

According to this objective, the study aims to provide
answers to the following questions:

1. What are the depression levels of elderly people
staying at a nursing home?

2. What are the factors affecting the depression levels of
the elderly living in a nursing home?

MATERIAL AND METHOD
Study Design

This descriptive study included 97 elderly residents from a
nursing facility located in the city center. As a result of the
power analysis, the sample size is 73 with a 5% margin of
error and a 90% confidence interval. 75 elderly participants
participated in the study.

Data Collection

The study was conducted between November and January
2023 with 75 elderly participants. The questionnaire
took approximately 7-10 minutes to complete and it was
administered face-to-face by the researchers. Blood values
were obtained retrospectively from the health records, with
the last measurements serving as the basis. No invasive
interventions were performed on the elderly.

Inclusion criteria;
Being over 65 years of age,
+ Residing for a minimum of a year in a nursing home,

+ Passing the mental test conducted by the nursing
home

Exclusion criteria;
+ Having reading and comprehension problems
Measurements

Data were gathered using the Personal Information Form,
Geriatric Depression Scale Questionnaire, and Mini Mental
Assessment Test.

Personal Information Form: The researchers prepared
the personal information form in accordance with the
literature. The form comprises nine questions that assess
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the sociodemographic and other characteristics of elderly
individuals participating in the study.

Geriatric Depression Scale (GDS): Burke et al. (1991)
tested the validity and reliability of the 15-question short
form of the scale developed by Yesavage et al. (1983) from
its original 30 items. In the Turkish validity and reliability
study, Ertan et al. (1997) reported a Cronbach alpha
coefficient of 0.90 for the scale. The questions inquiring
about the mood of elderly individuals are answered based
on their feelings in the last week. The depression score is
determined by answering the questions with either 'yes'
or 'nd, similar to the long form. Each 'yes' answer is worth
one point, and the total score is used to determine the
severity of depressive symptoms. Durmaz et al. (2018)
suggested that the scoring should be categorized as
follows: no depressive symptoms (0-4), mild depressive
symptoms (12,13), moderate depressive symptoms (9-
11), and severe depressive symptoms (12 opr higher) (10).
The present study reported a Cronbach alpha coefficient
of 0.83 for the scale.

Mini Mental State Test (MMST): The Standardized Mini-
Mental Test is used to evaluate cognitive disorders in
both educated and uneducated individuals (14). The test
consists of six sections: orientation, recording, attention-
calculation, recall, language, and structuring, with each
question worth one point and a total possible score of
30. The cut-off score for the test is 23. Ertan et al. (1999)
modified and created this test (15).

Data Analysis

The statistical analyses were conducted using the
SPSS 26.0 software package for Windows. The data's
normal distribution was evaluated using the Skewness
and Kurtosis (1) distribution test (16). To compare
independent variables and evaluate the data obtained
in the study, Kruskal-Wallis and Mann-Whitney U tests
were used due to the non-normal distribution of the data.
Additionally, multiple regression analysis was conducted
to determine the effects between the variables. The
internal consistency Cronbach alpha coefficient was also
calculated.

Ethics Committee Approval

Ethics committee approval for this study was received
from Gaziantep islam Science and Technology University
(Date: 20 July 2023, Number: 2023/273.27.04).

RESULTS

It was found that 36 percent of the elderly were at least
80 years old, 66.7% were male, 89.3% had no partner, and
78.7% had primary school education. It was found that
40% of the elderly had urinary incontinence, 16% had fecal
incontinence, 42.7% had sleeping problems, 29.3% used
sleeping pills,and 69.4% did not exercise. It was determined
that 21.3% of the elderly were moderately depressed and
38.7% had abnormal mini mental assessment (Table 1).
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The total mean score of GDS did not change statistically
significantly (p<0.05) based on the elderly's ages and
marital statuses. Statistically significant differences were
found betweenthe GDStotal mean score, gender (p=0.012),
and educational level (p=0.016). Furthermore, there was
no statistically significant difference (p<0.05) between the
ages of the elderly and their MMST total mean score. The
results of the statistical analysis showed that the MMST
total mean scores varied significantly according to the
factors of gender (p=0.023), marital status (p=0.001), and
educational level (p=0.001) (Table 2).

Between the total mean score of GDS and the following
variables: exercise, use of sleeping pills, fecal
incontinence, and urinary incontinence (p<0.05), there
were no statistically significant differences. The GDS total
mean scores showed statistically significant differences
according to the status of experiencing sleeping problems
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(p=0.002). Fecal incontinence, sleeping problems, and use
of sleeping pills did not significantly differ from the MMST
total mean score (p<0.05). The MMST total mean scores
showed a statistically significant difference between the
urinary incontinence (p=0.001), exercise status (p=0.006),
and both. Subsequent investigation revealed a significant
difference (p=0.001) between the groups who exercised
frequently and those who did not (Table 3).

The GDS levels of the elderly (F=2.916; p=0.006)
explained 35.1% of the effect on sociodemographic and
some other characteristics. In addition, MMST levels
(F=5.456; p=0.001) explained 34.3% of the effect on
sociodemographic and some other characteristics.
When the beta coefficients were analysed, it was seen
that sleeping problems explained the level of GDS and
the urinary and fecal incontinence explained the level of
MMST (Table 4).

Table 1. Distribution of sociodemographic and other characteristics of the elderly and their GDS and MMST (n=75)

Characteristics

60-69 years
Age 70-79 age range
Age 80 and over
Female
Gender
Male

Has got a partner
Marital status
Hasn't got a partner

Literate
Level of education literate

Primary School

Present
Urinary incontinence

Absent

Present
Fecal incontinence

Absent

Present
Sleeping problems

Absent

Present
Use of sleeping pills

Absent

Exercises regularly
Exercise status Doesn't exercise
Exercises occasionally
Normal
Low
GDS

Moderate

Severe

Abnormal

MMST
Normal

n %
22 29.3
26 34.7
27 36.0
25 B3
50 66.7

8 10.7
67 89.3
16 21.3
59 78.7
30 40.0
45 60.0
12 16.0
63 84.0
32 427
43 57.3
22 29.3
53 70.7
13 17.3
52 69.4
10 183
37 49.3
15 20.0
16 21.3
7 9.4
29 38.7
46 61.3
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Table 2. The comparisons of sociodemographic characteristics of the elderly and total mean scores of GDS and MMST

GDS MMST
XxSD XxSD
60-69 years 4.55+4.77 23.7745.10
Age 70-79 years 4.54+4.47 23.85%5.65
80 and over 6.41+4.88 20.304£7.54
*KW=2.548 KW=4.152
Significance
p=0.28 p=0.125
Female 7.1614.81 18.84+5.83
Gender
Male 4.24+4.43 24.40+5.90
**7=-2.512 7=-2.127
Significance
p=0.012 p=0.023
Has got a partner 7.38+4.59 23.63+6.18
Marital status
Hasn't got a partner 4.9614.72 22.42+6.46
Z=-1.550 72=3.777
Significance
p=0.121 p=0.001
Literate 7.63+4.50 16.69+5.85
Educational level
Primary School 4.56+4.62 24.1445.61
7=-2.402 Z=-4.055
Significance
p=0.016 p=0.001

*KW=Kruskal Wallis Test, **Z=Mann-Whitney U Test, p<0.05. GDS: Geriatric Depression Scale, MMST: Mini Mental State Test.

Table 3. The comparisons of incontinence, sleep, and exercise statuses of the elderly with the total mean scores of GDS and MMST

GDS MMST
XxSD XxSD
Present 6.47+4.74 19.10+6.93
Urinary incontinence
Absent 4.38+4.59 24.84+4.89
*Z=-1.920 7=-3.662
Significance
p=0.055 p=0.001
Present 6.58+4.40 22.5817.44
Fecal incontinence
Absent 4.95+4.78 22.54+6.26
7=-0.995 Z=-0.145
Significance
p=0.320 p=0.885
Present 7.1614.25 21.03+6.71
Sleeping problems
Absent 3.77+4.60 23.67+6.00
7=-3.148 7=-1.714
Significance
p=0.002 p=0.086
Present 5.91+4.66 20.5946.40
Use of sleeping pills
Absent 4.92+4.72 23.36+6.29
Z=-1.009 7=-1.874
Significance
p=0.313 p=0.061
Exercises regularly 3.77+3.96 26.23+1.73 (A)
Exercise status Doesn't exercise 6.06+4.87 20.98+6.74 (B)
Exercises occasionally 2.7043.83 25.90+5.48
**KW=>5.807 KW=10.093
Significance
p=0.055 p=0.006

*Z=Mann-Whitney U Test, **KW=Kruskal Wallis Test, p<0.05. GDS: Geriatric Depression Scale, MMST: Mini Mental State Test.
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Table 4. The effects of GDS and MMST total scores on sociodemographic and some other characteristics according to multiple regression analysis

GDS MMST
B B P

Invariant 16.695 0.018 0.043 0.619
Age -0.50 0.482 0.039 0.645
Gender -1.474 0.259 2.126 0.179
Marital status 2.3 0.068 -0.021 0.992
Educational level -2.410 0.088 4.643 0.008
Urinary incontinence 0.327 0.804 -5.710 0.001
Fecal incontinence 1.842 0.271 4.217 0.039
Sleeping problems 3.085 0.005 -0.443 0.733
Use of sleeping pills 0.283 0.804 1.492 0.282
Exercise status -1.099 0.245 0.661 0.562

R=0.536 R=0.656

R2=0.287 R2=0.430

Adjusted R2=0.351
F=2.916
p=0.006

Adjusted R2=0.343
F=5.456
p=0.001

*Regression test. GDS: Geriatric Depression Scale, MMST: Mini Mental State Examination Test.

DISCUSSION

In this study, the depression levels of elderly patients in
Gaziantep Nursing Home Elderly Care and Rehabilitation
Center were evaluated and the variables that may affect
these conditions were examined. According to the findings,
9.4% of the elderly had severe depression and 21.3% had
moderate depression. According to Zhao et al., 26% of
elderly citizens living in nursing homes reported having
depression-related symptoms (2). When Seddign et al.
looked at the depression status of elderly people who were
attending daycare centers, living in nursing homes, and
staying at their homes, they discovered that those who were
in nursing homes had the greatest degree of depression
(17). According to research that is comparable to ours,
older people who reside in nursing homes have higher
rates of depression than those who live at their own homes
(18,19). It is believed that residing in a nursing home has a
negative impact on an individual's psychological well-being
due to the burden of living away from the family and in an
institutional setting.

The study revealed that 38.7% of elderly individuals
residing in the nursing home had an abnormal mini-mental
assessment. Research conducted in our country indicates
that the cognitive and mental statuses of elderly individuals
living in nursing homes are worse than those living in their
own homes (20,21). Additionally, studies conducted in
various countries suggested that the cognitive statuses
of elderly individuals living in daycare centers or their own
homes are better thanthose living in nursing homes (19,22).
These findings align with previous research indicating that
institutionalization-based factors contribute to depression,

functional dependence, and cognitive impairment in
elderly individuals residing in nursing homes. Additionally,
social isolation resulting from the lack of participation in
recreational and social activities, infrequent visits from
family and friends, and inadequate social support are
believed to have negative mental and psychological effects
on older adults.

Our study found that age and marital status did not have an
effect on the depression levels of elderly individuals living
in the nursing home. This is supported by the results of
Pokharel et al. (23). However, it is generally believed that
depression in the elderly is influenced by age and marital
status (24,25). Research suggests that single individuals
between the ages of 70-74 are more likely to experience
depression while residing in nursing homes (23-27). In
Turkiye, cultural norms and circumstances may lead elderly
individuals, who have lost their spouses, to choose or be
required to reside in nursing homes, despite not being a
common situation. The analyzed population is believed to
be predominantly single, and their lack of social support
increases the risk of depression across all age groups.
Korkmaz and Ummet (28) suggested that residing in a
nursing home may lead to the feelings of abandonment and
loneliness among the elderly. Therefore, when interpreting
the relationship between depression and age in elderly
groups, it is important to consider the loneliness and social
support perceptions of elderly individuals.

The study indicated that depression is influenced by
gender and educational level. Women and individuals with
lower educational levels tend to have higher depression
scores. This finding is consistent with previous studies
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that have found higher rates of depression among women
in nursing homes compared to men (29,30). Research has
shown that women are more susceptible to depression
than men (31). Additionally, studies have found that
women generally prefer to live at their own homes with
their families and have negative attitudes towards nursing
homes (32). Furthermore, individuals with higher levels of
education tend to have more positive attitudes towards
the physical, social, and psychological changes that come
with aging, resulting in fewer psychosocial effects (33).
This result suggests that educational level may be related
to adaptation to age-related changes and maintaining
positive attitudes towards aging. However, it is important
to note that education is not the sole factor influencing this
situation.

The study found that age did not have a significant effect
on the mental state of elderly individuals. However, gender,
marital status, and educational level were found to be
influential factors. Previous studies have also highlighted
that women, widows, divorced, or single individuals tend
to have worse mental health (34). Additionally, there is a
significant correlation between cognitive impairment and
depressive symptoms. Depression was observed at a
higher rate in women and single women in the study. It may
have affected cognitive decline and led to the emergence
of physical, psychological, and social symptoms. One
possible risk factor for the beginning of dementia and
cognitive impairment is depression symptoms.

It was observed that urinary incontinence, fecal
incontinence, use of sleeping pills, and exercise do not have
an effect on depression, but those with sleeping problems
were more depressed. It is known that insomnia is seen
due to increasing comorbidities in old age. Depression and
sleep quality have a two-way relationship. Depression in
older adults may begin as a result of poor sleep quality,
whereas symptoms of depressive disorders are linked to a
higher risk of sleep disorders (insomnia/excessive sleep)
(35). Urinary incontinence (Ul) and geriatric mental status
were found to be correlated linearly, and elderly individuals
with Ul also tended to have poor mental health. Similar
to our research, the prevalence study by Kessler et al.
discovered that older individuals with urinary incontinence
had low mental and cognitive states (36). Additionally,
incontinence was shown to be substantially correlated with
cognitive deterioration, elevated anxiety, and depression
in other research that examined the association between
Ul and psycho-cognitive health (37). This suggests that
urinary incontinence has a negative effect in many mental
and psychosocial areas, although it is not directly related
with lifestyle.

It was observed that the mental status of those who
exercised regularly was considerably better than those
who did not exercise at all. This is similar to the findings
of many studies showing that exercise is effective on
cognitive and mental health in elderly individuals (38).
Previous research demonstrated that exercise may help
patients feel better about themselves, prevent cognitive
decline, enhance life satisfaction, and lessen symptoms of
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anxiety and depression (39). It is thought that exercise may
help to improve mental health by reducing stress hormones
(40), and helping individuals to establish interpersonal
relationships and receive social support.

Limitations

The study population was derived from a single center.
Including multiple centers would enhance the overall
distribution.

CONCLUSION

ltwasfoundthatmostoftheelderlyhadurinaryincontinence
and fecal incontinence, had sleeping problems, used
sleeping pills, and did not exercise. Approximately one
third were depressed and had poor cognitive statuses.
Depression was found to be affected by being female,
having lower educational level, and sleeping problems,
and the mental status was found to be affected by gender,
marital status, educational level, having incontinence, and
exercise.

In accordance with these findings, it is recommended that
a needs analysis and problem screening studies should
be conducted to accurately identify the issues faced by
elderly individuals with high levels of mental decline and
depression in nursing homes. Itis also suggested that such
studies should be conducted with large sample sizes to
ensure accuracy. Solution proposals should be developed
for the emerging problems and needs. In addition,
psycho-education programmes should be developed
and implemented for the elderly with depression. Finally,
there is a need for research aiming to explore the different
dimensions of the mental and depression states of the
elderly.
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Abstract

Aim: This study aimed to demonstrate the relationship between exercise barriers-benefits with joint range of motion (ROM), quality
of life, and physical performance in individuals with total hip arthroplasty (THA).

Material and Method: A cross-sectional observational study was conducted with fifty older individuals with THA. Patients were
evaluated with the 5-Times Sit and Stand Test (5TSTS), Exercise Benefits and Barriers Scale (EBBS), and EuroQol (EQ-5D-5L) Quality
of Life Scale. In addition, the patient's active ROM was measured with a universal goniometer.

Results: There was a significant low correlation between body mass index (BMI) and EBBS-Benefits sub-score (r=-0.286 p<0.05).
EQ-5D-5L VAS was weakly correlated with EBBS (r=-0.291, p<0.05). 5TSTS was moderately correlated with EBBS Barriers sub-score,
EBBS Benefits sub-score, and EBBS total score, respectively (r,=0.354, r,=0.440, r,=0.444, p <0.05, p, ,<0.01). EBBS Barriers sub-score
strongly correlated with EBBS Benefits sub-score and EBBS total score, respectively (r,=0.709, r,=0.826, p<0.01). In addition, the EBBS
Benefits sub-score was highly correlated with the EBBS total score (r=0.983, p<0.01). There was a low to moderate correlation between
the EBBS Barriers sub-score and all active ROM measures (p<0.05).

Conclusion: Individuals' exercise barriers and benefits were mainly associated with physical performance. Participants with higher
exercise benefits from exercise had higher physical performance, ROM, and quality of life.

Keywords: Function, exercise barriers, exercise benefits, joint motion, life quality

INTRODUCTION clinical tests are commonly used to evaluate patients
objectively. These tests demonstrate the individual's
functional independence (8). A study has reported that the
improvements shown by performance-based clinical tests
used in evaluating individuals with THA do not coincide
with the results of patient-reported outcomes measures

due to rgcent gurgical techniqqes, including cementless (PROMSs) (9). However, it has also been remarked that a
prosthesis des.lgn and cross-llnked. polyet_hylene (3_'4)' causal relationship exists between performance-based
However, despite these advances in surgical practice, and PROMs (10)

patients may experience decreased muscle strength and
quality of life (5,6). Recent studies indicate that these Some assessments can only be fulfilled through the
deficiencies occur in 10-20% of individuals with THA (7). subjective interpretation of individuals. One of these is

Therefore, patients should be assessed holistically during  patients’ exercise perception. Exercise programs given
the rehabilitation process. to individuals with THA in the postoperative period are

more effective than other rehabilitation approaches in
reducing pain and improving muscle strength, function,
and other clinical outcomes (11). A recent study reported

Total hip arthroplasty (THA) is a frequent surgical procedure
preferred to reduce pain and improve the function of
patients with hip osteoarthritis (1,2). The survival rate
in the postoperative period is between 98% and 100%

Objective and subjective measurements are used in
evaluating individuals with THA. Performance-based
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that identifying the benefits and barriers affecting the
individual's exercise habit and adaptation to training
can enable rehabilitation professionals, especially
physiotherapists, to provide practical rehabilitation
approaches. In addition, these assessments may
enable individuals to develop clinical exercise practice
recommendations to accelerate the recovery of individuals
and increase their quality of life (12,13).

The literature does not provide adequate evidence to
provide exercise facilitators and barriers in individuals with
THA (12). In addition, objective and subjective aspects of
the measurements are not compared regarding causal
relationships in individuals with THA. Exercise barriers,
physical performance, and quality of life are not presented
with relevant clinical outcomes in individuals with THA.
This study aimed to demonstrate the relationship between
exercise barriers-benefits with joint range of motion,
quality of life, and physical performance in individuals
with THA.

MATERIAL AND METHOD
Subjects and Clinical Setting

The cross-sectional observational study was conducted
in the Orthopaedics and Traumatology Department of the
Mugla Training and Research Hospital between February
and June 2022. Fifty patients with THA (71.38+9.91 years,
33 women, and 17 men) participated in the study. The
inclusion criteria of the study were; (1) patients at least
six months after the THA, (2) patients with primary THA,
(3) patients who can understand and respond to verbal
commands, (4) patients who do not have hearing, speech,
or psychiatric problems that prevent communication.
The exclusion criteria of the study were; (1) patients with
revision surgery, (2) patients with THA for reasons such
as rheumatoid arthritis and traumatic injury, (4) patients
with a history of other lower limb surgery or a disease
such as stroke that may affect the assessments, (5)
patients with post-operative complications such as deep
vein thrombosis. The study was carried out in accordance
with the ethical principles and the Helsinki Declaration.
Informed consent of the patients was obtained. The study
protocol was approved by Ege University Medical Research
Ethics Committee (No: 22-8.1T/63). G*Power software
was used to calculate the effect size. The effect size was
based on the medium effect size (0.50) of Cohen's d, with
an error probability of 0.05 and a statistical power of 0.95,
which were used during the calculation. Finally, a minimum
of 34 cases were calculated as required for the research
sample (14).

Procedures

Individual characteristics (e.g., age, gender, height, weight,
chronic disease status, education level) were recorded.
Patients were evaluated with the 5-Times Sit and Stand
Test (5TSTS), Exercise Benefits and Barriers Scale (EBBS),
and EuroQol (EQ-5D-5L) Quality of Life Scale. In addition,
the patient's active range of motion (ROM) was measured
with a universal goniometer.
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5-Times Sit and Stand Test

Participants stand up and sit down as quickly as possible
five times from a 43 cm highchair without armrests. A
stopwatch is used to calculate the time (15).

Exercise Benefits and Barriers Scale

The EBBS consists of 43 items. Twenty-nine questions
address the benefits of exercise, and 14 questions address
the barriers to exercise. The scale was designed according
to a 4-point Likert-type scale: “strongly agree (4), agree (3),
disagree (2), strongly disagree (1)". The benefit subscale
ranges between 29 and 116, and the barrier subscale
ranges between 14 and 56. The total score ranges from
43-172. In this scoring system, a higher score represents
a higher perception. The Turkish validity and reliability of
the scale were conducted by Ortabag et al. (16).

EQ5D5L Quality of Life Scale

The EQ-5D-5L consists of 2 parts: EQ-5D descriptive
system and EQ visual analog scale (EQ VAS). The
descriptive system comprises five dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension has five levels: no problem,
mild problem, moderate problem, severe problem, and
extreme problem. The patient is asked to indicate their
health status by checking the box next to the most
appropriate statement in each of the five dimensions. The
EQ VAS records the patient's health status on a vertical
visual analog scale, where the endpoints are labeled
"best health you can imagine" and "worst health you can
imagine". The VAS can be used as a quantitative measure
of health outcomes reflecting the patient's judgment (17).

Active Range of Motion Measurements

A universal goniometer was used for all ROM
measurements at the functional range of motion limit. The
measurement directions were internal rotation, external
rotation, flexion, extension, and abduction.

Internal/External Rotation

The patients are instructed to turn their legs outward and
inward while sitting. The fulcrum was aligned with the
patella, and both arms of the goniometer were within the
midline of the tibia. The stationary arm was then hanging
freely but should be perpendicular to the floor (18).

Flexion/Extension

The participant was asked to lie supine and prone. The
measurement was then performed with the fixed arm
positioned along the lateral midline of the abdomen, using
the pelvis as a reference, and the goniometer's movable
arm along the lateral midline of the femur (18).

Abduction

Hip abduction was measured from the neutral zero
position, where the longitudinal axis of the thigh was
perpendicular to the transverse line along the anterior
superior iliac spines of the pelvis. These last anatomical
landmarks were also used to align the fixed arm of the
goniometer. The movable arm was aligned on the midline
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of the femur, pointing to the center of the patella (19).
Statistical Analysis

SPSS for Windows v25.0 software (SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses. For
quantitative variables, mean and standard deviation (SD)
were presented. Percent (%) were reported for qualitative
variables. The normal distribution of data was analyzed
by Shapiro-Wilk or Kolmogorov-Smirnov tests. The
skewness and kurtosis coefficients were considered to
determine whether the data followed a normal distribution.

Med Records 2024;6(2):296-301

The relationship between variables was analyzed using
Pearson correlation analysis. The Mann-Whitney U
test presented the differences in active range of motion
between affected sides. A significance level of p<0.05 was
considered statistically significant.

RESULTS

A total of 50 patients with THA (71.38+9.91 years, 33
women, 17 men) participated in the study. Demographic
and clinical characteristics of the participants are detailed
in Table 1.

Table 1. The baseline physical and clinical characteristics of the participants

Age (years, meantSD)

Gender (women/men, n (%))

BMI (kg/m2, meantSD)

Affected side (right/left, n (%))

Living area (urban/rural, n (%))

Education status (primary/high school and above, n (%))
Smoking (yes/no, n (%))

Duration after THA surgery (months, meanSD)

Presence of chronic disease (present/absent, n (%))

THA patients (n=50)
71.3819.91
33(66)/17 (34)
27.4314.68
24 (48)/26 (52)
31(62)/19 (38)
40 (80)/10 (20)
5(10)/45 (90)
23.62+21.76
38 (76)/12 (24)

SD: standard deviation, n: number of patients, BMI: body mass index, THA: total hip arthroplasty

Relationship Between Parameters

Pearson correlation analysis was carried out to reveal the
relationship between the parameters. Table 2 shows the
correlation coefficients between EBBS with 5TSTS, EBBS,
and EQ-5D-5L. The correlation between the active ROM
measurements and EBBS are summarized in Table 3.

There was a significant low correlation between body
mass index (BMI) and EBBS-Benefits sub-score (r=-0.286
p<0.05). EQ-5D-5L VAS was weakly correlated with EBBS

(r=-0.291, p<0.05). 5TSTS was moderately correlated with
EBBS Barriers sub-score, EBBS Benefits sub-score, and
EBBS total score, respectively (r,=0.354,r,=0.440, r,=0.444,
p,<0.05, p,.,<0.01). EBBS Barriers sub-score strongly
correlated with EBBS Benefits sub-score and EBBS total
score, respectively (r,=0.709, r,=0.826, p<0.01). In addition,
the EBBS Benefits sub-score was highly correlated with the
EBBS total score (r=0.983, p<0.01) (Table 2). There was
a low to moderate correlation between the EBBS Barriers
sub-score and all active ROM measures (p<0.05) (Table 3).

Table 2. The relationship between clinical test, scale scores and patients’ characteristics in THA patients

n: 50 EBBS-Barriers
Age 0.071

BMI -0.171
Duration after THA 0.04
EQ-5D-5L -0.175
EQ-5D-5L VAS -0.101
5TSTS 0.354*

EBBS-Benefits EBBS-Total
0.253 0.221
-0.286* -0.272
-0.081 -0.054
-0.242 -0.239
-0.291* -0.259
0.440** 0.444**

THA: total hip arthroplasty, n: number of patients, BMI: body mass index, EQ-5D-5L VAS: EQ-5D-5L quality of life scale visual analog scale, 5TSTS:
Five Times Sit to Stand Test, EBBS: Exercise Benefits and Barriers Scale, *: p<0.05, **: p<0.01, Pearson Correlation Test was used in all analyses

Table 3. Relationship between active range of motion measurements and other parameters

n: 50 RHIR RHER RHF RHE

EBBS-barriers -0.415** -0.367** -0.233 -0.309*
EBBS-benefits -0.423**  -0.479** -0.313* -0.319*
EBBS-total -0.446**  -0.478** -0.310% -0.335*

RHABD LHIR LHER LHF LHE LHABD
-0.310* -0.273 -0.280* -0.117 -0.265 -0.187

-0.371**  -0.517** -0.358* -0.345* -0.316* -0.384**
-0.377**  -0.475** -0.359* -0.306* -0.322* -0.356*

EBBS: Exercise Benefits and Barriers Scale, RHIR: right hip internal rotation, RHER: right hip external rotation, RHF: right hip flexion, RHE: right hip
extension, RHABD: right hip abduction, LHIR: left hip internal rotation, LHER: left hip external rotation, LHF: left hip flexion, LHE: left hip extension,
LHABD: leftt hip abduction, *: p<0.05, **: p<0.01, Pearson Correlation Test was used in all analyses
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DISCUSSION

The results revealed that exercise barriers and benefits
were moderately associated with physical performance.
However, exercise benefits were poorly associated with
body mass index and quality of life. Finally, there was
a low-to-moderate association between benefits and
barriers of exercise barrier with hip ROM in all directions.
The outcomes of this study revealed that individuals'
exercise barriers and benefits were mainly associated with
physical performance. Participants with higher exercise
benefits from exercise had higher physical performance,
ROM, and quality of life. Future studies may address
exercise barriers and benefits in the context of secondary
data from a randomized controlled trial of a standardized
exercise program in the postoperative period.

The sample of this study consisted of older people, with an
average age of approximately 71. The female population
was higher than expected. More comprehensive cohorts
in recent years have also shown more women with THA
(20). On the other hand, the individuals were overweight
according to BMI classification. The sample did not
consist of obese patients. Therefore, the sample was
homogenous in terms of BMI. Since the individuals
were at least six months after surgery (with a mean of
approximately 23 months), a stable period of THA can
be observed regarding their physical condition (21). In
this respect, our sample is also homogeneous regarding
physical performance.

The results of the correlational analysis revealed that
exercise barriers and benefits were primarily related
to the S5TSTS, indicating the physical performance of
the individuals. Subjective exercise perceptions of the
patients are shown to be associated with their physical
status. Numerous studies have demonstrated that post-
operative exercise protocols in THA improve patients'
physical function (22-24). These results indicate that
that high exercise barrier achievement, particularly in
this population of older individuals, may have negative
consequences in some cases due to exercise compliance
or non-performance of exercises. For example, inadequate
stretching exercises may result in permanent loss of ROM
(25), or in some cases, lack of aerobic exercise may have
a negative impact on quality of life (26).

Exercise benefits were found to have a low correlation
with quality of life. Many physical and psychological
parameters can affect the quality of life in individuals with
THA independently or holistically (27,28). The quality of life
may also be affected by pain, disability, activities of daily
living and psychological status. However, although a low
correlation levels, our results may prove that individuals
with THA who report more exercise benefits have a higher
quality of life. The minimal clinically important difference
(MCID) values of the EQ-5D may be helpful to show that
increasing exercise benefits more clearly (29). However,
since our study did not have a longitudinal design, we could
not demonstrate the clinical significance of this change.

Med Records 2024;6(2):296-301

Another subclinical result we obtained from our study
was the negative relationship between BMI and exercise
benefits. As expected, we found that individuals with
lower BMI benefited more from exercise. BMI is already
known to be a negative indicator for surgical success
after THA (30,31). It is comprehended that individuals
with hip osteoarthritis are in a vicious circle regarding
aerobic exercise and osteoarthritis progression. In clinical
practice, some physicians claim that aerobic exercise
such as walking combined with increased load on the
joint due to high weight may increase osteoarthritis. In
contrast, clinical guidelines strongly recommend aerobic
exercise to prevent hip osteoarthritis (32,33). Our study
found that individuals with high BMI benefited less from
exercise. Future studies should address the barriers and
benefits of exercise after THA in individuals with high BMI
more comprehensively.

The correlation between ROM and the benefits of exercise
barriers provided critical clinical outcomes for comparing
objective-subjective parameters in our study. The total
score of exercise barriers and benefits was moderate to
strongly correlated with all angles of hip joint motion.
The highest correlation was with the degree of external
rotation. According to these results, it was revealed that
ROM is also related to the subjective exercise intake of
individuals. Some studies have demonstrated flexion-
extension ROM losses with neglect of post-operative
rehabilitation protocols (34,35). The subjective exercise
perception of individuals supported our results.

Limitations

The study has some potential methodological limitations.
First, the fact that individuals' exercise perceptions were
not addressed within the context of a standardized
exercise rehabilitation protocol. Secondly, our study
was conducted with a prospective cross-sectional
design. In a longitudinal design, the change between two
different measurements in terms of MCID value could
have facilitated the clinical interpretation of the results.
Although we provide an evidence-based power analysis
with a sample size, a higher sample may improve the
evidence level of the statistical analysis.

CONCLUSION

The results revealed that exercise barriers and benefits
were moderately associated with physical performance.
However, exercise benefits were poorly associated with
body mass index and quality of life. Finally, there was
a low-to-moderate association between benefits and
barriers of exercise barrier with hip ROM in all directions.
The outcomes of this study revealed that individuals'
exercise barriers and benefits were mainly associated with
physical performance. Participants with higher exercise
benefits from exercise had higher physical performance,
ROM, and quality of life. Future studies may address
exercise barriers and benefits in the context of secondary
data from a randomized controlled trial of a standardized
exercise program in the postoperative period.
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Abstract
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Aim: Neurodegenerative diseases are important health problems that affect many people. In this study, it was aimed to examine the
brain regions of Huntington's patients by performing brain parcellation.

Material and Method: 8 controls and 8 Huntington's patients participated in the study. We measured four Diffusion Tensor Imaging
metrics which were axial diffusivity, mean diffusivity, radial diffusivity and fractional anisotropy performing brain parcellation over
Diffusion Tensor Imaging for control and patient groups. We used a full automated data-driven approach to study the whole brain,
divided in regions of interest using mricloud.

Results: When the huntington disease group compared to control group, We found that mean diffusivity and axial diffusivity increased
frontal, parietal, temporal, occipital, corpus callosum, white matter, limbic and subcortical structures, and radial diffusivity increased
corpus callosum, capsula interna (p<0.05). The fractional anisotropy value was higher in nucleus caudatus, putamen and a significant
difference was observed (p<0.05).

Conclusion: The increase of axial diffusivity and mean diffusivity values axonal degeneration and demyelination of frontal, parietal,
temporal, occipital, corpus callosum, white matter, limbic, subcortical structures; increased radial diffusivity values dysmyelination
of the corpus callosum and capsula interna; fractional anisotropy increased values in nucleus caudatus and putamen may indicate

a degenerative process, axon loss and inflammation.

Keywords: Huntington disease, neurodegenerative disease, brain, magnetic resonance imaging

INTRODUCTION

Huntington'sDisease(HD)isaninheritedneurodegenerative
illness lead to unusual enlargement of CAG (Cytosine-
Adenine-Guanine) repetitions in the IT15 gene above
chromosome (1). More than 36 CAG repetitions,
particularly in the striatum, can cause brain atrophy and
neuronal death. The main clinical characteristics of HD
contain psychiatric disorders, cognitive disturbance
and motor dysfunction (2). The basic pathology of HD
is reduction of projection neurons, which can cause
microstructural alterations or white matter abnormality in
the striatum (3). Most of neuroimaging study in HD has
focused on identifying biomarkers of disease course and
brain imaging has helped explain the pathology in HD.
Diffusion Tensor Imaging (DTI) is a process that shows

CITATION

the direction of limitation of diffusion in tissue, which can
also be expressed quantitatively. By measuring diffusion
parameters such as axial diffusivity (AD), mean diffusivity
(MD), radial diffusivity (RD) and fractional anisotropy (FA)
via DTI, the direction and entirety of white matter tracts and
also gray matter microstructure can be revealed (4,5). DTI
works on HD indicated that psychiatric, cognitive signs of
HD cases were related to impaired striatal structures like
cortico-striatal circuits. Miiller et al. stated that remarkable
increase in FA value in subcortical nuclei in the patient
group in terms of control group (6). Studies noticed that an
increment FA worths in the putamen and nucleus caudate
(7). Andica et al. stated that an increment in MD values
and a decline in FA values in the nucleus caudatus in
both HD patients and Pre-symptomatic (PreHD) patients

Arslan A, Nisari M, Guler E, et al. DTI Measurements for Huntington Disease Using Mricloud. Med Records. 2024;6(2):302-11.

DOI:1037990/medr.1421420

Received: 17.01.2024 Accepted: 05.03.2024 Published: 16.05.2024

Corresponding Author: Mehtap Nisari, Erciyes University, Faculty of Medicine, Department of Anatomy, Kayseri, Tiirkiye

E-mail: mehtaph@erciyes.edu.tr

302


https://orcid.org/0000-0001-5859-7784
https://orcid.org/0000-0002-1126-7478
https://orcid.org/0000-0002-5049-8770
https://orcid.org/0000-0003-4992-6915
https://orcid.org/0000-0002-0609-4269
https://orcid.org/0000-0002-7145-4769
https://orcid.org/0000-0002-4598-3034
https://orcid.org/0000-0002-4155-7759
https://creativecommons.org/licenses/by-nc-nd/4.0/

DOI: 10.37990/medr.1421420

in comparison to controls. They also found a significant
increment in AD and RD in corpus callosum in HD patients
by comparison to controls. They also found a decline in FA
worths in corpus callosum in preHD and HD by comparison
to controls (8). Muhlau et al. realized that MD increment
and FA decline in corpus callosum in the patient group in
terms of control group (9). Zhang et al. found an increase
RD, MD and AD values increased in capsula interna and
capsula externa in the PreHD group than the control (10).
Saba et al. realised that a remerkable decline in FA in the
HD group in the corona radiata, corpus callosum, capsula
externa, fasciculus longitudinalis superior and inferior,
fasciculus frontooccipitalis compared to the control and
preHD groups. They stated that the decrease in FA is an
indicator of a degenerative process and axonal loss (11).

The aim of the study was to analyze each region of the
brain in Huntington's patients using the brain parcellation
method and to examine the effect of DTI parameters in
these regions.

MATERIAL AND METHOD

This study aplied with the ratification of Erciyes University
School of Medicine Clinical Research Ethics Committee
dated 25.09.2019, decision number 2019/643. A control
group of 8 people and 8 Huntington's patients participated
in the study. The control group contained in the study
consisted of men and women who did not have any
neurological disease, had normal brain imaging, and were
older than 18 years of age. The patient group joined in the
study consisted of men and women who were diagnosed
with Huntington's disease confirmed by genetic testing
(with 40 or more CAG repeats) and who did not have any
neurological disease other than Huntington's disease
clinically and were aged 32-60 years (Table 1). DTI were
obtained by obtaining the consents of the control and
patient groups included in the study.

Table 1. Demographic data of patient group

::;:ebr::r Gender Age CAG repeat 3&?::2?1
1 F 32 68 11 years
2 F 61 40 7 years
3 F 44 43 5 years
4 F 39 51 4 years
5 M 53 43 9 years
6 M 52 49 9 years
7 M 51 42 4 years
8 M 60 42 6 years

CAG: sitozin-adenin-guanin

In the study, FA, MD, RD, AD parameters were calculated
by making brain parcellation on DTI for the control and
patient groups.

Sample

The specimen of this work was defined by power analysis.

Med Records 2024;6(2):302-11

Based on the calculation using the Gxpower 3.1 program.
The sample dimension was stated as 16 (8 for each
group) with an effect size of 1.4 a margin of error of 0.05,
a confidence level of 0.80 and a population representation
of 0.95 (12).

Diffusion Tensor Imaging Protocol

The DTl protocol used in the study consists of the following
sequences:

1. High resolution T1-weighted MPRAGE sequence to
show the anatomical structure: sagittial, Echo Time
(TE)=2.67ms, Repetition time (TR)=1900ms, Matrix:
256x256, FOV=250mm, Slice Thicknes=Tmm.

2. DTI: axial, TR=3500ms, TE=83ms, number of
sections=20, FOV=230mm, matrix: 128x128, section
thickness=5mm, averages=3, b=0.1000 s/mm? 20
diffusion directions.

In this study, we used MriStudio (http://www.MriStudio.
org), an image processing system. The MR images were
automatically segmented and postprocessed through
MRICloud [www.MRICloud.org] (13-15). Mricloud is a
public web-based service for multi-contrast imaging
segmentation and quantifcation. The DTl segmentation
involved image mapping based upon a set of linear
algorithms and Large Deformation Difeomorphic Mapping
anisotropy, and eigen vector such as fiber orientation, and
afinal step of multi-atlas labeling fusion (16-18). The trace
is expressed as the sum of the eigenvalues (A\1+A2+A3) and
the mean diffusivity is their mean (=trace/3). Eigenvaluel
(A1) gives axial diffusitivy. RD take the average of A2+A3.
The index of the amount of diffusion asymmetry in the
voxel ranging from 0 to 1 is defined as FA (19,20) (Figures
1 and 2) Maps were evaluated.

Figure 1. FA and MD maps in HD and control groups. FA: fractional
anisotropy, MD: mean difusivity, HD: Huntington's disease
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Figure 2. AD, and RD maps in HD and control groups. AD: axial difusivity,
RD: radial difusivity. HD: Huntington's disease

The following regions of interest (ROI) were automatically
segmented and considered in further analysis: cerebral
lobes (frontal, parietal, temporal, occipital and limbic),
putamen, caudate nucleus, globus pallidus, thalamus,
corpus callosum. In addition, the diffusion parameters
(AD, MD, FA and RD) of each structure in the brain were
calculated by making brain parcellation with mricloud
(https://braingps.mricloud.org/).

Subdivision mapping for DTI

1. DTlstudio was opened. DTl mapping from the file
and whichever machine the image was taken from
(Siemens, Philips etc.) was selected and automatic
image registration and linear transformation were
performed. After the process was completed, it was
recorded in hdr format as FA, RD, ColorMap, MeanBO,
Trace, Eigen Values and EigenVector.

2. ROleditor was opened. Then, statistical results of
images such as FA, MD were obtained. MeanBO, FA
and Trace images were recorded in hdr format as
masked (21).

Statistical analysis

The analysis of the datum contain in the work was made
with the Statistics Program in Social Sciences (SPSS) 25
program. Shapiro Wilks Test was used to control whether
the datum contain in the study fit the normal dispersion.
The signification grade (p) for the comparison tests was
determined as 0.05. Since the mutables did not posses a
normal dispersion (p>0.05), the analysis was proceed with
the non-parametric test method.

RESULTS

The number of females and males of the patient (8) and
control (8) groups included in the study was equal. Average

Med Records 2024;6(2):302-11

age; While it was 44 for women in the patient group, it was
found to be 54 for men. The mean age of women in the
control group was 56.5 and men 44.75.

AD, MD, RD and FA parameters of the brain regions were
calculated individually by DT imaging in the control and
patient groups (Tables 2-6).

For AD; SFG (p=0.001), MFG (p=0.001), IFG (p=0.001), PrCG
(p=0.002), LFOG (p=0.001), MFOG (p=0.007), RG (p=0.001),
SPG (p=0.002), PoCG (p=0.003), AG (p=0.005), PrCu
(p=0.002), SMG (p=0.001), Cu (p=0.001), LG (p=0.001),
SOG (p=0.001), 10G (p=0.001), MOG (p=0.001), FuG
(p=0.001), ENT (p=0.006), STG (p=0.002), ITG (p=0.001),
MTG (p=0.001). A statistical important dissimilarity was
found through the groups (control and patient) (Table 2).
For MD; SFG (p=0.001), MFG (p=0.001), IFG (p=0.001), PrCG
(p=0.001), LFOG (p=0.001), MFOG (p=0.014), RG (p=0.001),
SPG (p=0.001), PoCG (p=0.002), AG (p=0.002), PrCu
(p=0.002), SMG (p=0.001), Cu (p=0.001), LG (p=0.001), SOG
(p=0.001), 10G (p=0.001), MOG (p=0.001), FuG (p=0.001),
ENT (p=0.006), STG (p=0.002), ITG (p=0.001), MTG
(p=0.001) =0.001), a statistical important dissimilarity was
found through the groups (control and patient) (Table 2).
For RD; SFG (p=0.012), MFG (p=0.012), IFG (p=0.012), PrCG
(p=0.016), LFOG (p=0.012), RG (p=0.016), SPG (p=0.012),
PoCG (p=0.016), AG (p=0.021), PrCu (p=0.027), SMG
(p=0.012), Cu (p=0.012), LG (p=0.012), SOG (p=0.012), 10G
(p=0.012). MOG (p=0.012), FuG (p=0.012), STG (p=0.021),
ITG (p=0.016), MTG (p=0.012) a statistical important
through the groups (patient and control) in measures
dissimilarity was found (Table 2). There was no statistical
important dissimilarity through the groups (patient and
control) in FA measures (p>0.05) (Table 2).

For AD; A statistical meaningful dissimilarity was found
through the groups (patient and control) in GCC (p=0.001),
SCC (p=0.001) measures (Table 3). For MD; A statistically
meaningful dissimilarity was found between the groups
(patient and control) in GCC (p=0.001), BCC (p=0.009), SCC
(p=0.001) measurements (Table 3). For RD; A statistical
meaningful dissimilarity was found through the groups
(patient and control) in GCC (p=0.009) and SCC (p=0.009)
measures (Table 3). There was no statistical important
dissimilarity through the groups (patient and control) in FA
measures (p>0.05) (Table 3).

For AD; CingG (p=0.001), Ins (p=0.002), Amyg (p=0.001),
Hippo (p=0.002), FxST (p=0.003), H (p=0.003), NIM
(p=0.018). A statistical significant dissimilarity was found
through groups (patient and control) (Table 4). For MD;
CingG (p=0.001), PHG (p=0.045), Ins (p=0.002), Amyg
(p=0.002), Hippo (p=0.002), FXST (p=0.005), H (p=0.002),
NIM (p=0.016). A statistical significant dissimilarity
was found through the groups (patient and control) in
measurements (Table 4). For RD; CingG (p=0.012), PHG
(p=0.018), Ins (p=0.027), Amyg (p=0.027), Hippo (p=0.021),
FxST (p=0.027), H (p=0.012). A statistical important
difference was found through the groups (patient and
control) (Table 4). No statistical important dissimilarity
through the groups (patient and control) in FA measures
(p>0.05) (Table 4).
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For AD; SLF (p=0.001), IFO (p=0.001), UNC (p=0.016), SS
(p=0.001), ACR (p=0.001), SCR (p=0.001), PCR (p=0.002).
A statistical significant dissimilarity was found through
the groups (patient and control) (Table 5). for MD; SLF
(p=0.001), IFO (p=0.001), UNC (p=0.001), SS (p=0.002),
ACR (p=0.001), SCR (p=0.001), PCR (p=0.001). A statistical
important dissimilarity was found through groups
(patient and control) (Table 5). For RD; SLF (p=0.016), IFO
(p=0.012), UNC (p=0.024), SS (p=0.021), ACR (p=0.012),
SCR (p=0.021), PCR (p=0.046) A statistically important
dissimilarity was found through the groups (patient and
control) (Table 5). No statistical important dissimilarity
through the groups (patient and control) in FA measures
(p>0.05) (Table 5). For AD; ALIC (p=0.001), PLIC (p=0.001),
RLIC (p=0.001), Caud (p=0.001), Put (p=0.001), GP
(p=0.001), NA (p=0.006), Thal (p=0.002), EC (p=0.001)
measures were statistical significant dissimilarity
through groups (patient and control) (Table 6). For MD;
ALIC (p=0.001), PLIC (p=0.001), RLIC (p=0.001), Caud
(p=0.001), Put (p=0.001), GP (p=0.001), NA (p=0.005), Thal
(p=0.001), EC (p=0.001), AL (p=0.046) measures were
statistical important dissimilarity through groups (patient
and control) (Table 6). For RD; ALIC (p=0.003), PLIC
(p=0.012), RLIC (p=0.027), Caud (p=0.012), Put (p=0.012),
GP (p=0.021), NA (p=0.046), Thal (p=0.016), EC (p=0.027)
measurements were statistical significant dissimilarity
through the groups (patient and control) (Table 6). For FA;
A statistical significant dissimilarity was found through
the groups (patient and control) in Caud (p=0.005) and Put
(p=0.009) measurements (Table 6).

DISCUSSION

White matter degeneration is important in the progression
of HD. DTl is widely used to reveal white matter
microstructural alterations related with HD pathology (22).
Ciarmiello et al. explained that the degeneration of the
brain in HD affects both subcortical and cortical regions
(23). The reducing in white matter volume might affect the
reduction in the number of axons in the impressed area
and the reduction in the quantity of myelin surrounding the
axons. They stated that there may be a decrease in white
matter volumebefore gray matter atrophy and thisisrelated
to neuronal dysfunction. Zhang et al. showed that reduced
axonal density is one of the main factors underlying pre-
HD white matter pathology (10). Matsui et al. observed an
increase in RD and FA worths in the prefrontal white matter
tracts in HD (24). KIoppel et al. realized that a decrease in
connectivity among the frontal cortex and truncus corporis
callosiin PreHD compared to control (25). In our study, AD,
MD, RD and FA worths were found to be increased in the
capsula interna and capsula externa in the patient than
the control group. Most studies showed that an increased
FA and RD in capsula externa and capsula interna for HD,
PreHD than healthy controls (11,22,2). In this study, AD,
MD, RD and FA worths were determined to be increament
inthe patientgroupinthe fasciculus longitudinalis superior
and fasciculus longitudinalis inferior by comparison to the
control group. Most studies noticed that a declined FA
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and an increament MD, AD, RD in fasciculus longitudinalis
superior and fasciculus longitudinalis inferior for HD,
PreHD than healthy controls (10,11,22,26,27). Saba et al.
stated that decrease in FA is an indicator of a degenerative
process and axonal loss (11).

Harrington et al. found that some cognitive areas such
as motor planning, verbal learning, memory, sensory-
perceptual processing were affected (28). In our study, AD,
MD, RD and FA worths were found to be increased in the
sagittal stratum and cingulum in the patient group than
control group. Most studies indicated that declined FA and
increment MD in cingulum for HD, PreHD by comparison
to healthy controls (22,26). In this study AD, MD, RD and
FA worths were higher in the cingulum patient group than
control group. Most studies showed that a declined FA in
corona radiata for HD, PreHD by comparison to healthy
controls (10,11,22). In our study, AD, MD, RD worths were
found to be increased in the corpus callosum parts of
the patient group than control group. Rosas et al. found a
decreasein FAinthetruncus corporis callosi,genu corporis
callosi and splenium corporis callosi parts in the patient
group by compared to controls (29). Rosas et al. proposed
thatanincrementin RD and AD in fibers of corpus callosum
(30). Mazerolle et al. stated that damage in the corpus
callosum may affect the transfer of cognitive, sensory and
motor knowledge among cortical areas (31). Matsui et al.
found that increment FA and RD in the prefrontal white
matter tracts in PreHD (24). Liu et al. explained that this
showed the corpus callosum also showed demyelination
as well as axonal degeneration in preHD (31). Most works
indicated that a decline in FA and increment AD, MD, RD
and in a corpus callosum regions for HD, PreHD than
healthy controls (8-11,16,22,25). Subcortical nuclei had
been extensively studied in those with HD. In our study,
AD, MD, RD values in subcortical nuclei in the patient
group increased than the control group. Most studies
showed that an increased FA, MD in subcortical regions
for HD, PreHD compared to healthy controls (6,7). In this
study we found an increase in MD, RD and AD worths
in the nucleus caudatus in the patient than the control
group, and there was an increment in the FA worths and
it was found to be significant. Rosas et al. indicated that a
substantial difference in FA in the nuc caudatus in PreHD
and HD patients (29). Novak et al. suggested that white
matter microstructural alterations in individuals with HD
were related with alterations in the volume of the nucleus
caudatus (26). Most studies showed that an increased
FA and decreased MD in nucleus caudatus for HD, PreHD
than healthy controls (26,32). One study showed that a
decline FA and increment MD in nucleus caudatus for
HD, PreHD compared to healthy controls (3). In our study,
we found an increment in AD, MD, RD, FA and worths in
the corpus striatum in the patient group than the control
group. Scientists showed that a decline in the FA worth in
the corpus striatum and an increment in the MD value in
the HD group than the healthy control group were found
(9). Despite this, another study indicated that an increase
in FA value in the corpus striatum in the HD group than
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healthy control group (7). Multiple studies showed that an
increased FA in globus pallidus for HD, PreHD than healthy
controls (8,28,32). In our study, AD, MD, RD, FA worths were
determined increment in the putamen and thalamus in the
patient group than control group. Most studies showed
an increased FA, MD in putamen, thalamus for HD, PreHD
in comparison with healthy controls (7,8,29,32). Odish
et al. noticed that the proportion of longitudinal spread
alteration in gyrus occipitalis medius, gyrus occipitalis
superior, and gyrus occipitalis inferior was substantially
higher in the patient group compared to both preHD and
controls. They interpreted this as an increasing proportion
of microstructural degeneration (33).

In summary, when controls and HD were compared, MD
and AD in frontal, parietal, temporal, occipital, corpus
callosum, white matter, limbic and subcortical structures,
RD in corpus callosum and capsular interna appear to
be increased. The FA worths was higher in the nucleus
caudatus and putamen and a significant difference was
observed. It suggested dysmyelination in these regions.
FA worths in the nucleus caudatus and putamen were
significant and could be an indicator of a degenerative
process, axon loss and inflammation in these regions.

Limitations

The current study had some limitations, (1) the number
of HD groups and control groups was small. The reason
for this was that HD was a rare genetically inherited
neurodegenerative disease and they did not want to have
an MRI.

CONCLUSION

We could not find a study in which all regions of the brain
were examined in the literature review in studies using the
DTl technique in Huntington's disease. Neurodegeneration
is connected to the continuous and progressive loss of
neurons that occurs in the structure of neurons. Early
detection of neurodegeneration is very substantial
for the improving of neuroprotective treatments for
neurodegenerative illnesses in the future. Studies showed
that myelin is an important neuropathological feature of
neurodegenerative diseases. In conclusion, using the
DTI technique, changes in diffusion parameters can be
used as an alternative method to determine biomarkers
of disease progression and the microstructural varies
in HD. In addition, we believe that conducting studies
on more patients to clarify the relationship among DTI
measurements and clinical features will yield effective
results on the course of the disease.
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Abstract

Aim: Work-related musculoskeletal disorders are common health problems in the community. They lead to various levels of pain, loss
of function, and deterioration in quality of life. Our aim is to evaluate work-related musculoskeletal pain in hospital employees and
factors that could prevent this problem.

Material and Method: Female and male hospital employees working in different departments of our hospital participated in the study.
Demographic data, work and working environment, ergonomic training, and musculoskeletal pain were queried. The severity of painin
those experiencing it was assessed using the visual analog scale and the Nordic Musculoskeletal Questionnaire.

Results: A total of 275 individuals participated in the study. 72.4% of the participants were female and 27.6% were male. 79.3%
of the participants reported musculoskeletal pain. Pain was most commonly (71.3%) observed in the 35-54 age group and was of
moderate severity. According to the frequency of pain, it was most common in the back (61.5%), followed by the lower back (55.6%)
and neck (53.5%) regions. The presence and severity of pain were more pronounced in females (p<0.05). There was a statistically
significant relationship between the presence of pain and female gender (p=0.003, r=0.179). Pain severity was higher in females
(p<0.001, r=0.226). 69.8% of healthcare workers reported that ergonomic arrangements were not made in the hospital, and 81.4%
reported not receiving training in ergonomics.

Conclusion: Work-related musculoskeletal pain was highly prevalent among hospital healthcare workers, and it was found that
healthcare workers did not receive ergonomic arrangements in their work environments or education on protecting the musculoskeletal
system. Inference: We believe that making ergonomic adjustments in the work environments of hospital employees, providing
education on musculoskeletal system protection, and integrating these into the quality system would be important.

Keywords: Ergonomics, education, musculoskeletal pain

INTRODUCTION are interrelated (3). Healthcare system employees perform
daily activities that may lead to musculoskeletal disorders.
Prolonged work in inappropriate posture, improper use
of chairs or desks, heavy lifting, repetitive and vibrational
movements, prolonged bending, and strenuous activities
are physical and ergonomic risk factors. Psychosocial risk
factors include job stress, lack of a production standard,
monotony, tension in the work environment, excessive
job expectations, inadequate support in job relationships,
and lack of support from supervisors. Personal risk
factors include being female, age, smoking, overweight,
low muscle strength, physical inactivity, and existing
musculoskeletal diseases. The intense pace of workload,
The risk factors causing work-related musculoskeletal long and uninterrupted work hours, and tension at work
disorders are divided into three categories: physical- pose a higher risk for healthcare workers compared to
ergonomic, psychosocial, and personal risk factors, which ~ other professional groups (3,4).

Work-related musculoskeletal disorders are one of the
common health issues nowadays. The most frequent
cause is inflammatory and degenerative conditions of
ligaments, muscles, bones, and joints resulting from
repetitive injuries. Pain and loss of function are the most
significant symptoms. Musculoskeletal pain leads to
limitationsandinadequaciesinaperson'sjob performance.
In Northern Europe, musculoskeletal disorders account for
28% of absenteeism from work. Moreover, they are a cause
of high treatment expenses, loss of workforce, insurance
compensations, and economic loss (1,2).
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Ergonomics is a work method used to understand the
complex relationship between humans, machines, and
job demands and to minimize the gap between human
capacity and job demand in daily life and work activities (5).
Recently, research evaluating the impact of ergonomics
trainingprovidedtohospitalemployees on musculoskeletal
disorders has gained importance (6). Hospital workers
are constantly interacting with technology, including fixed
and portable tools. This interaction significantly affects
human performance. Physical, verbal, and non-verbal
communication such as lighting, temperature, noise,
radiation, clutter, patient access, and inadequate tool
usage, cognitive factors such as workload and stress,
decision-making, human-machine interaction, system
design, appropriate human placement, employer and
employee training, employee supervision, rotational work,
regulation of work and rest periods, behavior modification,
and use of protective equipment are organizational factors
directly affecting system performance in the hospital
environment (5,6).

Our aim is to determine the frequency of work-related
musculoskeletal pain and factors that may contribute to
this problem in order to protect the health of healthcare
personnel workingin our hospital,increase job satisfaction,
and prevent situations that may lead to job loss.

MATERIAL AND METHOD

A descriptive, cross-sectional study was conducted with
voluntary female and male individuals aged 18 and above
who signed the informed consent form and worked in
various departments of izmir Bakircay University Faculty
of Medicine Cigli Training and Research Hospital. Ethics
committee approval was obtained from izmir Bakirgay
University (Ethics Committee No: 475). The demographic
data, work environment characteristics, whether they
received ergonomic training to protect the musculoskeletal
system, and the presence of musculoskeletal pain were
queried. The severity of pain was evaluated using the
visual analog scale (VAS) and the Nordic Musculoskeletal
Questionnaire (NMQ) (7). The participants’ personal
characteristics such as age, gender, height, weight,
occupation, years and type of employment, presence of
chronic diseases, smoking status, and job stress were
also examined. Data regarding the characteristics of the
work environment such as ventilation, presence of noise,
lighting, and relationships with colleagues were collected.

The presence of musculoskeletal pain was questioned.
In those experiencing pain, the severity of pain was
evaluated using the visual analog scale (VAS). VAS
scores were grouped as one to four points=mild, five to
six points=moderate, and seven and above points=severe.
The Nordic Musculoskeletal Questionnaire (NMQ)
was used to assess the pain status and disability. The
cultural adaptation study of the NMQ questionnaire was
conducted by Kahraman et al. (8). The NMQ questionnaire
evaluates complaints of the back, neck, shoulders, and
general musculoskeletal system. The individual fills out

Med Records 2024;6(2):312-6

the questionnaire by self-reporting or through interview
technique, marking specific nine symptom areas mapped
on the body (feet-ankles, knees, thighs-hips, wrists-hands,
back, elbows, shoulders, neck) (9).

Statistical Analysis

Descriptive statistics were used to present parameters as
mean (SD) or n (%). Spearman rank-order correlation test
was applied to show factors affecting pain. A p-value of
p<0.05 was defined for statistical significance.

RESULTS

A total of 275 hospital employees participated in the
study. Of the participants, 199 (72.4%) were female and 76
(27.6%) were male. The most common age range among
participantswas 35-54years,accountingfor71.3%. Among
the participants, 103 (37.4%) were auxiliary healthcare
staff, 84 (30.5%) were nurses, 31 (11.3%) were security
guards, 21 (7.6%) were data entry clerks, 20 (7.3%) were
doctors, and 16 (5.8%) were cleaning staff. Table 1 shows
the demographic data of hospital employees.

Table 1. Demographic data of hospital employees

n (%)

Gender

Female 199 (72.4)

Male 76 (27.6)
Age range

18-24 years 6(2.2)

25-34 years 68 (24.7)

35-44 years 125 (45.5)

45-54 years 71(25.8)

55-64 years 5(1.8)
Marital status

Married 197 (71.6)

Single 70 (25.4)

Widowed 8 (3.0)
Presence of chronic illness

Yes 58 (21.1)

No 217 (78.9)
Exercise status

Regular 42 (15.3)

Irregular 98 (35.6)

No 135 (49.1)

n: number of patients, %: percentage

When queried about the work and working environment,
the average working duration was found to be 14.049.1
years. Table 2 presents the characteristics of the work and
working environment.
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Table 2. Characteristics of job and work environment, risk factors of

hospital employees

n (%)

Work mode

Standing for >2 hours 118 (42.9)

Sitting for >2 hours 64 (23.3)

Maintaining the same position for >2 hours 28(10.2)

Pushing/pulling loads of 5 kg and >5 kg 10 (3.6)

Repetitive movements 55 (20)
Daily working hours

8 hours 197 (71.6)

16 hours 39 (14.2)

24 hours 37 (13.5)
Perceived difficulty of work

None 13 (4.7)

Mild 21 (7.6)

Moderate 165 (60)

Severe 76 (27.6)
Presence of stress at work

Yes 236 (85.8)

No 39(14.2)
Ventilation in the workplace

Centralized 139 (50.5)

Window 13 (4.7)

Centralized+window 123 (44.7)
Presence of noise in the workplace

Yes 245 (89.1)

No 30(11.9)
Lighting in the workplace

Positive 234(85.1)

Negative 41 (14.9)
Work relationships in the workplace

Positive 245 (89.1)

Negative 30 (10.9)
Ergonomic arrangements in the workplace

Yes 83(30.2)

No 192 (69.8)

Training for musculoskeletal system protection in the workplace
Yes 52 (18.9)
No 223 (81.4)

n: number of patients, %: percentage

In the query regarding musculoskeletal pain, it was
reported that 218 cases (79.3%) experienced pain.
Among those with pain, the severity was as follows: 90
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cases (41.2%) reported moderate pain, 72 cases (33.1%)
reported mild pain, and 56 cases (25.6%) reported severe
pain. There was a statistically significant relationship
between the presence of pain and female gender (p=0.003,
r=0.179). Pain severity was statistically higher in females
(p<0.001,r=0.226). As the duration of work increased, both
the occurrence and severity of pain increased (p=0.009,
p=0.008). When painful areas were evaluated with the
NMQ (Nordic Musculoskeletal Questionnaire) in Table 3,
spinal pain in the last twelve months was reported in the
following order of frequency: back, lower back, and neck.
In the extremities, shoulder pain was most common in the
upper extremity, while knee pain was predominant in the
lower extremity.

Table 3. The nordic musculoskeletal questionnaire (NMQ)

Work limitation

QLetopainimntie Pain in the last 7

Pain in the last

2 el last 12 months sy

Yes No Yes No Yes No

n (%) n (%) n (%) n (%) n (%) n (%)
147 128 82 193 87 188

Neck (53.5) (46.5) (29.8) (70.2) (31.6) (68.4)
134 141 60 215 101 174

Shoulder 487y (513) (21.8) (782) (36.7) (63.3)
46 229 29 246 64 211

Elbows  157) (®833) (105 (895 (233) (76.7)
88 187 47 228 59 216

Hand (32) (68)  (17.1)  (82.9) (21.5) (78.5)
169 106 82 193 118 157

Sirt (61.5) (385) (29.8) (70.2) (42.9) (57.1)
153 122 85 190 13 162

Back (55.6) (44.4) (30.9) (69.1) (41.1) (58.9)
o 75 200 46 229 58 217

Hip/thig  (,73) (727) (167) (833) (21.1) (78.9)
105 170 a7 228 66 209

s (382 (61.8) (17.1) (829) (24)  (76)
Ankle/ 89 186 42 233 59 126

o (324) (67.6) (153) (847) (21.5) (78.5)

n: number of patients, %: percentage

DISCUSSION

In our study, we found a high incidence of musculoskeletal
pain among hospital employees. Hou et al. reported
musculoskeletal disorders in nurses at 92%, while Smith et
al. reported it at 86% in our country. In studies conducted
by Sancar et al., this rate reached up to 48% (10-13). A
study investigating musculoskeletal disorders related to
working conditions and profession in physicians reported
a problem in 33% of 123 physicians, most commonly seen
in surgeons. The prevalence of musculoskeletal disorders
in nurses varies between 35-80% (14).

Healthcare workers engage in daily activities that lead to
musculoskeletal pain. Inappropriate postural positions,
ergonomic deficiencies, and heavy work conditions during
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hospital work lead to occupational problems. Bret et al.
reported that prolonged work in the same position and
inappropriate posture are significant factors, which is
consistent with our study, especially emphasizing their
occurrence in the back and lower back regions (3). The
prevalence of back pain was high, reaching around 70% in
surgeons and dentists. The frequency of lower back pain
was above 50% in surgeons, physiotherapists, and nurses.
Davis et al. reported that the highest prevalence of pain
in nurses and nursing assistants was in the lower back,
followed by the shoulder and neck regions. This prevalence
was even higher in the home care group, which deals with
patients with chronic diseases who live for long periods
with reduced mobility (15).

Maintaining a certain posture for a long time during work
depends on stabilizing and manipulative forces, leading to
prolonged isometric muscle contractions and increasing
stress on muscles and ligaments. This, in turn, leads to
muscle fatigue. Studies show that early degenerative
changes in the lumbar region are due to compression,
bending, and shearing stresses resulting from incorrect
movements (16). Standing for a long time and working
in a bent position increases the load on the spine and
affects posture. Posture is directly related to mechanical
efficiency and physiological function. Regular exercise
strengthens muscles, provides soft tissue flexibility, and
ensures mechanical efficiency. The fact that only 15% of
participants in our study engaged in regular exercise may
pose a risk factor for pain.

Inourstudy, 85.8% of the participants reported experiencing
stressintheworkplace. Thehealthcare sectoris considered
an environment with higher levels of work-related stress
compared to other work environments, both due to serving
individuals experiencing high levels of stress and the
frequent encounters of the staff with stressful situations.
Dilek and colleagues reported a close relationship between
musculoskeletal pain and stress levels (17). Hamming et
al. evaluated musculoskeletal and sleep disorders related
to work and stress in healthcare professionals, finding a
highassociationbetween musculoskeletal pain, stress,and
sleep disorders, emphasizing that work stress, especially
when combined with physical workload, significantly
increases pain (18). Yona et al. highlighted the necessity
of assessing individuals for depressive symptoms
accompanying musculoskeletal pain among hospital
employees (19). According to the literature, being female
is considered a risk factor for pain, with women having a
lower pain threshold and experiencing musculoskeletal
pain twice as often as men. The high number of female
participants in our study may also contribute to this
finding (20). Additionally, Shirzai et al. found that in their
study evaluating upper extremity pain among hospital
employees, pain severity was higher in women (21).

It is reported that providing ergonomics training focused
on body biomechanics to nurses increases work
capacity. When there is a mismatch between the physical
requirements of the job and the worker's physical capacity,
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the incidence of work-related illnesses increases (22).
Attention to posture and prevention principles, along
with ergonomic factors, plays a significant role in the
development of occupational pain and illnesses among
healthcare workers. Implementing ergonomic principles
in hospitals can help reduce repetitive movements and
physical strain. Additionally, teaching regular exercise and
pain management techniques to employees is beneficial.
Furthermore, providing regular breaks during work
contributes to productivity and positive effects on work
performance by allowing muscles to rest and reducing
fatigue. To improve the quality of life of employees
working in hospital environments, an ergonomic patient
care system should be established that is compatible with
physical, social, and psychological characteristics.

For this purpose, we believe that making ergonomic
adjustments in  work environments, providing
musculoskeletal protection training, and integrating these
into the quality system would be important.

Limitations of the study include the small number of
participants and the disproportionate distribution of
occupational groups.

CONCLUSION

In our study, there was a high incidence of musculoskeletal
pain among hospital employees. Pain was most commonly
reported in the back, lower back, and neck. The presence
and severity of pain were particularly pronounced in
females. Prolonged inappropriate posture and repetitive
movements were significant contributing factors.
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