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ABSTRACT

In this part of the review, statistical tests utilized to examine hypotheses regarding population
parameters on a representative sample, which forms the fundamentals of inferential statistics
are discussed. The selection of an appropriate statistical test by verifying its assumptions and
interpreting the results objectively is crucial for obtaining accurate conclusions. Understanding
the terms related to type | and type Il errors, p-value, power of the study, effect size, and
confidence interval will contribute to the correct interpretation of both the results obtained
from statistical tests in scientific research and the findings of articles read from the literature.
In addition to univariate tests, the three most commonly employed multiple regression models
are also addressed to control for the effect of potential confounding factors and other
independent variables utilized in the study. Statistical computing has become much more
accessible in recent times, with researchers having access to freeware packages or web
applications to perform basic and advanced statistical analyses. Researchers frequently focus
on the calculation of statistical tests used in data analysis, whereas, understanding the rationale
behind statistical methods should be the primary goal. Therefore, this review emphasizes the
logic of selecting appropriate statistical methods and interpreting the results rather than
mathematical calculations. It is essential to recognize that biostatistical principles should be
considered not only in the data analysis phase but also in all phases of research, from planning
to report writing. It should be note that, no statistical analysis method can correct erroneous
data obtained from a poorly designed study.

Keywords: Hypothesis tests; regression model; ANOVA; parametric tests; nonparametric
tests; p-value.

0z

Derlemenin bu boliimiinde, ¢ikarimsal istatistigin temelini olusturan, popiilasyonu temsil eden
bir 6rneklem {iizerinde popiilasyon parametrelerine iliskin hipotezleri incelemekte kullanilan
istatistiksel testler ele alinmustir. Varsayimlarinin karsilanip karsilanmadigi kontrol edilerek
uygun istatistiksel testin secilmesi ve bulgularin yansiz bir sekilde yorumlanmasi dogru
sonuglara ulasilmasinda ¢ok 6nemlidir. Tip I ve tip Il hatalar, p-degeri, ¢calismanin giicii, etki
buyiikliigii ve giiven araligi ile ilgili kavramlarin ne anlama geldigini anlamak, hem bilimsel
arastirmalarda istatistiksel testlerden elde edilen sonuglarin hem de literatiirden okunan
makalelerin bulgularmin dogru yorumlanmasina katki saglayacaktir. Tek degiskenli testlerin
yani sira, olasi etki karistirict faktorlerin ve calismada ele aliman diger bagimsiz degiskenlerin
etkisini kontrol etmek amaciyla en yaygin olarak kullanilan ii¢ ¢oklu regresyon modeline de
deginilmistir. Arastirmacilar, temel ve ileri diizey istatistiksel analizleri yapabilecekleri
iicretsiz yazilimlara ya da web uygulamalarina erigebildiklerinden, istatistiksel hesaplamalarin
yapilmasi giiniimiizde ¢ok daha erisilebilir hale gelmistir. Arastirmacilar daha ¢ok veri
analizinde kullanilan istatistiksel testlerin nasil hesaplanacagi tizerinde durmaktadir, oysaki
istatistiksel yontemlerin arkasindaki mantig1 anlamak birincil hedef olmalidir. Bu nedenle, bu
derlemede matematiksel hesaplamalardan ziyade, uygun istatistiksel yontemlerin se¢ilmesi ve
bulgularin yorumlanmasi mantigi tizerinde durulmustur. Biyoistatistik prensiplerin sadece veri
analizi asamasinda degil, planlamadan rapor yazimma kadar arastirmanin tim asamalarinda
dikkate alinmasi gerektiginin farkinda olunmasi 6nemlidir. Unutulmamalidir ki, iyi
diizenlenmemis bir aragtirmadan elde edilen hatali verileri diizeltecek bir istatistiksel analiz
yontemi bulunmamaktadir.

Anahtar kelimeler: Hipotez testleri; regresyon modeli; ANOVA; parametrik testler;
parametrik olmayan testler; p-degeri.
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INTRODUCTION

Studies that incorporate appropriate biostatistical support,
from design to analysis and reporting, are the most
effective experimental studies; therefore, biostatistics
plays a critical role in health research. The most valuable
insights into complex causal relationships can be obtained
through the application of various statistical methods. As
a result, as in other research fields, researchers
increasingly need to use biostatistics in their study of
medical sciences.

The impact of statistical sciences on medical and
biological sciences has increased rapidly over the past few
decades. Physicians must have knowledge of statistical
principles and techniques, as the information they use in
clinical decision-making is always based on the results of
statistical analyses. However, conclusions drawn from
statistical evidence can be incorrect or misleading, and
without sufficient knowledge and understanding of
statistics, physicians may not be able to make the most
appropriate decisions (1-3).

When research is conducted on all subjects in the
population, the population parameters are calculated
without error; however, as is known, research is usually
conducted on a small sample representing the population
of all subjects instead of the population. When the sample
is drawn to represent the population, inferences are made
about the population with the help of statistics calculated
from the sample, and the obtained result is generalized to
the population. The sample can only be representative of
the population if the sample is drawn using probability
sampling methods and the sample size is sufficient.

If the sample is not representative of the population,
misleading results will be obtained and this cannot be
corrected by statistical procedures. On the other hand, even
in a well-designed study, incorrect results may be obtained
due to random variation in the sample. Thus, results from
a single sample have statistical uncertainty, which is
strongly related to the sample size (4).

In this part, hypothesis testing and statistical modeling will
be discussed. Firstly, how to determine the appropriate test
from univariate statistical tests is emphasized, and then
how to select appropriate multiple analyses to eliminate
the effect of other possible confounders is discussed. In
addition, concepts such as standard error, confidence
interval, type | error, type Il error, p-value, power, etc. are
also explained.

Standard Error

The standard error is a measure of the uncertainty of a test
statistic and is an estimate of how much the value of the
test statistic varies from sample to sample. The standard
error is also defined as the difference between the population
parameter (e.g. population mean p) and the statistic
calculated from the sample (e.g. sample mean x) and is
also referred to as sampling error. The standard error is
obtained by taking the standard deviation of the sampling
distribution of the statistics calculated from all possible
samples of size n that can be drawn from the population.
The formula for estimating standard error is

Standard Error = Standard Deviation / \/Sample Size

The equation demonstrates that the standard error decreases
as the sample size increases. The standard error is used for
hypothesis testing, confidence interval calculations, etc.
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Confidence Interval

In inferential statistics, there are two different approaches
to estimating population parameters: point estimation and
interval estimation. In point estimation, a statistic such as
mean, standard deviation, ratio, correlation coefficient,
etc. calculated from the sample is used to estimate the
population parameter. The probability that point
estimation will precisely determine the population
parameter is quite low. On the other hand, an interval
estimation is a range of values that most likely contains the
parameter being estimated with a given confidence level.
Therefore, interval estimation is preferred in inferential
statistics.

In order to calculate confidence intervals, statistics
obtained from the sample, standard error, and two-tailed
table statistics values obtained from the relevant
theoretical distribution for the specified confidence level
are needed. In statistics, a 95% confidence level is most
commonly used. Confidence intervals for the population
parameter are obtained using the following general
notation.

Statistic = Table Value x Standard Error

For example, the 95% confidence interval for an unknown
population mean is given as follows:

X - trer % Standard Error <u < X + tiu» % Standard Error

Confidence intervals are directly related to hypothesis
testing and sample size (or power) calculation. If, for
example, the confidence intervals for the mean difference
between two independent groups include 0, it indicates that
there is no significant difference between the group means,
whereas if they do not include 0, it indicates a significant
difference between the group means. In addition, the width
of the confidence intervals provides information about the
sample size of the study. If the sample size in the study is
small, this will cause the standard error to increase and the
confidence interval to widen. Although confidence
intervals are mostly symmetric, non-symmetric confidence
intervals are obtained for some statistics. For example, the
confidence intervals of odds ratio and relative risk used to
calculate risk in health sciences are not symmetric.

HYPOTHESIS TESTING

Hypotheses are propositions concerning the population
parameters from which samples are drawn. One of the
objectives of inferential statistics is to test hypotheses
about unknown phenomena within a population.
Hypothesis testing aims to make inferences about the
population parameters of interest using data obtained from
a representative sample of the population.

Hypothesis testing plays a crucial role in evidence-based
medicine, wherein clinical decisions are based on research
findings. This contributes to increasing the accuracy of
clinical decisions by ensuring that conclusions are derived
objectively from the research data.

Due to the utilization of data from randomly selected
samples in hypothesis testing, each result inherently
carries the potential for error (type | error or type 1l error).
Consequently, these tests cannot be employed to verify any
phenomenon definitively. For instance, depending on the
sample selected, one study may conclude that influenza
vaccination is efficacious in disease prevention, while
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another study may determine it is not. Therefore,
hypothesis testing cannot be utilized to conclusively prove
that influenza vaccination prevents (or does not prevent)
the disease, but can be employed to support this
hypothesis. However, when multiple studies on a specific
topic yield similar results, they are generally considered to
be valid. As a result, the findings of systematic reviews and
meta-analyses are utilized in the development of
diagnostic and treatment protocols, rather than relying on
the results of a single study.

Parametric and Nonparametric Hypothesis Tests
Hypothesis tests are divided into parametric and
nonparametric (or distribution-free) tests. Which test will
be applied in the studies is decided according to whether
the parametric test assumptions are met or not.

Methods that require assumptions about the distribution of
variables in the population are called parametric methods.
For example, in the independent samples t-test, it is
assumed that the observations in the two sample groups are
drawn from normally distributed populations. All
parametric tests of continuous numerical variables require
the assumption of a normal distribution.

Methods that do not assume the distribution of variables in
the population are called nonparametric methods. Instead
of using the original measurements in the data set, these
methods use the rank or sign of data. When the data type
is ordinal, parametric methods should not be used,
considering the data as continuous numerical data.

When parametric test assumptions are satisfied, parametric
tests are known to have higher power than their alternative
nonparametric tests. Therefore, when the assumptions are
not satisfied in studies with a large number of
observations, appropriate transformations are applied to
the data before using nonparametric methods. If the
assumptions are satisfied after the transformation,
parametric tests are applied, and if not, nonparametric
methods are applied (5,6).

Formulation of Hypotheses and Steps of Hypothesis
Testing

The first stage of hypothesis testing is the formulation of
statistical hypotheses in accordance with the aim of the
study. There are two hypotheses in hypothesis testing; the
null and alternative hypotheses denoted by Ho and Hi. The
Ho hypothesis is called the null hypothesis because it is
always stated that there is no difference between groups or
there is no relationship between variables, etc. The H;
hypothesis contains inequality and can be one or two-tailed.
The conclusion drawn from the hypothesis test depends on
whether the hypothesis is one-tailed or two-tailed. A null
hypothesis that can not be rejected in a two-tailed test can
be rejected in a one-tailed test. Therefore, it is important
for researchers to set up their hypotheses appropriately at
the beginning of the study. If there is an expectation that
the parameter related to one group will be larger or smaller
than the other, a one-tailed hypothesis should be formed,
and if it is only intended to examine whether there is a
difference, a two-tailed hypothesis should be formed.

In the second stage of hypothesis testing, the appropriate
test statistic is decided and calculations are performed. The
appropriate hypothesis test is decided according to the data
type of the variable of interest (quantitative or qualitative),
the number of groups, whether the groups are dependent
or independent, and whether the parametric test
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assumptions are met. Figure 1, Figure 2, and Figure 3
illustrate which statistical test is appropriate in which
situation. After deciding on the appropriate test, test
statistics are calculated with different formulas for each
hypothesis test (5,7-9).

In the last stage, it is assessed whether the acquired result
is significant or not using the predetermined significance
level. At the end of each test, a test statistic is calculated
that fits a theoretical statistical distribution such as z, t, F,
chi-square, U, etc. Based on the value of the calculated test
statistic and the corresponding critical value or p-value
derived from the theoretical statistical distribution, the null
hypothesis Ho is either rejected or not rejected (9).

When statistically significant differences are observed in
One-way ANOVA, Kruskal-Wallis, ANOVA in repeated
measures, or Friedman tests, post hoc (pairwise or multiple
comparisons) tests should be performed to determine the
group(s) that cause the difference.

In univariate hypothesis testing, only the relationship or
difference between the dependent variable and the
independent variable is examined. The effect of potential
confounding variables is not considered. Consequently,
interpreting findings based solely on the results of
univariate analyses may lead to erroneous conclusions.
Interpreting the results of appropriate regression models
that incorporate variables found to be significant in
univariate analyses, along with confounding variables, will
yield more accurate results.

Type I error (o) and Type II error (p)

There are two types of errors in hypothesis testing;

e Type I error (a): reject a null hypothesis Ho that is
actually true in the population

» Type II error (B): fails to reject a null hypothesis Hg
that is actually false in the population

The values o and B are probabilities and take values
between 0 and 1. The difference of these probabilities from
1 is called the confidence level (1-a) and the power of the
test (1-B), respectively. In general, a maximum value of
0.05 for o, and a minimum value of 0.20 for  (or 0.80 for
power, 1-B) are used in research.

Although type | and type Il errors can never be completely
eliminated, the researcher can reduce their likelihood by
increasing the sample size (10). Type Il error usually occurs
when the statistical power of a test is low. In the hypothesis
testing process, since all analyses are performed under the
assumption that the null hypothesis Ho is true, the probability
of committing a type | error is calculated. The researcher
has no control over type II error (B) in the hypothesis
testing process. Type Il error is taken into account when
calculating the sample size at the beginning of the study.
p-value

Since all hypothesis tests are performed under the assumption
that the null hypothesis, Ho, is true, we are interested in the
probability of committing a type I error. While the o value
is determined by the researcher at the beginning of the
study, the p-value is obtained based on the test statistic
calculated at the end of the study. The p-value indicates the
probability of falsely rejecting the true null hypothesis. In
other words, the p-value indicates the probability that the
observed outcomes were obtained by chance, assuming the
null hypothesis Ho is true. Since a value of 0.05 is generally
considered a type I error (a), the Ho hypothesis is rejected
when the p-value obtained from the test is less than 0.05.
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When reporting the p-value obtained from the test, the
exact p-value (e.g. p=0.180, p=0.018, p=0.108, p=0.810)
should be written in detail in the tables and the text.
However, when the obtained p-value is small, it should be
reported as p<0.001 instead of p=0.000.

Even small differences can be found to be significant when
the number of observations in the study is too large. In this
case, researchers should determine whether the
statistically significant difference is also clinically
significant. On the other hand, when the number of
observations in the study is small, the difference or
relationship that actually exists may not be determined
since not enough samples are included in the study. Here,
the power of the test will decrease as the probability of
making a B-type error will increase (11).

Effect Size

One of the issues with hypothesis tests is that significance
does not indicate the clinical or practical significance of an
effect. To address this drawback, the size of the effect
being investigated should be measured in a standardized
method.

Effect size is a statistical measure of the magnitude of the
difference between groups or association between variables
observed in a study. In addition to the statistical significance
decided by the p-value, it allows the clinical significance
of an outcome to be assessed. While the p-value indicates
whether an effect exists, the effect size indicates how large
or practically important this effect is (5,9,12).

The most commonly used type of effect size in the
literature are Cohen’s d, Pearson correlation coefficient r,
partial eta-square, and odds ratio. In recent years, it has
become common to present effect size and/or confidence
intervals in tables in scientific articles in the field of health
sciences (12).

TYPES OF ANOVA MODELS

An ANalysis Of VAriance (ANOVA) is an appropriate
statistical technique for determining the differences
between independent groups on a continuous
measurement. Different ANOVA models are used
depending on the purpose of the study and the research
design. The most commonly used ANOVA model is the
one-way ANOVA (one-way between-subjects ANOVA)
model, which is used to examine the effect of a factor with
three or more categories on a quantitative dependent
variable (13).

One-way ANOVA requires the assumption of normal
distribution and homogeneity of variances. If the
assumptions of normal distribution and homogeneity of
variances are not met, the nonparametric Kruskal-Wallis
test and Welch's ANOVA are used, respectively.

Factorial between-factor ANOVA is used to examine the
effect of two or more factors on a quantitative dependent
variable. When groups are created based on multiple
dimensions, variations in the means can be attributed to
multiple factors. For example, a three-way ANOVA can
be used to analyze how treatment type, age group, and
gender influence the length of hospital stay. When
conducting a factorial ANOVA to examine the effects of
two or more factors, it is important to include interaction
terms along with the main effects. The use of one-way or
two-way ANOV A models is common because the increase
in number of factors makes it hard to interpret the model.
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In certain designs, the tested means come from the same
subjects measured at different occasions, rather than from
independent groups of subjects. A within-subjects
ANOVA, also known as a repeated measures ANOVA, is
commonly applied in pretest-posttest designs but is not
restricted to just two time points. This analysis can be used
to assess differences across two or more time periods. In
repeated measures analysis of variance, in the presence of
independent groups, both between-group and within-group
differences can be examined simultaneously. When the
group X time interaction is statistically significant in this
analysis, the main effects of group and time should not be
interpreted directly. The change of each group over time,
and the difference between groups at each time point
should be examined separately and p-values are corrected
for multiple comparisons (14).

An analysis of covariance (ANCOVA) is suitable for
evaluating the differences in terms of a continuous
dependent variable among groups while accounting for
the effect of covariates. Covariates have an effect on the
dependent variable. There are two ways to control their
effects, either by selecting samples during the research
design to make the groups similar in terms of covariates,
or by statistical methods during the data analysis process.
ANCOVA is a type of ANOVA that enables the effects of
covariates to be controlled through the use of regression
analysis. In ANCOVA, in addition to the assumptions of
the analysis of variance, there are assumptions that the
independent variable and the covariate are independent,
the relationship between the covariate and the dependent
variable is linear, and the slope of the regression lines is
similar in all groups (12,13).

Multivariate analysis of variance (MANOVA) is a
statistical technique used to examine the effect of one or
more factors on two or more numerical dependent
variables. In other words, by comparing the mean vectors
between groups, it is investigated whether there is a
difference in terms of two or more dependent variables.
The general assumptions of MANOVA are that the
variance-covariance matrices of all groups are
homogeneous and that the variables in each group have a
multivariate normal distribution (13,14).

CORRELATION ANALYSIS

Correlation analysis examines whether there is a
relationship between two variables, and if so, the strength
and direction of the relationship. Correlation coefficients
generally range between -1 and +1; as they approach -1 or
+1, the strength of the relationship increases, while as they
approach 0, the strength of the relationship decreases. If
the sign of the coefficient is negative, it indicates that as
the value of one variable increases, the value of the other
variable decreases. The significance of the correlation
value obtained is tested and if the result is significant, the
strength of the relationship is interpreted. Otherwise, it is
stated that there is no relationship between the variables.
Depending on the type of data and whether the
assumptions are met, different correlation coefficients are
calculated to determine the relationship between variables.
Pearson and Spearman rank-order correlation coefficients
are commonly used to examine the relationship between
two quantitative variables. Pearson correlation coefficient
is used if the relationship between variables is linear and
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the assumption of normal distribution is met. There are
also correlation coefficients for qualitative variables such
as Phi, Cramer's V, Somer's d, etc. However, these
correlation coefficients are rarely presented in studies
since the chi-square test is often used to examine the
relationship between qualitative variables (9).

In order to examine the relationship between numerical
variables, the first step is to draw a scatter plot. The
linearity of the relationship between the variables and the
presence of outliers in the data that would cause
misinterpretation of the relationship should be checked. A
correlation coefficient does not indicate a cause-and-effect
relationship between two variables. It only indicates
whether the variables change together in the same
direction or the opposite direction.

The relationship between more than two variables can also
be examined. For example, the relationship between one
dependent and two or more independent variables can be
examined by multiple correlation coefficients, and the
relationship between more than two sets of dependent and
independent numerical variables can be examined by
canonical correlation.

Due to indirect relationships, a significant correlation can
be found between two variables that are not actually
correlated. In this case, the partial correlation coefficient is
used to examine whether there is a relationship between
the variables by controlling for the effect of the covariate
that has an effect on both variables.

REGRESSION MODELS

Regression analysis is a useful method for determining the
relationship between a dependent variable and a group of
independent variables. The overall goal of regression
analysis is to predict the value of an outcome variable of
interest using variables that are simple to measure, provide
minimal risk to participants, can be collected in a shorter
period or at a lower cost, etc. The variable whose value is
being estimated in the model is called the dependent
variable (response or outcome variable) and the variables
used to explain the dependent variable are called independent
variables (predictors or explanatory variables).

In addition to making predictions, regression analysis is
also used to determine the important factors affecting the
dependent variable or to determine which variables have a
greater effect on the dependent variable and to make
adjustments for covariates.

Depending on the type of dependent variable, the nature of
the relationship between variables, the presence of
censored observations, etc., many different regression
analysis methods have been developed: linear regression,
non-linear regression, logistic regression, Poisson
regression, Cox regression, etc.

Linear Regression

Linear regression analysis is the most widely used
regression analysis method in the literature. In order to use
linear regression, the dependent variable must be a
continuous numerical data type and the relationship
between the dependent and independent variables should
be linear.

The dependent variable should always be a continuous
numerical variable with a normal distribution. The type of
independent variables can be either quantitative (continuous
numeric or discrete numeric) or qualitative (ordinal or
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nominal). Nominal qualitative variables are included
directly in the model if they have only two categories (e.g.
yes-no), but if they have more than two categories, they
should be included in the model after being coded as a
dummy variable. In dummy variable coding, the nominal
variable is converted into a set of binary variables. Ordinal
variables can be included in the model as numerical
variables if there is an equal distance between categories,
otherwise, they can be included as nominal variables (after
coding as dummy variables).

The regression coefficients obtained for independent
variables of the continuous numeric variable type indicate
the average change in the dependent variable caused by a
1-unit change in the independent variable. When the
independent variable is qualitative data, it shows how
much the other categories differ on average from the
reference category.

In articles in the field of health sciences, only the regression
coefficients, confidence intervals, and their significance
are commonly presented. The results on whether the
assumptions of the model are met and the goodness of fit
of the model are not sufficiently presented. Therefore, to
evaluate the performance of the model, statistics such as
mean squared error, root mean squared error, information
criterion, or coefficient of determination (R?) should also
be given. Furthermore, in multiple linear regression, it is
essential to assess the normality of residuals, identify
influential and outlier observations, and examine for
heteroscedasticity and multicollinearity.

The coefficient of determination (R?) is often used to
assess model fit. The coefficient of determination takes
values between 0 and 1. It shows the percentage of the
change in the dependent variable explained by the
independent variables. If the regression model is to be used
for prediction, a high R? value is required. In addition to
assessing the overall fit of the model using measures such
as the F test and R?, the data should be examined for
outliers and influential observations. To identify outliers,
scatter plots of the standardized residuals and the estimated
values (or the dependent variable) are drawn. Observations
with values outside the +£2 limits in the scatter plot are
usually identified as outlier observations. If the residuals
are randomly scattered around O in this scatter plot, it
indicates that the linear model is appropriate and there is
no problem of heteroscedasticity. Cook’s distance is used
to identify influential observations that have an effect on
the regression coefficients. Observations with a Cook’s
distance value above 1 are observations that are highly
influential on the regression coefficients.

A multicollinearity problem occurs when a high degree of
correlation exists among the independent variables in a
multiple linear regression model. The variance inflation
factor (VIF) and tolerance statistics can be utilized to
determine the presence of a multicollinearity issue. A
multicollinearity problem is indicated when the VIF value
for the variables in the model exceeds 10 or the tolerance
value is less than 0.10. This problem can be overcome by
choosing one of the highly correlated variables in the
model or by using special regression methods such as
Ridge regression or lasso regression.

The primary objective in multiple linear regression and
other multivariate analyses is to construct a model with the
minimum number of variables necessary. In instances
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where a substantial number of independent variables are
present, univariate tests may be utilized initially to
eliminate variables that do not demonstrate a significant
relationship with the outcome variable. Subsequently, a
multiple linear regression model can be fitted using the
independent variables that have been identified as
potentially relevant. In practice, variable selection is
typically conducted through stepwise methods, such as
stepwise, forward, or backward selection, using specific
statistical criteria. The hierarchical regression method is
another approach. In this method, the researcher
determines the order in which variables are introduced into
the model (5).

Logistic Regression

The goal of a logistic regression analysis is the same as for
any other regression model used in statistics: to find the
best fitting, most parsimonious, clinically interpretable
model to describe the relationship between a dependent
variable and a set of independent variables. Logistic
regression is used when the dependent variable is a
qualitative data type. Logistic regression analysis is
primarily concerned with estimating the probability of the
occurrence of a specified event, rather than predicting the
value of the dependent variable.

The distinction between logistic and linear regression can
be seen in both the form of the model and the assumptions
used. In linear regression, the residuals are normally
distributed, while in logistic regression the residuals
follow a binomial distribution (15).

The reason why logistic regression is widely used is that it
requires fewer assumptions than linear regression. Logistic
regression only assumes that the relationship between the
logit and the numerical independent variables is linear. In
addition, when the obtained regression coefficients are
taken as exponential, the interpretation of the results
becomes easier since the odds ratio commonly used in
health sciences is obtained.

Binary logistic regression analysis is the most commonly
used model. In this model, the dependent variable should
be a qualitative variable with two categories, such as
"present-absent™ or "diseased-healthy”. Both quantitative
and qualitative data types can be used as independent
variables in the model.

In evaluating the model fit, statistics such as the Pearson
chi-square test, Hosmer-Lemeshow test, correct classification
rates, and area under the receiver operating characteristic
curve are used. Correct classification rates, which show the
fit between the values predicted from the model and the
observed values, are widely used (14).

Cox Regression

Cox regression or Cox proportional hazards model is a
regression method used in studies where the outcome of
interest is not observed in all individuals in the study, in
other words, in studies with censored observations.

In survival studies, individuals are monitored from a
defined starting point until the occurrence of the event of
interest, and factors contributing to the event are
investigated. However, researchers cannot always follow
all patients until the event of interest occurs. Censored
observations occur because some patients are lost to
follow-up, patients die from another cause, the length of
follow-up is different for all patients when the study is
terminated, etc.
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The hazard function plays an important role in Cox
regression. The hazard function gives the probability that
someone who lived until the beginning of the time interval
of interest will die in the next time interval.

After the Cox regression model is fitted, it is essential to
examine whether the proportional risk assumption is met.
For this purpose, the time x covariate interaction term is
added to the model and its significance is tested. If the
interaction term is significant, it indicates the proportional
risk assumption is not met. Another approach to examining
the assumption is plotting the In(-In) (survival curves). In
the graph, the survival curves corresponding to the
categories of the qualitative variable being parallel over
time indicate that the proportional hazards assumption is
satisfied (16,17).

Direct interpretation of beta coefficients in Cox regression
is complicated because they correspond to changes in the
log-hazard rate. The results are interpreted with hazard
ratios obtained by taking the exponential of the regression
coefficients. A hazard ratio quantifies how many times the
hazard rate increases (or decreases) when the associated
predictor variable is incremented by one unit.

CONCLUSION

The increase in the number of commercial or freeware
statistical software, as well as the ability to perform
analyses through web platforms, has made it easier for
researchers to access these tools. Researchers who are not
aware of the conditions in which statistical methods should
be used and how to interpret the results are likely to make
errors. Therefore, choosing the appropriate statistical
methods and interpreting the results correctly is crucial
when analyzing data obtained from well-designed
research. Even if univariate statistical methods are used
appropriately, the effects of possible confounding factors
are not considered, and multiple or multivariate statistical
analyses should be performed to achieve unbiased and
accurate results.
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ABSTRACT

Aim: Inflammatory indexes can relate to disease activity in ulcerative colitis (UC). This study
aimed to evaluate whether the inflammatory indexes of neutrophil-lymphocyte ratio (NLR),
C-reactive protein (CRP)-albumin ratio (CAR), CRP-lymphocyte ratio (CLR), and systemic
immune-inflammation index (SI11) might predict the severity of mucosal inflammation in UC.
Material and Methods: This retrospective case-control study included 184 UC patients and
101 healthy controls. The Mayo clinical score and Mayo endoscopic score were used for the
clinical and endoscopic features of UC. Truelove and Richards’s method for the severity of
mucosal inflammation determined the histological activity index (HAI).

Results: The inflammatory index values, were higher in UC patients compared to the control
group (p=0.007 for NLR, and p<0.001 for the others). The patients having endoscopic, clinic,
and histologically active disease had higher inflammatory index values than those in
remission (p<0.001 for all). UC patients with extensive disease had higher inflammatory index
values than the patients who had limited disease (p<0.001 for all). The HAI values were
positively correlated to all inflammatory indexes, and the correlation was the strongest between
the HAI and CLR (rho=0.737, p<0.001). Regarding HAI, the diagnostic accuracy of all
inflammatory indexes for detecting the clinically active disease was statistically significant,
and there was no significant difference between them in terms of diagnostic accuracy.
Conclusion: The inflammatory indexes of NLR, CAR, CLR, and SII might predict the severity
of histological inflammation in UC.

Keywords: Ulcerative colitis; inflammatory indexes; mucosal inflammation.

(074

Amag: Inflamatuar indekslerin iilseratif kolitte (UK) hastalik aktivitesi ile iliskili olduklari
bilinmektedir. Bu ¢alisma notrofil-lenfosit oran1 (NLR), C-reaktif protein (CRP)-albiimin
oranit (CAR), CRP-lenfosit oran1 (CLR) ve sistemik immiin-inflamasyon indeksini (SIII)
iceren inflamatuar indekslerin UK’de mukozal inflamasyonun siddetini tahmin edip
edemeyeceginin degerlendirilmesi amaglanmustir.

Gerec ve Yontemler: Bu retrospektif vaka kontrol ¢alismasina 184 UK hastasi ve 101 saglikli
kontrol dahil edilmistir. UK’nin klinik ve endoskopik 6zellikleri i¢in Mayo Kklinik skoru ve
Mayo endoskopik skoru kullanilmistir. Mukozal inflamasyon siddeti, Truelove ve Richards
yontemine gore histolojik aktivite indeksi (HAI) ile belirlenmistir.

Bulgular: UK hastalarinda, inflamatuar indeks degerleri kontrol grubuna gére daha yiiksek
bulunmustur (NLR i¢in p=0,007 ve digerleri i¢in p<0,001). Endoskopik, Klinik ve histolojik
olarak aktif hastaligi olan vakalarin inflamatuar indeks degerleri remisyonda olan vakalardan
daha yiiksek idi (tiimii i¢in p<0,001). Yaygin hastaligi olan UK hastalarinim sinirli hastaligi
olan hastalardan daha yiiksek inflamatuar indeks degerleri vardi (tiimii i¢in p<0,001). HAI
degerleri tiim inflamatuar indekslerle pozitif korelasyon gostermekteydi ve en giiclii
korelasyon HAI ile CLR arasinda idi (tho=0,737; p<0,001). HAI ile iliskili olarak, klinik
olarak aktif hastaligin tespiti i¢in tiim inflamatuvar indekslerin tanisal dogrulugu istatistiksel
olarak anlamliydi ve tanisal dogruluk agisindan aralarinda anlamli bir fark yoktu.

Sonu¢: NLR, CAR, CLR ve SII’i igeren inflamatuar indeskler, UK’de histolojik
inflamasyonun siddetini tahmin edebilir.

Anahtar kelimeler: Ulseratif kolit; inflamatuar indeksler; mukozal inflamasyon.
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INTRODUCTION

Inflammatory bowel diseases (IBDs) have relapsing and
remitting courses. Exact pathogenic mechanisms in IBDs
remain elusive, and the pathogenesis is multifactorial. The
prevalence of IBDs is increasing, especially in developed
countries. Inflammation is confined to the colonic mucosa
in ulcerative colitis (UC). Bloody diarrhea is a common
symptom of UC, which causes a psychosocial burden (1).
For the choice of therapeutic modalities, assessment of the
disease activity is mandatory in UC. In the follow-up
period, patients usually undergo colonoscopy, which can
cause discomfort. Clinical, endoscopic, and laboratory
features do not always correlate in UC patients. Easily
applicable and inexpensive markers estimating the clinical,
endoscopic, biochemical, and histological features of the
disease are needed in daily clinical practice (2).

The neutrophil-lymphocyte ratio (NLR), the C-reactive
protein (CRP)-albumin ratio (CAR), the CRP-lymphocyte
ratio (CLR), and the systemic immune-inflammation
index (SIII) are overlooked parameters in inflammatory
conditions, including IBDs (3-12). Inflammatory indexes
are cheap and easily interpreted tests by practitioners and
have been attractive to clinicians in chronic inflammatory
diseases so far. Many studies evaluated the effectiveness
of inflammatory indexes in IBDs. It is worth noting that
while not all studies have found a correlation, the majority
have identified positive associations between disease
activity and inflammatory indexes in UC (4,7-13).
Inflammation in the gut wall is related to worse clinical
outcomes and relapse in IBDs, and therefore, mucosal
healing was declared as an ideal therapeutic target (2,14,15).
The severity of mucosal inflammation represents a
target distinct from endoscopic mucosal healing (15).
Mucosal inflammation in UC can be evaluated
quantitatively, and there are different histological scoring
systems in UC (15-19).

Although inflammatory indexes have been reported to
correlate with different disease activity parameters, there
is currently no data regarding the relationship between
inflammatory indexes and the severity of histopathological
activity in UC. With this regard, this study aimed to
delineate whether inflammatory indexes might predict the
inflammatory activity in the colonic mucosa of patients
with UC, along with the clinical and laboratory
characteristics of the disease.

MATERIAL AND METHODS

Subjects

This is a single-center retrospective, cross-sectional study.
Patients with UC admitted to the gastroenterology
department of our institute and underwent colonoscopy
between January 2012 and July 2023 were retrospectively
evaluated in the study. This group included both newly and
previously diagnosed patients. A second cohort of healthy
subjects served as controls. The local ethics committee
approved the study (05.12.2023, 2021/147).

Subjects with clinical conditions that can alter
inflammatory indexes, such as sepsis, any malignancies,
any hematological diseases, severe organ failure, including
cirrhosis, acute or chronic infections, autoimmune and
other chronic inflammatory diseases, and patients with gut
resection, were excluded from the study. In addition, patients
with active disease due to infectious causes (amebiasis and
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cytomegalovirus colitis) were also excluded from the
study. The healthy control group included participants who
underwent a colonoscopy for indications other than IBD
and whose colonoscopy results were normal. Medical
records of all patients were reviewed, and 184 eligible
patient files and 101 healthy controls were evaluated.
Assessment of the Clinical and Endoscopic Activities
The Mayo clinical score (MCS) was applied for the
clinical activity of patients with UC, and it was scored
between 0-12. Scores of <2 were classified as clinical
remission, whereas scores of >2 indicated an activation.
The disease extent of the patients with UC was defined in
agreement with the Montreal classification (20). Proctitis
and left-sided colitis were recorded as limited diseases,
whereas extensive colitis and pancolitis were recorded as
extensive diseases. Mayo endoscopic score (MES) index
was used for the endoscopic activity of UC and was
classified as remission (0), mild (1), moderate (2), and
severe (3) colitis. Scores of (0) and (1) were recorded as
inactive diseases, whereas (2) and (3) were recorded as
active diseases.

Determination of the Inflammatory Indexes
Laboratory data were noted from the subject files prior to
colonoscopy, one week before the procedure.
Inflammatory indexes, including the NLR, SlII, CAR, and
CLR, were calculated as defined in the literature (8). The
CAR and CLR values were obtained by the division of the
CRP levels (mg/L) by the albumin (gr/dl) and lymphocyte
values (10%/mm?3). The NLR was calculated as the
neutrophil counts (10%/mm?3) divided by the lymphocyte
counts (10%/mmd). For SlII, neutrophil counts (103/mm3)
were multiplied by the platelet counts (10%mmd) and
divided by the lymphocyte counts (103/mm?3).
Histopathologic Evaluation in Ulcerative Colitis

The same pathologist who was blind to the participants
evaluated the formalin-fixed, paraffin-embedded, and
hematoxylin and eosin (H&E)-stained colonic biopsies of
the UC patients and performed grading through a scale
similar to that developed by Truelove and Richards (16).
According to the severity of inflammatory mucosal
inflammation, each component of the scale was scored.
Active inflammation (0-3), chronic inflammation (0-2),
and crypt distortion (0-3) were the components of the
scale. The histologic activity index (HAI) was defined as
the sum of the scores of these components. The highest
mucosal inflammation score was 8, and scores of <5 were
recorded as histological remission, whereas >5 was
recorded as activation (16).

Statistical Analysis

Statistical analyses were performed using the MedicReS
E-PICOS Version 21.3. Descriptive statistics were
presented by frequencies and percentages for categorical
variables, and the median was presented with its interquartile
ranges for continuous ones. Kolmogorov-Smirnov and
Shapiro-Wilk tests were used for testing normality. Any
continuous variables did not fit the criteria for normality,
so comparisons were performed using the Mann-Whitney
U test. Associations were checked by using Spearman’s rank
correlation due to at least one of the variables being ordinal.
A chi-squared test was used for comparison of categorical
variables. Fisher’s exact test and Yates’s correction for
continuity were used according to the range of expected
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values. Diagnostic accuracy was evaluated using receiver
operating characteristics (ROC) curve analysis, and cut-off
levels were estimated by Youden’s index. The confidence
level for statistical significance was defined as 95 percent.

RESULTS

In total, 184 (140 males and 44 females) UC patients and
101 (78 males and 23 females) healthy controls eligible for
the study were evaluated. The groups were similar with
respect to age and gender. Demographic, clinical, and
laboratory characteristics of the subjects are presented in
Table 1. Erythrocyte sedimentation rate (ESR), CRP,
leucocyte, neutrophil, and platelet values were higher,
whereas albumin value was lower in UC patients, as
expected. Although the median lymphocyte value was
numerically lower in the patients with UC compared to the
control group, the difference was not statistically
significant (p=0.299). Most patients with UC had limited
and active disease in the colonoscopy, and the number of
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patients in activation was higher than those in remission,
according to MCS. The median HAI was 5 in the patient
group. The number of patients under treatment was also
higher than the number of patients without any treatment.
CLR, CAR, NLR, and Sl values were higher in the UC
patients compared to healthy controls (p=0.007 for NLR,
and p<0.001 for the others).

With respect to disease activity parameters, UC patients
having endoscopic, clinic, and histologically active disease
had higher CLR, CAR, NLR, and SlII values than those in
remission (p<0.001 for all). There was no statistically
significant difference between the patients who were under
treatment and those without any treatment. In
colonoscopy, UC patients with extensive disease had
higher inflammatory index values than the patients who
had limited disease (p<0.001 for all, Table 2).

HAI was positively correlated to inflammatory indexes,
and the correlation was the strongest between HAI and
CLR (rho=0.737, p<0.001, Table 3).

Table 1. Demographic, clinical, and histopathologic characteristics of the study groups

Ulcerative Colitis Patients (n=184) Healthy Controls (n=101) p
Gender, n (%)

Female 44 (23.9) 23 (22.8) 0828
Male 140 (76.1) 78 (77.2) :
Age (years) 32 (24.2-46.7) [18-83] 35 (25.5-46) [19-65] 0.596
CRP (mg/L) 10.3 (3-23.4) [0.15-138] 2.8 (1.2-4.2) [0.20-22.39] <0.001
ESR (mm/h) 19 (9-44.7) [1-120] 8 (3-15) [1-42] <0.001
Leucocyte (x10%/uL) 7.7 (6.4-9.6) [3.5-8.7] 7.1(5.9-8.7) [3.2-15.7] 0.024
Neutrophil (x103/uL) 5(3.6-6.7) [1.64-14.75] 4.5 (3.4-5.6) [1.6-481] 0.036
Lymphocyte (x103/uL) 1.9 (1.6-2.5) [0.63-5.03] 2.1(1.6-2.6) [0.76-168] 0.299
Platelet (x10%/uL) 305 (245.2-377.7) [108-1039] 251 (220.5-279) [130-389] <0.001
Albumin (gr/dl) 4.3 (3.9-4.6) [2.1-5.4] 4.5 (4.3-4.7) [3.40-5.30] <0.001

Disease duration (years) 3 (1-7) [0-35] - -
Location of UC, n (%)

Remission 12 (6.5)

Limited disease 128 (69.6) - -

Extensive colitis 44 (23.9)
MES of UC, n (%)

Remission (MES 0-1) 89 (48.4)

Activation (MES 2-3) 95 (51.6)
MCS of UC, n (%)

Remission (MCS <2) 53 (20.8)

Activation (MCS >2) 131 (79.2)
HAI of UC 5 (2-7) [0-8] - -
HAI of UC, n (%)

Remission (HAI <5) 76 (41.3)

Activation (HAI >5) 108 (58.7) . )
Treatment, n (%)

No treatment 39 (28.8)

Under treatment 145 (71.2)
CLR 5.1 (1.5-13.3) [0.08-115] 1.2 (0.6-1.9) [0.01-9.78] <0.001
CAR 2.4 (0.6-5.9) [0.03-54.20] 0.58 (0.2-0.9) [0.04-4.57] <0.001
NLR 2.3 (1.7-3.6) [0.86-9.32] 2.1(1.5-2.8) [0.03-188.63] 0.007
Sl 761.5 (474.2-1206.3) [178.29-4994.16]  518.5 (362-706.8) [7.28 -69980.78] <0.001

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, UC: ulcerative colitis, MES: Mayo endoscopic score, MCS: Mayo clinical score, HAI: histologic activity
index, CLR: C-reactive protein-lymphocyte ratio, CAR: C-reactive protein-albumin ratio, NLR: neutrophil-lymphocyte ratio, SII: systemic immune-inflammation index,
descriptive statistics for numerical variables were presented as median (interquartile range, 25"-75™ percentile) [minimum-maximum)]
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Table 2. Inflammatory indexes of the patients according to the clinical activity, location, and treatment status

Location of Ulcerative Colitis

Remission (n=12) Limited (n=128) Extensive (n=44) P
CLR 2.2(1.3-2.5) [0.1-5.4] 2.3(1.8-3.5) [0.08-77.2] 3(1.8-14.4) [0.3-115] <0.001
CAR 0.4 (0.2-0.9) [0.06-4.4] 2 (0.5-4) [0.03-34.2] 7.1(2.9-19) [0.1-54.2] <0.001
NLR 2.2 (1.3-2.5) [0.9-5.7] 2.3(1.8-3.5) [0.8-9.3] 3 (1.8-4.4) [1.09-7.79] <0.001
Sl 535 (305-742) [257-1529] 699 (461-988) [178.3-4994] 1231 (684-1807) [347-4645] <0.001
MES of Ulcerative Colitis
Remission, MES 0-1 (n=89) Activation, MES 2-3 (n=95) P
CLR 1.75 (0.8-5.46) [0.08-43.82] 10 (4.3-19.6) [0.33-115] <0.001
CAR 0.9 (0.4-2.8) [0.09-25.23] 4.2 (2.2-9.8) [0.22-54.2] <0.001
NLR 2.08 (1.5-3) [0.8-6.2] 2.7 (2-3.8) [0.9-9.32] <0.001
Sl 606 (404-888.5) [178.9-1971] 932 (622-1445) [178.3-4994] <0.001
MCS of Ulcerative Colitis
Remission, MCS <2 (n=53) Activation, MCS >2 (n=131) P
CLR 1.3 (0.5-2.9) [0.1-16.8] 7.8 (3.6-16) [0.08-115] <0.001
CAR 0.6 (0.3-1.2) [0.05-15.7] 3.5(1.7-7.9) [0.03-54.2] <0.001
NLR 2 (1.4-2.6) [0.8-5.9] 2.6 (1.9-3.7) [0.9-9.3] <0.001
Sl 539 (375-815) [178.9-2030] 876 (566-1314) [178.3-4994] <0.001
HAI of Ulcerative Colitis
Remission, HAI <5 (n=76) Activation, HAI >5 (n=108) P
CLR 1.4 (0.7-3) [0.1-12.4] 10.3 (5-19) [0.08-115] <0.001
CAR 0.6 (0.3-1.3) [0.05-4.4] 5 (2.5-10.3) [0.03-54.2] <0.001
NLR 1.9 (1.4-2.5) [0.8-5.7] 2.9(2.1-3.9)[1.1-9.3] <0.001
Sl 533 (364-769) [178-1627] 1014 (672-1443) [307-4994] <0.001
Treatment
No Treatment (n=39) Under Treatment (n=145) P
CLR 4.8 (1.4-10) [0.08-50.4] 5 (1.6-13.5) [0.1-115] 0.573
CAR 2.2 (0.5-4.5) [0.03-47.7] 2.7 (0.6-6) [0.05-54.2] 0.796
NLR 2.3 (1.7-4.4) [1.04-9.3] 2.4 (1.8-3.6) [0.8-7.8] 0.907
Sl 763.05 (476.46-1384.16) [232.83-4994.16] 760 (473.8769-1095.93) [178.29-4645.9] 0.314

MES: Mayo endoscopic score, MCS: Mayo clinical score, HAI: histologic activity index, CLR: C-reactive protein-lymphocyte ratio, CAR: C-reactive protein-albumin ratio, NLR: neutrophil-
lymphocyte ratio, SII: systemic immune-inflammation index, descriptive statistics for numerical variables were presented as median (interquartile range, 25"-75" percentile) [minimum-maximum]

Table 3. Correlations between the histological activity index and the inflammatory indexes
CLR CAR NLR Sl
rho p rho p rho p rho p
HAI 0.737 0.001 0.725 0.001 0.444 <0.001 0.501 0.001

HAII: histologic activity index, CLR: C-reactive protein-lymphocyte ratio, CAR: C-reactive protein-albumin ratio, NLR: neutrophil-lymphocyte ratio, SII: systemic immune-inflammation index

The ROC curve analysis revealed that significant 10

predictive values of CLR, CAR, NLR, and SllI for the
clinically active disease according to HAI (Figure 1).
Regarding prediction for the clinically active disease
according to HAI, none of these parameters was superior
to the other (Table 4).

DISCUSSION

We reported higher CRP, CAR, CLR, and SlII values in
the UC group compared to healthy controls, and the results
were consistent with the previous reports. According to
endoscopic, clinical, and histological parameters, our
results revealed higher inflammatory index values in
active UC patients than in remission. Extensive location of
the disease also resulted in higher values of inflammatory
indexes compared to limited location.

In a previous report, the clinical activity of UC was
assessed according to Truelove and Witt’s criteria (TWC).

Duzce Med J, 2024;26(3)
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Figure 1. Receiver operating characteristics (ROC) curve
of the inflammatory indexes in predicting clinically active
ulcerative colitis
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Table 4. Predictive values of the inflammatory indexes for clinically active disease according to histologic activity index

AUC 95% CI p Cut-off Sensitivity Specificity PPV NPV LR+ LR-
CLR 0902 0.858-0.945 <0.001 >3.389 0.888 0.816 0.872 0.838 4.820 0.137
CAR 0.898 0.853-0.943 <0.001 >2.011 0.860 0.855 0.893 0.813 5.942 0.164
NLR 0.745 0.675-0.815 <0.001 >2.561 0.608 0.803 0.813 0.592 3.078 0.489
Sl 0.791 0.727-0.855 <0.001 >866.983  0.617 0.855 0.857 0.613 4.263 0.448

CLR: C-reactive protein-lymphocyte ratio, CAR: C-reactive protein-albumin ratio, NLR: neutrophil-lymphocyte ratio, SllI: systemic immune-inflammation index, AUC: area under the curve,
ClI: confidence interval, PPV: positive predictive value, NPV: negative predictive value, LR: likelihood ratio

CAR and interleukin-6 (IL-6) values were higher in active
UC patients (10). In a Japanese study, UC patients (n=273)
with long disease duration (>7 years) were evaluated, and
CAR was positively associated with moderate to severe
endoscopic activity (MES 2 and 3) but not with mucosal
healing (MES 0). In the mentioned study, clinical remission
was determined according to the stool frequency (<3 stool
per day), and there was no association between CAR and
clinical remission (11). In the current study, we also used
the MES method. Patients with endoscopic activation (MES
2 and 3) had higher CAR, CLR, NLR, and SlII values than
those in remission (MES 0 and 1). We reported higher
values of the inflammatory indexes in patients who were
in clinical activation (MCS >2). Inconsistent results in
these studies may partly be due to the methodological
differences. Steroids, immunosuppressive, and other
agents can alter the serum neutrophil, and lymphocyte
counts, and resolution of the inflammation may also inhibit
CRP secretion (4). Not only the correlation with the
disease activity parameters but also inflammatory indexes
were declared to be in association with response to
treatment in UC (8,9).

In the liver, CRP is produced via the secretion of IL-6,
tumor necrosis factor-alpha, and rapidly and it normalizes
with the termination of the inflammation. IL-6 is known to
be the most potent pro-inflammatory cytokine for CRP
secretion (4). Although CRP is widely used in daily
practice, it can be affected by gender, age, smoking, and
body weight. Additionally, due to some genetic
polymorphisms, CRP may not show an adequate acute
phase response (21). Environmental and demographic
factors (age, sex, smoking, obesity) and diabetes account
for only 22 percent to 30 percent of the inter-individual
variability in CRP. Family studies revealed that CRP
levels have a heritable trait (22). Hypoalbuminemia at
disease diagnosis of UC is also associated with poorer
clinical outcomes (23).

Neutrophilic infiltration leads to mucosal damage and
increased epithelial permeability (24). Neutrophil counts
were higher in UC patients compared to the control group
in the current study. Feng et al. (10) retrospectively
evaluated UC patients (n=306). They reported higher NLR
and platelet lymphocyte ratio values in clinically active
patients than those in remission, according to TWC. It was
noteworthy that there were strong correlations between
NLR and fecal calprotectin, pointing to the diagnostic
accuracy of NLR. In another study, after adjusting
statistically significant traditional inflammatory markers,
including CRP, ESR, and WBC counts, the NLR was not
reported as a useful predictor of clinical activity in UC
patients, according to TWC (25).

Lin etal. (8) found higher SlII values correlating to disease
activity, and they pointed to the better diagnostic accuracy
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of SlIl among the other indexes in UC patients (n=187).
Similarly, a recent report declared higher SlIII values
compared to healthy controls and positive correlations
between MCS and SlII values in 185 UC patients (13).
Reactive thrombocytosis, neutrophilia, and lymphopenia
are well-known laboratory results in IBDs, and they can be
attributed to the ongoing inflammation leading to higher
SIII values in UC (8). Our results about Sl values were
similar to the previous reports.

Although not statistically significant, lymphocyte counts
were lower in UC patients compared to healthy controls in
our results. Lower lymphocyte counts in the circulation
can be due to the recruitment of the lymphocytes into the
inflammation site (8,26). CLR was reported to be in
association with the disease activity in UC previously, as
in our study. Unlike the other inflammatory indexes, CAR
and CLR values were also found to be predictive for the
treatment response, and these indexes might be important
prognostic markers if they can be proven in further
prospective research (8,9).

The body mentioned above highlights the diagnostic and
prognostic utilities of the inflammatory indexes (7,8,27).
The most important findings in our study were the
associations between the inflammatory indexes and the
severity of mucosal inflammation, and quantifying the
different phenotypes of UC provided an objective
approach. The severity of mucosal inflammation (HAI) in
UC patients positively correlated to endoscopic and
clinical activity indexes. These results point out the higher
mucosal inflammatory activity in the different activity
phases of UC and its possible relation to worse clinical
outcomes. Besides the other positive correlations between
HAI and inflammatory indexes, the strongest correlation
between HAI and CLR may be due to lower lymphocyte
counts and relatively higher CRP values, as mentioned
above (8,26).

Persistent inflammation in the colonic mucosa of UC
patients is related to poorer long-term clinical outcomes.
Ongoing colonic inflammation is also a good predictor of
the disease recurrence and the unresponsiveness to
treatment (14,15,28). Ardizzone et al. (14) prospectively
evaluated the newly diagnosed moderate-to-severely
active UC patients (n=157) who had received steroids
initially. After five years of follow-up, they reported that
UC patients who had mucosal inflammation despite the
steroid treatment had a high rate of colectomy and the need
for immunosuppressive agents. This study points out the
importance of the resolution of mucosal inflammation for
better clinical outcomes (14).

Mucosal inflammation in UC can progress to dysplasia and
cancer. It is a potential risk for colorectal cancer. The risk
of malignity depends on the duration, extent, and
inflammatory activity in UC. It was estimated that the risk
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of colorectal cancer is increasing within the range of 0.5
percent to 1.0 percent per year after 8 to 10 years of disease
in UC (1). The higher inflammatory index values in
patients with extensive location may be a clue for the
progression to malignity if further studies can prove it. The
median disease duration was calculated as three years in
this study, and the duration did not correlate to indexes.
The anti-inflammatory effect of the medications may be a
possible reason for this result.

Today, the best treatment goal of UC patients focuses on
mucosal healing besides the control of symptoms (29). The
colonoscopic biopsy is an invasive procedure, and even in
clinically quiescent disease showing no endoscopic activity,
the colonic mucosa can have the features of microscopic
inflammation in 16-100 percent of the cases (15).
Discrepancies are also common between the histologic and
endoscopic results (17). If the diagnostic accuracies of the
inflammatory  indexes for  predicting  mucosal
inflammation in UC can be proven prospectively,
inflammatory indexes can be taken into consideration as
non-invasive and inexpensive tests.

There are many histological activity scoring methods in
UC. The Truelove and Richards method is the first
developed one (16). Riley, Geboes, Rutter, and Rubin’s
methods are extensively used methods in clinical trials.
The prognostic efficiencies of these scores were also
evaluated during or after treatment in UC, and they
quantified the severity of mucosal inflammation along
with acute and chronic inflammatory activity (15-19).
Although these scores are routinely used, they are partially
or not validated, and inter-observer variabilities are also
possible. The diagnostic accuracy of the serum
inflammatory indexes and the histopathological scoring
systems in UC can be evaluated prospectively.

In UC patients, CAR, CLR, NLR, and SIII values can
predict the severity of mucosal inflammation (HAI) along
with the other phenotypic features of the disease.
Regarding clinical activity, ROC curves of inflammatory
indexes for HAI in predicting the clinically active UC were
not different. However, larger sample-sized cohorts might
reveal significant results for inflammatory indexes to
predict the clinical activity of UC.

We first examined the accuracy of serum inflammatory
indexes for predicting the severity of mucosal inflammation
according to Truelove and Richards’s method. This study has
several limitations. It was a single-centered retrospective
research. Additional clinical features, including extra-intestinal
manifestations, family history, types of medications, and
smoking habits, were not evaluated in the current study. In
the histopathological examination, only one pathologist
evaluated the colonic mucosal biopsies, but the evaluation
with more than one independent pathologist could expose
the inter-observer variabilities.

CONCLUSION

Inflammatory indexes, as cheap and easily applicable tests,
can predict the severity of mucosal inflammation in UC.
Inflammatory indexes can be examined for the prediction
of mucosal inflammation severity with different
inflammatory scoring methods prospectively, and the
different traits of UC can be evaluated. This study should
be considered a preliminary and the first step for future
research.
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ABSTRACT

Aim: Acne vulgaris is a disease of the pilosebaceous unit and a chronic inflammatory process.
This study aimed to compare topical 5% dapsone and 10% benzoyl peroxide in terms of
efficacy, side effects, and patient satisfaction in mild to moderate acne.

Material and Methods: The patients who applied to the dermatology outpatient clinic with
the complaint of acne between June 20, 2022, and September 20, 2022, and were diagnosed
with mild and moderate acne vulgaris, were retrospectively evaluated. Forty-eight patients in
the dapsone group and 53 in the benzoyl peroxide group were included in this study.

Results: At the end of the treatment, a statistically significant difference was found between
the two groups in terms of ISGA values and improvement percentage in ISGA, improvement
was higher in the dapsone group (both p=0.001). A statistically significant difference was
found between the groups in terms of the percentage decrease in lesion counts of closed
comedones, papules and pustules, inflammatory and total lesions (decreasement was higher in
the dapsone group, p=0.038 for closed comedones, p=0.006 for total lesions and p<0.001 for
others). There was no dissatisfied patient in the group using dapsone (p<0.001). Among the
side effects, erythema was more common during the whole treatment, and dryness and
burning-stinging sensation were higher at the end of the first month in the benzoyl peroxide
group.

Conclusion: Topical 5% dapsone is effective in the treatment of mild to moderate acne and is
safe in terms of side effects compared to topical 10% benzoyl peroxide.

Keywords: Acne vulgaris; benzoyl peroxide; dapsone.

0z

Amagc: Akne vulgaris, pilosebase tinitenin bir hastaligidir ve kronik inflamatuar bir siirectir.
Bu ¢alismanin amaci hafif ve orta siddetli akne hastalarinda, topikal %5’lik dapson ile topikal
%10’luk benzoil peroksiti etkinlik, yan etki ve hasta memnuniyeti agisindan karsilastirmaktir.
Gerec ve Yontemler: Dermatoloji poliklinigine 20 Haziran 2022 ile 20 Eyliil 2022 tarihleri
arasinda akne sikayeti ile bagvuran ve hafif ve orta siddette akne vulgaris tanis1 almig olan
hastalar geriye doniik olarak degerlendirildi. Bu galigmaya, dapson grubunda 48 ve benzoil
peroksit grubunda 53 hasta dahil edildi.

Bulgular: Tedavi sonunda, ISGA degerleri ve ISGA'daki iyilesme yiizdesi agisindan iki grup
arasinda istatistiksel olarak anlamli bir farklilik bulundu, dapson grubunda iyilesme daha
fazlaydi (her ikisi i¢in de p=0,001). Kapali komedon, papiil ve piistiil, inflamatuvar lezyon ve
toplam lezyonlarin lezyon sayilarindaki azalma yiizdeleri agisindan iki grup arasinda
istatistiksel olarak anlaml bir farklilik bulundu (dapson grubunda azalma daha fazlaydi, kapali
komedonlar i¢in p=0,038, toplam lezyonlar i¢in p=0,006 ve digerleri icin p<0,001). Dapson
kullanan grupta memnun olmayan hasta yoktu (p<0,001). Yan etkiler arasinda eritem tim
tedavi siiresi boyunca daha sik goriildi, kuruluk ve yanma-batma hissi benzoil peroksit
grubunda birinci aymn sonunda daha fazlaydi.

Sonug: Topikal %5’lik dapson, hafif ve orta siddetli akne tedavisinde etkilidir ve topikal %10
benzoil peroksit ile karsilastirildiginda yan etki agisindan giivenlidir.

Anahtar kelimeler: Akne vulgaris; benzoil peroksit; dapson.
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INTRODUCTION

Acne vulgaris (AV) is a chronic inflammatory process
affecting the pilosebaceous unit. It is usually seen during
adolescence. It has significant psychological and social
impacts on patients. The treatment options for acne
include topical products, systemic antibiotics, and
systemic isotretinoin (1,2). Topical retinoids, benzoyl
peroxide (BPO), and topical or systemic antibiotics
combined with retinoids or BPO are the first-line options
in treating mild to moderate acne. For nodulocystic acne,
short-term systemic steroids or intralesional steroid
injections may be used. BPO, one of the frequently used
topicals in acne treatment, has a lipophilic nature, easily
penetrates the pilosebaceous unit, and has bactericidal,
anti-inflammatory, and comedolytic effects. Topical
dapsone, which has both antibacterial and anti-inflammatory
properties, has recently been used in the topical
management of other inflammatory diseases, including
acne. This retrospective study aimed to compare the
efficacy, side effects, and patient satisfaction of topical
5% dapsone and 10% BPO in patients with mild and
moderate AV.

MATERIAL AND METHODS

The study protocol was approved by the clinical research
ethics committee of Hitit University (date: 09.11.2022,
and no: 2022-96). The study was conducted in accordance
with the Declaration of Helsinki and an informed consent
form was obtained from all participants.

The study was conducted retrospectively by reviewing the
patient files. We included the files of patients who applied
to the dermatology outpatient clinic with the complaint of
acne and were diagnosed with mild and moderate AV based
on the investigator’s static global assessment (ISGA)
scores between 2 and 4, who were between 12 and 40 years
of age, and who used topical 5% dapsone or topical 10%
BPO once a day in the evening between June 20, 2022, and
September 20, 2022. We excluded the files of patients who
had previously used medicines containing same active
ingredients in the study, who had severe acne with
nodulocystic lesions, who were under 12 or over 40 years
of age, and who had received other acne treatment within
the 3 months before admission to the hospital, epilation or
other application (energy-based device, peeling,
dermabrasion, etc.) on the face in the last month, users of
systemic corticosteroids, facial retinol, or acidic cosmetic
products, those with a history of PCOS or other hormonal
diseases. After all these eliminations, a total of 101 patient
files with appropriate criteria, 48 patients in the dapsone
group and 53 patients in the BPO group were included in
the study. Demographic characteristics, ISGA scores
before and after treatment, the number of non-inflammatory
lesions including open and closed comedonal lesions, the
number of inflammatory lesions including papules and
pustules, side effects and severity scores at the end of each
month (0 for absent, 1 for mild, 2 for moderate, 3 for
severe), and satisfaction scores (1-not satisfied, 2-satisfied,
3-very satisfied) in files were recorded for the study.

The examination of the patients, determination of disease
severity, treatments and treatment follow-ups, efficacy and
side effects follow-ups, and file reviews were performed
by the same doctor (SH). None of the patients in the study
discontinued treatment due to side effects.
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Statistical Analysis

The IBM SPSS Statistics v.25 (Armonk, NY: IBM Corp.)
program was used for data recording and statistical tests.
The Kolmogorov-Smirnov test was used to determine
whether the continuous variables fit the normal
distribution. Among the continuous variables, those that fit
the normal distribution were expressed as the mean and
standard deviation, and those that did not fit the normal
distribution were expressed as the median and min-max.
Categorical variables were expressed as numbers and
percentages. The chi-square test was used to compare
independent groups in terms of categorical variables. In
cases where the smallest expected value was less than 5,
the Fisher exact test was used instead of the chi-square.
The Wilcoxon test was used to investigate the difference
between dependent groups in terms of variables that did
not fit the normal distribution, and the Mann-Whitney U
test was used for independent groups. For the statistical
significance level, p<0.05 was accepted.

RESULTS

A total of 101 patient files, 48 patients in the dapsone
group and 53 patients in the BPO group were included in
the study. The mean age of the patients using dapsone was
22.38+7.94 years, while it was 20.53+8.18 years for those
using BPO. The percentage of males was 18.8% (n=9) in
the dapsone group and 18.9% (n=10) in the BPO group.
There was no statistically significant difference between
the groups in terms of gender and age (p=0.988, and
p=0.103, respectively).

When the groups were investigated in terms of ISGA
scores (p=0.469), open (p=0.530) and closed (p=0.208)
comedone counts, non-inflammatory lesions (p=0.110),
papules (p=0.385) and pustules (p=0.529), inflammatory
lesion (p=0.265), and total lesion counts (p=0.105) before
treatment, there was no significant difference (Table 1).
Both groups showed a significant difference in terms of
pre- and post-treatment ISGA values and the number of
lesions (p<0.001 for all). This indicates that both drugs
were effective in treatment.

Table 1. General demographic and clinical characteristics
of the patients

Dapsone (n=48) BPO (n=53) p

Age (years) 22.38+7.94 20.53+8.18  0.103

Gender, n (%)

Male 9(18.8) 10 (18.9) 0.988
Female 39(81.2) 43 (81.1) '
Initial ISGA 2.85+0.77 2.96+0.76  0.469

Initial ISGA, n (%)

2 18 (37.5) 16 (30.2)
3 19 (39.6) 23 (434) 0.736
4 11 (22.9) 14 (26.4)

Initial NIL 42.4349.66 43.4949.52 0.110
Open comedone 10.96+3.04 11.4943.49 0.530
Closed comedone  31.19+6.71 32.00£6.42 0.208

Initial IL 37.17+5.82 38.53+£6.51 0.265
Papule 13.71£1.54 14.09+1.88  0.385
Pustule 23.46+4.34 23.87+4.14  0.529

Initial TL 80.02+15.27 81.47+15.11 0.105

ISGA: investigator’s static global assessment, NIL: non-inflammatory lesion count,
IL: inflammatory lesion count, TL.: total lesion count, BPO: benzoyl peroxide
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There was a statistically significant difference between the
groups in ISGA values and improvement percentage in
ISGA at the end of the treatment (both p=0.001). The
dapsone group had lower ISGA values and a higher
improvement percentage in ISGA after 3-month treatment.
There was also a significant difference between the groups
both in the number of lesions and the decrease percentage
in the number of lesions for closed comedones (p=0.021,
and p=0.038, respectively), papules (both p<0.001) and

Dapsone and Benzoyl Peroxide for Acne

pustules (both p<0.001), inflammatory lesions (both
p<0.001), total Ilesions (p=0.004, and p=0.006,
respectively). The dapsone group had lower counts of all
lesion types and a higher improvement percentage in
lesion counts after 3 months of treatment. No difference
was found in terms of both lesion counts and percentage
reduction for open comedones (p=0.062, and p=0.115,
respectively), and non-inflammatory lesions (p=0.340, and
p=0.284) between groups (Table 2).

Table 2. ISGA measurements, lesion counts, and percent decrease at the end of the third month

3"-month of Treatment

Percent Decrease at the End of Treatment

Dapsone (n=48) BPO (n=53) p Dapsone (n=48) BPO (n=53) p
ISGA 0.84 [0-3] 1.38 [0-3] 0.001 71 [0-100] 51.83 [0-100] 0.001
NIL 8.6 [0-38] 17.84 [0-38] 0.062 80.67 [28.3-100]  58.45[20.83-100] 0.115
Open comedone 2.72 [0-11] 4.98 [0-10] 0.340 76.02 [16.67-100]  56.87 [14.29-100]  0.284
Closed comedone 5.88 [0-27] 12.86 [0-29] 0.021 82.19[28.95-100] 58.99 [18.18-100] 0.038
IL 5.84 [0-28] 11.52[0-27] <0.001 84.71 [30-100] 69.76 [32.5-100] <0.001
Papule 2.6 [0-11] 4.94 [0-10] <0.001 81.43[28.57-100]  65.38 [23.08-100] <0.001
Pustule 3.24[0-18] 6.58 [0-18] <0.001 86.66 [30.77-100]  72.23[30.77-100] <0.001
TL 14.44 [0-66] 29.36 [0-64] 0.004 82.53[29.55-100]  63.83[27.27-100]  0.006

ISGA: investigator’s static global assessment, NIL: non-inflammatory lesion count, IL: inflammatory lesion count, TL: total lesion count, BPO: benzoyl peroxide, descriptive

statistics were presented as median [minimum-maximum]

The patient satisfaction levels were found statistically
significantly different between the groups (p<0.001). None
of the patients in the dapsone group were dissatisfied, and
the proportion of very satisfied patients was lower in the
BPO group (Table 3).

There was a statistically significant difference between the
groups in terms of erythema at the end of each month
during the 3 months of treatment (p<0.001, p=0.022, and
p=0.016, respectively). Erythema was more common in
the BPO group in all monthly follow-ups. When the
severity of erythema for each month was compared
between the two groups, there was only a statistically
significant difference at the end of the 1% month (p=0.029,
severe erythema was not seen in the dapsone group, but
was more common in the BPO group), but not at the end
of the 2" month (p>0.999). At the end of the 3 month, no
erythema was observed in the dapsone group.

There was also a statistically significant difference
between the two groups in terms of dryness at the end of
the 1%t and 2" month (p<0.001, and p=0.049, respectively),
but not in the 3 month (p=0.059). Dryness was also more
common in patients using BPO. When the severity of
dryness was compared between the groups, there was a
significant difference at the end of the 1% month (p=0.001,
severe dryness was not observed in the dapsone group, but
was more common in the BPO group), but not at the end
of 2", and 3" months (p=0.101, and 0.182, respectively).

When the difference between the two groups in terms of
burning-stinging was investigated, there was a significant
difference at the end of the 1% month (p<0.001, more
common in the BPO group), but not at the end of 2", and
3" months (p=0.111, and p=0.101, respectively). When the
severity of the burning-stinging sensation was compared,
there was a significant difference at the end of each three
months of treatment (p<0.001 for all), between the two
groups (Table 4).

Duzce Med J, 2024;26(3)

Table 3. Satisfaction levels of the patients
Dapsone (n=48) BPO (n=53) p
Satisfaction, n (%)

Very satisfied 22 (45.8) 4 (7.5)
Satisfied 26 (54.2) 31(585)  <0.001
Not satisfied 0(0.0) 18 (34.0)

BPO: benzoyl peroxide

DISCUSSION

Dapsone (4-amino4-diphenyl sulfone) is a drug from the
sulfone group discovered in 1908 and it is mainly used to
treat leprosy, but also in the treatment of dermatitis
herpetiformis, vasculitis, and neutrophilic dermatoses. It
competitively inhibits dihydropteroate synthetase with
para-aminobenzoic acid (inhibits dihydrofolic acid
production) and has both anti-inflammatory and
antimicrobial activity (3-5). It has an antibacterial effect on
Cutibacterium acnes (4). Some studies have shown that
dapsone inhibits neutrophil migration by suppressing
interleukin (IL)-8 release, which is important in neutrophil
chemotaxis, prevents B2 integrin from binding to
neutrophils, suppresses myeloperoxidase-induced ionization
and cytotoxicity of neutrophils, and inhibits leukotriene
B4-mediated chemotactic response of neutrophils by
preventing its binding to neutrophils (6-9).

Systemic usage has side effects such as hemolytic anemia,
methemoglobinemia, agranulocytosis, peripheral neuropathy,
vertigo, headache and hearing loss, nausea-vomiting,
abdominal pain, and eosinophilic pneumonia (4,10,11).
Checking glucose-6-phosphate dehydrogenase levels,
liver function tests and complete blood count before
treatment and repeating the tests during the treatment
period may reduce side effects. There are also cases of
dapsone-associated photodermatitis reported during the
treatment of linear 1g-A dermatosis with oral dapsone (12).
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Table 4. Side effect data in groups by month

Dapsone and Benzoyl Peroxide for Acne

Dapsone (n=48) BPO (n=53)
1%-month 2nd-month 3rd-month 1st-month 2nd-month 3rd-month

Erythema, n (%) 3(6.3) 1(2.1) 0 (0.0 27 (50.9) 8 (15.1) 6 (11.3)
Erythema, n (%)

Mild 2(4.2) 1(2.1) 0 (0.0 5(9.4) 3(5.7) 5(9.4)

Moderate 1(2.1) 0 (0.0 0 (0.0 2(3.8) 3(5.7) 1(1.9)

Severe 0(0.0) 0 (0.0 0 (0.0 20 (37.7) 2(3.8) 0 (0.0
Dryness, n (%) 6 (12.5) 4(8.3) 3(6.3) 30 (56.6) 12 (22.6) 10 (18.9)
Dryness, n (%)

Mild 4 (8.3) 4(8.3) 3(6.3) 3(.7) 5(9.4) 8 (15.1)

Moderate 2(4.2) 0 (0.0 0 (0.0 5(9.4) 3(5.7) 2(3.8)

Severe 0(0.0) 0 (0.0 0 (0.0 22 (41.5) 4 (7.5) 0 (0.0
Burning/Stinging, n (%) 10 (20.8) 8 (16.7) 5 (10.4) 35 (66) 16 (30.2) 12 (22.6)
Burning/Stinging, n (%)

Mild 6 (12.5) 8 (16.7) 5(10.4) 2(3.8) 5(9.4) 10 (18.9)

Moderate 4 (8.3) 0 (0.0 0 (0.0 2(3.8) 6 (11.3) 2(3.8)

Severe 0(0.0) 0 (0.0 0 (0.0 31 (58.5) 5(9.4) 0 (0.0

BPO: benzoyl peroxide

No serious side effects have been reported in topical use,
and we did not see any serious side effects in our study.
There was no significant difference between the two
groups compared in this study in terms of demographic
characteristics, pre-treatment ISGA values, and the
number of lesions. When each group was evaluated
separately, a statistically significant difference was found
in the ISGA values and the lesion counts before and after
the 3-month treatment, which shows that both treatment
methods are effective for mild and moderate acne
independently. When the groups were compared in terms
of percentage improvements in the number of lesions,
there was a higher improvement in the number of papules,
pustules, and inflammatory lesions as well as the number
of closed comedones in the dapsone group. Considering
the main effect of dapsone, it is understandable that it
improves inflammatory lesions, but the mechanism of the
68% improvement in closed comedones is not fully
understood and this issue requires further studies. When
the two groups were compared in terms of patient
satisfaction, it was seen that there were no dissatisfied
patients in the dapsone group, and the number of very
satisfied patients in the BPO group was lower compared to
the dapsone group. Side effects were more common in
patients using BPO, especially in the 1%t month of the
treatment. The possibility of side effects is well-known in
the application site of BPO.

The literature review found that most studies compared
topical dapsone with placebo, and there were only a few
studies in combination with systemic treatments.

Faghihi et al. (13) compared the efficacy and side-effect
profile of systemic 20 mg/day isotretinoin + 5% dapsone
and systemic 20 mg/day isotretinoin + placebo treatments
in a 12-week treatment period in 58 moderate and severe
acne patients aged 18-25 years in their placebo-controlled,
randomized study. They found a significant improvement
in the inflammatory lesion counts at the end of the
treatment in the dapsone group compared to the other
group, but no difference in the acne score between the
placebo group. In our study, we observed a significant
improvement in the number of inflammatory lesions in the
group using dapsone. However, in our study, there was
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also a significant difference between the two groups in
closed comedones and disease severity (improvement was
greater in the dapsone group). They also found that
dapsone was more effective in adult females.

Del Rosso et al. (14) conducted a 16-week study of 20 acne
patients with trunk involvement and reported that the
patients using 7.5% dapsone once a day had a decrease of
74% in the number of inflammatory lesions, 69% in the
number of non-inflammatory lesions, and 72% in the total
number of lesions. In our study, we also found similar
results, we observed an improvement of 84% in
inflammatory lesions, 65% in non-inflammatory lesions,
and 74% in total lesion counts.

Tanghetti et al. (15) investigated the tolerability and
efficacy of 5% dapsone applied twice daily in male and
female acne patients and observed higher recovery rates
and greater reductions in the number of lesions in female
patients after 12 weeks of treatment. When we looked at
the recovery percentages at the end of treatment in our
study, we observed higher improvements in ISGA scores,
closed comedones, papules, pustules, and inflammatory
lesions in females.

Draelos et al. (16) evaluated 3010 people in 2 multicenter,
12-week, double-blind, randomized phase 3 studies and
showed that 5% dapsone applied twice a day had a
significant effect on acne scores compared to the control
group (40.5% and 32.8% decrease, respectively). In our
study, we found higher improvement rates in the severity
score (71% for the dapsone group, and 51% for the BPO
group). In the study, they also observed a significant
decrease in both non-inflammatory (32% and 24%) and
inflammatory (47.5% and 41.8%) acne lesions in the
dapsone group compared to the control group (16). In our
study, we found higher recovery rates in both the dapsone
and BPO-using groups compared to this study. In the
follow-ups, they did not see any abnormality (even in those
with G-6PD deficiency) in laboratory tests. Side effects
such as 21.8% dryness, 20% erythema, 1.4% burning
sensation, 1% itching, and 0.1% irritation were observed
in the dapsone group. In our study, the rate of erythema
and dryness was lower. However, burning and stinging
sensations were seen more frequently in our study.
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Darjani et al. (17) compared 30 patients using 5% topical
dapsone + 100 mg/day systemic doxycycline and 30
patients using 5% BPO + 100 mg/day systemic
doxycycline in terms of recovery, side effects, and
satisfaction in their randomized study. After 12 weeks of
treatment, they found no significant difference between the
groups in terms of the number of both inflammatory and
non-inflammatory lesions. In the 4%, 8", and 12" weeks of
treatment, skin dryness was more common in the dapsone
group than in the other group. Although erythema and
irritation were seen more in the group using BPO, this
difference was not found to be significant. 78% of the
patients in the dapsone group and 69% in the BPO group
were satisfied with the treatment result.

Jawade et al. (18) demonstrated that dapsone 5% gel was
efficacious and well-tolerated in non-inflammatory and
inflammatory acne lesions at the end of 12 weeks.
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ABSTRACT

Aim: This study aimed to perform clinical diagnosis and treatment planning of mucous
retention cysts with high accuracy and low error using the deep learning-based EfficientNet
method. For this purpose, a hybrid approach that distinguishes healthy individuals from
individuals with mucous retention cysts using panoramic radiographic images was presented.
Material and Methods: Radiographs of patients who applied to the Department of Oral and
Maxillofacial Radiology, Faculty of Dentistry, Firat University between 2020 and 2022 and
had panoramic radiography for various reasons were evaluated retrospectively. A total of 161
radiographs, 82 panoramic radiographs with mucous retention cysts and 79 panoramic
radiographs without mucous retention cysts, were included in the study. In the classification
process, deep feature representations or feature maps of the images were created using eight
different deep learning models of EfficientNet from BO to B7. The efficient features obtained
from these networks were given as input to the support vector machine classifier, and healthy
individuals and patients with mucous retention cysts were classified.

Results: As a result of the model training, it was determined that the EfficientNetB6 model
performed the best. When all performance parameters of the model were evaluated together,
the accuracy, precision, sensitivity, specificity, and F1 score values were obtained 0.878,
0.785, 0.916, 0.857, and 0.846, respectively.

Conclusion: The proposed hybrid artificial intelligence model showed a successful
classification performance in the diagnosis of mucous retention cysts. The study will shed light
on other future studies that will serve the same purpose.

Keywords: Deep learning; panoramic radiography; maxillary sinus; cyst.

0z

Amag: Bu calismada derin 6grenme tabanli EfficientNet yontemi kullanilarak mukos
retansiyon kistlerinin yiiksek dogruluk ve disiik hata ile klinik tan1 ve tedavi planlamasinin
yapilmasi amag¢lanmistir. Bu amagla panoramik radyografik goriintiiler kullanilarak saglikli
bireyleri mukos retansiyon kisti olan bireylerden ayiran hibrit bir yaklasim sunulmustur.
Gere¢ ve Yontemler: Firat Universitesi Dis Hekimligi Fakiiltesi Agiz, Dis ve Cene
Radyolojisi Anabilim Dali'na 2020 ve 2022 yillar1 arasinda basvuran ve gesitli nedenlerle
panoramik radyografi ¢ekilmis olan hastalarin radyografileri geriye doniik olarak
degerlendirilmistir. Mukos retansiyon kisti bulunan 82 panoramik radyografi ve mukus
retansiyon Kisti bulunmayan 79 panoramik radyografi olmak tizere toplamda 161 radyografi
bu calismaya dahil edilmistir. Siniflandirma siirecinde EfficientNet'in B0'dan B7'ye kadar
sekiz farkli derin 6grenme modeli kullanilarak goriintiilerin derin 6zellik temsilleri veya
ozellik haritalart olusturulmustur. Bu aglardan elde edilen verimli 6zellikler, destek vektor
makinesi siniflandiricisina girdi olarak verilmis ve saglikli bireyler ile mukos retansiyon Kisti
olan hastalar siniflandirilmstir.

Bulgular: Model egitimleri sonucunda EfficientNetB6 modelinin en iyi performansi
sergiledigi belirlenmistir. Modelin tiim performans parametreleri birlikte degerlendirildiginde,
dogruluk, kesinlik, duyarlilik, 6zgiillik ve F1 puani degerleri sirasiyla 0,878, 0,785, 0,916,
0,857 ve 0,846 olarak elde edilmistir.

Sonug: Onerilen hibrit yapay zeka modelinin mukos retansiyon kisti teshisinde basarili bir
siniflandirma performansi gostermistir. Bu ¢alismanin ayn1 amaca hizmet edecek gelecekteki
diger caligmalara 151k tutacagi diisiiniilmektedir.

Anahtar kelimeler: Derin 6grenme; panoramik radyografi; maksiller siniis; Kist.
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INTRODUCTION

Panoramic radiography is the most preferred imaging
method for diagnosis and treatment planning in dentistry
due to its features such as low cost, low radiation dose,
and comprehensive view of the anatomical structures in
the maxillofacial region (1). Maxillary sinuses are
structures adjacent to the oral mucosa, their borders and
contents can be viewed in panoramic images and they
are important anatomical structures that should be taken
into consideration in dentistry practices (2). Mucous
retention cysts (MRC) and pseudocysts are defined as
dome-shaped, well-circumscribed radiopacities, formed
because of fluid accumulation in the sinus membrane.
MRC is called a “true cyst” because it has a thin epithelial
lining that is formed due to obstruction of the salivary
gland ducts, whereas “pseudocysts” lack an epithelial wall
and result from diffuse subepithelial accumulation of
inflammatory exudate. Since both are radiologically
indistinguishable, many investigators have described them
as sharply circumscribed, dome-shaped radiopaque
formations arising from the antral wall, without
differentiating between MRC and pseudocysts on
radiographic images (2,3).

Inflammatory and traumatic causes such as allergy,
barotrauma, and rhinitis are frequently considered in the
etiology of mucosal cysts; and headache, nasal congestion,
facial pain, and postnasal discharge are rarely suspected.
The pain in this area can be confused with toothache, and
it is known that dental infections also cause MRC (4,5).
The presence of MRC increases the possibility of
complications in surgical procedures planned for reasons
such as missing teeth and residual ridge insufficiency in
the posterior maxilla (3,6). Therefore, during the clinical
examination, a careful sinus examination and the detection
of MRC, which often does not cause subjective findings,
are required.

Deep learning methods, which aim to solve problems that
are solved by human intelligence and skills, with artificial
intelligence (Al) are rapidly developing in the field of
health. These methods, supported by digital data, have
begun to be widely used in dentistry, where data flow is
continuous. It is possible to detect and distinguish anatomical
and pathological structures in panoramic radiographs with
Al-based deep learning methods (7,8). Convolutional
neural network (CNN) is one of the Al-based deep learning
methods and has been used in many research such as the
diagnosis of caries, periapical lesions, cysts, tumors, and
cancers on dental radiological images (8-10). The increasing
use of these Al-supported innovative technologies helps
more careful radiographic interpretations by preventing
asymptomatic lesions from being undiagnosed due to the
pain-focused dental approach of most physicians and
missed by inexperienced or unaware physicians,
contributing to higher sensitivity and fewer errors. In
addition, it aims to contribute to the education of
physicians during the training process, facilitate the work
of physicians, and improve the management of patients
and treatment results (11). EfficientNet, one of the
advanced deep learning models, used for the accurate
diagnosis of MRC, provides reliable results due to its high
sensitivity and low error rates (12,13).

In this study, it was aimed to contribute to the clinical
diagnosis and treatment planning of MRC with higher
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precision and fewer errors by using Al-based deep learning
methods, to improve clinical decision-making processes
and to manage patients' health conditions more effectively.
For this purpose, a hybrid approach is presented to
distinguish healthy individuals from individuals with
MRC using panoramic radiographs.

MATERIAL AND METHODS

The radiographs of patients applied to the Department of
Oral and Maxillofacial Radiology of Firat University
Faculty of Dentistry between 2020 and 2022 and were taken
panoramic radiography for various reasons were evaluated
retrospectively. A total of 205 panoramic radiographs,
which were taken on the Planmeca Promax (Helsinki,
Finland) 2D Digital Panoramic X-ray Device, were
evaluated and 44 films with poor image quality were
excluded. 82 panoramic radiographs with MRC and 79
panoramic radiographs without MRC were included in the
study (Figure 1). Ethical approval was obtained from the
Firat University Non-Interventional Clinical Research
Ethics Committee (23.02.2023, 03-15).

Model

This study presents a hybrid approach to distinguish
between healthy individuals and individuals with MRC
using panoramic images. The proposed model consists of
three stages; data preprocessing, feature extraction, and
classification. After the dataset was created, the images
were resized according to the standard input size of the
EfficientNet deep network in the first stage. Images of
600*600 size were converted to 224*224 size to be fed to
the CNN model. In the second stage, eight different
EfficientNet models from BO to B7 and feature maps
representing deep features of the images were generated.
In the last step, the features obtained from each model were
used as input to the support vector machine (SVM)
classifier to distinguish healthy individuals and individuals
with MRC. Sensitivity, specificity, precision, accuracy,
and Fl-score criteria were used to compare the
performance of the networks. These evaluation criteria
were considered to determine the classification ability of
each model and to evaluate the overall effectiveness of the
study. The flow diagram including all stages of the
proposed study was presented in detail (Figure 2).

Data Collection and Data Preprocessing

In this stage, the panoramic radiographs of the patients
who applied to the Department of Oral and Maxillofacial
Radiology of Firat University Faculty of Dentistry were
used. The radiographic images used in this study were
selected from patients with an informed consent form.
Patient records were protected in accordance with medical
ethics rules. The data obtained at this stage was resized to
be given as input to the EfficientNet network in the next
stage.

Feature Extraction and Classification

The EfficientNet deep network model was used in the
feature extraction stage of the study. By optimizing the
size of models, EfficientNet reduces the computational
cost and provides high accuracy. Although the success of
the models used for the first time in the ImageNet dataset
increases in parallel with the model complexity, the
computational costs of these models are quite high. As a
solution to this problem, EfficientNet uses eight different
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CNN versions from B0 to B7, greatly increase the accuracy
rate without adding more parameters (14). EfficientNet
uses a new activation function known as Swish instead of
the traditional ReLU activation function. This helps the
model to learn and extract features. EfficientNet achieves
significant success by providing more effective and
efficient approaches for smaller models (15). In this study,
feature maps of the data were created using 8 different
versions of the EfficientNet model, from 0O to 7. Each
version establishes a balanced relationship between depth,
width, and resolution dimensions. This diversity provides
suitable options for feature extraction in a variety of tasks
such as data mining, image processing, and classification
and flexibility for various application scenarios.

Classification is a data mining function that assigns
features to specific groups. Its main purpose is to precisely
anticipate the target class for each sample in the data (16).
Classification has important applications in computer
vision, medicine, engineering, and many other fields. It
plays an important role in determining the conditions of
patients, especially in the diagnosis of diseases in
medicine. In this stage, features obtained from
EfficientNet network versions were classified using SVM
for each version. The results obtained were evaluated using
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precision, sensitivity, specificity, F1-Score, and accuracy
metrics (17). Calculations of the evaluation metrics used
are given with the complexity matrix (Figure 3).
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Figure 3. Performance evaluation metrics
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These evaluations in the classification stage investigate
whether EfficientNet networks can distinguish between
healthy people and people with MRC. The metrics given
in Figure 3 were used to objectively evaluate the
performance of the classification algorithms and
understand the results.

RESULTS

In the first stage of the proposed method, feature extraction
was performed on panoramic radiographs with the feature
extractor EfficientNet models (BO to B7) to detect MRC.
The extracted features were represented in 1xn size
according to the output feature of the EfficientNet model
and were given as input to the SVM algorithm.

The accuracy value alone may not be sufficient to reliably
evaluate the performance of the proposed model.
Therefore, various metrics such as F1 score, sensitivity,
and specificity were also used in the experiments.
Sensitivity measures the test's ability to identify true
positive results, while specificity measures the rate of
missing false positive results in those without the disease
condition. When used together, these measurements help
fully evaluate the model's performance. In this study, it is
observed that the highest performance is achieved with the
EfficientNetB6 model (Table 1). As the parameters of the
model, the rates of 0.878, 0.785, 0.916, 0.857, and 0.846
were obtained for accuracy, precision, sensitivity,
specificity, and F1 score, respectively.

The proposed system demonstrated a high classification
performance by helping to diagnose MRC. The findings
show that the image processing and machine learning
methods of the proposed study can be used effectively in
the diagnosis of MRC. Experimental results show that the
model stands out as a potential clinical aid in the MRC
diagnostic process.

DISCUSSION

A correct and complete examination is possible by
evaluating the patient history (anamnesis) and radiological
findings as a whole and integrating them with current
technological developments. The use of Al in head and
neck imaging during radiological detection of anomalies
that cannot be noticed by the human eye or anomalies that
are overlooked due to physician inexperience and fatigue
has been rising in the last 20 years (18). For this purpose,
digital imaging methods such as panoramic radiography and
advanced imaging methods such as cone-beam computed
tomography (CBCT), ultrasonography (USG), and magnetic
resonance imaging (MRI) have been rapidly integrated
into this new system (7,19-22). Panoramic radiographs,

Table 1. Performance metrics obtained as a result of the study
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which are the most frequently used routinely, have
become pioneers in providing sufficient data for Al-based
learning methods because they allow the evaluation of a
wide area including teeth and jaws, have low radiation dose,
cost-effective, easily accessible and easy to apply (1,8).
The development of CNN provides useful results to clinicians
in the detection of normal structures, diagnosis of abnormal
structures, treatment planning, and follow-up (22,23). In
this study, a hybrid classification process was carried out
using EfficientNet and SVM, one of the CNN models, to
detect MRC in panoramic radiographs, which do not give
any subjective findings, and diagnosis is often missed by
clinicians due to overlapping of anatomical structures such
as the nasal floor and hard palate.

Murata et al. (24) have aimed to diagnose maxillary
sinusitis from radiographs using deep learning methods
with 400 healthy individuals and 400 patients with
inflamed maxillary sinus. They increased the amount of
data for healthy and patient groups up to 6000 samples,
increasing the total number of data up to 12000. They
designed the learning process as 200 epochs and included
120 data, 60 patients with diseases and 60 healthy, in the
training input set. They reached 0.875 accuracy, 0.867
sensitivity, 0.883 specificity, and 0.875 area under the
curve (AUC) performance values. The obtained results
were examined mutually with the predictions of two
radiologists and two research assistants. They stated that
there is not a significant difference with radiologists, but
they achieved a higher performance compared to research
assistants. In the proposed study, the accuracy rate was
calculated as 0.878 compared to this study, a higher
success rate was achieved with the proposed method even
though we used a smaller data set. The reasons for the
difference in model performance include many different
factors such as choosing the right model and setting the
parameters correctly.

Kuwana et al. (25) used the radiographic images of 416
inflamed maxillary sinuses and 171 maxillary sinus cysts
to detect cysts and inflammation in the maxillary sinus in
panoramic radiographs. The obtained data were divided
into 3 different groups, training, testl1, and test2 to be used
in the training and testing process. Using the training data,
they carried out a learning process of 1000 epochs with the
DetectNet model. They tested the training model obtained
separately with testl and test2 data and evaluated them
mutually. They stated that the model they proposed
showed 1.0 accuracy for inflamed and healthy sinuses,
while it showed 0.98 and 0.89 accuracy in cyst detection.
In the proposed study, in addition to only incorporating
deep learning methods into the process, machine learning

Model Accuracy Precision Sensitivity Specificity F1 Score
EfficientNetBO 0.7879 0.8125 0.7647 0.8125 0.7879
EfficientNetB1 0.8182 0.8667 0.7647 0.8750 0.8125
EfficientNetB2 0.8182 0.9231 0.7059 0.9375 0.8000
EfficientNetB3 0.8182 0.8462 0.7333 0.8889 0.7857
EfficientNetB4 0.7879 0.7857 0.7333 0.8333 0.7586
EfficientNetB5 0.8485 0.8125 0.8667 0.8333 0.8387
EfficientNetB6 0.8788 0.7857 0.9167 0.8571 0.8462
EfficientNetB7 0.8485 0.8235 0.8750 0.8235 0.8485
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methods are also included in the study by presenting a
hybrid approach. Compared to their study, accuracy was
approximately 0.02 lower. The reasons for this situation
include factors such as the number of data and the deep
network model. It is seen that if data is expanded and the
number of models is diversified, the performance will
increase accordingly.

Another study aimed to create effective models for the
detection of maxillary sinuses in panoramic radiographs
and diagnosis of sinusitis by transferring the deep learning
source model from one institution to another. 350
panoramic radiographs from source A and 25, 50, 100,
150, or 225 panoramic radiographs from source B were
included in the study, and target models named T25, T50,
T100, T150, and T225 were created. The study showed
that the maxillary sinus detection performance of the
source model was high when test data from source A was
used, but its performance was low when test data from
source B was used. B's test data proves that the T25 model
has better detection performance. In addition, the T50
model is highly sensitive for the maxillary sinusitis
diagnosis (26). In the present study, a versatile hybrid
method is proposed, as opposed to using only a deep
model. However, an approach is being considered in which
various models can be tried to achieve higher performance
and diversity.

Another study investigated the maxillary sinusitis
diagnosis performance of the model with a large
panoramic radiography data set in source A, using the
transfer learning method with a limited number of Waters’
radiography in source B. The model was created with
VGG-16 using a data set consisting of 800 training and 60
validation data for 200 training rounds. Also tested with
180 Waters’ and 180 panoramic images from source B.
The target model was used for transfer learning over
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ABSTRACT

Aim: The Mediterranean diet’s high carbohydrate content and antioxidant and anti-inflammatory
properties make it appealing to athletes. Tendinopathy etiology is influenced by nutrition.
Athletes with high adherence to the Mediterranean diet may have a lower severity of
tendinopathy. This study aimed to investigate the effect of adherence to the Mediterranean diet
on tendinopathy severity.

Material and Methods: Exercise habits, physical activity level, body region, stage of the
injury, age, body mass index, gender, smoking status, and presence of chronic diseases of
individuals older than 18 years of age and who were diagnosed with tendinopathy in the sports
medicine clinic were recorded in this cross-sectional study. The Revised Oslo Sports Trauma
Research Centre Overuse Injury and Health Problems Questionnaires and the Mediterranean
diet adherence screener were applied to participants.

Results: A total of 152 participants, 52% (n=79) of whom were female, with lateral
epicondylopathy (n=71), Achilles tendinopathy (n=25), plantar fasciitis (n=23), patellar
tendinopathy (n=13), and other tendinopathies were included in the study. Upon examination
of the relationship between the level of adherence to the Mediterranean diet and the severity
of complaints due to overuse, no significant differences were found between groups (p=0.935,
and p=0.927, respectively). A weak negative correlation was found between weekly exercise
duration and adherence to the Mediterranean diet (rs=-0.237; p=0.016).

Conclusion: No evidence was found that adherence to the Mediterranean diet was associated
with differences in the severity of tendinopathy complaints. Athletes with high weekly exercise
durations do not adopt the Mediterranean diet as an optimal dietary approach.

Keywords: Mediterranean diet; athletes; tendinopathy; diet patterns.

(074

Amagc: Akdeniz diyetinin yiiksek karbonhidrat igerigi ve antioksidan ve anti-inflamatuvar
ozellikleri bu diyeti sporcular icin cazip kilmaktadir. Tendinopati etiyolojisi beslenmeden
etkilenmektedir. Akdeniz diyetine baglilig1 yliksek olan sporcularda tendinopati siddeti daha
diistik olabilir. Bu ¢alismanin amaci Akdeniz diyetine bagliligin tendinopati siddeti tizerindeki
etkisini aragtirmaktir.

Gerec ve Yontemler: Bu kesitsel calismada spor hekimligi kliniginde tendinopati tanisi almig
olan 18 yag iistii bireylerin egzersiz aliskanliklari, fiziksel aktivite diizeyi, viicut bolgesi,
yaralanma evresi, yas, viicut kitle indeksi, cinsiyet, sigara igme durumu ve kronik hastalik
varlik durumlari Kayit edildi. Katilimcilara Revize Edilmis Oslo Spor Travmasi Arastirma
Merkezi Asirt Kullanim Yaralanmasi ve Saglik Sorunlari Anketleri yani sira Akdeniz diyetine
uyum tarama araci uygulandi.

Bulgular: Lateral epikondilopati (n=71), Asil tendinopatisi (n=25), plantar fasiit (n=23),
patellar tendinopati (n=13) ve diger tendinopatileri olan, %52’si (n=79) kadin olmak iizere
toplam 152 katilimei1 bu galigmaya dahil edildi. Akdeniz diyetine uyum diizeyi ile sikayetlerin
siddeti arasinda iligki olup olmadigi incelendiginde, gruplar arasinda anlamli bir fark olmadig:
bulundu (sirasiyla p=0,935 ve p=0,927). Haftalik egzersiz siiresi ile Akdeniz diyetine baglilik
diizeyi arasinda zayif diizeyde negatif bir korelasyon oldugu bulundu (rs=-0,237; p=0,016).
Sonug: Akdeniz diyetine uyumun tendinopati sikayetlerinin siddetindeki farkliliklarla iliskili
olduguna dair bir kanit bulunamadi. Haftalik egzersiz siireleri yiiksek olan sporcular, Akdeniz
diyetini en uygun bir beslenme yaklagimi olarak benimsememektedir.

Anahtar kelimeler: Akdeniz diyeti; sporcular; tendinopati; diyet kaliplari.
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INTRODUCTION

The Mediterranean diet is a dietary pattern that promotes
good health. It is characterized by a high intake of olive oil
and low intake of saturated fats and includes plenty of
fruits, vegetables, cereals, legumes, nuts, a moderate
amount of fish and chicken (2-4 times per week), and low
levels of red meat (1-2 times per month). Additionally, it
is common to consume small amounts of red wine (1 glass
per day for females, two glasses per day for males) with
meals (1). The Mediterranean diet's high carbohydrate content
and antioxidant and anti-inflammatory properties make it
appealing to athletes. Numerous studies have demonstrated
that the Mediterranean diet possesses anti-inflammatory
properties, resulting in a reduction of tumor necrosis
factor-alpha (TNF-a), interleukin 6 (IL-6), and c-reactive
protein (CRP) levels (2,3).

Tendinopathy refers to pain and loss of function in tendons
caused by mechanical loading (4). It is a prevalent injury
among athletes and the general population. Treatment can
be challenging, whether the condition is acute or chronic,
and it may become a persistent injury that is unresponsive
to treatment (5,6). Tendon overload is linked to markers of
inflammation and matrix degradation, which can lead to
tendinopathy. This condition is characterized by matrix
remodeling due to inflammation and damage caused by
cytokines and inflammatory cells. The presence of
increased macrophage numbers in tendinopathy also
indicates inflammation (6,7). Studies on mixed
inflammatory processes suggest that inflammation may
persist in tendinopathy (5).

The easy adoption of the Mediterranean diet by athletes
may be attributed to its richness in carbohydrates and
possession of antioxidant and anti-inflammatory
properties (8). A review of the effects of nutrition on
tendon health indicates that a variety of nutrients,
including amino acids, vitamins, and trace minerals, may
be beneficial in improving tendon growth and healing. It
has been proposed that nutritional interventions
comprising multiple nutrients may be more efficacious in
tendon and collagen metabolism (9).

Tendinopathy etiology is known to be influenced by
various habits, including nutrition (10,11). The hypothesis
is that individuals with high adherence to the
Mediterranean diet will have a lower severity of
tendinopathy. This study aimed to investigate the effect of
adherence to the Mediterranean diet on tendinopathy
severity.

MATERIAL AND METHODS

The study received ethical approval from the Siileyman
Demirel University Health Sciences Ethics Committee on
24.10.2022 (number: 61/4). Participants over 18 years of
age diagnosed with tendinopathy due to overuse injury, as
determined by sports medicine examination between
November 2022 and April 2024, were included in this
cross-sectional study. Healthy individuals were not
included in the study. Participants were included in the
study after signing the informed consent.

Descriptive Information Form

The descriptive characteristics, such as age, body mass
index, gender, smoking status, presence of chronic
diseases, exercise habits, physical activity level (12),
body region, and stage of injury by self-answering (12),
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of the participants included in the study were recorded.
Additionally, the diagnosis made by the sports medicine
after the examination was also documented.

The Revised Oslo Sports Trauma Research Centre
Overuse Injury Questionnaire (OSTRC-O) and
Questionnaire on Health Problems (OSTRC-H)

The questionnaires aim to evaluate athletes' health
concerning their sports involvement, training adjustments,
performance, and any pain or symptoms they may
experience (13). The questionnaire was converted into two
separate measurement tools evaluating overuse injuries
and general health, and adjustments had to be made in the
answer options to the questions over time. The score of the
questionnaire, whose Turkish validity and reliability was
conducted by Ozal, Kafa, and Giizel following a thesis
study in 2023, ranges from 0 to 100, with a higher score
indicating more severe health problems (14).

The Mediterranean Diet Adherence Screener (MEDAS)
It is a 14-item scale developed to examine the adherence
levels of individuals to the Mediterranean diet (15).
Depending on the answer given to the questions related to
nutrition, a score of 1 or 0 is obtained, and the total score
is obtained by summing the answers given to all questions.
The score that can be obtained from the scale is in the range
of 0-14. A total score of 7 and above indicates that the
individual has an acceptable degree of compliance with the
Mediterranean diet (Group acceptable), and a score of 9
and above indicates that the individual has strict
compliance with the Mediterranean diet (Group
compatible). Turkish validity and reliability of the scale
were performed by Pehlivanoglu et al. (16).

Statistical Analysis

IBM SPSS v.23 package was used for the analyses. Since
the data were not normally distributed, the Kruskal-Wallis
test with Dunn’s test and the chi-square test with Monte
Carlo simulation were used to analyze the difference
between the groups formed according to the level of
adherence to the Mediterranean diet. Spearman correlation
analysis was used to analyze the relationship between
adherence to the Mediterranean diet and other variables.
Data were presented as n (%), and median (interquartile
range, IQR) [minimum-maximum]. A p-value of <0.05
was accepted as the statistical significance level.

RESULTS

A total of 152 participants, 52% (n=79) of whom were
female, were included in the study. The injured body
regions were elbow (50%, n=76), ankle (16.4%, n=25),
foot (15.1%, n=23), knee (8.6%, n=13), thigh (2.6%, n=4),
and other regions, respectively.

The diagnoses made by the sports medicine included
lateral epicondylopathy (46.7%, n=71), Achilles
tendinopathy (16.4%, n=25), plantar fasciitis (15.1%, n=23),
patellar  tendinopathy  (8.6%, n=13), medial
epicondylopathy (2.6%, n=4), and other tendinopathies.
When the participants were grouped according to their
MEDAS score, it was determined that females had a higher
level of adherence to the Mediterranean diet (p=0.049).
However, age, body mass index, smoking, presence of
chronic disease, physical activity level, and stage of injury
did not make a difference in terms of adherence to the
Mediterranean diet (Table 1).
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When it was examined whether the level of adherence to
the Mediterranean diet caused a difference in the severity
level of complaints, no significant difference was found
between the groups (Table 2).

It was found that weekly exercise duration was negatively
correlated with adherence to the Mediterranean diet at a
low level (rs=-0.237; p=0.016), while there was no other
significant correlation (Table 3).

DISCUSSION

This study of 152 patients with tendinopathy found no
difference in Mediterranean diet adherence on tendinopathy
severity. Females demonstrated a higher level of adherence
to the Mediterranean diet. Age, body mass index, smoking,
presence of chronic disease, physical activity level, and

Table 1. Descriptive characteristics of participants

Mediterranean Diet and Tendinopathy

stage of injury did not influence adherence to the
Mediterranean diet. Furthermore, the adherence of athletes
with more weekly exercise time did not correlate with
higher adherence to the Mediterranean diet.

Numerous studies have investigated the relationship
between chronic diseases and dietary patterns (17-22). It has
been suggested that various dietary patterns may exhibit
anti-inflammatory or pro-inflammatory properties (23).
The Western diet is generally considered pro-inflammatory,
whereas the Mediterranean diet is generally considered
anti-inflammatory (24).

The Mediterranean diet is a traditional eating style that is
specific to the Mediterranean region. It emphasizes a high
proportion of fruits, vegetables, whole grains, olive ail,
legumes, nuts, and seeds while limiting the consumption

Adherence Level to the Mediterranean Diet

Incompatible (n=63) Acceptable (n=66) Compatible (n=23) P

MEDAS (score) 5 (4-6) [2-6] 7 (7-8) [7-8] 9 (9-10) [9-12] <0.001
Age (year) 42 (31-49) [18-64] 46 (31-53) [18-61] 48 (35-53) [18-69] 0.267
Body mass index (kg/m?) 26.8 (24.2-30.1) [17.8-42.4] 25.6 (22.9-28.3) [18.4-44.4] 26.9 (23.1-28.9) [20-34.2] 0.516
Gender, n (%)

Female 28 (44.4)2 34 (51.5)ab 17 (73.9)® 0.049

Male 35 (55.6)@ 32 (48.5)ab 6 (26.1)"® :
Smoking status, n (%)

Smoking 15 (23.8) 13 (19.7) 5(21.7)

Quit 15 (23.8) 15 (22.7) 7(30.4) 0.900

Never smoked 33 (52.4) 38 (57.6) 11 (47.8)
Chronic disease, n (%) 16 (25.4) 22 (33.3) 10 (43.5) 0.281
Duration of regular sport (year) 10 (5-15) [1-40] 10 (2-15) [0.5-45] 6 (3-12.5) [0.5-46] 0.457
Weekly exercise duration (min) 285 (180-480) [60-3000] 180 (131.25-360) [60-720] 300 (75-600) [30-720] 0.229
Physical activity level, n (%)

Professional 14 (22.2) 12 (18.2) 4 (17.4)

Semi-professional 15 (23.8) 16 (24.2) 4 (17.4) 0.719

Recreational 21 (33.3) 30 (45.5) 10 (43.5) ’

Sedentary 13 (20.6) 8 (12.1) 5(21.7)
Stage of injury, n (%)

Acute 1(1.6) 1(1.6) 1(4.3)

Subacute 6 (9.5) 4 (6.3) 2(8.7) 0.925

Persistent 31 (49.2) 32 (47.6) 10 (43.5) :

Chronic 25 (39.7) 29 (44.4) 10 (43.5)

MEDAS: Mediterranean diet adherence screener, a,b: denotes a significant difference between groups with different exponential letters, descriptive statistics were presented
as n (%) for categorical variables and median (interquartile range, IQR) [minimum-maximum] for numerical variables

Table 2. The level of complaints developing due to overuse according to the level of adherence to the Mediterranean diet

Adherence Level to the Mediterranean Diet

Incompatible (n=63) Acceptable (n=66) Compatible (n=23) P

OSTRC-O (score) 68 (42-84) [0-100] 68 (50.75-92) [16-100] 76 (50-84) [24-100] 0.935
OSTRC-O, n (%)

0-25 score 5.1(3) 4.5 (3) 4.8 (1)

26-50 score 25.4 (16) 19.7 (13) 23.8 (6) 0.744

51-75 score 28.8 (18) 37.9 (25) 19.0 (4) ’

76-100 score 40.7 (26) 37.9 (25) 52.4 (12)
OSTRC-H (score) 68 (45.5-80) [0-100] 68 (41.25-90) [0-100] 75.5 (47-84) [24-100] 0.927
OSTRC-H, n (%)

0-25 score 10.5 (7) 6.7 (4) 9.1(2)

26-50 score 21.1 (13) 23.3 (16) 22.7 (5) 0.902

51-75 score 28.1(18) 31.7 (21) 18.2 (4) ’

76-100 score 40.3 (25) 38.3 (25) 50.0 (12)

OSTRC-O: The Oslo Sports Trauma Research Center Overuse Injury Questionnaire, OSTRC-H: The Oslo Sports Trauma Research Center Questionnaire on Health Problems,
descriptive statistics were presented as n (%) for categorical variables and median (interquartile range, IQR) [minimum-maximum] for numerical variables
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Table 3. Correlation of demographic characteristics with
MEDAS, OSTRC-0O, and OSTRC-H scores
MEDAS OSTRC-O OSTRC-H

R . 0158  -0.058  -0.068
ge p 0052 0484 0.424
) s -0.061  -0.095  -0.057
Body mass index p 0456  0.253 0.503
Duration of reeular soope ©© 0164 0017 0.044
uration ol reguiar spo 0102  0.868 0.669
Weed e duratiog "* 0237 0119 0120
eeKxly exercise duration 0.016 0.232 0.235
rs 0.054  0.056
MEDAS p 0.521 0.515
rs 0.054 0.965
OSTRC-O b 0521 <0.001
s 0056  0.965
OSTRC-H p 0515  <0.001

MEDAS: Mediterranean diet adherence screener, OSTRC-O: The Oslo Sports
Trauma Research Center Overuse Injury Questionnaire, OSTRC-H: The Oslo Sports
Trauma Research Center Questionnaire on Health Problems, rs: Spearman’s rho

of unhealthy foods such as red meat, processed foods, sugary
sweets, and saturated fats. Additionally, fish consumption
is encouraged several times a week, while red meat
consumption is reduced. The Mediterranean diet is a dietary
pattern that is high in fiber, antioxidants, omega-3 fatty
acids, and other nutrients. It is associated with numerous
health benefits, including heart health, weight control, and
the prevention of cancer and chronic diseases (18). The
Mediterranean diet is a leading healthy dietary
recommendation worldwide. However, it may not provide
sufficient calories for individuals who engage in sports.
Therefore, it is recommended that a modified
Mediterranean diet should be prepared specifically for
athletes (2).

Additionally, this study found that compliance with the
Mediterranean diet decreased as sports participation levels
increased. A study conducted on female futsal athletes
found low compliance with the Mediterranean diet. This
lack of compliance was found to be unrelated to body
composition and performance (25). It is important to note
that this study was conducted on female futsal athletes
only. Additionally, no relationship was found between the
Mediterranean diet and body mass index and performance
in this study.

A study conducted in Spain analyzed the compliance of
cycling and triathlon athletes with the Mediterranean diet.
The results showed that male athletes were less compliant
than their female counterparts (26). This could be a result
of a calorie deficit. This is consistent with the findings of
Griffiths et al. (2), who reported that females were more
compliant with the Mediterranean diet. Therefore, it can be
concluded that gender may play a role in compliance with
the Mediterranean diet.

Despite the ability of tendons to adapt to loading, repetitive
use can lead to injuries such as tendinopathy.
Tendinopathy is characterized by pain during activity,
local tenderness to palpation, swelling, and decreased
performance. This may prevent sports participation or lead
to decreased performance (27). Tendinopathy is an
inflammatory process (6). Increased inflammation may
prolong the healing process, but since it is an indispensable

Duzce Med J, 2024;26(3)
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part of the healing process, dramatic reduction of
inflammation may also have a negative effect on healing.
This negative effect may prolong the return to sport,
particularly in athletes, and may result in time,
training/match, and financial losses. Therefore, it would
be incorrect to support the use of an unmodified
Mediterranean diet in athletes even though the
Mediterranean diet did not seem to affect the severity of
tendinopathy in this study.

A systematic review was conducted to evaluate 19 trials
about the effects of habitual diet, alcohol exposure, and the
use of dietary supplements. The review included four
studies investigating the effects of alcohol exposure and 14
studies investigating the use of dietary supplements. The
results demonstrated that the number of high-quality
studies was limited, and there was significant
heterogeneity in methodology across studies (diet, tendon
region, outcome measure, population, etc.). Despite these
limitations, the findings suggest that providing precise
dietary recommendations for the prevention and treatment
of tendinopathy remains challenging (28).

Limitations and Strengths

It would have been beneficial to recruit a bigger number of
participants and analyze them using the sports discipline.
However, adherence to the Mediterranean diet decreased
as the sport intensity increased. It would have been
advantageous to classify the severity of tendinopathy using
a radiological measurement method. A questionnaire was
preferred because tendinopathies from different body
regions were included. It would be possible to examine the
effect of the Mediterranean diet by selecting tendinopathy
belonging to a single body region. This may be the subject
of further investigation. While there are studies
investigating the relationship between chronic diseases
and a Mediterranean diet in the literature, no study on this
specific subject was identified. Consequently, the results
presented in this study are considered valuable
contributions to knowledge in this area.

CONCLUSION

The findings of this study indicate that the Mediterranean
diet has not much effect on the severity of tendinopathy.
Furthermore, the results suggest that athletes with high
weekly exercise durations do not adopt the Mediterranean
diet as an optimal dietary approach. Further research is
needed to gain a more comprehensive understanding of the
effects of the Mediterranean diet on sports and athletes.
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Degerlendirilmesi

ABSTRACT

Aim: Pitavastatin (Pita) is a member of the statin family, a well-known hypolipidemic agent,
and some statin members are effective in treating pain. This study aimed to evaluate the
antinociceptive effects of Pita by measuring nociception in rats with different doses and
durations.

Material and Methods: This study consisted of six groups including saline oral as a non-drug
control, 1 mg/kg Pita single dose, 3 mg/kg Pita single dose, 1 mg/kg Pita for 14 days, 3 mg/kg
Pita for 14 days, and 20 mg/kg diclofenac for 14 days. Thermal plantar and mechanical plantar
tests were used to observe pain threshold changes. Correlations between Pita doses, durations,
and behavioral pain responses were evaluated. The sciatic nerves were evaluated
histopathologically.

Results: Pita showed a significant antinociceptive effect in the dynamic plantar test at doses
of 1 mg/kg for 14 days by increasing the mechanical threshold from 25.434+4.79 g to
32.28+2.27 g (p=0.041) and 3 mg/kg for 14 days by increasing the mechanical threshold from
27.41+£2.36 g to 34.35+£2.58 g (p=0.039). Also, Pita increased the thermal latency from
8.95+1.28 s to 11.71+1.49 s in the thermal plantar test at a single dose of 3 mg/kg (p=0.004).
Although the antinociceptive effects of Pita were proven in dynamic plantar and thermal
plantar tests, these findings did not reach a significant level at histopathological evaluation.
Conclusion: These results suggest that Pita has an antinociceptive effect and when used in
conjunction with the right dosage and timing, might be favored for the treatment of pain.
Keywords: Pain; pitavastatin; antiallodynic effect; antihyperalgesic effect.

(0V7

Amag: Pitavastatin (Pita), iyi bilinen bir hipolipidemik ajan olan statin ailesinin bir tiyesidir
Ve bazi statin tiyelerinin agr1 tedavisinde etkili oldugu gosterilmistir. Bu ¢aligmada siganlarda
farkli doz ve siirelerde nosisepsiyon Olgiilerek Pita'nin antinosiseptif etkilerinin
degerlendirilmesi amaglanmistir.

Gereg ve Yontemler: Bu ¢alisma ilagsiz kontrol olarak salin oral, tek doz 1 mg/kg Pita, tek
doz 3 mg/kg Pita, 14 giin boyunca 1 mg/kg Pita, 14 giin boyunca 3 mg/kg Pita ve 14 giin
boyunca 20 mg/kg diklofenak olmak iizere alti gruptan olusmaktadir. Agr1 esigi
degisikliklerini gozlemlemek i¢in termal plantar ve mekanik plantar testler kullanildi. Pita
dozlari, siireleri ve davranissal agr tepkileri arasindaki korelasyonlar degerlendirildi. Siyatik
sinirler histopatolojik olarak degerlendirildi.

Bulgular: Pita, 14 giin boyunca uygulanan 1 mg/kg dozunda mekanik esigi 25,43+4,79 g'dan
32,2842,27 g'a ¢ikararak (p=0,041) ve 14 giin boyunca uygulanan 3 mg/kg dozunda ise
mekanik esigi 27,41£2,36 g'dan 34,3542,58 g'a ¢ikararak (p=0,039) dinamik plantar testte
anlamli bir antinosiseptif etki gosterdi. Ayrica Pita, termal plantar testte 3 mg/kg tek dozda
termal latansi 8,95+1,28 sn'den 11,71+1,49 sn'ye ¢ikardi (p=0,004). Dinamik plantar ve termal
plantar testlerde Pita'min antinosiseptif etkileri kanitlanmug olmakla birlikte, bu bulgular
histopatolojik degerlendirmede anlaml bir diizeye ulasmadi.

Sonug¢: Bu sonuglar Pita'nin antinosiseptif etkiye sahip oldugunu ve uygun doz ve zamanlama
ile kullanildiginda agr1 tedavisinde tercih edilebilecegini diistindiirmektedir.

Anahtar kelimeler: Agri; pitavastatin; antiallodinik etki; antihiperaljezik etki.
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INTRODUCTION

Pain serves as a protective mechanism for living organisms
through the activation of nociceptors (1). Despite ongoing
scientific progress in comprehending the genetics,
pathology, molecular biology, and neurophysiology
associated with pain, the preventive measures for adverse
conditions—including the precise identification of its
source, alleviation, and detrimental impacts on the life
process—remain inadequately understood (2).

It may indicate the potential for innovative and more
efficacious methods for pain management, considering
various factors, including the limitations of existing
treatment modalities that fail to eradicate the pain
symptom, exhibit adverse side effects, and carry a risk of
dependency (3,4).

Statins are involved in the regulation of cholesterol synthesis
by enhancing the levels of apolipoprotein Al (Apo-Al)
and inhibiting the activity of the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, a
mechanism that was initially identified in 1976 (5,6). The
use of statins has been associated with a decrease in both
mortality and morbidity in patients with various
cardiovascular diseases (7,8).

Statins, beyond their established role in lowering lipid levels,
have demonstrated various biological, anti-inflammatory
properties, modulation of cell proliferation, enhancement
of endothelial function, and influences on coagulation and
platelet activity, as indicated by several studies (9-12).
Among these agents, pitavastatin (Pita) is particularly notable
for its strong ability to inhibit the enzyme HMG-CoA
reductase (13,14).

Systemic administration of statins has demonstrated
efficacy in preclinical investigations, indicating a
potential to inhibit the onset of mechanical allodynia and
thermal hyperalgesia in various experimental animal
models (15-19).

Despite the encouraging results regarding the use of
statins for alleviating nerve pain in animal subjects, the
underlying mechanisms that contribute to these beneficial
effects remain inadequately understood. Furthermore, the
specific impact of statins on pain thresholds and their
effectiveness in the context of chronic versus acute pain
conditions has yet to be thoroughly elucidated.

Therefore, this investigation aimed to demonstrate the
effectiveness of Pita, a member of the statin family, on
pain threshold. It is hoped that the findings obtained from
this study will contribute to the first-line literature in
revealing the antiallodynic, antihyperalgesic activity of
Pita in neurological animal models. After demonstrating
its effectiveness on pain threshold in the initial stage, this
study will help determine whether Pita will be effective in
complex neuropathic pain conditions.

MATERIAL AND METHODS

Animals and Experimental Design

A total of thirty-six adult male Wistar rats (250-260 g)
from the local medical sciences experimental research
center were used in the experiments. All experiments were
conducted strictly with the National Institute of Health
Guidelines for the Care, and Use of Laboratory Animals.
Experimental protocols were approved by Kahramanmarag
Siitgii Imam University Animal Experiments Ethics
Committee (2020/02-04, approval date: 27.02.2020). Rats
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were kept in their cages until the day of the experiment in
animal housing rooms where sound insulation was
provided, and temperature (22-24 °C) was controlled
under a 12:12-h light/dark cycle (06:00 am to 06:00 pm)
with 40-60% relative humidity. The rats were housed in
hygienic stainless steel cages where they could
comfortably continue feeding and water consumption.
Drugs and Chemicals

Pita, supplied by Abdi Ibrahim Drug Company (Istanbul,
Turkey), was homogenously dissolved in tap water, and
delivered to rats per oral (p.0.) with orogastric gavage. In
the study protocol, 1 mg/kg, and 3 mg/kg administration
doses of Pita were determined based on the basic
literature (20,21). Diclofenac Na was obtained from Deva
Holding (Istanbul, Turkey), and anti-inflammatory doses
of diclofenac 20 mg/kg were based on doses that we
observed in our previous studies (22).

Experimental Design and Groups

The rats were brought to the laboratory 14 days before and
on the day of the experiment and kept for 20 minutes to
adapt to the environment. To reduce extra stress factors on
the rats, the same researcher carried out the drug
applications each time, and care was taken to guarantee
that there was no excessive distance between the place
where the experiments were carried out and the colony.
Since the experiment involved researcher-animal contact,
and some animal practices, before the experiments rats
were acclimated to the person, and system at least three
times for 20-30 s for 3 days. Animals were allocated to six
groups designed as follows. Control: saline oral (non-drug
control), Pita Imgld: 1 mg/kg Pita single dose (low dose
and short-term administration), Pita 3mgld: 3 mg/kg Pita
single dose (high dose and short-term administration),
Pita 1mgl4d: 1 mg/kg Pita for 14 days, (low dose and
long-term administration), Pita 3mgl4d: 3 mg/kg Pita for
14 days (high dose and long-term administration), and
Diclofenac 20mg14d: 20 mg/kg diclofenac administration
for 14 days (positive control). Before drug administrations,
thermal plantar, and dynamic plantar pain assessments
were protocoled to standardize pain responses across all
groups. The treatment regimen started on the first day.
Thermal and dynamic plantar pain tests were repeated on
the second day of the treatment regimen for those who took
the drug as a single dose, and on the fifteenth day for those
who took the drug for 14 days (Figure 1).
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3ma/kg-14 day
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Nociceptor
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1ma/kg-1 day
3mg/kg-1 day
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Figure 1. Experimental design (created by biorender.com)
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Nociception Test Procedures

Thermal Plantar Test

A thermal plantar test (Commat, Ankara, Turkey) was
used to measure the latency of rats, which reflects the delay
in paw withdrawal time in the presence of thermal
hyperalgesia. Each animal was kept in plexiglass chambers
for 10 minutes to adapt to the test environment in which
they were previously placed. Under the glass plate on
which the rats were placed, a manually moving radial heat
source was appropriately held to give a thermal stimulus
to the left/right posterior mid-plantar region. Thermal
stimulus administration, 1% of the maximum intensity was
used to focus the area of the hind paw. Stimulus intensity;
the hind paw was adjusted to give a maximum of 25%
infrared ray intensity, which would cause a total thermal
latency of 8-10 s. The system is designed in such a way
that when the rat pulls back its paw, which feels the pain
that develops as a result of the stimulus, the infrared generator
is automatically turned off via a photocell, and the timer
displays the value that will determine the latency on the digital
screen. The control mechanism of the system is designed
to close in 25 seconds (cut-off latency) so that the animal
cannot be exposed to too much stimulus when it does not
retract its paw due to excessive desensitization (23).
Dynamic Plantar Test (Von Frey Filament Test)
Dynamic plantar aesthesiometer modified from a version
of the von Frey filament test (Ugo Basile, Comerio, Italy),
was used for the measurement of animal sensitivity to the
non-noxious light mechanic touch of the paw. The
mechanical allodynia measurement was determined by
measuring the withdrawal threshold to a truly non-destructive
mechanical stimulus applied to the rat's paw. Sudden
withdrawals against mechanical stimuli were defined as
mechanical allodynia (24).

Histopathological Evaluation

After being fixed in 10% buffered formalin, the sciatic
nerve samples were prepared for paraffin block
processing. Hematoxylin, and Eosin (H&E) staining was
applied after the slices were cut at a thickness of 5 pum
using a rotatory microtome. The images were examined
under a Carl Zeiss Axio Imager A2 microscope at
different magnifications. The sciatic nerve longitudinal
sections were scored using the method described
previously (25,26). In the histopathological evaluation,
edema, vacuolization, mononuclear cellular infiltration,
and axonal and myelin degenerations were considered and
scored using a scale ranging from O to 3.

Statistical Analysis

For numerical data, Levene and Kolmogorov-Smirnov
tests were employed to examine the variance homogeneity
and normal distribution assumptions. The numerical data
were defined with mean and standard deviation.
Categorical variables were expressed as percentages and
numbers. Repeated measures analysis of variance test was
utilized to compare pre- and post-treatment values across
multiple groups and post hoc Tukey and Bonferroni
methods were used to examine in detail for the
comparisons of pre- and post-treatment in each group.
Fisher-Freeman-Halton test was used for categorical
variables. The SPSS v.17.0 (SPSS Statistics for Windows,
version 17.0. Chicago: SPSS Inc.) program was utilized
for statistical analysis. The p-value of <0.05 accepted the
criteria for statistical significance.
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RESULTS

Nociception Test Result

The Effect of Diclofenac 20 mg/kg on Mechanical
Threshold and Thermal Latency

Following the administration of diclofenac 20 mg/kg, the
mechanical threshold after the mechanical stimulus, and
thermal latency after the thermal stimulus were
statistically significantly improved. Diclofenac 20 mg/kg
significantly increased the mechanic threshold from
28.62+4.19 grams (g) to 37.62+4.31 g (p=0.009, Table 1).
Diclofenac 20 mg/kg also markedly improved the thermal
latency, which increased from 8.52+1.64 seconds (S) to
10.68+0.72 s (p=0.022, Table 2). Figures 2 and 3 also
showed the alterations in thresholds and latencies caused
by diclofenac 20 mg/kg.

The Effect of Pita 1 mg/kg on Mechanical Threshold and
Thermal Latency

Pita 1 mg/kg for 14 days exerted a significant
antinociceptive effect in the mechanical test. Pita 1 mg/kg
for 14 days significantly increased the mechanical
threshold from 25.434+4.79 g to 32.28+£2.27 g (p=0.041).
Mechanical and thermal plantar test results showed that a
single dose of 1 mg/kg Pita did not reveal a significant
improvement in pain responses (p=0.597, and p=0.287,
respectively). The effects of Pita 1 mg/kg on paw
withdrawal responses to mechanical stimuli were shown in
Table 1 and Figure 2.

The Effect of Pita 3 mg/kg on Mechanical Threshold and
Thermal Latency

Pita 3 mg/kg for 14 days exerted a significant
antinociceptive effect in the mechanical test. Pita 3 mg/kg
for 14 days increased the mechanical threshold from
27.41£2.36 g to 34.354+2.58 g (p=0.039). The effects of
Pita 3 mg/kg on the paw withdrawal responses to mechanical

Table 1. Pre- and post-treatment dynamic plantar test
responses, mechanic threshold (g) of groups

Groups Pre-treatment Post-treatment p

Control 26.51+£3.16 28.45+£2.21 0.550
Pita 1Imgld 31.58+7.50 29.8745.38  0.597
Pita 3mg1ld 27.93+10.37 33.2943.69  0.105
Pita 1mgl4d 25.434+4.79 32.28+2.27  0.041
Pita 3mgl4d 27.414£2.36 34.35+2.58  0.039
Diclofenac 20mgl4d  28.62+4.19 37.62+4.31  0.009

Pita: pitavastatin, g: grams, data were reported as meansstandard deviation

Table 2. Pre- and post-treatment thermal plantar test
responses, thermal latencies (s) of groups

Groups Pre-treatment Post-treatment p

Control 9.224+0.41 9.14+0.63 0.931
Pita 1mgld 9.314+2.24 10.28+1.82  0.287
Pita 3mgld 8.95+1.28 11.71£1.49  0.004
Pita 1mg14d 8.33+0.53 8.48+1.44 0.868
Pita 3mgl4d 9.69+1.39 9.42+1.80 0.766
Diclofenac 20mgl4d  8.52+1.64 10.68+0.72  0.022

Pita: pitavastatin, s: seconds, data were reported as meantstandard deviation
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Figure 2. Pita at different doses and durations showed its
effectiveness on mechanical allodynia with a significant
increase in post-treatment mechanical threshold (g) in
groups of Pita 1mgl4d, Pita 3mgl4d, and diclofenac
20mgl4d compared to pretreatment values

stimuli were shown in Table 1, and Figure 2. In addition,
thermal plantar test results showed that a single dose of
Pita 3 mg/kg revealed a significant improvement in pain
responses. Pita 3 mg/kg single dose enhanced the thermal
latency from 8.95+1.28 s to 11.71£1.49 s (p=0.004). The
effects of Pita 3 mg/kg on the paw withdrawal responses
to the thermal stimuli were shown in Table 2 and Figure 3.
Histopathological Results

Histopathological examination showed that the sciatic
nerves of the control group had a normal histoarchitecture
with well-organized myelin sheath, and axons (Figure 4a).
Conversely, Pita 1mgld, Pita 3mgld, Pita 1mgl4d, Pita
3mgl4d, and diclofenac 20mgl4d groups exhibited
degenerated myelinated axons, with separated distributed
nerve  fibers, mononuclear cellular infiltration,
vacuolization as well as edema (Figure 4b, 4c, 4d, 4e, 4f).
Diclofenac 20mgl4d group sections showed the worst
histological picture (Figure 4f). However, when the score
results of these parameters were evaluated, no significant
difference was seen between the experimental study, and
control groups (Table 3).

DISCUSSION

Statins are classified as inhibitors of HMG-CoA reductase
and are employed in the management of conditions
characterized by elevated cholesterol levels (27). In
addition to their ability to reduce cholesterol levels, statins
are recognized for a variety of other beneficial properties,
including anti-inflammatory effects and pain-relieving
capabilities (28,29). The results of this investigation
indicate that Pita may exhibit an antinociceptive effect, as
evidenced by its impact on both thermal and mechanical
thresholds, which were assessed through thermal and
mechanical plantar test responses administered at the
appropriate dosage and timing.

The selection of diclofenac as the positive control group
was based on its recognized analgesic effectiveness and
the alignment of test outcomes with findings from prior
studies (22). Allodynia and hyperalgesia are recognized as
manifestations of sensitization occurring in both peripheral
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Figure 3. Pita at different doses and durations showed its
effectiveness on thermal hyperalgesia with a significant
increase in post-treatment thermal latencies (s) in groups
of Pita 3mgld and diclofenac 20mgl4d compared to
pretreatment values

and central processes (30,31). Peripheral and central
sensitization processes may potentially be connected to
neurochemical alterations and neuroinflammatory

consequences in the pain perception process. Studies
suggest that statins may possess anti-neuroinflammatory
properties (32). Neuroinflammation is an immune system
response with complex subcomponents that neural tissues
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Figure 4. Effect of Pita on sciatic nerve histopathological
changes, a) the control group showed normal axons (black
arrow) with intact myelin sheaths (white arrow) and
Schwann cell (arrowhead), b) Pita 1mgld, c) Pita 3mgld,
d) Pita 1mgl4d, e) Pita 3mgl4d, f) Diclofenac 20mg14d
groups showed axonal degeneration (wavy arrows),
vacuolization (v), edema (asterisks) and mononuclear cell
infiltration (white arrowheads), the diclofenac 20mgl4d
group also showed the fragmentation (black arrow) of
myelin and axons (Hematoxylin, and Eosin (H&E), 400x)
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Table 3. Comparison of histopathological evaluation results between groups

Antinociceptive Effect of Pitavastatin

Control Pita Pita Pita Pita Diclofenac
1mgld 3mgld 1mgl4d 3mgl4d 20mgl4d
Axonal Degeneration, n (%)
Absent 3 (50.0%) 1 (16.7%) 2 (33.3%) 1 (16.7%) 1 (16.7%) 0 (0.09%)
Mild 3 (50.0%) 3 (50.0%) 1 (16.7%) 5 (83.3%) 4 (66.7%) 4 (66.7%) 0.437
Moderate 0 (0.0%) 2 (33.3%) 2 (33.3%) 0 (0.0%) 1 (16.7 %) 1 (16.7%) ’
Severe 0 (0.0%) 0 (0.0%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 1 (16.7%)
Infiltration, n (%)
Absent 4 (66.7%) 2 (33.3%) 2 (33.3%) 3 (50.0%) 2 (33.3%) 1 (16.7%)
Mild 2 (33.3%) 4 (66.7%) 3 (50.0%) 3 (50.0%) 3 (50.0%) 4 (66.7%) 0.877
Moderate 0 (0.0%) 0 (0.0%) 1 (16.7%) 0 (0.0%) 1 (16.7%) 1 (16.7%) '
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.09%)
Vacuolization, n (%)
Absent 3 (50.0%) 2 (33.3%) 1 (16.7%) 2 (33.3%) 2 (33.3%) 0 (0.09%)
Mild 3 (50.0%) 2 (33.3%) 3 (50.0%) 4 (66.7%) 3 (50.0%) 5 (83.3%) 0.478
Moderate 0 (0.0%) 2 (33.3%) 2 (33.3%) 0 (0.0%) 1 (16.7%) 0 (0.0%) ’
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%)
Edema, n (%)
Absent 4 (66.7%) 1 (16.7%) 1 (16.7%) 3 (50.0%) 3 (50.0%) 2 (33.3%)
Mild 2 (33.3%) 4 (66.7%) 3 (50.0%) 2 (33.3%) 1 (16.7%) 1(16.75) 0.540
Moderate 0 (0.0%) 1 (16.7%) 2 (33.3%) 1 (16.7%) 2 (33.3%) 3 (50.0%) '
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.09%)
Myelin Degeneration, n (%)
Absent 4 (66.7%) 2 (33.3%) 2 (33.3%) 3 (50.0%) 2 (33.3%) 2 (33.3%)
Mild 2 (33.3%) 3 (50.0%) 2 (33.3%) 2 (33.3%) 3 (50.0%) 2 (33.3%) 0.984
Moderate 0 (0.0%) 1 (16.7%) 2 (33.3%) 1 (16.7%) 1 (16.7%) 1 (16.7%) )
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%)

can exhibit during various processes (33). In previous
studies, simvastatin and atorvastatin have been reported to
exhibit antihyperalgesic, and antiallodynic effects, as well
as antinociceptive consequences in animal models of
neuropathic pain (18,34).

In this research, the antiallodynic effect demonstrated
statistical significance in the groups receiving Pita at
dosages of 1 mg/kg for 14 days and 3 mg/kg for 14 days,
particularly in relation to mechanical allodynia, according
to data from a modernized von Frey application employed
in plantar mechanical responses in the assessment of
nociception. However, Pita in short-term dosages (1 mg/kg
single dose and 3 mg/kg single dose) is not as effective as
long-term administration.

The C fiber group, comprising polymodal nociceptors, is
responsible for responding to temperature changes in
nociception. The C fiber group, which includes polymodal
nociceptors, plays a crucial role in detecting variations in
temperature as part of the nociceptive process. The current
study's thermal plantar test responses with C fiber
supplementation revealed that Pita significantly prolonged
thermal latency in the 3 mg/kg single dose treatment group
compared to the pretreatment condition.

While there was a relative improvement in thermal delay
reductions in the other dose-time application groups, this
did not reach statistical significance. This finding is
consistent with the effect of Pita on thermal hyperalgesia
in the partial sciatic nerve-induced neuropathy model (35).
Previous studies have mentioned that the antinociceptive
effect may occur through several regulatory effects such as
inflammatory pathways, and oxidative stress (28,36).
Atorvastatin has been shown to have neuroinflammatory
activity in the ischemic stroke model (1 or 10 mg/kg) and
in the chronic constriction-induced nerve injury model (3,
10, and 30 mg/kg by oral gavages for 14 days) (28,37).
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If neuropathic pain is to be evaluated from a different
perspective, another important relationship between
neuropathic pain and RhoA/Rho kinase stands out. Both
RhoA and Rho-related kinase (Rho kinase) play important
roles in the maintenance of chronic pain states (38). In
another study, simvastatin reduced nociceptive behaviors
by blocking p38 mitogen-activated protein kinase, and
microglial RhoA (39). Statins have been also shown to
have an inhibitory effect on the Rho/Rho kinase signaling
pathway (40). This phenomenon can also be considered as
an example of a pleiotropic effect, which refers to the
lipid-independent actions of statins, including their
capacity to inhibit Rho-Rho kinase activity. In this context,
it seems plausible that the antinociceptive properties of
Pita may affect pain thresholds even in the absence of a
neuropathic disorder.

In the study investigating the potential effects of a group
of analgesic drugs on the sciatic nerve, more severe effects
were observed with diclofenac compared to the other drugs
such as lornoxicam, morphine, and pethidine groups (25).
Similarly, in the diclofenac group in the present study,
separated nerve fibers, mononuclear cellular infiltration,
vacuolization, edema, and degenerated myelinated axons
were reported based on the histopathological evaluation of
their effects on the sciatic nerve. Additionally, reflex
behaviors including withdrawal thresholds against heat,
and pressure noxious stimuli for pain sensitivity
measurement, were examined in this study, and
histopathological evaluation consistency with the
diclofenac compared to the control group.

This research has some limitations. Firstly, the
effectiveness of Pita on pain has not been discussed with a
neuropathy model. Secondly, the study methodology did
not include molecular techniques such as assessing
inflammatory markers. It is necessary to add a detail here
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that, under initial conditions, the study was planned in two
stages; the initial instance is to reveal the effectiveness of
Pita on pain threshold within the framework of dose-time
data, and in the second stage; it is planned to support this
effect with experimental neuropathy models.

In subsequent research, it would be beneficial to
incorporate and analyze Pita treatment protocols across
various animal models, alongside the molecular findings
observed. The findings from this investigation
demonstrate the antiallodynic and antihyperalgesic
properties of Pita, as evidenced by thermal and dynamic
plantar tests conducted at varying dosages and time
intervals, complemented by histological analysis.
Additional research is required to clarify the mechanisms
through which Pita exerts its antinociceptive effects,
particularly in relation to different molecular markers
within neuropathy models.

CONCLUSION

In this study, Pita was shown to have antiallodynic and
antihyperalgesic effects at different doses, and times with
thermal, and dynamic plantar tests, and histological data.
These results suggest that Pita has an antinociceptive effect
and may be preferred for pain management. Further studies
are needed to clarify how Pita’s antinociceptive activity
mediates its role in pain pathology through various
molecular markers on neuropathy models.
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ABSTRACT

Aim: This study aimed to examine the self-concept and related psychological factors in
children and adolescents with neurofibromatosis type 1 (NF1).

Material and Methods: A total of 71 participants (35 patients and 36 controls) were included
in this study. As measurement tools the Piers-Harris children’s self-concept scale (PHSCS),
family assessment device (FAD), Turgay DSM-IV-based screening and rating scale for
disruptive behavior disorders (T-DSM-IV-S), children's depression inventory (CDI), Beck
depression inventory (BDI), state-trait anxiety inventory (STAI), children’s sleep habits
questionnaire (CSHQ), and autism spectrum quotient-adolescent (AQ-adolescent) were used.
Results: NF1 patients had lower intellectual functioning/academic achievement (p=0.002) and
popularity/social appreciation (p<0.001) subscale scores in addition to total self-esteem (p=0.002)
scores compared to the control group. Inattentiveness (p=0.024), state anxiety (p=0.028), and
trait anxiety (p=0.012) symptoms were more common in these patients, and autistic features
were more conspicuous in adolescents (p<0.001). Mother’s depression (p=0.045), and state
and trait anxiety (p=0.016, and p=0.006, respectively) levels were higher in the NF1 group.
Depression, state anxiety, and hyperactivity were found predictors of self-concept in children
and adolescents with NF1 (p<0.001, p=0.036, and p=0.016, respectively).

Conclusion: Turkish children and adolescents with NF1 face substantial challenges related to
their self-concept and psychological health, particularly in academic and social domains,
compared to their peers. It seems important to be aware of poor self-concept and related
psychological factors in NF patients early in life and to develop intervention programs to
address this issue.

Keywords: Self-concept; anxiety; neurofibromatosis 1.
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INTRODUCTION

Neurofibromatosis (NF) is a progressive, multisystemic,
genetic disorder that primarily affects the nervous system
and skin, increasing the risk of tumors and affecting the
skeletal, endocrine, reproductive, and cardiovascular
systems. Additionally, elevates the risk of developing
mental disorders (1,2). These include NF type 1 (NF1,
known as Von Recklinghausen disease), NF type 2 (NF2),
and schwannomatosis (SWN) (3). NF1 and NF2 are
autosomal dominant disorders caused by mutations in
genes located on chromosomes 17 and 22, respectively.
They can be inherited or caused by de novo mutations in
germ cells, and each mechanism is responsible for
approximately half of the cases. The pooled prevalence of
NF1 and NF2 was 1:3164 (95% CI, 1:2132-1:4712) and
1:50.000 (95% CI, 1:32.829-1:65.019), respectively (4).
The exact prevalence of mosaic cases is not known but is
estimated at 1:36.000 to 1:40.000 (5). NF1 is a RASopathy
caused by mutations in the neurofibromin gene and
characterized by café-au-lait patches, Lisch nodules, and
neurofibromas (5). Neuropsychologically, NF1 is
characterized by problems in visual-spatial, visual-perceptive,
and executive functions along with maintaining and shifting
attention. These problems may increase with age and may
be present in mosaic cases (6). Up to 80.0% of children with
NF1 may have psychiatric disorders while 25.0-36.8%
may be diagnosed with autism spectrum disorder (ASD).
Otherwise, 40.0% of NF1 individuals have attention deficit
hyperactivity disorder (ADHD) (6-10). In the preschool
period, up to 68.0% of these children may display delays
in speech/language development and motor coordination
problems. Preclinical studies suggest that learning and
memory in NF1 may be disrupted by p21RAS activity and
long-term potentiation, whereas lesions in the basal
ganglia, thalamus, brain stem, and cerebellum may contribute
to the development of ADHD (5-10). A genetic disorder with
far-reaching consequences, such as NF1, may also affect
self-concept in addition to causing psychopathology (11).
The set of beliefs (also known as self-schemas) about
oneself is known as one's self-concept. It can be also
termed as, self-identity, self-perspective, self-construction,
and self-structure (12,13). It differs from self-awareness,
self-knowledge, self-esteem, and the social self, as it
interacts with them to form the self as a gestalt. Self-schemas
may pertain to the past, the current, and the future, as well
as various domains of daily functioning (e.g., academic,
social, etc.). They affect behavior and are composed of
cognitive/descriptive components rather than evaluations
or opinions (12,13). Although it develops and is elaborated
upon throughout one’s lifespan, it is most malleable in
childhood and adolescence (12-14). Age, gender,
developmental, social, and educational processes, as well
as chronic disorders affect its development (11-15).
Studies conducted on self-concept and related constructs
among patients with NF1 at various ages suggest that
children may focus on the effects of the disorder on
physical abilities and pain (11,16), while adolescents
report broader effects on self-concept (17,18), and that the
clinical severity of the disorder may not correlate with
changes in self-concept (11).

Studies conducted on patients with NF1 at various ages
suggest that they may have reduced self-esteem compared
to their peers (19). Having peers with NF1, attending
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dedicated support groups, receiving care at specialized
clinics, and genetic counseling were found to predict
higher self-esteem (19). Almost five to seven million
people in Turkey are thought to be affected by rare genetic
or metabolic disorders, including NF (20). Limited
knowledge of these disorders, limited numbers of
specialist physicians and centers, elevated costs of
treatment, and high rates of consanguineous marriages
further contribute to this problem (20). Studies on Turkish
children with NF are limited to single centers (21,22) and
focus on the neurocognitive abilities of affected children
and their correlates (23-25). To the best of our knowledge,
no research has evaluated self-concept, family functioning,
or reported emotional/psychological symptoms among
Turkish children with NF. Therefore, this study aimed to
assess self-concept and related characteristics in Turkish
children and adolescents with NF1 and compare them with
healthy controls.

MATERIAL AND METHODS

Study Center, Sampling, and, Ethics

This is a cross-sectional, case-control study of children and
adolescents diagnosed with NF1 and is in the process of
treatment and follow-up in the Pediatric Oncology
Department of Mersin University conducted between May
15, 2021, and October 15, 2021. The following were the
inclusion criteria for the patient group: 1) diagnosis of NF1
according to the National Institutes of Health (NIH)
criteria (26); 2) age between 8 and 18 years (including 8
and 18 years old); 3) absence of hearing loss and visual
impairment; 4) absence of tumors, hepatic, and renal
disorders; 5) normal ambulation skills; 6) fluency in
Turkish; 7) ability to complete scales at a level that can be
analyzed; and 8) acceptance of participation in this study
and approval of the informed consent form for both the
parents and children. The following were the inclusion
criteria for the control group: 1) age between 8 and 18
years (including 8 and 18 years); 2) absence of hearing loss
and visual impairment; 3) absence of any chronic illness,
medication use, major trauma, surgical history, and
physical disability; 4) fluency in Turkish and ability to
complete scales at a level that can be analyzed; 5) absence
of psychopathology in the diagnostic and statistical
manual of mental disorders, 5" edition (DSM-5)-based
psychiatric interviews (27); and 6) acceptance of
participation in this study and approval of the informed
consent form by both the parents and themselves. Sixty
patients with NF were followed up in the Department of
Pediatric Oncology, and 35 met the inclusion and
exclusion criteria. Therefore, 71 participants (35 patients
and 36 controls) were included in this study. The study was
conducted in accordance with the principles of the
Declaration of Helsinki, following the approval from the
ethics committee of Mersin University Faculty of
Medicine (08.05.2019, 186).

Data Collection Tools

Piers-Harris Children’s Self-Concept Scale (PHSCS)
This scale was developed by Piers (28) to evaluate the
self-concept and adapted to Turkish by Oner (29). It
consists of 80 items with six subscales and is standardized
for those aged 9-20. The internal consistency of the
PHSCS was determined as 0.87 for the children sample,
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and 0.86 for the adolescent sample. The scale score is
between 0 and 80 points, with high scores indicating
positive self-concept. PHSCS <39 is classified as
reflecting “poor self-esteem”, and PHSCS >40 is “average,
and normal self-concept.” In this study, the cut-off score
was set at 40 to distinguish between poor and
average/normal self-concept (29). In this study, the
children completed the PHSCS.

Family Assessment Device (FAD)

This scale measures family functioning on seven distinct
subscales by means of this 4-point Likert-type self-report
scale: problem-solving, communication, roles, emotional
responsiveness, attention span, behavior control, and
general functions. It comprised 60 items. Mean scores
greater than 2 are recognized as indicators of a trend
toward poorer family functioning (30). The reliability and
validity of the Turkish version have already been
determined by Bulut (31). In the study, Cronbach’s alpha
value was found as 0.91 for general functioning, and
ranging from 0.38 to 0.86 for the subscales.

Turgay DSM-IV-Based Screening and Rating Scale for
Disruptive Behavior Disorders (T-DSM-1V-S)

This 4-point, Likert-type scale evaluates symptoms of
attention deficit, hyperactivity/impulsivity, oppositional
defiant, and conduct disorder according to parents’/teachers’
reports. It consisted of 41 items. Its validity and reliability
were established by Ercan et al. (32), and Cronbach’s alpha
coefficients of the subscales were found to be 0.88 for
attention deficit, 0.95 for hyperactivity/impulsivity, 0.89
for oppositional defiant, and 0.85 for conduct disorder.
High scores indicate increased symptom levels. The
children’s mothers completed the scale.

Children's Depression Inventory (CDI)

This self-report scale consists of 27 items evaluating
symptoms of depression and is standardized between the
ages of 6 and 17 years (33). The cut-off score was 19, and
the maximum score was 54. Oy (34) conducted a validity
and reliability study of the CDI’s Turkish version, and
Cronbach’s alpha value was determined as 0.77. Children
completed the CDI in this study.

Beck Depression Inventory (BDI)

This self-report scale consists of 21 items evaluating
symptoms of depression, each of which is scored between
0 and 3 (35). Hisli (36) conducted a validity and reliability
study of the BDI’s Turkish version, and the internal
consistency coefficient of the scale was found as 0.74. The
mothers completed the BDI for themselves.

State-Trait Anxiety Inventory (STAI)

This is a 40-item, 4-point Likert-type scale, 20 items
tapping state, and 20 items evaluating trait anxiety. A total
score can range from 20 to 80 with each item receiving a
value between 1 and 4 (37). Oner and Le Compte (38)
conducted a reliability and validity study on the Turkish
version. Cronbach’s alpha value was found as 0.93 for
STAI-State and 0.85 for STAI-Trait in the study. The
mothers and children completed the STAI.

Children’s Sleep Habits Questionnaire (CSHQ)

This scale evaluates the sleep habits and associated
problems in children by 3-point Likert-type 33 items (39).
Fis et al. (40) performed a validity and reliability study of
the CSHQ’s Turkish version, and Cronbach’s alpha
coefficient was determined as 0.78. The parents completed
the CSHQ for their children.
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Autism Spectrum Quotient-Adolescent (AQ-Adolescent)
This is a parental report-based screening tool for measuring
the degree of subthreshold autistic characteristics of
adolescents with normal intelligence (41). Cetinoglu and
Aras (42) conducted a validity and reliability study in
Turkey, and Cronbach’s alpha value was found as 0.83.
The cut-off score for the AQ-adolescent scale was 24
points. Parents completed AQ-adolescent for their children
in this study.

Statistical Analysis

The Shapiro-Wilk test was used to test the assumptions of
normality. The normally distributed data were compared
between groups using an independent samples t-test, while
the non-normally distributed data were compared using a
Mann-Whitney U test. The categorical data was analyzed
using either Fisher's exact test or Pearson's chi-square,
depending on the expected value. Pearson's correlation
analysis was used in order to examine the correlations
between the continuous variables and the PHSCS score.
The effects of variables that were significant in correlation
analyses as predictors of PHSCS were analyzed using
multiple regression analysis (backward method). Statistical
analyses were performed using the IBM SPSS v.22.0
software (IBM Inc., Armonk, NY, USA), and the level of
significance was considered 0.05.

RESULTS

The NF1 and control groups had mean ages of 12.9+3.4
and 13.1+3.0 years, respectively. The majority of both
groups (65.7%, n=23 in NF1 and 58.8%, n=21 in control)
were male. There were no significant differences in age
and gender between the groups (p=0.766, and p=0.522,
respectively). The frequency of having one or more
psychiatric disorders in the NF1 group (82.8%, n=29)
compared to the control group (2.8%, n=2) was
significantly higher (p<0.001). The NF1 group had
significantly lower PHSCS total (p=0.002), intellectual
and school status (p=0.002), anxiety (p=0.044), and
popularity/social appreciation (p<0.001) scores compared
to the control group (Table 1).

According to the results of the parent T-DSM-1V-S scale,
only the attention deficit subscale score was higher in the
NF1 group (p=0.024). CDI scores showed no statistically
significant difference (p=0.074), however, both the
STAIl-state (p=0.028) and STAlI-trait (p=0.012) scores
were significantly higher in the NF1 group. This group had

Table 1. Evaluation of subscale and total scores of the
PHSCS between NF1 and the control groups

NF1 (n=35) Control (n=36) p

Intellectual and

school status 4.00+1.88 5.19+1.19 0.002
Happiness 7.03+£2.24 6.64+2.31 0.473
Anxiety 5.00+2.44 6.03x1.73 0.044
Physical appearance &, 1 56 5114109 0.095
and attributes

Behavioral adjustment  9.91+2.48 10.75+1.46  0.090
Popularity/Social 5144168  7.314086  <0.001
appreciation

PHSCS-Total 35.66+8.31 41.03+5.57 0.002

NF1: neurofibromatosis type 1, PHSCS: Piers-Harris children’s self-concept scale
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higher AQ-adolescent scores (p<0.001), and no significant
difference in total sleep scores (p=0.461, Table 2).

In the FAD scale, only the FAD involvement score was
significantly different between the groups (p=0.034).
Mothers” BDI (p=0.045), STAl-trait (p=0.016), and
STAl-state anxiety scores (p=0.016) were higher in the
NF1 group (Table 3).

FAD affective involvement (r=-0.379, p=0.032), FAD
behavior control (r=-0.443, p=0.011), T-DSM-IV-S
attention deficit (r=-0.474, p=0.004), T-DSM-IV-S
hyperactivity (r=-0.422, p=0.012), CDI (r=-0.599, p<0.001),
STAl-trait (r=-0.605, p=0.001), and STAI-state (r=-0.547,
p=0.001) scores were significantly correlated with the
PHSCS total score. No correlation was found between the
T-DSM-1V-S oppositional defiant (r=-0.223, p=0.199),
T-DSM-IV-S conduct disorder (r=-0.115, p=0.511),
mother’s BDI depression (r=-0.177, p=0.331), mother’s
STAI-trait anxiety (r=-0.012 p=0.947), mother’s ST Al-state
anxiety (r=-0.012 p=0,420), CSHQ (r=-0.088 p=0,622),
AQ-adolescent (r=-0.264 p=0.184), and PHSCS total
score. In the NF1 group, there was no correlation between
T-DSM-IV-S attention deficit score (r=0.102, p=0.613),
T-DSM-IV-S hyperactivity (r=0.034, p=0.865) score, and
AQ-adolescent score. In the multiple regression analysis,
the PHSCS total score among children with NF1 was
negatively predicted by T-DSM-1V-S hyperactivity, CDI,
and STAI-state scores (F=16.936; p<0.001; Table 4).
Lastly, the PHSCS total scores were divided into two
groups, PHSCS <39 (n=22) and PHSCS >40 (n=13), and
the study variables were compared between the groups.
There were no statistically significant sex and age
differences between the groups (p=0.736, and p=0.411,
respectively). The CDI (p=0.017), STAI-state (p=0.006),
STAI-trait (p=0.002) anxiety scores, and FAD affective
involvement (p=0.033) scores were significantly higher in
the group with PHSCS <39 (Tables 5, and Table 6).

DISCUSSION

This single-center study used a case-control cross-sectional
design to evaluate self-concept and associated factors in
Turkish children and adolescents with NF1 and compared
them with healthy controls. The rate of psychopathology
was found to be significantly elevated among the children
with NF1, they had lower self-esteem (especially in terms
of intellectual/academic status and popularity/social
appreciation), and their state and trait anxiety were
significantly elevated compared to controls. Their
mothers rated them as having significantly elevated
symptoms of inattention and ASD compared to the
controls. Self-reported depressive and state/trait anxiety
scores were also significantly elevated among the mothers
of children with NF1. Families of children with NF1 have
been found to show significantly different levels of
parental involvement. The self-esteem of children with
NF1 correlated negatively with parental involvement,
behavior control, self-reported depression, state and trait
anxiety, and parent-reported inattention/hyperactivity. In
regression analyses, self-reported depression, state
anxiety, and parent-reported hyperactivity emerged as
significant predictors of self-esteem among children with
NF1. Bivariate analyses showed that lower self-esteem
among children with NF1 was also associated with lower
affective involvement.
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Up to five-fourths of children with NF1 may have
psychopathology, while less than half may be diagnosed
with ADHD (6-10). Supporting these results, the
frequency of psychopathology among our sample of
children with NF1 was reported to be 82.8%, which was
significantly higher than that in controls. Mothers also rated

Table 2. Evaluation of T-DSM-1V-S, CDI, STAI, CSHQ, and
AQ-Adolescent scores between NF1 and the control groups

NF1 (n=35) Control (n=36) p
T-DSM-IV-S, 13.6048.08  9.49+682  0.024
attention deficit
T-DSM-IV-S, 10.7148.65  8.80£5.76  0.280
hyperactivity
T-DSM-IV-S, | 8714739 7.89+46.66  0.624
oppositional defiant
T-DSM-IV-S,
conduct disorder 2.43+5.51 1.86+2.93 0.590
CDI 11.74+6.81 8.9446.18 0.074
STAIl-state 36.34+10.44 31.33+£8.26 0.028
STAl-trait 41.09+9.23 35.56+8.84 0.012
CSHQ 55.88+11.76 53.92+10.41 0.461
AQ-adolescent 21.74+5.03 16.11+£5.69  <0.001

T-DSM-IV-S: Turgay DSM-1V-based screening and rating scale for disruptive
behavior disorders, CDI: children's depression inventory, STAI: state-trait anxiety
inventory, CSHQ: children’s sleep habits questionnaire, AQ-adolescent: autism
spectrum quotient-adolescent, NF1: neurofibromatosis type 1

Table 3. Evaluation of FAD, mother’s BDI, and mother’s
STAI scales between NF1 and control groups

NF1 (n=35) Control (n=36) p
FAD, general 1.90+0.70 1741048 0278
functioning
FAD, problem 1.82+0.61 1.8040.48  0.909
solving
FAD, 1.92+0.59 1781062 0371
communication
FAD, roles 2.13+058 2.20:044 0547
FAD, affective 2.52+0.50 2.20:036  0.034
involvement
FAD, behavior 2234054 2154047 0527
control
FAD, affective 2.19+0.86 1964079  0.254
responsiveness
Mother’s BDI 168141026  12.25:8.09  0.045
Mother’s STALstate  42.86+10.74  36.28+11.60 0.016
Mother’s STAI-trait ~ 48.76+10.93  41.75:9.80  0.006

FAD: family assessment device, BDI: Beck depression inventory, STAI: state-trait
anxiety inventory, NF1: neurofibromatosis type 1

Table 4. Predictors of PHSCS total score

Beta 95% CI p
(Constant) 47.587 -61.684 <0.001
T-DSM-IV-S, hyperactivity -0.291 -0.553 --0.061 0.016
CDI -0.530 -1.010--0.344 <0.001
STAI-state -0.281 -0.437--0.016 0.036

PHSCS: Piers-Harris children’s self-concept scale, T-DSM-IV-S: Turgay DSM-IV-
based screening and rating scale for disruptive behavior disorders, CDI: children's
depression inventory, STAI: state-trait anxiety inventory, Cl: confidence interval
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their children as having significantly elevated symptoms
of inattention and ASD compared to the controls. Anxiety,
depression, and learning disorders may also be elevated
in children with NF1 (43). Partially supporting these
results, children with NF1 in our study reported
significantly elevated state and trait anxiety, while their
depressive symptom levels were similar to those of
controls. This discrepancy may be due to our dependence
on self-report instruments, which may be subject to
reporting and recall bias, as well as shared method
variance. We did not evaluate ADHD, ASD, or learning
disorders using semi-structured clinical interviews (44).
Future studies on psychopathology among children with
NF1 should use structured clinical interviews and parent
and clinician ratings of depression, anxiety, and various
psychopathologies. They may also evaluate the
correlations between these psychopathologies and the
severity of the NF1.

Studies conducted on patients with NF1 at various ages
suggest that they may have reduced self-esteem compared
to their peers (19). Barton et al. (11) reported that children
with NF1 may have lower self-esteem, especially in terms
of physical and sports-related skills, while their academic
self-esteem may be elevated. In our study, children with
NF1 reported lower self-esteem, especially in terms of
intellectual and academic status and popularity. Lower
self-esteem in the academic/intellectual domain may be
due to the presence of learning disorders (45). Children
with NF1 have also been reported to be less popular and
more prone to peer bullying (46). Supporting these views,
children with NF1 in our study rated themselves as less
popular among their peers. Lower self-esteem in our
sample was predicted by elevated self-reported depression
and state anxiety, and higher parent-reported
hyperactivity. There are also signals that lower family
functioning may contribute to reduced self-esteem.
Although the study’s cross-sectional nature prevents
hypotheses on causality, it may be posited that lower
family support may have led to a negative self-concept and
internalizing symptoms, while hyperactivity/impulsivity
may lead to problems with peers, further compounding the
problem (46). Future studies on self-esteem and related
factors among children with NF1 should use longitudinal
designs with multiple evaluation waves to test this
hypothesis.

We need to consider evaluating the results in light of these
limitations. First, the results are valid for the study center
and may not be generalizable to children with NF1
followed up at other centers or those without access to
specialized care. Second, we did not evaluate the level of
social support available to children and their
victimization rates in peer bullying. Third, we did not
evaluate ADHD, ASD, or learning disorders in children
with NF1 using psychometric instruments. Fourth, we did
not evaluate the effects of NF1 symptom severity or
visibility on self-esteem or psychopathology. Fifth,
dependence on multiple self- and parent-report
instruments may have biased our results. Sixth, we did not
evaluate the effects of genetic counseling on the symptoms
of children and mothers. Lastly, we did not evaluate
mothers  with  structured clinical interviews for
psychopathology. Regardless of these limitations, our
results suggest that Turkish children with NF1 have lower
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Table 5. Evaluation of emotional symptoms and family
functioning according to the PHSCS total score in the
mothers of patients with NF1

PHSCS<39  PHSCS >40

(n=22) (n=13)
FAD, general 1.93+0.80 1.86£052  0.798
functioning
FAD, problem 1.70+0.64 201:054  0.166
solving
FAD, 1.89:0.66 195:047  0.786
communication
FAD, roles 2.04+0.62 2274050  0.298
FAD, affective
e 2.64+0.58 2314025  0.033
FAD, behavior 2324051 2.09+057  0.257
control
FAD, affective 2.2141.00 215:057  0.827
responsiveness
Mother’s BDI 175741189 15364631 0572
Mother’s STAI-state 41731153  44.77:+9.37  0.426
Mother’s STAI-trait ~ 47.82412.38  5050+7.80  0.503

PHSCS: Piers-Harris children’s self-concept scale, NF1: neurofibromatosis type 1,
FAD: family assessment device, BDI: Beck depression inventory, STAI: state-trait
anxiety inventory

Table 6. Evaluation of the emotional and behavioral
symptoms, sleep habits, and autistic features according to
the PHSCS total score in the patients with NF1

PHSCS<39  PHSCS >40
(n=22) (n=13)

aTtteDnSt:\gn';;ﬁm " 15.05+7.91 11.15+8.08 0.172
Iyg;’g’ét:\\/’ltj 11.73:895  9.00:8.16  0.375
CDI 13.82+6.34 8.23+6.31  0.017
STAl-state 39.95£10.05  30.23+8.22  0.006
STAI-trait 44.64+8.64 35.08+6.98  0.002
CSHQ 5445+11.96  58.50+11.41 0.345
AQ-adolescent 22.24+3.72 20.90+6.87  0.581

PHSCS: Piers-Harris children’s self-concept scale, NF1: neurofibromatosis type 1,
T-DSM-IV-S: Turgay DSM-1V-based screening and rating scale for disruptive
behavior disorders, CDI: children's depression inventory, STAI: state-trait anxiety
inventory, CSHQ: children’s sleep habits questionnaire, AQ-adolescent: autism
spectrum quotient-adolescent

self-esteem and higher symptoms of psychopathology
compared to peers and that interventions to address these
problems may be beneficial.

CONCLUSION

The study highlights that Turkish children and adolescents
with NF1 face substantial challenges related to their self-
concept and psychological health compared to their peers.
Elevated rates of anxiety, ADHD symptoms, and reduced
self-esteem, particularly in academic and social domains,
underscore the complex impact of NF1 on daily life and
emotional well-being. These findings emphasize the
importance of comprehensive care strategies that address
not only medical needs but also psychosocial support for
affected individuals and their families. Future research
should explore longitudinal effects and interventions to
mitigate these challenges effectively.
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ABSTRACT

Aim: This study aimed to assess the potential for drug-drug interactions in adult patients
admitted to the emergency departments.

Material and Methods: This cross-sectional study included 410 patients who were admitted
to the red zone of the emergency departments, examined, treated, and received multiple
medications. Drug-drug interaction analysis was conducted using Lexilnteract software.
Results: The median age of patients was 63 (range, 19-96) years, with 55.4% (n=227) being
female and 44.6% (n=183) were male. A total of 1,230 medications were identified among the
patients. In 181 (44.1%) patients, 330 possible drug-drug interactions were detected. While
there was no significant difference in the rate of drug-drug interactions between male and
female patients (p=0.658), this rate was higher in patients aged 65 years and over (p=0.048)
and patients with polypharmacy (p<0.001). Also, the interaction rates were higher in patients
admitted with cerebrovascular disease (p=0.038) and trauma (p=0.002). According to the
Lexicomp© drug information system, potential drug-drug interactions were classified into risk
category C (n=299, 72.9%), risk category D (n=22, 5.4%), and risk category X (n=9, 2.2%).
The most frequently interacting drug pairs were Furosemide-Salbutamol in category C,
Enoxaparin-Acetylsalicylic acid in category D, and Dexketoprofen-Acetylsalicylic acid in
category X.

Conclusion: Nearly half of the patients treated in the red zone of the emergency department
were at risk of drug interactions. Assessing the risk of drug-drug interactions is essential before
initiating medical instructions in critical areas of emergency department patient care, and
follow-up should be organized about potential adverse effects.

Keywords: Drug interaction; emergency service; red zone; clinical pharmacist.
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Amagc: Bu calismanin amaci, acil servislere basvuran yetiskin hastalarda ilag-ilag etkilesimi
potansiyelini degerlendirmektir.

Gerec ve Yontemler: Bu kesitsel calismaya, acil servisin kirmizi bdlgesine kabul edilen,
muayene edilen, tedavi edilen ve birden fazla ilag alan 410 hasta dahil edilmistir. Ilac-ilag
etkilesimi analizi Lexilnteract yazilimi kullanilarak gergeklestirilmistir.

Bulgular: Hastalarin ortanca yas1 63 (aralik, 19-96) yil olup %55.,4'4 (n=227) kadm ve
%44,5°1 (n=183) erkektir. Hastalar arasinda toplam 1.230 ilag tespit edilmistir. 181 (%44,1)
hastada 330 adet olasi ilag-ilag etkilesimi tespit edilmistir. Erkek ve kadin hastalar arasinda
ilag-ilag etkilesimi oranlar1 bakimindan anlamli bir fark bulunmazken (p=0,658), 65 yas ve
tizeri hastalarda (p=0,048) ve ¢oklu ila¢ kullanimi olan hastalarda (p<0,001) bu oran daha
yiiksekti. Ayrica, serebrovaskiiler hastalik (p=0,038) ve travma (p=0,002) ile bagvuran
hastalarda da etkilesim oranlar1 daha yiiksek idi. Lexicomp®© ilag bilgi sistemine gore, olasi
ilag-ilag etkilesimleri risk kategorisi C (n=299, %72,9), risk kategorisi D (n=22, %5,4) ve risk
kategorisi X (n=9, %2,2) olarak siniflandirildi. En sik etkilesime giren ilag ciftleri, C
kategorisinde Furosemid-Salbutamol, D kategorisinde Enoksaparin-Asetilsalisilik asit ve X
kategorisinde Deksketoprofen-Asetilsalisilik asit idi.

Sonug: Acil servisin kirmizi bolgesinde tedavi edilen hastalarin neredeyse yarisi ilag etkilesimi
riski altindaydi. Acil servis hasta bakiminin kritik alanlarinda tibbi talimatlara baglamadan
once ilag-ilag etkilesimi riskinin degerlendirilmesi esastir ve potansiyel yan etkilerle ilgili
olarak takip diizenlenmelidir.

Anahtar kelimeler: ilag etkilesimi; acil servis; kirmiz1 bolge; klinik eczaci.
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INTRODUCTION

A healthcare system without adequate medical care can
lead to illness, mortality, and economic hardship for
communities (1). While the therapeutic effects of
multiple medications can often be beneficial, some
combinations pose serious risks, increasing the likelihood
of drug-drug interactions (DDIs) (2). Challenges such as
overcrowding, high-stress levels, understaffing, rapid
patient turnover, and insufficient communication among
multidisciplinary teams exacerbate these risks in
emergency departments (EDs) (3).

In the Turkish healthcare system, EDs are classified into
three triage levels, indicated by red, yellow, and green
colors in descending order of priority. The red triage code
denotes life-threatening situations that require urgent and
simultaneous examination and treatment, necessitating
immediate patient transfer to the red zone (4).

DDls, adverse drug events (ADES), allergic reactions, and
medication errors are among the most critical issues
associated with drug use in EDs, with ADESs being among
the most frequently reported errors (5). DDIs, defined as
altered toxicity or efficacy when medications are
administered concurrently (6), significantly contribute to
increases in ADEs, hospital admissions, ED visits, and
rehospitalizations (7,8). They also drive up healthcare
costs and hospitalization rates (2,9). Reports suggest that
between 5% and 20% of severe drug reactions from DDIs
lead to hospitalization or death (10). Therefore, managing
DDils is crucial to enhancing drug safety. Early identification
and reporting of potential drug-drug interactions (pDDIs)
can prevent numerous complications, ultimately improving
patient safety and quality of life.

This study aimed to determine the frequency and clinical
severity of pDDIs in patients admitted to EDs.

MATERIAL AND METHODS

Study Group

This cross-sectional study was conducted with red zone
patients at the Emergency Medicine Clinic of the Mersin
City Training and Research Hospital. Patients under 18
years old, those referred to departments outside the red
zone of the ED, and those with inaccessible records were
excluded from the study. Based on average monthly
admissions to the ED, a minimum sample size of 355
patients was calculated to achieve a 95% confidence level
and a 5% margin of error, with a final sample size of 410
patients chosen to account for a 15% attrition rate. A total
of 410 adult patients admitted to the red zone of the ED
were included. The inclusion criteria were patients over 18
years of age referred to the red zone of the ED between
April 1, 2021, and April 1, 2022, with at least two drug
administrations in their medical history and accessible
medical records. Exclusion criteria included patients under
18 years old, patients referred to areas other than the red
zone of the ED during the specified period, and patients
with no recorded drug administration history. The study
protocol received approval from the Mersin University
Clinical Research Ethics Committee (06.04.2022, 232).
Data Collection

Drug evaluations included only medications administered
within the first 24 hours of a patient’s registration in the
red zone, even if the patient was monitored for a longer
period. Patient demographic and medication data were
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retrospectively obtained from the medical records. The
concurrent use of five or more drugs was classified as
polypharmacy. The Lexilnteract software (Lexicomp
Online®, Lexi-Comp, Inc., Hudson, Ohio) was utilized to
assess  co-prescriptions  with  known interactions.
Lexilnteract, typically not used in routine hospital practice,
was employed here specifically for research purposes. In
this system, pDDIs are graded: X for combinations with an
unfavorable risk-benefit ratio and a recommendation to
avoid, D for combinations where a treatment change
should be considered, and C for cases requiring close
monitoring. Clinically relevant exposures included grade
X, D, or more than two grade C pDDIs in a patient's
treatment regimen. Additionally, data reliability was
categorized as excellent, acceptable, or moderate based on
the quality of supporting information, and interaction
significance was classified as major, moderate, or minor.
Drugs were further categorized according to the Anatomic
Therapeutic Chemical (ATC) Drug Classification system
developed by the World Health Organization
Collaborating Centre.

Statistical Analysis

The Kolmogorov-Smirnov and Shapiro-Wilk tests were
used to assess the normality of the data, revealing that the
data did not follow a normal distribution. Descriptive
statistics were presented as counts with percentages and as
medians with interquartile ranges. Chi-square or Fisher's
exact test was used for group comparisons. The correlation
between DDI risk categories and patient characteristics
was assessed using Spearman’s correlation coefficient. All
statistical analyses were conducted using IBM SPSS v.25
for Windows, with statistical significance set at p<0.05.

RESULTS

Basic Characteristics of Patients

Of the 410 patients included, 227 (55.4%) were female,
and 183 (44.6%) were male. The median age of all patients
was 63 (range, 19-96) years, and 195 (47.6%) of the
patients were over the age of 65. The most common
diagnoses among the 109 identified upon admission were
respiratory disease (n=117, 28.5%), cardiovascular
disease (n=63, 15.4%), and chest pain (n=54, 13.2%). The
total number of drugs prescribed to patients in this study
was 1,230. The median number of medications per patient
was 3 (range, 0-8), and polypharmacy was observed in
12.9% (n=53) of the total patients. A total of 54 different
types of medications were used across the study group.
Detailed patient diagnoses were presented in Table 1 and
the most used medications were detailed in Table 2.
Frequency and Qualities of pDDIs

A total of 330 pDDIs were identified in 181 (44.1%)
patients. One pDDIs were observed in 105 (25.6%)
patients, while eleven patients (2.7%) had five or more
pDDls (Table 3).

While the rate of patients with at least one interaction was
45.4% (n=83) in males, this rate was 43.2% (n=98) in
females (p=0.658). While the number of patients aged 65
years and over who had at least one drug interaction was
96 (49.2%), this number was 85 (39.5%) in those under 65
years of age (p=0.048). While 45 (84.9%) of 53 patients
with polypharmacy had at least one interaction, this rate was
38.1% (n=136) in those without polypharmacy (p<0.001).
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When the presence of interaction was analyzed according
to the other clinical characteristics of the patients, it was
seen that diagnoses at the admission did not show a
significant difference in having at least one interaction,
except for the patients admitted due to cerebrovascular
disease (p=0.038) and trauma (p=0.002), details were
shown in Table 4.

A total of 330 pDDIs were identified and categorized using
the Lexicomp®© drug information system as risk category
C (n=299, 72.9%), risk category D (n=22, 5.4%), and risk
category X (n=9, 2.2%). In examining the relationships
between the number of drugs used, age, and risk
categories, a significant correlation was found between age
and risk category C (rs=0.163, p=0.001). Significant

Drug Interactions in Red Zone

Table 3. Frequency of pDDIs among patients

Number of pDDI per Patient n (%)
Patients with 1 pDDI 105 (25.6)
Patients with 2 pDDIs 38(9.3)
Patients with 3 pDDIs 23 (5.6)
Patients with 4 pDDIs 4(1.0)
Patients with 5 or more pDDIs 11 (2.7)
Total Patients with pDDIs 181 (44.1)

pDDI: potential drug-drug interaction

Table 4. Comparison of the presence of interaction”
according to the demographic and clinical characteristics

correlations were observed in both C (rs=0.450, p<0.001) Gender
and D (r:=0.180, p<0.001) risk categories with the number Female (n=227) Male (n=183) "
of drugs used (Table 5). Interaction, n (%) 98 (43.2%) 83 (45.4%)  0.658
Regarding reliability, while 127 (31.0%) of the pDDls
were classified as good, 192 (46.8%) were classified as Age Group
fair, and 11 (2.7%) of them were classified as excellent. The >65 (n=195) <65 (215) P
Interaction, n (%) 96 (49.2%) 85 (39.5%) 0.048
Polypharmacy b
Table 1. Characteristics of the study group + (n=53) - (n=357)
i 0, 0, 0,
Characteristics (n=410) Interaction, n (%) 45 (84.9%) 136 (38.1%) <0.001
Age (year), median (IQR) [min-max] 63 (48-77) [19-96] Respiratory Disturbances
Gencer, n (%) o) + (n=117) “(n=293) "
Male 183 (44.6 -
Female 227 (55.4) Interaction, n (%) 54 (46.2%) 127 (43.3%)  0.605
DiagF?osi&_;, n (%)d_ . 117 285) Cardiovascular Disorders 0
espiratory disturbances . _ (e
Cardiovascular disorders 63 (15.4) . + (n=63) (n=347)
Chest pain 54 (13.2) Interaction, n (%) 34 (54.0%) 147 (42.4%)  0.088
Pain 23 (5.6) -
Trauma (Fracture, injury, etc.) 23 (5.6) Chest Pain D
Gastrointestinal problems 22 (5.4) + (n=54) - (n=356)
Cerebrovascular diseases 12 (2.9) Interaction, n (%) 23 (42.6%) 158 (44.4%)  0.805
Epilepsy - Neurological 12 (2.9)
Fever 7(1.7) Pain
Polypharmacy, n (%) 53 (12.9) + (n=23) - (n=387) P
Number of drugs, median (IQR) [min-max] 3 (2-4) [0-8] Interaction, n (%) 7 (30.4%) 174 (45.0%) 0.173
IQR: interquartile range (25"-75™ percentile)
Trauma
¥ (n=23) (n=387) "
. ) o ] Interaction, n (%) 3 (13.0%) 178 (46.0%)  0.002
Table 2. Most used drugs in patients (active ingredients)
ATC Groups, and Active Ingredients n Gastrointestinal Problems 0
A - Digestive System and Metabolism + (n=22) - (n=388)
Pantoprazole 130 Interaction, n (%) 11 (50.0%) 170 (43.8%) 0.570
Metoclopramide 48
C - Cardiovascular System Cerebrovascular Diseases
Furosemide 111 +(n=12) - (n=398) P
H - Endocrine System _ Interaction, n (%) 9 (75.0%) 172 (43.2%)  0.038
(Except Gender Hormones and Insulin)
Methylprednisolone 91 Epilepsy - Neurological
R - Respiratory System +(n=12) - (n=398) P
Salbutamol 8 | ion,n (%) 7 (58.3% 174 (43.7%)  0.382
Ipratropium bromide/Salbutamol 82 nteraction, n (%) (58.3%) (43.7%) 0.
Budesonide 55
Fever
N - Nervous System p
Paracetamol 75 + (n=7) - (n=403)
Acetylsalicylic acid 69 Interaction, n (%) 1 (14.3%) 180 (44.7%)  0.140
ATC: anatomic therapeutic chemical *: number of patients with at least one interaction
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Table 5. Correlation between the risk categories and
number of drugs used and age of the patients
Risk Category

C D X
Age I's 0.163 -0.027 0.003
p 0.001 0.581 0.949
Number of Drugs I's 0.450 0.180 0.080
p  <0.001 <0.001 0.106

Lexilnteract categorization further classified the severity
of interactions as 16 (3.9%) were major, 72 (17.6%) were
classified as minor, and 242 (59.0%) were classified as
moderate. Seventy-nine distinct interaction pairs were
detected among patients admitted to the ED. The most
frequently interacting drug pairs in category C were
Furosemide-Salbutamol with 54 interactions, Glyceryl
trinitrate-Furosemide ~ with 27  interactions, and
Furosemide-Methylprednisolone with 21 interactions. In
category D, while Enoxaparin-Acetylsalicylic acid
interaction was more common with 9 interactions,
Phenytoin-Dexamethasone with 4 interactions, and
Enoxaparin-Clopidogrel with 2 interactions were
observed. For category X, the interactions included
Dexketoprofen-Acetylsalicylic acid with 7 interactions,
Atropine-lpratropium and Salbutamol with one, and
Pheniramine-Ipratropium and Salbutamol with one
interaction (Table 6). Additionally, Furosemide,
Diltiazem, and Metoprolol were each involved in multiple
interaction pairs, forming 16, 11, and 7 distinct
interactions, respectively (Table 7).

Table 6. Most frequently interacting drug pairs

Drug Interactions in Red Zone

Overall, nine ATC drug groups were involved in the
pDDls, with the most common categories being drugs
related to digestion and metabolism (21.6%, 266/1230),
followed by the cardiovascular system (21.5%, 265/1230)
and the respiratory system (20.5%, 252/1230).

DISCUSSION

The use of multiple medications poses a substantial risk of
DDls, with potential adverse outcomes ranging from
toxicity to treatment failure and even death (11,12). Most
studies on this topic have focused on patients presenting to
EDs with high medication counts and/or older adults.
However, the severity of cases in the ED varies, and more
medications may be required as patient acuity increases.
Our study findings revealed that nearly half (44.1%) of
critically ill patients in the ED were at risk of a DDI. Of
the 181 pDDls identified among the 410 patients, 72.9%
were moderate interactions, while 2.2% were classified as
contraindicated. Another study on neuroleptic malignant
syndrome (NMS) in ED patients highlighted that DDIs
could significantly alter plasma drug concentrations. In
that study, interactions between ciprofloxacin and
quetiapine were implicated in causing NMS in a patient.
Therefore, it is essential for clinicians to evaluate DDIs
carefully when managing patients on psychiatric
medications (13).

Critically ill patients treated in the ED are at risk for DDIs,
regardless of age. As the number of medications
administered increases, so does the likelihood of DDIs.
The present study found that both the number of DDIs and
the risk of interactions increased with patient age. Similarly,

Interaction Pair Risk Mechanisms Severity Reliability Rating
Category
Furosemide - c 54 B_etaZ_—agonlsts may enhance the hypokalemic effect of loop Minor Good
Salbutamol diuretics.
Glyceryl_trmltrate - c 27 Blood pressure-loyverlng agents may enhance the hypotensive Moderate Fair
Furosemide effect of hypotension-associated agents.
Furosemide - c 21 Cortlcost_er0|qs (systemic) may enhance the hypokalemic effect Moderate Fair
Methylprednisolone of loop diuretics.
Enoxaparin - Agents with antiplatelet properties may enhance the Fair: Reported in the
T D 9 - . Moderate L .
Acetylsalicylic acid anticoagulant effect of enoxaparin. prescribing information
Phenytoin - Phenytoin may decrease the serum concentration of
D 4 dexamethasone (systemic). Dexamethasone (systemic) may Major Fair
Dexamethasone - : g
decrease/increase the serum concentration of phenytoin.
Neuromuscular-blocking agents (nondepolarizing) may enhance
Dexamethasone - the adverse neuromuscular effect of corticosteroids (systemic). -
- D 2 . . Major Excellent
Rocuronium Increased muscle weakness, possibly progressing to
polyneuropathies and myopathies, may occur.
Enoxaparin - Agents with antiplatelet properties may enhance the Fair: Reported in the
- D 2 - . Moderate L .
Clopidogrel anticoagulant effect of enoxaparin. prescribing information
Tramadol - Agents with seizure threshold-lowering potential may enhance
lohexol D 2 the adverse/toxic effect of iohexol. Specifically, the risk for Major Fair
seizures may be increased.
Salicylates may enhance the adverse/toxic effect of
Dexketoprofen - X 7 dexketoprofen. Dexketoprofen may diminish the therapeutic Maior Fair
Acetylsalicylic acid effect of salicylates. Salicylates may decrease the serum J
concentration of dexketoprofen.
Atropinn_e - Ipratropium (oral inhalation) may enhance the anticholinergic .
Ipratropium and X 1 S . Moderate Fair
effect of anticholinergic agents.
Salbutamol
Pheniramine - . . . . . .
Ipratropium and X 1 Ig;atropflum_((;]rall_|nha!at|0n) may enhance the anticholinergic Moderate Fair
Salbutamol effect of anticholinergic agents.
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Table 7. Top 10 drugs with the most different drug interaction pairs

Drugs Number of Interaction Pairs The ATC Group That Forms the Most Interaction Pairs
Furosemide 16 C - Cardiovascular System

Diltiazem 11 C - Cardiovascular System

Metoprolol 7 C - Cardiovascular System

Metoclopramide 7 A - Digestive System and Metabolism

Acetylsalicylic acid 7 N - Nervous System

Glyceryl trinitrate 7 C - Cardiovascular System

Captopril 6 C - Cardiovascular System

Salbutamol 5 R - Respiratory System

Hyoscine-N-butylbromide 5 A - Digestive System and Metabolism

Dexketoprofen 5 M - Musculoskeletal System

Methylprednisolone 5 H - Endocrine System (Except Gender Hormones and Insulin)

ATC: anatomic therapeutic chemical

Hovstadius et al. (14) reported a significant positive
correlation between polypharmacy and older age, adding
to previous findings that highlighted a high prevalence of
polypharmacy among older ED patients in the UK.
Additionally, prior research has associated factors such as
female sex, polypharmacy, and chronic conditions with
advancing age, all of which contribute to an elevated DDI
risk (15).

Among patients aged 65 and older, 96 (49.2%)
experienced at least one DDI, while 99 (50.8%) had none.
The absence of a significant difference in DDIs in this
study may be attributed to the inclusion of only patients in
the red zone, despite the median age being comparable to
other studies. Another significant finding was the
evaluation of diagnoses; aside from trauma, and
cerebrovascular disease. Further research is warranted to
investigate preventable DDIs in patients with these
specific medical conditions.

With advancements in health information and
computerized decision-support systems, various online
databases —some available free of charge— now provide
critical medical information on medications and assess
potential DDIs. Commonly used databases include Clinical
Pharmacology, Micromedex, Medscape, Lexi-Comp
Online, Facts & Comparisons 4.0, Epocrates Online
Premium, RxList.com, and Drugs.com. Differences in
evaluation criteria and DDI results can occur across these
platforms. A study evaluating the clinical decision-support
capabilities of these databases found that paid databases
generally answered a greater number of DDI-related
queries compared to free databases (16).

Another comparison of five DDI databases identified
Lexi-Interact and Micromedex as the most authoritative,
comprehensive, and user-friendly options. Despite the
utility of these databases, using multiple databases
alongside expert intervention is recommended to enhance
accuracy (17). Lexi-Interact, in particular, is widely used
across various professions and conditions due to its ease
of use (18-20). It offers quick, accessible information on
the risk, severity, and safety of pDDIs, and this study
provides additional recommendations for the prevention
and management of pDDIs (21).

In this study, the Lexicomp© drug information system was
used as the primary tool to identify pDDIs, with 330
identified interactions, 72.9% of which were classified
under risk category C. The primary factors contributing to
DDl risk include the high patient volume in the ED, the

Duzce Med J, 2024;26(3)

presence of multiple comorbidities requiring numerous
medications, and the need to administer drugs without
comprehensive knowledge of patient's medical histories to
expedite emergency procedures. Given their high-pressure
environments, EDs are inherently high-risk areas for
DDIs. The implementation of clinical decision-support
systems, managed by clinical pharmacists, could help
mitigate drug-related problems in these settings.

To ensure patient safety in clinical environments, alerting
systems are essential, particularly as the use of databases
grows. DDI decision support is crucial for healthcare
professionals, including prescribers, pharmacologists,
pharmacists, and  nurses.  Therefore, hospital
administrators and technology providers should develop
electronic alert systems and preventive measures
accessible to all healthcare professionals to improve
prescribing practices and enhance patient safety.
Additionally, longitudinal studies are needed to observe
patients over extended periods, as this would provide a
deeper understanding of DDIs' real-world consequences in
clinical practice. The results of such research will be
invaluable in shaping future DDI management strategies.
This study had several limitations. Although the hospital
confirmed that the patients in the ED generally represented
the population’s ethnic and demographic composition, the
single-center design introduced a risk of selection bias.
Another limitation was that only data from patients in the
ED's red zone were analyzed, excluding those receiving
care in other sections. Consequently, the findings may not
reflect the entire ED population, as data from all
emergency areas would likely result in lower DDI rates.
Additionally, we examined only DDIs occurring within the
first 24 hours of admission, without accounting for the
timing of drug administration, which may have affected
DDI identification. Lastly, critical patient care is a
dynamic process, with the potential for DDIs to arise from
medications administered to address complications or new
conditions during patient follow-up.

CONCLUSION

This study highlights the prevalence of pDDIs in the red
zone of the ED. These findings may help raise clinician
awareness of the interactions associated with commonly
used drug combinations in critically ill patients. Future
directions include evaluating the prevalence and impact of
these pDDls across multiple centers and investigating their
relevance in outpatient settings.
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Degerlendirilmesi

ABSTRACT

Aim: Social media platforms, especially YouTube, have become indispensable channels where
patients apply for information on medical issues. This study aimed to evaluate the reliability
and quality of videos on YouTube about insulin injection in children.

Material and Methods: The first 100 videos with the search “insulin injection in children”
were analyzed. The distribution of video types, viewing rates, like ratios, number of comments,
and video power indexes (VPI) were recorded. The content qualities were assessed by the
global quality scale (GQS), modified DISCERN score, the Journal of the American Medical
Association (JAMA) benchmark score, and the patient education materials assessment tool for
audio/visual (PEMAT-A/V) materials.

Results: Forty-seven (47%) videos were analyzed finally. The median score of the GQS was 4,
modified DISCERN and JAMA was 3. The median PEMAT A/V understandability and
actionability scores were 84 and 75. Videos by professionals were found to have better results
than the non-professional (p<0.001). Correlation analyses revealed positive correlations between
video analytics, such as number of views, likes and comments, view rate, VVPI, and content quality
scales, including GQS, modified DISCERN, JAMA, and PEMAT-A/V scores (p<0.001).
Conclusion: Although many of the videos examined were of professional origin and their
quality scores were higher, the rate of videos from non-professional origin was close to half.
The quality scores of these non-professional videos were quite low in all used scales. It is
important that patients and their relatives prefer videos uploaded by professional sources to
access information from platforms such as YouTube.

Keywords: Diabetes mellitus; insulin injection; child; YouTube.

(0V7

Amag: Basta YouTube olmak iizere sosyal medya platformlari, hastalarin tibbi konularda bilgi
almak igin bagvurduklar1 vazgecilmez mecralar haline gelmistir. Bu ¢alisma, ¢ocuklarda
insiilin  enjeksiyonu ile ilgili YouTube videolarmin giivenilirligini ve kalitesini
degerlendirmeyi amaglamaktadir.

Gerec ve Yontemler: “Cocuklarda insiilin enjeksiyonu” aramasini i¢eren ilk 100 video analiz
edilmistir. Video tiirlerinin dagilimi, izlenme oranlari, begenilme oranlari, yorum sayilart ve
video giic endeksleri (video power index, VPI) kaydedilmistir. Icerik kaliteleri kiiresel kalite
olgegi (global quality scale, GQS), modifiye DISCERN skoru, Journal of the American
Medical Association (JAMA) kiyaslama skoru ve gorsel/isitsel materyaller igin hasta egitim
materyalleri degerlendirme araci (patient education materials assessment tool for audio/visual,
PEMAT-A/V) ile degerlendirilmistir.

Bulgular: Calismada 47 (%47) video analiz edilmisgtir. GQS puani ortancasi 4, modifiye
edilmisy DISCERN ve JAMA 3 idi. Ortanca PEMAT A/V anlasilabilirlik ve eyleme
gecirilebilirlik puanlari ise 84 ve 75 idi. Profesyoneller tarafindan yiiklenen videolarin
profesyonel olmayanlara gore daha iyi sonuglara sahip oldugu goriilmiistiir (p<0,001).
Korelasyon analizi, goriintiilenme, begeni Ve yorum sayisi, goriintiileme orani, VVPI gibi video
analitikleri ile GQS, modifiye DISCERN, JAMA ve PEMAT-A/V puanlarini igeren igerik
kalitesi arasinda pozitif korelasyonlar oldugu gostermistir (p<0,001).

Sonug: Incelenen videolarn bircogu profesyonel kaynakli olmasina ve kalite puanlar1 daha
yiiksek olmasina ragmen, profesyonel olmayan kaynakli videolarin oranmnin yariya yakin
oldugu gozlenmistir. Profesyonel olmayan bu videolarin kalite puanlarinin da kullanilan tim
olceklerde oldukga diisiik oldugu tespit edilmistir. Hasta ve hasta yakinlarinin YouTube gibi
platformlardan bilgiye ulasmak i¢in profesyonel kaynaklar tarafindan yiiklenen videolari tercih
etmeleri dnemlidir.

Anahtar kelimeler: Diabetes mellitus; insiilin enjeksiyonu; ¢ocuk; YouTube.
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INTRODUCTION

Globally, there are 422 million diabetes mellitus (DM)
patients according to the 2017 report of the World Health
Organization (1). The International Diabetes Federation
also reported that there are nearly 1,11 million children and
adolescents having type 1 DM with 132,600 new cases
diagnosed yearly in this age group (1). The most common
metabolic disease in childhood is still type 1 DM (2).
Therefore, the management of type 1 DM among children
and adolescents is crucial.

The gold standard way of treatment for children with
type 1 DM is insulin therapy. Insulin therapy should be
started immediately after the diagnosis because the
child’s metabolism can deteriorate rapidly (3). To prevent
micro and macrovascular complications in patients,
intensive insulin therapy is recommended (4). But the
problem with this intensive therapy is hypoglycemia
which can be a mortal complication. So, delivery of the
insulin mimicking the endogenous insulin secretion by the
pancreas is very important (5). Because the insulin is a
peptide hormone, the gastric acid destroys it if taken
orally. Also, the intradermal, intramuscular, and
intravenous daily self-administrations are not suitable to
control blood glucose levels. The most preferred method
of insulin administration is the subcutaneous route (5).
There are some limitations of this route like pain and
lipodystrophy at the injection site; the compliance of the
patients, especially the lower aged children, to this
method can be difficult (6). Although there are some new
insulin  administration  methods like  continuous
subcutaneous insulin injection with pump, nasal, or
inhaled insulin therapy, the most used method of insulin
delivery remains the use of insulin pens (6). Insulin pens
are more effective and accurate when compared to
traditional vial and syringe methods (7). While insulin
pens have numerous advantages, the usage technique and
adjustment of the dosage need some expertise, and
children and/or their caregivers should learn these well (8).
Hospitals give the necessary education about these
methods with their professional teams (nurses, etc.) to the
children and their families but the patients need sometimes
educational videos.

Access to the internet is now easy nearly all over the world.
The social media platforms are the popular sources of
information about health issues. Especially the video
sharing channels are preferred by most users to gain
information (9). YouTube is the leading video platform
on the internet according to 2023 data (10) and it is one of
the most preferred sources of health information (11).
While it has a lot of valuable information about health
problems, there are some important concerns regarding
the negative impacts. The most important one is false
information and its uncontrolled spread. The
misinformation about DM care given by uncontrolled data
can cause serious health outcomes such as incorrect insulin
injections, difficulties in DM control, and even irreversible
morbidities. Therefore, the verification of the reliability
and quality of the information given in these videos is
essential. There are plenty of studies in the literature
developing some scales and methods to evaluate the
quality of medical content online (12). There is limited
data in the literature about YouTube videos concerning
insulin and DM (13,14). However, there is no research
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evaluating the videos about “insulin injection in children”
on the YouTube platform. The purpose of this study was
to evaluate the videos about insulin injection in children on
YouTube in terms of reliability, quality, understandability,
applicability, and accuracy.

MATERIAL AND METHODS

Data Collection

The video search was performed on https://youtube.com/
on August 10, 2024, using the keyword “insulin injection
in children”. The browser’s search history and all cookies
were cleared, and personal Google or YouTube accounts
had not been logged in to prevent personalized results.
The default selection was set to relevance-based ranking to
mimic an ordinary user. Literature has shown that; most of
the users click on results within the first pages of internet
search (15). Currently, results from the YouTube search
engine are displayed in the form of an infinite scrolling list,
not as pages. For this reason, the first 100 videos for the
keyword were analyzed to have a reliable result.

Videos that were related to the subject, in English and
between 1-10 minutes were included. Videos under 10
minutes and more than 1 minute have been shown to be
more effective in giving information to the user (16).
Videos that are shorter than 1 minute and longer than 10
minutes, not related to the subject, not in English, and
duplicated and advertisement videos were excluded. The
uniform resource locators (URLS) of the videos meeting
the inclusion criteria were saved for further analysis.
Analysis of Videos

Information about the videos such as country of origin,
source, image type (animation/real), number of views,
days since publication, quality of image, number of likes
and dislikes, number of comments, and video duration (in
seconds) were recorded. The view rate (number of
views/days since publication) and like rate (humber of
likes x 100 / number of likes + dislikes) were calculated
and recorded. The video power index (VPI) was computed
using the formula: like rate x view rate / 100.

The purposes of the videos were grouped regarding the
content as, technical information about insulin injection
in children, general information about DM in children,
social life of the diabetic children, and dosing and
calculations of insulin usage in children with DM. The
uploaders of the videos were categorized into five groups:
1) healthcare professionals (HP), 2) academic health
organizations (AH), 3) patient and/or their caregivers (PT),
4) TV/educational websites (TV), and 5) non-academic
healthcare systems (non-AH). Videos from groups 1 and 2
were regarded as professional and the other sources as non-
professional sources.

The videos were evaluated for quality, accuracy,
reliability, understandability, and actionability by utilizing
the modified DISCERN score, the Journal of the American
Medical Association (JAMA) benchmark score, the global
quality scale (GQS), and the patient education materials
evaluation tool audio/visual (PEMAT-A/V).

The modified DISCERN scale has five questions for the
assessment of the reliability of the information given in the
video. Every question can take either 1 or 0 points; higher
scores indicate increased reliability and less bias in the
presented content. The scale is a reliable and valid
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instrument for assessing the quality of written health
information. This modified tool has been used in many
studies especially to evaluate the reliability of YouTube
content (17).

JAMA benchmark score is used to evaluate the quality of
the given information according to authorship, citation of
sources, currency, and conflict of interest. All the criteria
used in this score can take 1 point; a maximum score of 4
points shows the highest level of accuracy and reliability.
To ensure the veracity and integrity of online content, it is
essential that website authorship is formally defined to
include authors, contributors, links, and credentials.
Furthermore, citations must include references and sources
used for content and copyright information. In addition,
disclosures should include details about sponsorship,
advertising, commercial funding, and potential conflicts of
interest. Finally, currency should include the date and
timeliness of the information published (18).

GQS is widely used and measures the quality of the video
based on usefulness. The scale enables investigators to
assess the flow, ease of use, and quality of videos. A score
of 4 or 5 indicates high quality, 3 indicates intermediate
quality, and 1 or 2 points indicate low quality (19,20).
PEMAT-A/V was used to assess the clarity and quality of
the patient education materials. The video and/or audio
material was evaluated to ensure that is the information
given effectively communicated to the patients in a clear,
understandable, and actionable manner. The tool has 13
parts for the understandability domain (PEMAT-A/V U)
and 5 parts for the actionability domain (PEMAT-A/V A).
Percentages of each domain were reported in this validated
instrument (21).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics v.22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp.). The normality assumption for continuous variables
was investigated by the Shapiro-Wilk test. Descriptive
statistics were presented as median, interquartile range,
minimum, and maximum for continuous data, and
numbers and percentages were reported for categorical
data. The Mann-Whitney U test for two groups and the
Kruskal-Wallis test followed by the Bonferroni corrected
post hoc test for three or more groups were used to
compare groups. Spearman’s rho was calculated for
analyzing correlations between video characteristics and
quality scores. A p-value of <0.05 was considered
statistically significant.

RESULTS

The first 100 videos were watched. 12 of the videos were
less than 60 seconds and 6 were more than 600 seconds;
11 videos were not in English, 8 videos were the same, 10
videos were advertising, and 6 videos were not related to
the subject. Finally, 53 (53%) of the videos were excluded
and the remaining 47 (47%) videos were analyzed.
Thirty-eight (80.9%) of the videos were real and the
remaining 9 (19.1%) were animation. 29 (61.7%) of the
videos were professional. Most of the videos were about
the technical information. The general characteristics of
the videos was summarized in Table 1.

The median duration of the 47 videos was 315 seconds.
The median time since upload was 1765 days, number of
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views was 44,196, the number of likes was 418, the
number of dislikes was 13, the number of comments was
22, the like rate was 95, the view rate was 21.8 and VPI
was 20.6. The median score of the GQS was 4, modified
DISCERN was 31 and JAMA was 3. The median scores
of PEMAT-A/V understandability and actionability were
84 and 75, respectively (Table 2).

The content quality of the videos was analyzed according
to the source, and videos uploaded by professional (HP and
AH groups) sources were found to have better content
quality results than non-professional (PT, TV, and non-AH
groups) ones (Tables 3 and 4). When the type of the videos
was grouped as real or animation, there wasn’t any
statistically significant difference between them according
to the content quality assessments (Table 5).

The content of the videos was grouped as technical
information (T), general information (G), the social life of
the child (S), and dosing calculation (D). There wasn’t any
statistically significant difference between them in VPI,
GQS, modified DISCERN, and JAMA. The PEMAT A/V
understandability scores of the T videos (p=0.005) and D
videos (p=0.009) were significantly higher than the S
videos. Also, the PEMAT A/V actionability scores of the
T videos (p=0.007) and D videos (p=0.005) were
significantly higher than the S videos (Table 6).

The image qualities of the videos were also assessed, and
the videos were grouped as having standard or high
definition. The content qualities of the videos according to
VPI, GQS, modified DISCERN, JAMA, PEMAT-A/V U,
and PEMAT-A/V A having high-definition image quality
were better than the standard definition videos (p<0.001,
p=0.002, p<0.001, p<0.001, p<0.001, and p<0.001,
respectively, Table 7).

Table 1. Distribution of video types

n (%)

Country

USA 27 (57.4)

UK 9(19.1)

Canada 4 (8.5)

Australia 2(4.3)

India 3(6.4)

Singapore 2 (4.3)
Source

Healthcare professionals 17 (36.2)

Academic health organizations 12 (25.5)

Patient 8 (17.0)

TV/educational website 5 (10.6)

Non-academic healthcare systems 5 (10.6)
Professionality

Professional 29 (61.7)

Non-professional 18 (38.3)
Type

Real 38 (80.9)

Animation 9(19.1)
Video Content

Technical info 28 (59.6)

General info 9(19.1)

Social life of a child 6 (12.8)

Dosing calculation 4 (8.5)
Image Quiality

Standard (480p) 14 (29.8)

High (>720p) 33 (70.2)
USA: United States of America, UK: United Kingdom
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Table 2. Descriptive statistics of video characteristics

Mean+SD Median IQR Min-Max
Time since upload (days) 2062.74+1294.65 1765 1150-2920 280-5020
Duration (seconds) 303.38+139.26 315 203-388 80-592
Number of views 313306.32+598189.05 44196 13191-193187 467-2474391
Number of likes 2180.68+5426.28 418 101-1018 2-33218
Number of dislikes 86.43+220.55 13 3-38 0-1255
Number of comments 254.124+763.49 22 6-161 0-4300
Like rate 92.7949.08 95 93-98 61-100
View rate 168.77+366.18 21.8 8.1-128.2 0.5-1682.6
VPI 162.09+354.61 20.6 7.6-126.9 0.3-1665.8
GQS 3.77+1.13 4 3-5 2-5
DISCERN 3.11+1.17 3 2-4 1-5
JAMA 2.57+1.25 3 1-4 0-4
PEMAT A/V U 69.85+26.22 84 44-92 20-100
PEMAT A/V A 58.62+36.40 75 33-100 0-100

VPI: video power index, GQS: global quality scale, JAMA: Journal of the American Medical Association, PEMAT-A/V: patient education materials assessment tool
audio/visual, U: understandability, A: actionability, SD: standard deviation, IQR: interquartile range (25"-75™ percentile)

Table 3. Analyses of content quality of videos by source

Non-Academic

Health Professionals ~ Academic Health Patient and/or their TV/Educational Healthcare Svstems
(HP) Organizations (AH) caregivers (PT) Website (TV) (non- Al—)il)
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
[min-max] [min-max] [min-max] [min-max] [min-max]
VPI 110.9 (20.9-354.8) 19.4 (10.6-122.4) 6.9 (1.4-20.2) 1.4 (0.9-43.5) 36.3 (19.4-93.0) 0.011
[0.4-1665.8] [1.2-1433.3] [0.3-52.8] [0.7-75.1] [19.2-126.9] :
5 (4-5) 4 (4-5) 2.5 (2-3.75) 3(2-35) 4 (2.5-4.5)
GQs [2-5] [3-5] [2-4] [2-4] [2-5] 0.003
4 (3.5-4) 4 (3-4.75) 2 (1.25-2.75) 2(1.5-2.5) 3(2-3)
DISCERN [1-5] [2-5] [1-3] [1-3] [2-3] <0.001
4 (2.5-4) 3(3-4) 1(1-1.75) 2(1-2) 2(15-3)
JAMA [0-4] [1-4] [1-3] [1-2] [1-3] 0.002
92 (83.5-96) 89.5 (84-91.75 38 (23.25-52.25) 40 (26.5-53.5) 63 (49.5-79.5)
Sl A [27-100] [72-100] [22-55] [20-63] [45-90] <0.001
100 (75-100) 75 (75-100) 25 (6.25-33) 0 (0-29) 33 (33-75)
PEMAT AV A [0-100] [50-100] [0-33] [0-33] [33-100] <0.001

VPI: video power index, GQS: global quality scale, JAMA: Journal of the American Medical Association, PEMAT-A/V: patient education materials assessment tool
audio/visual, U: understandability, A: actionability, IQR: interquartile range (25"-75" percentile), post hoc test results of groups; VPI: HP vs PT: p=0.002, HP vs TV:
p=0.009; GQS: HP vs PT: p=0.002, HP vs TV: p=0.012, AH vs PT: p=0.003, AH vs TV: p=0.012; DISCERN: HP vs PT: p=0.001, HP vs TV: p=0.004, HP vs Non-AH:
p=0.050, AH vs PT: p=0.001, AH vs TV: p=0.005; JAMA: HP vs PT: p=0.001, HP vs TV: p=0.013, AH vs PT: p=0.002, AH vs TV: p=0.019; PEMAT A/V U: HP vs PT:
p<0.001, HP vs TV: p=0.001, AH vs PT: p<0.001, AH vs TV: p=0.003; PEMAT A/V A: HP vs PT: p<0.001, HP vs TV: p=0.001, AH vs PT: p=0.001, AH vs TV: p=0.001

Table 4. Content quality of videos by professionality Table 5. Content quality of videos by type

Professionals Non-professionals Real Animation
Median (IQR) Median (IQR) p Median (IQR) Median (IQR) p
[min-max] [min-max] [min-max] [min-max]
e TR RS o v RIGLID  BILELY o
GQS 4[§‘fé‘;’) 3[&‘]‘) <0001  GQS 4[%?) > g'_gf) 0.351
DISCERN 4[%‘]‘) 2[%?) <0.001 DISCERN 3[8;11) 3[&?) 0.548
JAMA 4[&‘]") 1?1(_;2) <0001 JAMA 3[6%:]") 8 ﬁ'_ii“) 0.393
PEMAT AV U 9[12%1(-)%? 44[(2?61_ 'é’air’ N <0001 PEMAT A/VU 8[42(()‘_"116%? 8[325‘.?6%?) 0.871
PEMAT AV A 75[6?%%(])0) 2%(20%?) <0001  PEMATANVA 75[6?16%)(])0) & Eéi%bl]oo) 0.879

VPI: video power index, GQS: global quality scale, JAMA: Journal of the American
Medical Association, PEMAT-A/V: patient education materials assessment tool
audio/visual, U: understandability, A: actionability, IQR: interquartile range (25"-
75" percentile)

Duzce Med J, 2024;26(3)

VPI: video power index, GQS: global quality scale, JAMA: Journal of the American
Medical Association, PEMAT-A/V: patient education materials assessment tool
audio/visual, U: understandability, A: actionability, IQR: interquartile range (25"
75" percentile)
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Table 6. Analyses of content quality of videos by content

YouTube Videos about Insulin Injection in Children

Technical Info (T) General Info (G)

Social Life of a Child (S)  Dosing Calculation (D)

Median (IQR) [min-max]

Median (IQR) [min-max]

Median (IQR) [min-max]  Median (IQR) [min-max]

VPI 58.2 (6.2-317.9) [0.5-1665.8] 19.1 (11.7-50.4) [0.4-1163.4] 10.4 (0.6-24.5) [0.3-36.3] 225 (19.6-114.4) [19.5-144.1] 0.197
GQS 4 (3-5) [2-5] 4 (2.5-45) [2-5] 2 (2-3.5) [2-5] 4 (4-4.75) [4-5] 0.114
DISCERN 3 (2-4) [1-5] 3 (2-4) [2-4] 2 (1-3) [1-3] 4 (3.25-4.75) [3-5] 0.050
JAMA 3 (1.25-4) [1-4] 3 (1.5-3.5) [0-4] 1 (1-2.25) [1-3] 3.5 (3-4) [3-4] 0.076
PEMATAN U 87 (54-92) [22-100] 83 (49.5-90) [36-92]  38.5(25.25-49.5) [20-63]  90.5 (88.5-91.75) [88-92]  0.024
PEMATANVA 75 (33-100) [0-100] 75 (29-75) [0-100] 16.5 (0-33) [0-33] 87.5 (75-100) [75-100]  0.019

GQS: global quality scale, JAMA: Journal of the American Medical Association, PEMAT-A/V: patient education materials assessment tool audio/visual, U:
understandability, A: actionability, VPI: video power index, IQR: interquartile range (25"-75™ percentile), post hoc test results of groups; PEMAT A/V U: T vs S: p=0.005,

S vs D: p=0.009; PEMAT A/V A: T vs S: p=0.007, S vs D: p=0.005

Correlation analyses revealed positive correlations
between video analytics, such as number of views, likes,
dislikes, comments, and view rate, VPI, and content
quality scales, including GQS, modified DISCERN,
JAMA, and PEMAT-A/V U and A scores (Table 8).

DISCUSSION

This study evaluated the quality and usefulness of the
YouTube videos about “insulin injection in children”
focusing on the first 100 videos related to the subject. In
general, the evaluated 47 videos exhibit medium quality
using the GQS, modified DISCERN, JAMA, and PEMAT
A/V understandability and actionability scales. The quality
of the content of the videos uploaded by the professional
sources was better than the non-professional ones
according to all used scales. While there are some studies
in the literature evaluating the online contents related to
DM, insulin injection, and resistance (13,14,22-24), this
study is the first to specifically analyze the utility of
YouTube videos on the subject of insulin injection in
children.

Diabetes mellitus is a complex problem and the patient,
whether a child or adolescent, should be informed about
the course and treatment of the disease. The most common
metabolic disorder in all over the world is still type 1 DM
and insulin therapy is the mainstay of the management of
this condition (25). Education of the children with type 1
DM is very important in the management. One of the musts

Table 7. Content quality of videos by image quality

Standard (480p) High (>720p)
Median (IQR) Median (IQR) p
[min-max] [min-max]
R (S e
GQS 2'[52%4) 4[§‘_‘g;’) 0.002
DISCERN 2 (1'[715’;5'25) 4[5:_)’;]‘) <0.001
JAMA 1[&'&) 3[5%;1‘]‘) <0.001
PEMAT ANV U 38[(2227_561‘5'5) 90[2(8315(’)0%2) <0.001
PEMATAVA 2 Eg:%ff’) 5 ng’l'%bl]oo) <0.001

VPI: video power index, GQS: global quality scale, JAMA: Journal of the American
Medical Association, PEMAT-A/V: patient education materials assessment tool
audio/visual, U: understandability, A: actionability, IQR: interquartile range (25'"-
75" percentile)

that a child with type 1 DM should learn is the insulin
injection technique (26). The technique should be
explained well to the child and his/her family, and the
initial applications should be carried out under the
supervision of a professional team. However, it is also
obvious that information materials will be needed so that
the child and his/her family will not have difficulties
when applying this treatment in their own lives. YouTube

Table 8. Correlation coefficients between content quality scores and video analytics

GQs DISCERN JAMA PEMAT-A/V U PEMAT-A/V A
rs p rs p rs p rs p rs p

Time since upload -0.008  0.960 -0.143  0.339 -0.001  0.996 -0.053  0.722 0.037 0.804
Video duration -0.065  0.663 0.054  0.720 -0.014  0.927 -0.008  0.957 -0.008  0.957
Number of views 0.616  <0.001 0.635 <0.001 0.637 <0.001 0.727  <0.001 0.695 <0.001
Number of likes 0.562 <0.001 0.648 <0.001 0.643 <0.001 0.727  <0.001 0.720  <0.001
Number of dislikes 0.320 0.028 0.415 0.004 0.427 0.003 0.455 0.001 0.432 0.002
Number of comments 0.458 0.003 0.585 <0.001 0.542  <0.001 0.689  <0.001 0.641 <0.001
Like rate 0.275  0.062 0.270  0.066 0.244 0.099 0.324 0.026 0.353  0.015
View rate 0.643 <0.001 0.716  <0.001 0.675 <0.001 0.761 <0.001 0.730 <0.001
VPI 0.653 <0.001 0.727  <0.001 0.689 <0.001 0.771 <0.001 0.744  <0.001

GQS: global quality scale, JAMA: Journal of the American Medical Association, PEMAT-A/V: patient education materials assessment tool audio/visual, U:

understandability, A: actionability, VPI: video power indeX, rs: Spearman’s rho
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has significant potential as a health education tool, as
video-assisted learning has been shown to be valuable for
patients' knowledge acquisition (27). It should be kept in
mind that uncontrolled and easily accessible online
information may cause serious problems in the diagnosis
and treatment of some diseases. At this point, it is
important that the information provided on YouTube is
also examined by professionals in the field and that
patients are guided in line with the results obtained
(9,11,20).

Evaluation and standardization of the quality and
reliability of health-related content can be achieved by
using appropriate quality assessment scales. The most
frequently used scales for this purpose include GQS,
modified DISCERN, and JAMA (9,11,20). In addition to
these commonly used scales, the PEMAT A/V was used in
this study. While the use of educational materials such as
videos is increasing, scales specifically developed to
evaluate them are limited. The PEMAT A/V has been
shown to be superior to other quality assessment tools in
its ability to reliably assess video or audio materials. In
addition, PEMAT A/V is the first tool to measure
actionability, an increasingly desirable goal of patient
education materials. Although the use of PEMAT A/V in
such studies complicates the study process, it increases the
reliability of the results (21). It should be noted that the
actionability scores of the videos analyzed in this study
were lower than the understandability scores. It is possible
to say that the quality of educational videos related to
insulin injection in children will increase significantly
with the development of video content having high
actionability scores.

Videos about health information on YouTube generally
show medium or low quality. In a study evaluating the
reliability of YouTube videos about health-related
information, the quality of the contents was found to be
average-low according to modified DISCERN and GQS
scales (11). In a recent study evaluating the insulin pen
injection videos on YouTube as a patient education
resource, they found reliable results, but nearly half of the
videos were misleading (14). Barlas et al. (13) evaluated
the YouTube videos about insulin resistance recently and
they also found that 54% of the videos had very poor
quality. Sixty-two YouTube videos about DM were
evaluated by Mylavarapu et al. (24) and they found
average results of GQS and reliability scores. In this
study, the mean scores were found to be consistent with
the literature in all the data obtained from the GQS,
modified DISCERN, JAMA, and two forms of the
PEMAT A/V scales.

When we look at the results of this study, one can see that
videos with high educational quality have more views.
However, the view rate or VPl may not always indicate
that the video is quality and reliable. Scales such as the
GQS, modified DISCERN, JAMA, and PEMAT A/V
scores assess specific content quality elements, but the \V/PI
indicates the perceived value of video content. Some
studies on medical videos have shown that videos that are
popular among viewers may lack content quality (9,28).
To increase the view rate of informative content about
insulin injection in children by the target audience, it is
valuable to create a video format that considers the
standards set by quality scales.
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Educational videos uploaded by professionals had higher
quality and reliability than those of non-professionals in
most of the studies (29-31). However, some studies have
reported contrary results (13). In this study, it was found
that videos uploaded from professional sources have
higher quality rates than non-professional sources
according to all quality scales used.

In further evaluation, video analytics such as number of
views, likes, dislikes, comments, view rate, VPI, and used
content quality scales showed a positive correlation. This
result is consistent with the studies in the literature (32,33).
In light of these results, we can say that patients and/or
their relatives can understand quality and reliable
information and determine their preferences accordingly.
Standardization of the videos uploaded to the YouTube
platform in the field of health can be effective in improving
quality. For example, the inclusion of certain criteria to
improve quality, such as indicating the source of
information and indicating areas of uncertainty before
videos are presented to internet users, may contribute
positively to health accreditation.

This study is not free from some limitations. First, only
videos published in English were examined, which
prevents the generalization of the study results. Secondly,
although the aim was to identify the most relevant videos,
being stuck with a single keyword for video selection
could be seen as a limiting factor. Furthermore, focusing
only on videos published on the YouTube platform and
excluding content from other websites and social media
platforms may not cover all the information available on
insulin injection in children on online platforms.

CONCLUSION

This study is the first to analyze YouTube videos about
insulin injection in children specifically. Although many
of the videos examined were of professional origin and
their quality scores were higher, the rate of the videos of
non-professional origin was close to half. Unfortunately,
the quality scores of these videos were quite low in all
used scales. It is important that patients and their relatives
are not prevented from accessing information from
platforms such as YouTube, but rather are guided correctly
by health professionals.

Ethics Committee Approval: Since our study was not an
experimental study including human or animal subject,
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ABSTRACT

Aim: To evaluate the long-term clinical and functional results of patients diagnosed with
scaphoid bone proximal pole nonunion and who underwent retrograde fixation with non-
vascularized cancellous autograft from the distal radius and a cannulated, headless screw via a
volar approach.

Material and Methods: Twenty-nine patients, 2 female, and 27 male, who underwent surgery
with the diagnosis of scaphoid proximal pole nonunion were evaluated in this study. All
patients underwent retrograde fixation with a non-vascularized cancellous autograft from the
distal radius and a headless cannulated screw using a volar approach and the same
rehabilitation program was applied. The clinical and functional scores of the patients were
evaluated before surgery and at the last follow-up.

Results: The mean age of the patients was 30.66+7.34 (range, 18-40) years. The median
symptom duration was 11 (range, 6-18), and the median follow-up period after surgery was
55 (range, 36-67) months. When the maximum isometric strength of the forearm muscles of
the healthy and surgical sides was evaluated at the last follow-up, the mean hand-grip strength
test values of the healthy side were significantly higher than the pathological side (p<0.001).
In addition, the mean flexion and radial deviation values of the healthy side were found to be
statistically significantly higher than the surgical side in terms of the wrist joint range of motion
at the last follow-up (p=0.006, and p=0.022, respectively).

Conclusion: Non-vascularized cancellous autograft and retrograde fixation with a volar approach
is an effective surgical treatment option for proximal pole nonunion of the scaphoid bone.
Keywords: Scaphoid nonunion; proximal pole; retrograde fixation; non-vascularized
cancellous bone autograft.

0z

Amag: Skafoid kemik proksimal kutup kaynamama tanisi almis olan ve volar yaklagimla distal
radiusdan nonvaskiilarize kanselloz otogreft ve bir adet kaniillii, bagsiz vida ile retrograd
fiksasyon uygulanan hastalarm uzun dénem klinik ve fonksiyonel sonuglarmi degerlendirmektir.
Gere¢ ve Yontemler: Bu calismada skafoid proksimal kutup kaynamama tanisi ile cerrahi
yapilan, 2 kadin ve 27 erkek olmak iizere yirmi dokuz hasta degerlendirildi. Tiim hastalara
volar yaklagimla distal radiustan nonvaskiilarize kanselloz otogreft ve bir adet bagsiz kaniillii
vida ile retrograd fiksasyon yapildi ve ayni rehabilitasyon programi uygulandi. Hastalarin
klinik ve fonksiyonel skorlar1 cerrahi 6ncesi ve son kontrolde degerlendirildi.

Bulgular: Hastalarin ortalama yast 30,66+7,34 (aralik, 18-40) yil idi. Ortanca semptom siiresi
11 (aralik, 6-18) ay ve cerrahi sonrasi ortanca takip siiresi 55 (aralik, 36-67) ay idi. Son
kontrolde saglam ve cerrahi uygulanan taraflarin 6n kol kaslarmin maksimum izometrik
kuvveti degerlendirildiginde, saglam tarafin ortalama el kavrama giicii test degerleri patolojik
tarafa gore anlamli derecede daha yiiksekti (p<0,001). Buna ek olarak, son kontrolde el bilek
eklem hareket agikligi agisindan saglam tarafin ortalama fleksiyon ve radial deviasyon
degerlerinin cerrahi uygulanan tarafa gore istatistiksel olarak anlamli derecede daha yiiksek
oldugu bulundu (sirasiyla p=0,006 ve p=0,022).

Sonu¢: Skafoid kemik proksimal kutup kaynamama durumunda, volar yaklasimla
nonvaskiilarize kanselloz otogreft ve retrograd fiksasyon etkili bir cerrahi tedavi secenegidir.
Anahtar kelimeler: Skafoid kaynamamasi; proksimal kutup; retrograd fiksasyon;
nonvaskiilerize kanselloz kemik otogrefti.
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INTRODUCTION

Scaphoid fractures are the most common fractures among
the carpal bone fractures (1-3). Nonunion is observed in
5-25% of scaphoid fractures after treatment, and nonunion
is more common, especially in elderly patients, smokers,
and when there is a delay in the initial treatment of the
fracture (4,5). In addition, scaphoid nonunion is frequently
encountered in untreated cases, in patients with
undiagnosed cases, and in patients who do not heal despite
conservative treatment (3,6). In addition to standard
radiographs, computed tomography is frequently used in
diagnosis, especially in surgical patients, but magnetic
resonance imaging is also frequently used to evaluate
avascular necrosis (4). In standard radiographs used in
diagnosis, diagnosis is often made late or overlooked
because the scaphoid fracture line cannot be clearly
determined (2).

In the literature, the risk of developing nonunion is
reported in scaphoid fractures diagnosed six weeks after
the fracture and without radiological evidence of union
despite eight weeks of conservative treatment (1,4,6). The
incidence of nonunion is not fully known because some
patients continue to be asymptomatic (2). It has been
reported that chronic wrist pain and progressive arthrosis
may develop in symptomatic cases with nonunion (5).
Scaphoid fractures are classified according to their
location in the scaphoid as tuberosity (17%), proximal
pole (6%), middle (66%) and distal pole (11%). This
classification helps in determining the treatment methods
to be applied, the vascularity of the fractured part, the
potential for healing, or whether surgical treatment is
required (3). The vascularity of the scaphoid bone is
provided by the palmar and dorsal branches of the radial
artery. The dorsal branch of the radial artery is solely
responsible for the vascularity of the proximal pole (7).
The necessity of surgery in the treatment of proximal pole
nonunion is a common opinion of all hand surgeons, but
there is no method accepted as a gold standard in the
literature in terms of fixation method, volar/dorsal surgical
approach, or grafting technique (8-10). In the cadaver
model study by Daly et al. (11), in which they compared
the biomechanical strength of retrograde and antegrade
fixation in proximal pole scaphoid fractures, it was
emphasized that antegrade and retrograde screw fixation
were equivalent in terms of biomechanical strength. In the
systematic evaluation and meta-analysis study conducted
by Duncumb et al. (12) regarding the selection of bone
graft in scaphoid nonunion surgery, it was emphasized
that vascularized bone graft application did not provide
significantly superior results compared to non-vascularized
graft in the management of scaphoid nonunion. In
addition, the authors stated that the fixation type or source
of the graft used did not affect the union rates. Although
successful results have been reported in the literature with
vascular or non-vascular cancellous bone grafts and dorsal
antegrade/volar retrograde fixation methods for proximal
pole nonunion surgery, there is no consensus (13,14).

The aim of this study was to compare the clinical and
functional long-term results of patients who underwent
surgery with the diagnosis of scaphoid proximal pole
nonunion and were treated with a cancellous graft from the
distal radius and one headless screw with retrograde
fixation using a volar approach.
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MATERIAL AND METHODS

Of the 32 patients who underwent surgery due to the
diagnosis of scaphoid proximal pole nonunion in our clinic
between December 2009 and June 2013, 29 patients who
met the inclusion criteria were included in the study. All
patients who received nonvascularized cancellous
autograft from the distal radius with a volar approach and
underwent retrograde fixation surgery with a headless
cannulated screw were evaluated clinically and
functionally, retrospectively. This study was approved by
the Duzce University Faculty of Medicine Non-invasive
Health Research Ethics Committee (21.10.2019, 186) and
all patients were informed about the study, an informed
consent form and approval were obtained.

The inclusion criteria for the study were; between the ages
of 18-45, proximal pole nonunion, volar approach,
retrograde fixation, non-vascularized cancellous bone
graft from the distal volar radius, a headless cannula screw,
and magnetic resonance imaging before surgery.
Exclusion criteria for the study were; being under 18 or
over 45 years of age, dorsal approach, having previously
undergone hand surgery for any reason, avascular
proximal pole on magnetic resonance imaging (MRI),
scaphoid middle or distal 1/3 nonunion, and Kirshner wire.
Three patients were excluded from the study because it
was observed that regular wrist joint range of motion
measurements were not recorded during routine outpatient
clinic control.

Demographic data of the patients were evaluated as
follows; age, gender, surgical side, dominant extremity,
etiology, smoking, duration of symptoms, follow-up
period, grip strength test measurement (Jamar® Hydraulic
Hand Dynamometer) before surgery and at the last
follow-up, pain level before surgery and at the last
follow-up, functional tests for the wrist, surgical
satisfaction level, and healthy/pathological wrist range of
motion.

The clinical and functional scores of the patients were
evaluated with the scales of patient-rated tennis elbow
evaluation (PRTEE), quick-disabilities of the arm, shoulder,
and hand (Q-DASH), and visual analog scale (VAS)
scores measured before surgery and at the last follow-up.
The PRTEE score (maximum 100 points) evaluates the
pain (50 points) in the affected arm and the function (100/2
points) in the affected arm (specific activities, activities of
daily living). Q-DASH is a regional outcome measure
developed for upper extremity musculoskeletal disorders
and contains 11 questions. In order to calculate the score
of the scale, which is reported to be used instead of DASH,
at least 10 of the 11 questions must be answered. Each
question is scored on a 5-point scale and a final score
ranging from O (no disability) to 100 (severe disability) is
calculated. VAS is used to convert some values that cannot
be measured numerically into numerical values. The two
extreme definitions of the parameter to be evaluated are
written at both ends of a 100 mm line and the patient is
asked to indicate where their own condition fits on this line
by drawing a line, putting a dot, or marking. For example,
for pain, I have no pain at one end and very severe pain is
written at the other end and the patient marks their current
condition on this line. The length of the distance from the
point where there is no pain to the point marked by the
patient indicates the patient's pain.
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Surgical Technique and Rehabilitation

All patients underwent surgery under general anesthesia
and with a tourniquet. A skin incision was made from the
distal part of the flexor carpi radialis tendon to the level of
the palmar rim of the distal radius and then to the scaphoid
tubercle and scaphotrapezial joint. After retracting the
superficial palmar branch of the radial artery, the flexor
carpi radialis tendon was retracted to the ulnar side. After
the capsule was opened obliquely from the scaphoid
tubercle to the palmar rim of the radius, the
radioscaphocapitate ligament was retracted. The long
radiolunate ligament was incised to the palmar edge of the
radius and the nonunion line was revealed. All fibrous
tissues and sclerotic bone tissues in both the proximal and
distal nonunion lines were removed with the help of a
curette, burr, or osteotome. After adequate debridement,
the distal radius was reached through the same volar
proximal skin incision and sufficient pure cancellous bone
autograft was taken by opening a window in the radius.
After the grafting process was completed, retrograde
fixation was achieved with a suitable size, 1.6 mm
cannulated, headless screw (ACUMED), and the reduction
was checked with scopy. The incision lines were closed
according to the anatomy (Figure 1).

In all patients, the wrist was immobilized with a short arm
splint for 6 weeks to allow for the healing of the soft tissues
and radioscaphocapitate ligament after surgery, and then
all patients underwent wrist rehabilitation with the same
physical therapy protocol.

3 A el ~
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Figure 1. Long-term radiographic follow-up of a 29-year-old
male patient who underwent scaphoid proximal pole nonunion
surgery. A) Anteroposterior wrist radiograph, B) Coronal magnetic
resonance imaging at 11 months after trauma (preoperative),
Anteroposterior wrist radiograph C) 1 day, and D) 50 months
after surgery with the complete union of the scaphoid

Duzce Med J, 2024;26(3)

Proximal Pole Scaphoid Nonunion

Statistical Analysis

Statistical analyses were performed with the Number
Cruncher Statistical Systems (NCSS) 2007 statistical
software (Utah, USA). In addition to descriptive statistical
methods (mean, standard deviation, median, interquartile
range, minimum, maximum) in the evaluation of the data,
the distribution of the variables was examined with the
Shapiro-Wilk normality test. In the comparison of the first
and last measurements of the variables showing normal
distribution the paired samples t-test was used, while the
Wilcoxon test was used for variables not showing normal
distribution. The independent samples t-test was used to
compare two groups and categorical variables were
analyzed with Fisher’s exact test. The results were
evaluated at the significance level of p<0.05.

RESULTS

Of the 29 patients included in the study, 2 were female and
27 were male, and their mean age was 30.66+7.34 (range,
18-40) years. The median symptom duration until surgery
was 11 (range, 6-18) months. The median follow-up period
after surgery was 55 (range, 36-67) months. When the
functional scores of the patients were compared, the
median VAS, Q-DASH, and PRTEE values measured at
the last follow-up period were found to be statistically
significantly lower than the values measured before
surgery (p<0.001 for all, Table 1). When we evaluated the
maximum isometric strength of the forearm muscles of the
healthy and surgical sides at the last follow-up period after
surgery, the mean hand-grip strength test values of the
healthy side were found to be statistically significantly
higher than the pathological side (p<0.001). In addition,
when the wrist joint range of motion of the healthy and
surgical sides was evaluated at the last follow-up period,
no statistically significant difference was observed
between the mean extension (p=0.075) and ulnar
deviation (p=0.234) values, but the mean flexion (p=0.006)
and radial deviation (p=0.022) values of the healthy side
were found to be statistically significantly higher than the
surgical side (Table 2). Nonunion was detected in a total
of 4 patients, 3 male and 1 female, at their last follow-up.
The mean age (p=0.011), and advanced osteoarthritis
findings (p=0.001) of the nonunion group were found to be
significantly higher than the union group (Table 3).

DISCUSSION

In this study, where we evaluated the long-term results of
patients who underwent surgical treatment with a volar
approach and non-vascularized bone graft from the distal
radius for proximal pole nonunion in scaphoid bone
fractures, 86% complete union was achieved. We
concluded that there was a significant clinical
improvement compared to pre-surgical values in the
clinical evaluation made with PRTEE and Q-DASH
measurements. It was found that especially extension and
ulnar deviation movements were almost completely gained
when we evaluated the range of motion of the joint in
comparison with the healthy wrist.

Despite the diversity and lack of consensus in management
of nonunion after scaphoid bone fractures, studies have
reported very successful long-term results (1,15,16). In a
study by Reigstad et al. (15) evaluating scaphoid fracture
nonunion with a long-term follow-up, they concluded that
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Table 1. Comparison of clinical and functional test values of patients before and after (final evaluation) surgery

Preoperative

Final evaluation

Mean+SD Median (IQR) [min-max] Mean+SD Median (IQR) [min-max] P
VAS 6.89+1.49 7 (6-8) [4-10] 1.03+1.48 1(0-1) [0-5] <0.001
Q-DASH 61.91+18.57  65.9 (43.2-70.5) [20.5-88.6] 6.97+9.45 0 (0-12.5) [0-36.4] <0.001
PRTEE 66.21+11.92 66 (57-75) [40-90] 8.60+7.62 7 (0-15) [0-23.5] <0.001

VAS: visual analog scale, Q-DASH: quick-disabilities of the arm, shoulder, and hand, PRTEE: patient-rated tennis elbow evaluation, SD: standard deviation, IQR: interquartile range

Table 2. Hand grip strength and joint range of motion
values of the wrist with nonunion surgery and healthy wrist

Healthy Wrist Lesion Wrist p

Grip Strength 82.52+14.05  65.69+21.82 <0.001
Flexion 78.38+11.72  72.93+13.30  0.006
Extension 69.00+10.10  66.21£10.17  0.075
Radial Deviation 29.00+5.35 25.93+6.82  0.022
Ulnar Deviation 41.76+5.93 39.62+8.96  0.234

Table 3. Comparison of patients with and without union
after nonunion surgery due to scaphoid fracture

Nonunion Union p
Age (years), meantSD  39.00+1.55  29.32+£7.02  0.011
Gender, n (%)

Male 3 (75.0) 24 (96.0) 0.261

Female 1(25.0) 1(4.0) '
Fracture, n (%)

Right 2 (50.0) 10 (40.0)

Left 2 (50.0) 15(60.0) 0999
Smoking, n (%) 2 (50.0) 12 (48.0) >0.999
Osteoarthritis, n (%)

None 0(0.0) 19 (76.0)

Mild 1(25.0) 3(12.0) 0.001

Moderate 0(0.0) 3(12.0) '

Extremely 3 (75.0) 0(0.0)

SD: standard deviation

the applied surgery reduced pain, improved wrist
functions, and slowed down degenerative changes. In
another scaphoid nonunion study by Jaminet et al. (16)
evaluating the radiological results of 286 patients at the
end of ten years, they emphasized that the prognosis of
scaphoid nonunion could be very good with the application
of a correct treatment algorithm. Similar to the literature,
in this study, we obtained very successful results both
clinically and functionally in proximal pole nonunion,
which we followed up for a long time.

It is still a matter of debate whether the bone graft to be
used in proximal pole nonunions of the scaphoid bone is
vascularized or non-vascularized (17-20). Rancy et al. (19)
emphasized that non-vascularized autograft and rigid
fixation are quite effective in achieving union despite
vascular ischemia and histopathological osteonecrosis in
their prospective study on proximal pole nonunions of the
scaphoid. In addition, the authors stated that vascularized
bone grafting is rarely necessary for internal fixation of
scaphoid nonunions. Similarly, Luchetti et al. (20) achieved
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90% union after cancellous non-vascularized autograft
taken from the distal radius and fixation in proximal pole
nonunions and also stated that non-vascularized cancellous
autograft and antegrade fixation a useful options in the
treatment of proximal pole scaphoid nonunions.

The management of scaphoid nonunion surgery is quite
difficult due to reasons such as the geometry of the
scaphoid bone, the fracture site, and the vascular supply
pattern (21). In particular, the decision to choose the volar
or dorsal approach is very important in scaphoid proximal
pole nonunions. The dorsal approach is the most preferred
method in proximal pole nonunions, when the literature is
examined, (22-28). For example, in the meta-analysis
study conducted by Merrel et al. (26) in terms of scaphoid
nonunion surgery, they emphasized that there was a 67%
recovery rate for proximal pole nonunions in surgeries
performed with the dorsal approach. In another study
conducted by Weber et al. (27) in proximal pole scaphoid
nonunions with the volar approach, they emphasized that
union, joint range of motion, and grip strength were at a
good level. Finsen et al. (28) evaluated bone chip graft and
Kirschner wire fixation in scaphoid nonunion surgery with
a 10-year follow-up period and reported that bone union
was quite successful in another study. The authors also
emphasized that this method is excellent for proximal pole
nonunions. In contrast to these studies, some studies adopt
retrograde fixation with a volar approach in proximal
scaphoid fracture surgery (11,29). In a cadaver study by
Daly et al. (11), they compared the biomechanical strength
of retrograde fixation in proximal pole scaphoid fractures
and divided 22 scaphoids into two groups to create
proximal pole fractures. They compared antegrade fixation
with a dorsal approach and retrograde fixation with a volar
approach biomechanically in this current study. The
authors emphasized that antegrade and retrograde screw
configurations are equivalent in terms of biomechanical
strength. In another clinical study by Jeon et al. (29),
comparing percutaneous screw application with volar and
dorsal approaches in scaphoid fractures, they stated that
the screws were placed more parallel to the long axis of the
scaphoid and more perpendicular to the fracture line with
the dorsal approach, but they emphasized that there was no
significant difference in terms of functional outcome and
bone union.

In nonunion cases developing after scaphoid bone fractures,
carpal instability, collapse or advanced osteoarthritic
changes in the radio scaphoid joint may be observed after
the conservative or surgical approaches (25,30,31). In a
long-term follow-up study by Daecke et al. (31) evaluating
the formation of carpal osteoarthritis after scaphoid
nonunion treatment with bone graft and cannulated screws,
it was stated that high patient satisfaction and good

245



Arican M.

function were observed after the healing of scaphoid
nonunion. In addition, the authors emphasized that correct
anatomical reconstruction of the non-arthritic joint with
cannulated screws in long-term follow-ups suggests the
onset of osteoarthritic changes in most patients. In this
study, nonunion was detected in 4 of 29 patients, and
advanced osteoarthritic changes developed in the radio
scaphoid joint of the patients.

There are some limitations of this study in which we
evaluated patients who underwent retrograde fixation with
a volar approach for proximal pole scaphoid fracture
nonunions. First, it is a retrospective study with a small
number of patients. Second, the patient group consists of
young patients, and therefore the clinical and functional
results may have been quite good. Finally, the proximal
fragment was not separated in terms of size, and all
proximal pole nonunions were included in the study.

CONCLUSION

Although the volar approach is not preferred in terms of
the shape of the scaphoid bone, fracture pattern, and screw
configuration in proximal pole nonunions of scaphoid
fractures, non-vascularized cancellous autograft and
retrograde fixation with the volar approach is a highly
effective surgical treatment option in proximal pole
nonunions of the scaphoid bone.

Ethics Committee Approval: The study was approved by
the Non-invasive Health Research Ethics Committee of
Diizce University (21.10.2019, 186).

Conflict of Interest: None declared by the authors.
Financial Disclosure: None declared by the authors.
Acknowledgments: None declared by the authors.

Author Contributions: Idea/Concept: MA; Design: MA,;
Data Collection/Processing: MA,; Analysis/Interpretation:
MA,; Literature Review: MA,; Drafting/Writing: MA,;
Critical Review: MA.

REFERENCES

1. Rhee PC, Jones DB Jr, Shin AY, Bishop AT.
Evaluation and treatment of scaphoid nonunions: a
critical analysis review. JBJS Rev. 2014;2(7):e4.

2. Huang YC, Liu Y, Chen TH. Long-term results of
scaphoid nonunion treated by intercalated bone
grafting and Herbert's screw fixation--a study of 49
patients for at least five years. Int Orthop.
2009;33(5):1295-300.

3. Steinmann SP, Adams JE. Scaphoid fractures and
nonunions: diagnosis and treatment. J Orthop Sci.
2006;11(4):424-31.

4. Yeo JH, Kim JY. Surgical strategy for scaphoid
nonunion treatment. J Hand Surg Asian Pac Vol.
2018;23(4):450-62.

Duzce Med J, 2024;26(3)

Proximal Pole Scaphoid Nonunion

5. Ammori MB, Elvey M, Mahmoud SS, Nicholls AJ,
Robinson S, Rowan C, et al. The outcome of bone graft
surgery for nonunion of fractures of the scaphoid. J
Hand Surg Eur Vol. 2019;44(7):676-84.

6. Rogers MJ, Ohlsen SM, Huang JI. Fixation techniques
for scaphoid nonunion. J Am Acad Orthop Surg.
2023;31(15):783-92.

7. Taleisnik J, Kelly PJ. The extraosseous and
intraosseous blood supply of the scaphoid bone. J Bone
Joint Surg Am. 1966;48(6):1125-37.

8. Aibinder WR, Wagner ER, Bishop AT, Shin AY. Bone
grafting for scaphoid nonunions: is free vascularized
bone grafting superior for scaphoid nonunion? Hand
(N'Y). 2019;14(2):217-22.

9. Papatheodorou LK, Papadopoulos DV, Graber MM,
Sotereanos DG. Dorsal capsular-based vascularized
distal radius graft for proximal pole scaphoid nonunion
with avascular necrosis. Injury. 2021;52(12):3635-9.

10. Miller EA, Huang JI. Traditional bone grafting in
scaphoid nonunion. Hand Clin. 2024;40(1):105-16.

11.Daly CA, Boden AL, Hutton WC, Gottschalk MB.
Biomechanical strength of retrograde fixation in
proximal third scaphoid fractures. Hand (N Y).
2019;14(6):760-4.

12. Duncumb JW, Robinson PG, Williamson TR, Murray
IR, Campbell D, Molyneux SG, et al. Bone grafting for
scaphoid nonunion surgery: a systematic review and
meta-analysis. Bone Joint J. 2022;104-B(5):549-58.

13.Rancy SK, Wolfe SW, Jerome JTJ. Predictors of
failure for vascularized and nonvascularized bone
grafting of scaphoid nonunions: a systematic review. J
Hand Microsurg. 2021;14(4):322-35.

14. Fujihara Y, Yamamoto M, Hidaka S, Sakai A, Hirata
H. Vascularised versus non-vascularised bone graft for
scaphoid nonunion: Meta-analysis of randomised
controlled trials and comparative studies. JPRAS
Open. 2022;35:76-88.

15. Reigstad O, Grimsgaard C, Thorkildsen R, Reigstad A,
Rokkum M. Long-term results of scaphoid nonunion
surgery: 50 patients reviewed after 8 to 18 years. J
Orthop Trauma. 2012;26(4):241-5.

16. Jaminet P, G6tz M, Gonser P, Schaller HE, Lotter O.
Treatment of scaphoid nonunion: radiologic outcome
of 286 patients in 10 years. Eplasty. 2019;19:e5.

17. Ribak S, Medina CE, Mattar R Jr, Ulson HJ, Ulson HJ,
Etchebehere M. Treatment of scaphoid nonunion with
vascularised and nonvascularised dorsal bone grafting
from the distal radius. Int Orthop. 2010;34(5):683-8.

18. Tambe AD, Cutler L, Murali SR, Trail IA, Stanley JK.
In scaphoid non-union, does the source of graft affect
outcome? lliac crest versus distal end of radius bone
graft. J Hand Surg Br. 2006;31(1):47-51.

19. Rancy SK, Swanstrom MM, DiCarlo EF, Sneag DB,
Lee SK, Wolfe SW. Success of scaphoid nonunion
surgery is independent of proximal pole vascularity. J
Hand Surg Eur Vol. 2018;43(1):32-40.

20. Luchetti TJ, Rao AJ, Fernandez JJ, Cohen MS,
Wysocki RW. Fixation of proximal pole scaphoid
nonunion with non-vascularized cancellous autograft.
J Hand Surg Eur Vol. 2018;43(1):66-72.

21.Mclnnes CW, Giuffre JL. Fixation and grafting after
limited debridement of scaphoid nonunions. J Hand
Surg Am. 2015;40(9):1791-6.

246



Arican M.

22.Wagner ER, Spencer CC, Dawes AM, Gottschalk MB,
Daly CA. Management of proximal pole scaphoid
nonunions: a critical analysis review. JBJS Rev.
2021;9(4):e19.00181.

23.Waters PM, Stewart SL. Surgical treatment of
nonunion and avascular necrosis of the proximal part
of the scaphoid in adolescents. J Bone Joint Surg Am.
2002;84(6):915-20.

24. Severo AL, Lemos MB, Lech OLC, Barreto Filho D,
Strack DP, Candido LK. Bone graft in the treatment of
nonunion of the scaphoid with necrosis of the proximal
pole: a literature review. Rev Bras Ortop.
2017;52(6):638-43.

25. Matsuki H, Ishikawa J, lwasaki N, Uchiyama S,
Minami A, Kato H. Non-vascularized bone graft with
Herbert-type screw fixation for proximal pole scaphoid
nonunion. J Orthop Sci. 2011;16(6):749-55.

26. Merrell GA, Wolfe SW, Slade JF 3rd. Treatment of
scaphoid nonunions: quantitative meta-analysis of the
literature. J Hand Surg Am. 2002;27(4):685-91.

Duzce Med J, 2024;26(3)

Proximal Pole Scaphoid Nonunion

27.Weber MB, Bishop AT, Shin AY. Osteochondral
autograft transplantation for proximal pole scaphoid
nonunions. J Hand Surg Am. 2023;48(7):655-64.

28. Finsen V, Hofstad M, Haugan H. Most scaphoid non-
unions heal with bone chip grafting and Kirschner-wire
fixation. Thirty-nine patients reviewed 10 years after
operation. Injury. 2006;37(9):854-9.

29.Jeon IH, Micic ID, Oh CW, Park BC, Kim PT.
Percutaneous screw fixation for scaphoid fracture: a
comparison between the dorsal and the volar
approaches. J Hand Surg Am. 2009;34(2):228-36.e1.

30.Lim TK, Kim HK, Koh KH, Lee HI, Woo SJ, Park MJ.
Treatment of avascular proximal pole scaphoid
nonunions with vascularized distal radius bone
grafting. J Hand Surg Am. 2013;38(10):1906-12.e1.

31. Daecke W, Wieloch P, Vergetis P, Jung M, Martini
AK. Occurrence of carpal osteoarthritis after treatment
of scaphoid nonunion with bone graft and Herbert
screw: a long-term follow-up study. J Hand Surg Am.
2005;30(5):923-31.

247



Research Article / Arastirma Makalesi Duzce Med J, 2024;26(3):248-254
doi: 10.18678/dtfd.1517926 Diizce Tip Fak Derg, 2024;26(3):248-254

Clinical and Histopathological Effects of Isotretinoin on Neuroregeneration in
Experimental Spinal Cord Injury

Deneysel Omurilik Yaralanmasinda Isotretinoinin Nororejenerasyon Uzerine Klinik ve
Histopatolojik Etkileri

7 0000-0002-1173-9674 Aim: Spinal cord injury is an important problem, and a fully effective treatment for it has not

Omer POLAT? yet been developed. Isotretinoin is a retinoid known for its anti-inflammatory effect. The

Gi;)\?g?l_(iggiif;l_“lz present study aimed to evaluate whether isotretinoin has a positive impact on neural tissue in
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Kayihan KARACOR® 28-day 15 mg/kg/day isotretinoin groups. Laminectomy was performed and spinal cord injury
0000-0002-5646-2226 was produced by using the clip compression technique. Neurological examination was

performed on days 1, 7, 14, and 28. After the treatment period, all rats were sacrificed, and
their spinal cord samples were collected for histopathological assessment.
Results: Groups receiving 7.5 mg/kg/day (p=0.048) and 15 mg/kg/day (p<0.001) isotretinoin
showed a significantly increased inclined plane angle on day 14 compared with the sham
group. In hematoxylin and eosin, and Luxol fast blue staining, the 28-day isotretinoin of 15
mg/kg/day group and the control group had similar histopathological findings in motor neurons
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Conclusion: Isotretinoin reduces neuronal apoptosis, diminishes pathological tissue damage,
. } and improves functional recovery after injury. The observed prominent neuroprotective effects
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Amac: Omurilik yaralanmasit 6nemli bir sorundur ve heniiz tam olarak etkili bir tedavi
gelistirilememistir. Isotretinoin, anti-inflamatuar etkisiyle bilinen bir retinoiddir. Bu
caligmanin amaci, yaralanma sonrasi sinir dokusu tizerinde isotretinoinin olumlu bir etkisinin
olup olmadigini degerlendirmektir.

Gereg ve Yontemler: Toplam 36 sigan kontrol, sham ve travma ile 14 giinliik 7,5 mg/kg/giin,
28 giinliik 7,5 mg/kg/giin, 14 giinliik 15 mg/kg/giin ve 28 giinliik 15 mg/kg/giin isotretinoin
gruplari olmak iizere 6 gruba ayrildi. Siganlara laminektomi yapildi ve omurilik yaralanmasi
klip kompresyon teknigi kullanilarak olusturuldu. Nérolojik muayene 1, 7, 14 ve 28. giinlerde
yapildi. Tedavi siiresinden sonra tiim sicanlar 6ldiiriildi ve histopatolojik degerlendirme igin
omurilik drnekleri toplandi.

Bulgular: 7,5 mg/kg/giin (p=0,048) ve 15 mg/kg/giin (p<0,001) isotretinoin alan gruplar, sham

Corresponding Author grubuna kiyasla 14. giinde 6nemli dl¢iide artmis egik diizlem agis1 gosterdi. Hematoksilen ve
Sorumlu Yazar eozin ile Luxol fast blue ile boyamada 15 mg/kg/giin isotretinoin 28 giinliik grubu ve kontrol
Omer POLAT grubunun motor ndronlarinda ve glial hiicrelerinde benzer histopatolojik bulgular goriildii.
polatnrs@gmail.com Cleaved kaspaz 3 ekspresyonu, sham grubuna kiyasla 28 giinliik isotretinoin 7,5 mg/kg/giin,

14 giinliik isotretinoin 15 mg/kg/giin ve 28 giinliik isotretinoin 15 mg/kg/giin gruplarinda
anlaml1 bir sekilde azald1 ve apoptozisde azalma oldugu goriildii.
Received / Gelis Tarihi : 18.07.2024 Sonug: Isotretinoin, ndronal apoptozu azaltir, patolojik doku hasarimi azaltir ve yaralanma
Accepted / Kabul Tarihi : 09.12.2024 sonrasi fonksiyonel iyilesmeye etki eder. Gozlemlenen belirgin néroprotektif etkiler,
Available Online / isotretinoini omurilik yaralanmasi i¢in umut verici bir tedavi olarak tanitmaktadir.
Cevrimigi Yaym Tarihi :17.12.2024 Anahtar kelimeler: Isotretinoin; nororejenerasyon; omurilik yaralanmasi.
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INTRODUCTION

Acute spinal cord injury (ASCI) remains a critical and
uncontrollable health issue, leading to significant morbidity
and mortality. The consequences extend beyond individual
health, affecting psychiatric well-being and socioeconomic
stability. Individuals with ASCI often require ongoing care,
and in severe cases, they may experience tetraplegia and
need respiratory support, posing substantial burdens on
families and national economies due to high treatment and
care costs and loss of productivity. Despite advancements,
effective treatment for ASCI remains elusive, with current
approaches limited to supportive measures (1,2).

ASCI typically results from high-energy incidents such as
traffic accidents, falls, workplace injuries, and sports
activities, predominantly affecting the cervical spinal cord
and dorsolumbar junction (3,4). The injury process in ASCI
is twofold: primary damage, an immediate and unavoidable
consequence of trauma, and secondary damage, which
results from endogenous cell death pathways activated by
the initial injury. Clinical interventions focus on mitigating
secondary damage, primarily responsible for neurological
dysfunction (5). Factors such as free radicals, lipid peroxidation,
neurotransmission system disruptions, inflammation, ion
channel dysregulation, and apoptosis contribute significantly
to secondary damage (6). Current clinical trials aim to
prevent these secondary injury mechanisms.

Retinoids, known for their roles in cell growth,
differentiation, and tumor suppression, also possess
immunomodulating effects. Isotretinoin (13-cis-retinoic
acid, CaoH2807), a first-generation retinoid, has been
widely used to treat severe acne since the 1980s due to its
anti-inflammatory properties, which it exerts through its
effects on neutrophils and T lymphocytes (7-13).
Isotretinoin, a vitamin A derivative, plays a crucial role in
the development of vertebrate tissues by regulating gene
expression involved in cell proliferation, differentiation,
and apoptosis (14). This study aimed to investigate the
potential benefits of isotretinoin on neural tissues that have
been damaged by ASCI.

MATERIAL AND METHODS

The study was conducted at the Experimental Animal
Laboratory at the Diizce University and received funding
from the Diizce University Scientific Research Projects.
Ethics approval was granted by the Diizce University
Experimental Animal Ethics Committee, decision number
2020/11/03. The study adhered to the EU Directive
2010/63/EU regarding animal experiments, ensuring the
minimum number of animals were utilized.

Animals

This study used 36 adult female Sprague-Dawley rats,
aged 2-4 weeks and weighing 200-250 grams. The rats
were housed in standard cages under controlled conditions,
including a 12-hour light/dark cycle and a consistent room
temperature of 22+2°C. They were acclimated for seven
days before beginning the experimental procedures.
Experimental Groups

The 36 rats were randomly assigned to six experimental
groups, each consisting of six rats: group I (Control), only
underwent laminectomy at the T7-T9 level without further
treatment; group Il (Sham), underwent laminectomy at the
T7-T9 level, followed by one minute of spinal cord
compression using an aneurysm clip, with the dura kept
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intact; group Il (Isotretinoin 14/7.5), received isotretinoin
at 7.5 mg/kg/day by gavage for 14 days post-compression;
group 1V (Isotretinoin 28/7.5), received isotretinoin at
7.5 mg/kg/day by gavage for 28 days post-compression;
group V (Isotretinoin 14/15) also received isotretinoin at
15 mg/kg/day by gavage for 14 days post-compression;
and group VI (Isotretinoin 28/15), received isotretinoin at
15 mg/kg/day by gavage for 28 days post-compression.
Each group was carefully monitored to assess the impact
of isotretinoin on neural tissue recovery after spinal cord
injury (SCI).

Spinal Cord Injury

Before anesthesia, all rats were evaluated to ensure normal
motor function. Anesthesia was administered intramuscularly
using 50 mg/kg ketamine hydrochloride (Ketas, Pfizer;
Istanbul, Turkey) and 10 mg/kg xylazine (Rompun, Bayer;
Istanbul, Turkey). The rats were positioned prone, and
their backs were shaved and disinfected with polyvidone
iodine (Batticon, Adeka; Samsun, Turkey). A midline
vertical incision was made between T5 and T12, guided
by the interscapular distance and ribs. Bilateral
paravertebral muscles were dissected, and a mastoid
retractor was used (Figure 1A). Laminectomy was
performed at T7-T9. In the control group, the surgical
wound was closed post-laminectomy (Figure 1B). For the
standard SCI procedure, the thoracic vertebrae were
exposed, and laminectomy was performed for 1 minute
using a 70 g closing-force aneurysm clip (Yasargil FE 721
Aesculap; Istanbul, Turkey) (Figure 1C), as previously
described (14,15). Hemostasis was ensured, and the
paravertebral muscles and skin were sutured with 3/0
Vicryl, following anatomical layers. The rats were allowed
to recover at room temperature.

Evaluation of Recovery

The recovery was assessed using the inclined plane test
and motor examination based on the Drummond and
Moore (D&M) criteria. The inclined plane method,
developed by Rivlin and Tator (16) in 1977, records the
highest angle at which the experimental animal can remain
stationary without slipping for 5 seconds. The rat was
placed parallel to the ground on the inclined plane, and the
table was tilted at various angles. The angle at which the
rat slipped was noted on days 1, 7, 14, and 28. To evaluate
functional recovery in all rats, post-traumatic motor
examinations were conducted on days 1, 7, 14, and 28
using the D&M scale (14,17).

Figure 1. A) Retractor placed, B) Dura after Iaminectorﬁy,
C) Aneurysm clip application
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Specimen Collection

At the conclusion of day 14, rats in groups I, II, 111, and V
were sacrificed. Similarly, rats in groups IV and VI were
euthanized at the end of their 28-day follow-up period.
The previously incised skin was reopened to access the
site where the ASCI was induced using the clip-on dura
after the laminectomy. The damaged section of the spinal
cord was then carefully excised.

Histopathological Examination

Spinal cord specimens were preserved in 4%
formaldehyde and embedded in paraffin. Thin sections,
each 5 um thick, were prepared from these paraffin blocks
on silanized slides. After deparaffinization, some sections
were stained with hematoxylin and eosin to assess tissue
integrity and structure. Additional sections underwent
Luxol fast blue staining to highlight and examine neuronal
extensions. Immunohistochemical staining for cleaved
caspase 3 was used to identify cells undergoing apoptosis.
All stained histopathological samples were examined
using light microscopy (Olympus Cx41-AxioCam Zeiss).
Statistical Analysis

The statistical analysis was done with the IBM SPSS v.22
package program. The normality assumption was assessed
with the Shapiro-Wilk test. The Kruskal-Wallis test was
used to compare the groups, followed by post hoc
Bonferroni correction. The data were summarized with
median, interquartile range, and minimum-maximum.
Fisher-Freeman-Halton test was used to analyze
categorical variables and given in number and percentage.
A p-value of <0.05 indicated statistical significance.

RESULTS

Results from Motor Examination

A statistically significant difference was found between
the experimental groups in terms of the inclined plane
angles recorded on day 14 (p<0.001, Table 1). Compared
to the control group, the inclined plane angles recorded on
day 14 were statistically significantly lower in the sham,
isotretinoin 7.5 mg/kg/day, and isotretinoin 15 mg/kg/day

Isotretinoin in Spinal Cord Injury

groups (p<0.001, p<0.001, and p=0.045, respectively).
The groups of isotretinoin 7.5 mg/kg/day and isotretinoin
15 mg/kg/day had a significantly increased value of inclined
plane angle, compared to the sham group (p=0.048, and
p<0.001, respectively). There was no significant
difference between the isotretinoin 7.5 mg/kg/day and
isotretinoin 15 mg/kg/day groups in terms of the inclined
plane angles measured on day 14 (p=0.180).

There was a statistically significant difference between the
groups on day 14 in terms of the values measured in
reference to the D&M criteria (p<0.001, Table 1). Again,
compared to the control group, the D&M criteria scores of
day 14 were statistically significantly lower in the sham,
isotretinoin 7.5 mg/kg/day, and isotretinoin 15 mg/kg/day
groups (p<0.001, p<0.001, and p=0.001, respectively). The
D&M scores measured in the isotretinoin 7.5 mg/kg/day
and isotretinoin 15 mg/kg/day groups were found to be
similar to that of the sham group (p=0.291, and p=0.111,
respectively). There was no significant difference between
the isotretinoin 7.5 mg/kg/day and isotretinoin 15 mg/kg/day
groups on day 14 either (p=0.510).

The inclined plane angles measured on day 28 were found
to be different between the groups at a statistically
significant level (p<0.001, Table 2). While the inclined
plane angles of day 28 were statistically significantly
lower in the sham and isotretinoin 15 mg/kg/day groups
than in the control group (p<0.001, p=0.003, respectively),
there was a significant difference between the sham group
and the isotretinoin 7.5 mg/kg/day group (p=0.139). The
inclined plane angle was found to be significantly higher
in the isotretinoin 15 mg/kg/day group than in the sham
group (p=0.003). There was no significant difference between
the isotretinoin 7.5 mg/kg/day and isotretinoin 15 mg/kg/day
groups in terms of inclined plane angle (p=0.834).

There was a statistically significant difference between the
experimental groups also in D&M criteria scores measured
on day 28 (p<0.002, Table 2). The D&M criteria scores of
day 28 were statistically significantly lower in the sham,
isotretinoin 7.5 mg/kg/day, and isotretinoin 15 mg/kg/day

Table 1. Inclined plane angles and Drummond and Moore criteria scores on day 14

Control (n=6)

Sham (n=6)

Isotretinoin 14/7.5 (n=12) Isotretinoin 14/15 (n=12) p

Inclined plane angle 64.5 (1) [64-66]

D&M score 4 (0) [4-4] 0 (2) [0-4]
D&M score, n (%)
0 0 (0.0%) 4 (66.7%)
1 0 (0.0%) 1 (16.7%)
4 6 (100%) 1 (16.7%)

44 (3) [42-46]

47 (1) [46-49] 485 (1)[48-50]  <0.001
1(0) [0-1] 1(0) [1-1] <0.001
2 (16.7%) 0 (0.0%)

10 (83.3%) 12 (100%) <0.001
0 (0.0%) 0 (0.0%)

D&M: Drummond and Moore, Isotretinoin 14/7.5: received isotretinoin at 7.5 mg/kg/day for 14 days, Isotretinoin 14/15: received isotretinoin at 15 mg/kg/day for 14 days,
descriptive statistics were as median (interquartile range) [minimum-maximum] for numerical data, and as frequency (percentage) for categorical data

Table 2. Inclined plane angles and Drummond and Moore criteria scores on day 28

Control (n=6) Sham (n=6) Isotretinoin 28/7.5 (n=6) Isotretinoin 28/15 (n=6) p

Inclined plane angle 68.5 (2) [66-69] 46 (2) [45-48] 50 (1) [50-51] 52 (1) [52-54] <0.001
D&M score 4 (0) [4-4] 0.5 (2) [0-4] 1(0) [0-1] 1.5(1) [1-2] 0.002
D&M score, n (%)

0 0 (0.0%) 3 (50.0%) 1 (16.7%) 0 (0.0%)

1 0 (0.0%) 2 (33.3%) 5 (83.3%) 3 (50.0%) <0.001

2 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (50.0%) ’

4 6 (100%) 1 (16.7%) 0 (0.0%) 0 (0.0%)

D&M: Drummond and Moore, Isotretinoin 28/7.5: received isotretinoin at 7.5 mg/kg/day for 28 days, Isotretinoin 28/15: received isotretinoin at 15 mg/kg/day for 28 days,
descriptive statistics were as median (interquartile range) [minimum-maximum] for numerical data, and as frequency (percentage) for categorical data
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groups than in the control group (p=0.001, p=0.001, and
p=0.033, respectively). The D&M criteria scores in the
isotretinoin 7.5 mg/kg/day and isotretinoin 15 mg/kg/day
groups were similar to that of the sham group (p=0.914 and
p=0.211, respectively), while there was no significant
difference between the isotretinoin 7.5 mg/kg/day and
isotretinoin 15 mg/kg/day groups (p=0.254).
Histopathological Findings

Hematoxylin and Eosin Staining

The hematoxylin and eosin staining did not reveal any
histopathological changes in motor neurons and glial cells
in the control group (Figure 2A). In the rats in the sham
group, it was observed that the cytoplasm of the motor
neuron turned pink and its nucleus turned purple, which
indicated that their cell integrity was disrupted (Figure 2B).
In the 14-day isotretinoin of 7.5 mg/kg/day group,
cytoplasmic volumes of the motor neurons were decreased,
the nuclei that were supposed to be visualized in purple
were not definable and there were edematous areas
between cell extensions. In glial cells, no histopathological
changes were observed compared to the control group and
the sham group (Figure 2C). In the 28-day isotretinoin of
7.5 mg/kg/day group, the cytoplasmic volumes of the
motor neurons decreased and the cytoplasmic limits of
some neurons could not be identified. In glial cells, no
histopathological changes were observed compared to the
control and sham groups (Figure 2D). In the 14-day
isotretinoin of 15 mg/kg/day group, the cytoplasmic
margins of the motor neurons, and the nuclei of purple
color were all identifiable and there was no edema between
the cell extensions. In glial cells, no histopathological
changes were observed compared to the control group and
the sham group (Figure 2E). On day 28, it was observed
that the cytoplasmic margins and nucleus of motor neurons
could be selected similarly to the control group. In glial
cells, histopathological findings were found to be similar
to those in the control group (Figure 2F).

Luxol Fast Blue Staining

There were no histopathological changes in motor neurons
and glial cells observed in the Luxol fast blue staining of
the control group (Figure 3A). In the Luxol fast staining of
the sham group, dendrite extensions originating from
motor neurons were observed (Figure 3B). In the 14-day
isotretinoin of 7.5 mg/kg/day group, the motor neurons
were seen to have diminished volume of cell bodies, and
their extensions were not well identified (Figure 3C). In
the 28-day isotretinoin of 7.5 mg/kg/day group, the volumes
of the motor neurons were close to the control group and
the cell extensions were identifiable (Figure 3D). In the
14-day isotretinoin of 15 mg/kg/day group, the cytoplasmic
volumes and cell extensions of the motor neurons were
found to be similar to the control group (Figure 3E). In the
14-day isotretinoin of 15 mg/kg/day group, the cytoplasmic
volumes and cell extensions of the motor neurons were
found to be the same as the control group (Figure 3F).
Immunohistochemical Staining of Cleaved Caspase 3
The immunohistochemical staining of cleaved caspase 3
did not reveal any immunohistochemical reaction in the
motor neurons of the control group. Only the glial cells
exhibited a reaction, interpreted as a physiological
process (Figure 4A). It was observed that the expression of
cleaved caspase 3 in motor neurons significantly increased
in the sham group compared to the control group. The
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pronounced brown color, indicative of a dense expression
pattern, was observed in some motor neurons. Additionally,
the reactions in glial cells were higher than those in the
control group (Figure 4B). In the 14-day isotretinoin
treatment at 7.5 mg/kg/day group, the expression of
cleaved caspase 3 in motor neurons and glial cells was
higher than in the control group but lower than in the sham
group (Figure 4C). Similarly, in the group treated with
isotretinoin at 7.5 mg/kg/day for 28 days, the expression
was similar to the control group and decreased compared to

Figure 2. A) Control, B) sham, and C) 14-day 7.5 mg/kg/day,
D) 28-day 7.5 mg/kg/day, E) 14-day 15 mg/kg/day, F) 28-day
15 mg/kg/day isotretinoin groups (black arrow points at motor
neuron, red arrow at the glial cell, H&Ex400)
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RIPriee 3 RN e == : .
Figure 3. A) Control, B) sham, and C) 14-day 7.5 mg/kg/day,
D) 28-day 7.5 mg/kg/day, E) 14-day 15 mg/kg/day, F) 28-day
15 mg/kg/day isotretinoin groups (black arrow points at dendrite
extensions of the motor neuron) (Luxol fast bluex400)
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Figure 4. A) Control, B) sham, and C) 14-day 7.5 mg/kg/day,
D) 28-day 7.5 mg/kg/day, E) 14-day 15 mg/kg/day, F) 28-day
15 mg/kg/day isotretinoin groups (black arrow points at motor
neuron, red arrow at glial cell) (cleaved caspase 3x400)
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the sham group (Figure 4D). The 14-day isotretinoin treatment
at 15 mg/kg/day group showed cleaved caspase 3 expression
levels similar to the control group and decreased compared
to the sham group (Figure 4E). The 28-day isotretinoin
treatment at 15 mg/kg/day group exhibited expression
levels identical to those of the control group (Figure 4F).
Cleaved Caspase 3 Antibody

The cleaved caspase 3 expression was significantly
increased in the sham group and the 14-day isotretinoin of
7.5 mg/kg/day group compared to the control group. The
cleaved caspase 3 expression was statistically significantly
decreased in the 28-day isotretinoin of 7.5 mg/kg/day, and
14-day and 28-day isotretinoin of 15 mg/kg/day groups,
compared to the sham group. The cleaved caspase 3
expressions in the 28-day isotretinoin of 7.5 mg/kg/day,
and 14-day and 28-day isotretinoin of 15 mg/kg/day
groups were the same as in the control group. There was
no statistically significant difference between the 14-day
and the 28-day isotretinoin of 7.5 mg/kg/day and 14-day
isotretinoin of 15 mg/kg/day groups.

DISCUSSION

Neurological dysfunction is usually because of secondary
damage rather than the primary damage in SCI (5). The
continuation of tissue damage due to the secondary
damage mechanisms occurring after trauma has led to
numerous experimental studies conducted to discover the
treatment agents that are involved in this process (18-20).
In the study, we investigate the therapeutic effect of
isotretinoin on SCI.

Trauma itself causes the primary injury of sensitive spinal
cord tissue that triggers secondary injury by enhanced
inflammation, apoptosis, and free radical formation (21,22).
Secondary damage mechanisms such as neurogenic shock,
hemorrhages, ischemic reperfusion injury, secondary
adverse effects of calcium, fluid-electrolyte imbalance,
mitochondrial dysfunction, and apoptosis cause real damage
to the spinal cord and healing mechanism (23). Caspase 3
is activated in the cells upon the resulting perfusion
disorder, and apoptosis becomes dominant (21,22). As a
result, SCl initiates a process that disrupts the blood-spinal
cord barrier, leading to the infiltration of immune cells and
the activation of inflammatory signaling pathways (24).
Inflammation is responsible for secondary damage to the
core and surrounding regions of the injury site (25).
Vascular damage causes apoptosis, edema, and destruction
of the white matter of the spinal cord (18,26).
Neutrophils, monocytes, microglia, and T-lymphocytes
gather at the damaged area upon the inflammation
response in ASCI. Neutrophils are immune cells that first
arrive in the damaged area, activating other inflammatory
cells and glial cells and secreting the cytokine, protease,
and free radicals of the cascade that result in neuronal
damage and death (27). Therefore, considered to be
potentially effective in suppressing the inflammation;
steroids, opioid antagonists, calcium channel blockers,
volume expanders, tirilazad mesylate, and especially
methylprednisolone due to its anti-inflammatory effect
were widely used to suppress the inflammation (28).
However, although intensive experimental and clinical
studies have been carried out on this subject to date, such
a molecule that has proven effective in this regard has not
yet been described.
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Isotretinoin is a molecule that acts as an anti-inflammatory
agent by reducing the migration and movement of
neutrophils to the tissue. It is also reported to stimulate the
natural immune system and have an anti-inflammatory
effect as it reduces T cell response (7,9). It has been shown
to significantly diminish the levels of TNF-a, IL-4, IL-17,
and IFN-y released from T lymphocytes and have
immunoregulatory effects (10-13). Isotretinoin also acts
on matrix metalloproteinases (MMP). It is reported to
reduce alleviate scar formation by reducing MMP-9 and
MMP-13 (11,29).

In our study, we used isotretinoin, which has not been
studied on a rat model before and whose anti-inflammatory
effect is well known. Different groups of rats were formed
considering that its effects may potentially vary according
to the dose and term of its administration. To determine the
dose of isotretinoin to be administered to rats, the rat dose
of 7.5 mg/kg/day was taken as the base dose, after being
calculated as the equivalent to the standard dose of
isotretinoin (1 mg/kg/day) used for treating nodulocystic
acne (30). The high dose was taken as twice this base dose.
Motor deficits were not found in the rats of the control
group where only laminectomy was performed. It was
planned to exclude any such rats that develop motor
deficits. The inclined plane angles in the 7.5 mg/kg/day
and 15 mg/kg/day isotretinoin groups were statistically
lower than in the control group, while these inclined plane
angles were increased significantly compared to the sham
group. This finding indicated that isotretinoin rehabilitated
walking on the inclined plane and resulted in improved
motor examination. We found that this effect continued in
the 28-day terms as well, but there was no further
improvement as the dose increased. According to the
evaluation based on the D&M criteria scores, we found
that the low-high doses or short-long terms of isotretinoin
administration did not make a difference when compared
to the sham group. We believe that the reason why we were
unable to detect the differences in the inclined plane angles
in the D&M criteria scores is that we have not been able to
correctly evaluate the traumatized subjects.

When cell integrity was evaluated by hematoxylin and
eosin staining, it was observed that 7.5 mg/kg/day
isotretinoin did not generate the expected changes in glial
cells. In the 28-day isotretinoin of 7.5 mg/kg/day group,
showed that the cytoplasmic volumes of motor neurons
were found to diminish, and the cytoplasmic margins of
some neurons were not identifiable. In glial cells, no
histopathological changes were observed compared to the
control and sham groups. In 14-day of increased treatment
dose, it was seen that edema decreased in the motor
neurons, the nuclei were identifiable, as well as that the
cytoplasmic margins and nuclei of the motor neurons were
identifiable similarly to the control group, while glial cells
did not change reveal any changes as the term extended.
Histopathological findings of the glial cells were found to
be similar to that of the control group. These findings show
that, as the dose and number of days of isotretinoin
administration increase, isotretinoin significantly reduces
necrosis and provides a level of improvement that makes a
difference in histopathological terms.

In the examination by Luxol fast staining, it was observed
that, in the 14-day isotretinoin of 7.5 mg/kg/day, the
volume of the cell bodies of motor neurons diminished and
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their extensions were not well identified, while the
volumes of motor neurons were close to the control group
and their cell extensions were identifiable in the 28-day
term of the administration of the same dose. In the groups
where the dose was 15 mg/kg/day, it was observed that
the recovery was detected in the staining examinations on
day 14. When the duration of treatment was increased to
28 days, the findings were found to be the same.

In the cleaved caspase 3 immunohistochemical staining
where we intended to expose the cells' progress toward
apoptosis, the 14-day isotretinoin of 7.5 mg/kg/day group
had decreased staining of motor neurons and glial cells
compared to the control group. It was determined that the
staining decreased even more when the time was extended.
It was also found that the cleaved caspase 3 expression of
motor neurons and glial cells in the groups with increased
dose was similar to the control group, while it was lower
than the sham group. When the treatment period was 28
days, the cleaved caspase 3 expression continued to be the
same as in the control group and its effect was maintained.
These results show that isotretinoin corrects and restores
the edema, ischemia, and membrane damage occurring as
a result of the primary damage caused by trauma in ASCI.
In addition, cleaved caspase 3 staining also demonstrated
that it alleviates apoptosis, which is a very important step
in secondary damage. Given the fact that these effects get
more potent as the dose of isotretinoin and its duration of
use increases, it makes sense to associate these effects with
isotretinoin use. We believe that the motor recovery
revealed in the inclined plane angle evaluation is thanks to
the anti-inflammatory, antiapoptotic, and immunoregulatory
effects of isotretinoin.

CONCLUSION

While the primary objective of this study is not to develop
a standalone treatment agent for spinal cord trauma, it aims
to identify a therapeutic agent that can complement both
medical and surgical interventions. Based on the clinical
and histopathological results obtained in the present study,
it was understood that isotretinoin can be useful in ASCI.
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ABSTRACT

Aim: This study aimed to investigate the anti-inflammatory, antioxidative and cardioprotective
effects of exercise and metformin treatment applied alone or in combination.

Material and Methods: In this study, 42 male Wistar rats were used. The rats were separated
into six groups as control (CONT), exercise (EXE), 100 mg/kg metformin (M100), 200 mg/kg
metformin (M200), 100 mg/kg metformin+exercise (M100+EXE), and 200 mg/kg
metformin+exercise (M200+EXE). Exercise was applied for 10 weeks including exercise
training. Metformin was administered 30 minutes before exercise. At the end of the study,
levels of C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
interleukin-10 (IL-10), cardiac troponin-1 (cTn-I), creatine kinase-muscle/brain (CK-MB),
catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) and
malondialdehyde (MDA) in serum samples from rats were quantified using the ELISA method.
Results: The combined application of metformin and exercise significantly decreased cTn-I,
CK-MB, MDA, TNF-a, CRP and IL-6 levels (p<0.001). In contrast, it increased SOD, CAT,
GPx, and IL-10 levels significantly (p<0.001). Glucose levels of groups treated alone or in
combination were found statistically significantly less than CONT group (p<0.001).
Conclusion: The findings of this study reveal that both metformin and exercise administration,
alone or in combination, exert significant anti-inflammatory, antioxidant, and cardioprotective
effects in Wistar rats. These results suggest that combining metformin therapy with regular
exercise may offer a synergistic approach to reducing cardiovascular risk factors and
enhancing antioxidant defenses.

Keywords: Longevity; cardiovascular diseases; hyperglycemia; oxidative stress; metformin;
exercise.

0z

Amag: Bu ¢alisgmanin amaci egzersiz ve metformin tedavisinin tek basina veya birlikte
uygulanmasinin anti-enflamatuar, antioksidatif ve kardiyoprotektif etkilerinin aragtirilmasidir.
Gere¢ ve Yontemler: Bu calismada 42 adet erkek Wistar sigan kullanilmistir. Siganlar
kontrol (CONT), egzersiz (EXE), 100 mg/kg metformin (M100), 200 mg/kg metformin (M200),
100 mg/kg metformin+egzersiz (M100+EXE) ve 200 mg/kg metformin+egzersiz (M200+EXE)
olmak iizere alt1 gruba ayrilmistir. Egzersiz, egzersiz egitimi de dahil olmak tizere 10 hafta
boyunca uygulanmigtir. Metformin egzersizden 30 dakika once uygulanmustir. Calisma
sonunda siganlardan alinan serum Orneklerinde, C-reaktif protein (CRP), tiimor nekroz
faktorii-alfa (TNF-a), interlokin-6 (IL-6), interlokin-10 (IL-10), kardiyak troponin-I (cTn-I),
kreatin kinaz-kas/beyin (CK-MB), katalaz (CAT), siiperoksit dismutaz (SOD), glutatyon
peroksidaz (GPx) ve malondialdehit (MDA) ELISA y6ntemi kullanilarak dl¢iilmistiir.
Bulgular: Metformin ve egzersizin birlikte uygulanmasi ¢Tn-I, CK-MB, MDA, TNF-a, CRP
ve IL-6 diizeylerini anlaml sekilde azaltmistir (p<0,001). Buna karsilik, SOD, CAT, GPx ve
IL-10 diizeylerini de dnemli sekilde artirmistir (p<<0,001). Tek basma veya kombinasyon
halinde tedavi edilen gruplarin glukoz seviyeleri CONT grubundan istatistiksel olarak anlamli
sekilde daha diisiik bulunmustur (p<0,001).

Sonug¢: Bu caligmanin bulgulari, hem metformin hem de egzersiz uygulamasinin, tek basina
veya kombinasyon halinde, Wistar siganlarinda 6nemli anti-inflamatuar, antioksidan ve
kardiyoprotektif etkiler gosterdigini ortaya koymaktadir. Bu sonuglar, metformin tedavisinin
diizenli egzersizle birlestirilmesinin, kardiyovaskiiler risk faktorlerini azaltmak ve antioksidan
savunmalar giiclendirmek i¢in sinerjik bir yaklasim sunabilecegini diisiindiirmektedir.
Anahtar kelimeler: Uzun 6miir; kardiyovaskiiler hastaliklar; hiperglisemi; oksidatif stress;
metformin; egzersiz.
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INTRODUCTION

Cardiovascular diseases (CVDs) are among the top causes
of mortality worldwide. In 2019, an estimated 17.9 million
people died from CVDs, accounting for 32% of total
worldwide mortality. 85% of these fatalities were caused
by heart attacks or strokes (1). Most CVDs can be avoided
by addressing lifestyle risks such as tobacco use, poor
nutrition, being overweight, lack of exercise, and
problematic alcohol consumption (2). Myocardial
infarction (MI), sometimes known as a heart attack, is the
leading cause of cardiovascular mortality in most nations.
M1 occurs when one or more of the coronary arteries that
feed blood to the heart get clogged, depriving a portion of
the heart of oxygen and nutrients and eventually leading to
myocardial necrosis (3). Many risk factors for Ml are
modifiable and can therefore be preventable in many cases.
Changes in blood creatine kinase-muscle/brain (CK-MB),
lactate dehydrogenase (LDH), and troponin-T/troponin-I
levels can be used to determine cardiac injury after M1 (4).
These alterations are followed by large increases in
superoxide anion and hydroxyl radical levels (5). As a
result, antioxidants have emerged as an effective technique
for preventing oxidative damage in cardiac injury (6).
Metformin, a biguanide often used for diabetic therapy,
has been shown to improve ventricular function (6).
Metformin therapy has been linked to increased
phosphorylation of protein kinase triggered by adenosine
monophosphate (AMP), affecting intracellular pathways
and mitochondrial function. Experimental findings
indicate that administering metformin before and during
ischemia-reperfusion may impact these protective
mechanisms and sustain left ventricular function regardless
of glucose status (7,8). Furthermore, studies conducted in
patients with acute myocardial infarction (AMI) have
shown that metformin, compared to  other
antihyperglycemic strategies, is associated with lower peak
levels of creatine kinase (CK), myocardial CK-MB band,
and troponins in patients with type 2 diabetes (T2DM), as
well as improved survival following STEMI (9,10).
Exercise is well-established to enhance oxygen delivery
and utilization, thereby improving cardiorespiratory
fitness. Furthermore, during high-intensity, short-duration
exercise, muscle glycogen serves as the primary energy
source (11). Exercise capacity is defined as the maximum
level of physical effort that an individual is capable of
sustaining. Despite the pronounced cytokine response to
exercise, there is limited indirect or direct evidence linking
oxidative stress with  proinflammatory  cytokine
production. One study reported that acute exercise-induced
oxidative stress did not influence cytokine release 30
minutes post-exercise (12). However, following a repeated
cycling exercise for three days (90 minutes/day), it was
found that plasma interleukin-6 (IL-6) concentration
significantly increased at the 30" minute of exercise on the
first day, while reactive oxygen species (ROS) production
occurred 60 minutes later (13).

In light of the above information, it is suggested that the
increased oxidative stress induced by exercise can be
modulated by the antioxidant activity of metformin. This
study aimed to investigate the anti-inflammatory,
antioxidative, and cardioprotective effects of exercise and
metformin treatment when applied alone or in
combination.
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MATERIAL AND METHODS

Animals

The rats used in this study were obtained from the
Experimental Animals Application and Research Center of
Diizce University. Experiments were conducted in a
laboratory environment with a room temperature of 23°C,
60+5% humidity, and a 12:12 hour light-dark cycle. A total
of, forty-two male Wistar rats, weighing 230+£30 g and
aged 2-3 months, with ad libitum access to food and water,
were used in this study. Ethical approval for this study was
obtained from the Diizce University's Local Ethics
Committee for Animal Research with the code
2021/11/01. The Animal Research: Reporting of in Vivo
Experiments (ARRIVE) standards require the reporting of
all study methodologies.

Groups, Substances, and Doses

The rats were divided into six groups, each consisting of
seven rats: control (CONT), exercise (EXE), 100 mg/kg
metformin (M100), 200 mg/kg metformin (M200), 100
mg/kg metformin+exercise (M100+EXE), and 200 mg/kg
metformin+exercise (M200+EXE). Metformin (Biovision
Inc., Milpitas, CA, USA) dissolved in saline was given
intraperitoneally (i.p.) at dosages of 100 and 200 mg/kg.
Metformin and saline were given 30 minutes before the
exercise (Figure 1). Anesthesia was administered
intramuscularly  (i.m.) with 90 mg/kg ketamine
hydrochloride and 10 mg/kg xylazine hydrochloride. All
drugs were prepared fresh daily.

Treadmill Exercise Protocols

Exercise training was given to the rats to train them to run
regularly ensuring they would not have difficulty in
subsequent running-based exercises. Exercise training
protocols for the treadmill were adapted from the
literature (14-16). Rats in the exercise groups (EXE,
M100+EXE, and M200+EXE) were given a 2-week
acclimatization period to adjust to their new surroundings,
followed by 8 weeks of exercise training. The rats were
trained for 15 minutes each day to run on a horizontal
treadmill (May Time 0804, Animal Treadmill). For the
training of the animals, the treadmill speed was set to 2
m/min for the first 2 days (Days 1 and 2). Then, the speed
was increased to 5 m/min between Days 3 and 5, and for
the final 5 days (Days 6 to 10), it was raised to 8 m/min. The
exercise protocol described in the literature was followed for

CONT ! | Saline |
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............ :
Me200 | 5 s .
! -
------------ 1 R~
VS 3
EXE | t ' 30min exercise/day
____________ | S ey, !
1 —
L 100 mg/kg/day metformin
Met100+EXE | < Y
! 30 min exercise/day
____________ 1
! 200mgkgiay | :
1 200 mg/kg/day metformin
Met200+EXE | o +
! 15min 30min exercise/day
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Week Ezweeks IW 2W3W 4W 5W 6W7W 8W 9W 10W
: i Training E
i
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1 of exercise 1

Figure 1. Representative illustration of the experimental procedure
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the main study. The rats were exercised for 30 minutes a
day, 6 days a week, between 08.00 am and 10.00 am for
10 weeks. Every day, the rats were put through three
phases of exercise: 2 m/min for 5 minutes, 5 m/min for 5
minutes, and 8 m/min for 20 minutes. Rats in the CONT,
M100, and M200 groups spent an equal amount of time on
a static treadmill with no activity.

Termination of the Study

Blood was drawn from the rats' hearts via cardiac puncture
under ketamine/xylazine anesthesia 24 hours following the
last injection. The animals were subsequently sacrificed
via cervical dislocation under anesthesia. Blood samples
were centrifuged at 4000 rpm for 15 minutes, and serum
was kept at -80°C until analysis.

Determination of Biochemical Biomarkers

Cardiac troponin-l1 (cTn-1), CK-MB, tumor necrosis
factor-alpha (TNF-a), C-reactive protein (CRP), IL-6,
interleukin-10  (IL-10), malondialdehyde (MDA),
glutathione peroxidase (GPx), catalase (CAT), and
superoxide dismutase (SOD) in serum samples from rats
were quantified using the sandwich enzyme-linked
immunosorbent assay (ELISA) method. ELISA kits from
SunRed (SunRed, China) and ELK (ELK Biotechnology
CO., Ltd., Wuhan, China) were used in the study. Following
the manufacturer's protocols, 1L-10 (Cat: 201-11-0109),
IL-6 (Cat: 201-11-0136), TNF-o (Cat: 201-11-0765),
CRP (Cat: 201-11-0054), CK-MB (Cat: 201-11-0312),
cTn-1 (Cat: 201-11-0640), GPx (ELK2222), CAT (ELK5986),
SOD (ELK5616), and MDA (ELK8616) levels were
determined by ELISA reader was measured in serum.
Statistical Analysis

Compliance with normal distribution was evaluated by the
Shapiro-Wilk test. All data were analyzed using means and
standard deviations. The groups were compared using a
one-way analysis of variance (ANOVA), and the different
groups were identified using Tukey's multiple
comparisons test. A p-value of <0.05 was accepted as
statistically significant. All statistical analyses were
performed using the IBM SPSS software v.22.0.

RESULTS

Cardioprotective Effect of Combined Administration
of Metformin and Exercise

When the serum CK-MB levels of the groups were
compared, a statistically significant difference was
observed between groups (p<0.001, Table 1, Figure 2A).
The EXE group had significantly greater CK-MB levels
compared to the CONT, M100, M200, M100+EXE, and
M200+EXE groups (p=0.001, p=0.010, p=0.003, p<0.001,
and p=0.001, respectively).

When cTn-I levels were examined between groups, there
was a substantial difference (p<0.001, Table 1, Figure 2B).
In-depth analysis revealed that the EXE group had
significantly greater cTn-I levels than the CONT, M100,
M200, M100+EXE, and M200+EXE groups (p=0.008,
p=0.010, p<0.001, p<0.001, and p<0.001, respectively).
Pro- and Anti-inflammatory Effects of Combined
Application of Metformin and Exercise

When serum TNF-a levels of the groups were compared,
a statistically significant difference was identified between
the groups (p<0.001, Table 1, Figure 3A). The EXE group
had significantly greater TNF-o levels compared to the
CONT, M100, M200, M100+EXE, and MZ200+EXE
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groups (p<0.001, p<0.001, p=0.020, p<0.001, and
p=0.002, respectively).

When the groups were compared in terms of CRP levels, a
statistically significant difference was found between the
groups (p<0.001, Table 1, Figure 3B). The EXE group
showed significantly greater CRP levels compared to the
CONT, M100, M200, M100+EXE, and M200+EXE
groups (p<0.001 for all comparisons). Similarly, the
M200+EXE group had significantly greater CRP levels
than the M100 group (p=0.050).

When IL-6 levels were examined between groups, there
was a substantial difference (p<0.001, Table 1, Figure 3C).
The EXE group had significantly greater IL-6 levels
compared to the CONT, M100, and M200 groups (p<0.001
for all comparisons). Similarly, the M100+EXE (p=0.010)
and M200+EXE (p=0.020) groups had significantly
greater IL-6 levels compared to the CONT group.

When IL-10 levels were examined between groups, there
was a substantial difference (p<0.001, Table 1, Figure 3D).
The CONT group had significantly reduced I1L-10 levels
compared to the EXE, M100, M200, M100+EXE, and
M200+EXE groups (p<0.001 for all comparisons).
Oxidative and Antioxidative Effect of Combined
Application of Metformin and Exercise

When the groups were compared in terms of serum MDA
levels, a statistically significant difference was determined
between the groups (p<0.001, Table 1, Figure 4A). The
EXE group showed significantly greater MDA levels
compared to the CONT, M100, M200, M100+EXE, and
M200+EXE groups (p<0.001 for all comparisons). In
contrast, the CONT group had significantly lower MDA
levels than M100+EXE and M200+EXE groups (p=0.007,
and p=0.001, respectively). Similarly, the M100 group had
significantly lower MDA levels than M100+EXE (p=0.007)
and M200+EXE (p=0.001) groups.

Serum GPx levels were examined between groups, there
was a substantial difference (p<0.001, Table 1 Figure 4B).
The CONT group had significantly lower GPx levels than
the EXE, M100, M200, M100+EXE, and M200+EXE
groups (p<0.001 for all comparisons). Additionally, the
EXE group showed substantially reduced GPx levels
compared to the M100, M200, MI100+EXE, and
M200+EXE groups (p<0.001 for all comparisons).
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Figure 2. The effect of combined metformin and exercise on
cardiac biomarkers (*p<0.05, **p<0.01 and ***p<0.001)
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A statistically significant difference was found in CAT
levels, between groups (p<0.001, Table 1, Figure 4C). The
CONT group had significantly lower CAT levels compared
to the M100+EXE and M200+EXE groups (p=0.001, and
p=0.005, respectively). Similarly, the EXE group had
significantly lower CAT levels than the M100+EXE and

Protective Effects of Metformin and Exercise

Table 1. Effect of combined exercise and metformin on biochemical biomarkers

M200+EXE groups (p=0.008, and p=0.030, respectively).
Serum SOD levels were examined between groups, there
was a substantial difference (p<0.001, Table 1, Figure 4D).
The CONT group showed significantly reduced SOD
levels compared to the EXE, M100, M200, M100+EXE,
and M200+EXE groups (p<0.001 for all comparisons).

CONT EXE M100 M200 M100+EXE M200+EXE p
CK-MB (U/L) 85.1942.354 98.4345.72 87.73+£6.994 86.00+£3.014 79.14+4.604 84.94+2.76  <0.001
cTn-1 (ng/L) 56.80+3.644 69.56+2.14 57.92+6.174 54.20+6.644 51.2246.53% 50.76+2.414  <0.001
TNF-a (ng/L) 64.01+3.884 74.79+2.67 62.46:+4.434 67.08+3.96% 64.43+4.374 65.40+£3.224  <0.001
CRP (ng/mL) 34.0243.144 46.40+£3.23 31.90+2.944% 33.10+2.074 35.20+1.904 36.40+1.614  <0.001
IL-6 (pg/mL) 34.45+2.734 47.80+5.25 37.63+5.044 36.20+2.144 42.5242.96% 42.2543.76*  <0.001
IL-10 (ng/mL) 19.18+1.37 30.13+4.06" 32.27+3.05" 33.35+7.30" 29.8942.13" 31.26£3.27"  <0.001
MDA (pg/mL) 641.5+64.67  1415£157.90  663.5£65.33%  742.30+82.99% 826.8+44.52*A% 863.20+54.02** <0.001
GPx (pg/mL) 85.68+3.27 101.30£2.65*  125.60+9.52*4  124.10+10.53*4 133.80+£2.94**  127.00+8.34*4 <0.001
CAT (ng/mL) 11.15+0.27 12.39+0.39 15.26+5.51 14.54+3.77 18.71+0.69*  17.74+2.00** <0.001
SOD (U/mL) 0.755+0.12 1.611£0.37* 1.679+0.04* 1.809+0.19* 1.991+0.24* 1.761+0.28*  <0.001
Glucose (mg/dL)  206.30+10.42  180.90+£5.90*  175.00£21.59* 179.00+14.87* 167.10£7.19*  175.30+4.64* <0.001

CONT: control, EXE: exercise, M100: 100 mg/kg metformin, M200: 200 mg/kg metformin, M100+EXE: 100 mg/kg metformin+exercise, M200+EXE: 200 mg/kg metformin+exercise, CK-MB: creatine
kinase-muscle/brain, cTn-I: cardiac troponin-I, TNF-a: tumor necrosis factor-alpha, CRP: C-reactive protein, IL-6: interleukin-6, IL-10: interleukin-10, MDA: malondialdehyde, GPx: glutathione peroxidase,
CAT: catalase, SOD: superoxide dismutase, *: significant difference compared to CONT group; A: significant difference compared to EXE group; #: significant difference compared to M100 group
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Figure 3. The effect of combined administration of metformin
and exercise on oxidative and antioxidative parameters (*p<0.05,

**n<0.01, and ***p<0.001)
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Figure 4. The effect of combined administration of metformin
and exercise on pro- and anti-inflammatory parameters (*p<0.05,
**p<0.01, and ***p<0.001)
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The Effect of the Combination of Metformin and
Exercise on Blood Glucose Levels

In terms of blood glucose levels, a statistically significant
difference was determined between the groups (p<0.001,
Table 1, Figure 5). The CONT group had significantly
higher blood glucose levels than the EXE, M100, M200,
M100+EXE, and M200+EXE groups (p=0.005, p<0.001,
p=0.002, p<0.001, and p<0.001, respectively).

DISCUSSION

In this study, the effects of alone or combined exercise and
metformin administration on serum cardiac biomarkers,
glucose, oxidant, and antioxidant parameters were
evaluated. The CK-MB and cTn-I levels were found to be
higher in the group subjected to exercise alone, whereas the
CK-MB and cTn-I levels were lower in the groups where
metformin was administered alone or in combination with
exercise. Similarly, the TNF-a and CRP levels were lower
in the groups where metformin was administered alone or
with exercise compared to the EXE group. The IL-6 levels
were lower in the groups where only metformin was
administered compared to the EXE group, while the IL-6
levels were higher in the groups where exercise and
metformin were administered together compared to the
CONT group. The IL-10 levels were found to be higher in
all groups where either exercise, metformin, or their
combination was applied compared to the CONT group.
However, the blood glucose levels were found to be lower
than those in the CONT group. The MDA level, an
oxidative marker, was higher only in the exercise group,
while it was lower in the groups where metformin was
administered alone or in combination with exercise.
Conversely, the levels of antioxidant parameters SOD,
CAT, and GPx were particularly higher in the groups where
metformin and exercise were administered together.
Studies aimed at increasing the healthspan—the period of
life free from chronic diseases—are on the rise (17,18).
Recently, it has been shown that chronic diseases grow
increasingly resistant to treatment as people age, and while
medication may lower the chance of death from one
disease, it may raise the risk of death from others (18). The
present medical strategy is limited to therapy after illness
onset, sustaining competing risks. Preventing disease onset
is an alternate technique for shortening the duration of
illness. According to a widely recognized definition of
healthspan, a therapy targeted at prolonging healthspan
begins before the onset of chronic disease and stops when
chronic disease begins (17). While there are acknowledged
flaws with this definition, it is useful in distinguishing a
time of general health from one defined by the buildup of
chronic disorders. Therefore, strategies to preserve
healthspan are inherently preventive.

The therapeutic benefits of exercise in preventing and
treating various chronic diseases are indisputable (19).
Regular exercise not only prevents the onset of disease but
also slows the progression of disease in the absence of
physical activity. Aerobic capacity refers to a physiological
system's robust ability to provide and utilize oxygen during
high-intensity activity. Low aerobic capacity increases the
risk of several illnesses, including CVD, cancer, and
diabetes (20). Individuals with high or moderate aerobic
capacity, on the other hand, are at a much-decreased risk of
chronic illnesses and early mortality (18). Intense endurance
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exercise alters immune system homeostasis, resulting in
leukocytosis and immunological suppression from
neutrophils in the systemic circulation (21,22). Numerous
studies have found increases in IL-6, 1L-10, IL-1ra, and
IL-8 during prolonged endurance exercise (22-24).
However, during and after short-term intense exercise and
eccentric contraction exercise, changes in the levels of
these cytokines appear to be negligible (23,25). These data
imply that cytokine responses are more closely connected
to exercise intensity and duration (physiological load/stress)
than to exercise-induced muscle injury (23,26).
Metformin is a biguanide widely used in the treatment of
T2DM (27). Its antihyperglycemic effect is not due to
stimulation of insulin secretion, rather its influence on
peripheral tissues renders them more susceptible to insulin
action. Metformin's influence on glucose levels has been
demonstrated in vitro and in vivo by its capacity to
diminish hepatic glucose production while increasing
peripheral glucose absorption (28). Metformin primarily
targets the liver, but it also influences metabolic processes
in skeletal muscle, adipose tissue, the gut, the brain, and
cardiovascular tissues (29-32). Metformin reduces hepatic
glucose synthesis by decreasing gluconeogenesis and
boosting glucose absorption in skeletal muscle (29,32). In
addition to its glucose-lowering efficacy, studies in preclinical
models over the past two decades have recognized other
beneficial effects of metformin (33). Different durations
and doses of metformin administration have been shown
to reduce cTn-1 and CK-MB levels (34-36). The antioxidant
activity of metformin in cardiomyocytes occurs through
AMP-activated protein kinase (AMPK) activation. This
reduces ROS production in animal models of heart failure.
Metformin can protect cardiomyocytes from oxidative
stress induced by H,O., or TNF-a (33). A multicenter
prospective study reported that a 2-year metformin
treatment in prediabetic patients with stable angina and
nonobstructive coronary stenosis reduced inflammation
and oxidative stress markers. The same study also reported
improvements in epicardial endothelial dysfunction (37).
A decrease in CRP, IL-6, and TNF-a levels after a 3-month
metformin treatment was reported in patients with carotid
artery atherosclerosis (38). In patients with metabolic
syndrome, a 7-day metformin pretreatment significantly
reduced CRP, CK-MB, and cTn-I levels (39).

259



Beyazgigek et al.

The combination of exercise and metformin administration
appears logical for two reasons. Firstly, although their
targets (liver and skeletal muscle) are different, they are
complementary. Secondly, both metformin and exercise
partly exhibit their beneficial effects through AMPK.
Metformin and exercise capacity are intricately linked.
Muscle contraction activates AMPK. There is mounting
evidence that metformin boosts AMPK activation in the
liver, muscle, and other tissues (40). Due to energy
depletion, glycolysis, and phosphocreatine energy systems
are activated to maintain normal cellular metabolism (41).
Metformin has anti-inflammatory properties, albeit the
mechanisms are not fully understood (42). However,
metformin has been shown to exert anti-inflammatory
effects in various disease models and humans. Studies
have reported that metformin reduces TNF-a, IL-1pB, and
IL-6, and increases 1L-10 (43,44). Another study reported
that metformin reduces CRP levels (45).

Metformin and exercise were given to prediabetic male
Wistar rats that had been fed a high-fat diet and sugary
beverages for four weeks (46). Rats that received both
exercise and metformin showed lower levels of
inflammatory factors, improved lipid metabolism, and
reduced mitochondrial oxidative stress levels. Another
study reported that the combination of exercise and
metformin alleviated diabetes-induced cardiac
complications (47). In a study investigating the effects of
the combination of metformin and exercise on
inflammation and apoptosis mechanisms in rats, it was
found that the combined application of metformin and
exercise reduced TNF-a and IL-6 levels (48). In a study
examining the effects of exercise and metformin in adult
patients with T2DM, 699 patients were subjected to either
exercise or metformin treatment for twenty-four weeks. By
the end of the therapy, both groups had normalized their
fasting blood glucose, HbAlc, BMI, and lipid profile
values (49).

Hyperglycemia triggers the excessive production of ROS,
which can lead to harmful effects through various
pathways, including lipid peroxidation and the production
of highly reactive aldehydes like MDA. It also leads to the
degradation of antioxidant defense systems such as GPX,
SOD, and CAT (50). In streptozotocin (STZ)-induced
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ABSTRACT

Aim: This study aimed to evaluate the therapeutic efficacy of Trolox and neocuproine
treatment in an experimental rat model of mild traumatic brain injury (mTBI).

Material and Methods: Forty rats were grouped as Control, TBI, Trolox, and neocuproine.
After the Marmarou Weight Drop Model was used to create TBI, 80 mg/kg/day Trolox (i.p.),
and 100 puM/day Neocuproine (i.p.) treatments were applied in the 2nd hour. Open field,
attention, and short-term memory novel object recognition tests were performed to measure
locomotor activity. IL-1p, IL-10, TNF-a, and TGF-f levels in the hippocampus tissues of the
rats were analyzed by the ELISA method.

Results: Open field and novel object recognition test results showed that the total path traveled
was significantly decreased in the TBI group compared to the control group (p<0.001). A
significant increase in locomotor functions was observed in the Trolox (p=0.018) and
neocuproine (p=0.002) groups compared to TBI. Short-term memory test results decreased in
TBI compared to control (p<0.001), while they increased in the Trolox and neocuproine groups
compared to TBI (both p<0.001). Hippocampus IL-1p (p=0.012) and TNF-o. (p=0.011) levels
increased, while 1L-10 (p=0.031) and TGF-B (p=0.007) levels decreased compared to control
in the TBI group. While all proinflammatory cytokine levels decreased, antiinflammatory
cytokine levels increased in the Trolox and neocuproine groups compared to TBI.
Conclusion: The present findings showed that Trolox and neocuproine treatments in TBI
provided significant improvements in short-term memory, and locomotor activity levels by
reducing proinflammatory cytokine production, and increasing antiinflammatory cytokine
production.

Keywords: Neocuproine; Trolox; traumatic brain injury; locomotor activity;
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Amagc: Bu calismanin amaci hafif travmatik beyin hasar1 (WTBH) olan deneysel rat modelinde
Troloks ve neokuprin tedavilerinin terapétik etkinliginin degerlendirilmesidir.

Gerec ve Yontemler: Kirk rat, kontrol, TBH, Troloks ve neokuprin olarak gruplandirildi.
TBH olusturmak amaci ile Marmarou Weight Drop Model uygulandiktan sonraki 2. saat
diliminde 80 mg/kg/giin Troloks (i.p.) ve 100 puM/giin neokuproin (i.p.) tedavileri yapildi.
Lokomotor aktiviteyi 6l¢gmek igin agik alan ve dikkat ve kisa siireli hafiza yeni nesne tanima
testleri gerceklestirildi. Siganlarin hipokampiis dokularindaki IL-1f, IL-10, TNF-a ve TGF-$
diizeyleri ELISA yontemi ile analiz edildi.

Bulgular: Acik alan ve yeni nesne tanima test sonuglari, aliman toplam yolun TBH grubunda
kontrol grubuna kiyasla 6nemli 6l¢iide azaldigin1 gosterdi (p<0,001). Troloks (p=0,018) ve
neokuproin (p=0,002) gruplarinda ise TBH’a kiyasla lokomotor fonksiyonlarinda anlamli bir
artis gozlendi. Kisa siireli bellek test sonuglart, TBH’da kontrole kiyasla azalirken (p<0,001),
Troloks ve neokuproin gruplarinda ise TBH a kiyasla artt1 (her iki p<0,001). Kontrole kiyasla TBH
grubunun hipokampiis IL-1p (p=0,012) ve TNF-a (p=0,011) seviyeleri artarken, IL-10 (p=0,031)
ve TGF-B (p=0,007) seviyeleri azaldi. Troloks ve neokuproin gruplarinda TBH’ye kiyasla tim
proinflamatuar sitokin seviyeleri azalirken, antiinflamatuar sitokin seviyeleri artt.

Sonug: Elde edilen bulgular, TBH’da Troloks ve neokuproin tedavilerinin proinflamatuar
sitokin iiretimini azaltarak ve antiinflamatuar sitokin {iretimini artirarak kisa siireli bellek ve
lokomotor aktivite diizeyinde anlamli iyilesmeler sagladiklarini gostermistir.

Anahtar kelimeler: Neokuproin; Troloks; travmatik beyin hasari; lokomotor aktivite;
noroinflamasyon.
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INTRODUCTION

Traumatic brain injury (TBI) is a substantial clinical
disorder that affects survival, sequelae, mortality, and
morbidity and occurs as a result of many traumatic incidents,
or multiple underlying neuropathological causes (1).
Traumatic brain damage can lead to encephalopathy,
cognitive deficits, behavioral abnormalities, epileptic
seizures, and perhaps a neurodegenerative condition
resembling Alzheimer's disease (2).

There are two forms of TBI. The first type results in central
nervous system damage to the brain caused by trauma such
as fractures or other traumas. Secondary TBI develops
sometime after the initial brain injury and may result from
pathological causes such as mitochondrial dysfunction,
inflammation, neurotransmitter activity, calcium, and gene
activity on a cellular basis (3,4).

a-tocopherol is a powerful antioxidant that protects the
membrane from oxidative agents, and Trolox is a water-soluble
analog of a-tocopherol vitamin E (5). Neocuproine is the
chemical form that acts as a copper chelator (6,7). Trolox
has been evaluated as a control group in experimental
studies due to its antioxidant analog properties of vitamin
E. In one study, it was reported that incubation of glial cells
with Trolox prevented neuronal cell death through
interleukin-1beta (IL-1B) expression (8). In a study on
isoprostane found in the rat cerebral cortex, it was shown
that treatment with antioxidant Trolox prevented
isoprostane release under basal conditions (9).

A few of the studies on neocuproine in the literature are on
smooth muscle activity, which is on the effect on
relaxation in the rat corpus cavernosum (10). Another rat
study using neocuproine showed its protective role against
cardiac damage in isolated perfused rat hearts (11). In a
cancer study, it was stated that neocuproine could be
considered an antitumor candidate (12). Another study
using the copper chelate neocuproine discussed its effects
on DNA synthesis (13).

TBI continues to be a major public health concern
worldwide, with the need for effective research models to
better understand its pathophysiology and develop
therapeutic interventions. The use of Trolox and
neocuproine in TBI studies has not yet been included in
the literature. It is questionable whether Trolox and
neocuproine can be considered as an alternative treatment
option in terms of anti-neuroinflammatory effects in
eliminating abnormal locomotor activity and cognitive
behaviors. The working hypothesis is that separately
administering Trolox and neocuproine to TBI rats will
reduce neurodegenerative processes through anti-
inflammatory effects. To demonstrate the therapeutic
efficacy of Trolox and neocuproine in TBI, cognitive
function and locomotor activity were assessed using the
open field (OF), and novel object recognition (NOR) tests.
Proinflammatory, and antiinflammatory markers such as IL-1p,
interleukin-10 (I1L-10), tumor necrosis factor-alpha (TNF-a),
and tumor growth factor beta (TGF-p) levels were
investigated in the cerebral hippocampus preparations.

MATERIAL AND METHODS

Experimental Groups and Protocol

This study used 3-month-old Wistar Albino male rats
weighing 200-250 g. The Bolu University Animal Care
and Ethics Committee authorized, and oversaw the

Duzce Med J, 2024;26(3)

Efficacy of Trolox and Neocuproine on mTBI

implementation of all procedures involving the use of
animals in experiments (Approval no: 2024/22, Date:
07.08.2024). Forty rats were divided into four groups each
with n=10, as Control, TBI, Trolox, and neocuproine. The
TBI model was created using the Marmarou method. The
control group was administered Trolox, and neocuproine
solvent DMSO intraperitoneally (i.p.). The Trolox and
neocuproine groups were administered 80 mg/kg/day
Trolox (i.p.), and 100 pM/day neocuproine (i.p.)
immediately after TBI. The method used to determine the
therapeutic effective dose was taken into account in the
relevant studies using Trolox and neocuproine, and also a
single dose was preferred in this preliminary study to prove
whether Trolox and neocuproine, which is the hypothesis
of the study, could be a treatment option in TBI (14-17).
Secondary injury plays a role in the pathophysiology of
TBI and secondary injuries begin to appear in the first
hours of TBI. After the 4™ hour, the blood-brain barrier is
damaged and neuroinflammation and apoptotic processes
begin, leading to loss of motor and cognitive function.
Therefore, treatments should usually be initiated at an early
stage to prevent secondary damage. Neuroinflammation
and apoptotic processes play a role in the
pathophysiological damage mechanism at 24, 48, and 72
hours of TBI. In our study, in order to investigate the
efficacy of Trolox and neocuproine treatments on
neuroinflammation in TBI-induced motor and cognitive
dysfunctions, drug treatment was started at the 2nd hour of
TBI and terminated at the 48th hour (4,18,19).

The NOR test evaluated learning, and memory activities,
whereas the OF test evaluated locomotor activity. The
subjects were sacrificed after the behavioral experiments,
the brains were removed, and IL-1B, IL-10, TNF-0, and
TGF-pB levels in the hippocampus tissues were assessed
using the ELISA method (Figure 1).

Marmarou Weight Drop Model

In this study, the most preferred among weight drop models,
Marmarou's (20) weight drop method was used (Figure 2).
Animals were anesthetized with 5 % isoflurane. The skull
was placed between lambda, and bregma without surgical
operation using a polyacrylamide adhesive, with a stainless
steel disk (10 mm diameter, 3 mm depth). A moderate
chronic traumatic encephalopathy (CTE) model was
created by dropping a 450 g brass weight directly onto the
steel disk from a height of 1 meter on the animals placed
on the sponge.

Behavioral Experiments

Open Field (OF) Test

The locomotor activity is measured with the OF test. OF
experiments will be conducted in a square-shaped, 80x80
cm, black mat-based setup with a wall height of 40 cm.
The area was divided into 16 equal small circles of 20 cm?,
At the beginning of the experiment, rats were placed one
by one in the center of this area, and their movements were
examined for 3 minutes. The number of squares entered by
each rat, the total distance covered, and the average speed
were measured (21,22).

Novel Object Recognition (NOR) Test

The NOR test is particularly effective in measuring
attention, and short-term memory studies, and has three
stages: habituation, training, and retention. In the
habituation stage, rats were placed in the middle of an
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80x80 cm setup, 40 cm high, and allowed to explore the
area for five minutes without any items. In the training
stage, rats were placed in the area from the center and were
given 5 minutes to examine two objects placed in the
environment. During the experiments, the apparatus was
cleaned with 70% ethanol to prevent the rats from moving
according to their sense of smell. In the retention stage, one
of the objects was replaced with a new object, and the rats'
behaviors were recorded for 5 minutes. During this
process, it is expected that the rats will spend more time
examining the new object (23). In the NOR test, the
discrimination index (%), and the time spent on the new
object (sec) values were analyzed.

Discrimination Index = ((time spent on new object - time
spent on old object) / total time) * 100.

Biochemical Assessment

Tissue Homogenization Process

Tissues were roughly homogenized with liquid nitrogen in
a ceramic mortar. Then, brain tissue was transferred into
an Eppendorf tube, its weight was weighed, and 10 times
the volume of phosphate buffer was added. After
homogenization for 60 seconds with a tissue homogenizer,
it was centrifuged at 12000 rpm at + 4 °C for 10 minutes.

Tumor Necrosis Factor-Alpha (TNF-a) and Tumor
Growth Factor Beta (TGF-p)

The measurement was carried out in compliance with the
guidelines provided by the solid phase sandwich enzyme
immunoassay (ELISA) kit, which is sold commercially.
Specific monoclonal antibodies against rat TNF-o were
placed onto 96-well plates together with standard solutions,
and samples were made in serial dilutions at decreasing
concentrations. TNF-o, and TGF-f molecules in the
samples bound to antibodies in this antigen-antibody
binding technique. It was incubated for ninety minutes at
37 °C in an incubator. Following the incubation period,
100 pl of concentrated biotinylated detection Ab was
applied to each well after being diluted 1/100 with a
biotinylated detection dilution solution. Following an hour
of incubation at 37 °C, 750 milliliters of distilled water
were added to the concentrated wash buffer, and three
washes using the wash buffer solution were carried out to
eliminate any unattached molecules. After that, 100 ul of
streptavidin-bound peroxidase (horseradish peroxidase, HRP)
conjugate was added and incubated at 37 °C for 30
minutes. After incubation, 5 washes were performed and
substrate solution was added. The TNF-a and TGF-f
concentrations in the samples were directly correlated with
a color shift that was seen, and the reaction was stopped by
adding 50 pl of stop solution to each well. Each well's
absorbance value was calculated by reading at 450 nm
using a microplate reader.

Interleukin (IL-1f and IL-10) Measurement

The measurement was carried out in compliance with the
guidelines provided by the ELISA kit, which is sold
commercially. Specific monoclonal antibodies against rat
IL-1B and IL-10 were placed onto 96-well plates together
with standard solutions and samples generated in serial
dilutions at decreasing concentrations. The IL-1p and IL-10
molecules in the samples were attached to the antibody in
this antigen-antibody binding technique. For ninety
minutes, it was incubated at 37 °C in an incubator.
Following the incubation period, 100 pl of concentrated
biotinylated detection Ab was applied to each well after
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Figure 2. Marmarou weigth drop model (2)

being diluted 1/100 with a biotinylated detection dilution
solution. Following an hour of incubation at 37 °C,
unattached molecules were eliminated by washing the
concentrated wash buffer three times with the wash buffer
solution made by adding 750 ml of distilled water to it.
Subsequently, 100 ul of the HRP conjugate was added, and
30 minutes were spent incubating at 37 °C. This time, after
incubation, a substrate solution was added and five washes
were carried out. 50 pl of stop solution was given to each
well to halt the reaction, and a color shift was seen that was
directly correlated with the amounts of IL-1p and IL-10 in
the samples. Using a microplate reader, the absorbance
value of each well was measured by reading at 450 nm.
Statistical Analysis

The IBM SPSS v.20.0 software was used to analyze the
data. The Shapiro-Wilk test was used for normality
assumption, and homogeneity of variances was evaluated
with the Levene test. The One-way ANOVA or Welch test
followed by post hoc Tukey test for pairwise comparisons
between groups was used to analyze data that fit the
normal distribution. The descriptive statistics of the data
were presented as mean+standard deviation. A p<0.05 was
deemed to be statistically significant.

RESULTS

The NOR test assessed learning, while the OF assessed
locomotor activity (Table 1). The total distance traveled in
the OF was significantly reduced in the TBI group compared
to the control group (p<0.001). When comparing the TBI
group to the control group, the total distance traveled in the
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Table 1. Comparison of behavioral results and biochemical findings between experimental groups

Control (n=10) TBI (n=10) Trolox (n=10) Neocuproine (n=10) p
TD (cm) 2112.00+£72.99 1756.00+£90.95 1907.00+146.59 1948.00+108.40 <0.001
DI (%) 13.11+1.17 8.01+1.14 11.03+1.20 11.43+1.33 <0.001
IL-1p (pg/100ug protein) 98.40+5.95 115.10+11.77 107.10+12.27 105.60+14.07 0.023
IL-10 (pg/100pg protein) 122.52+19.11 103.40+11.95 109.70+13.27 111.30+13.58 0.047
TNF-a (pg/100pg protein) 120.80+11.84 137.60+10.20 126.20+12.55 128.50+10.75 0.018
TGF-B (pg/100ug protein) 128.40+15.83 103.70+18.30 111.20+13.16 109.80+15.58 0.009

TBI: traumatic brain injury, TD: total distance, DI: discrimination index, IL-1p: interleukin 1 beta, IL-10: interleukin 10, TNF-a: tumor necrosis factor-alpha, TGF-B: tumor growth factor-beta, post hoc test results; TD:
control vs TBI: p<0.001, control vs trolox: p=0.001, control vs neocuproine: p=0.009, TBI vs trolox: p=0.018, TBI vs neocuproine: p=0.002, trolox vs neocuproine: p=0.832; DI: control vs TBI: p<0.001, control vs trolox:
p=0.003, control vs neocuproine: p=0.019, TBI vs trolox: p<0.001, TBI vs neocuproine: p<0.001, trolox vs neocuproine: p=0.875; IL-1p: control vs TBI: p=0.012, control vs trolox: p=0.337, control vs neocuproine:
p=0.502, TBI vs trolox: p=0.411, TBI vs neocuproine: p=0.263, trolox vs neocuproine: p=0.991; IL-10: control vs TBI: p=0.031, control vs trolox: p=0.228, control vs neocuproine: p=0.337, TBI vs trolox: p=0.775, TBI
Vs neocuproine: p=0.631, trolox vs neocuproine: p=0.995; TNF-a: control vs TBI: p=0.011, control vs trolox: p=0.715, control vs neocuproine: p=0.440, TBI vs trolox: p=0.131, TBI vs neocuproine: p=0.295, trolox vs

neocuproine: p=0.969; TGF-p: control vs TBI: p=0.007, control vs trolox: p=0.089, control vs neocuproine: p=0.058, TBI vs trolox: p=0.716, TBI vs neocuproine: p=0.824, trolox vs neocuproine: p=0.997

OF was considerably less (Figure 3A). Following therapy,
the Trolox (p=0.018) and neocuproine (p=0.002) groups
showed a substantial increase in locomotor activity in
comparison to the TBI group. The NOR test was used to
assess the groups' short-term memory tests (Figure 3B).
The Trolox and neocuproine groups showed a substantial
gain in learning compared to TBI group (both p<0.001),
whereas the TBI group showed a significant decline in
learning compared to the control group (p<0.001).

Effects of Neocuproine and Trolox on Locomotor
Activity in TBI Groups

Biochemical Findings in Hippocampus Tissue

IL-18, IL-10, TNF-a, and TGF-B levels in the
hippocampus were shown in Table 1. Compared to the
control group, IL-1p (p=0.012) and TNF-o (p=0.011)
levels of the TBI group increased significantly, while the
IL-10 (p=0.031) and TGF-B (p=0.007) levels decreased
significantly. Both of the treatments reduced all
proinflammatory cytokine levels in the Trolox and
neocuproine groups while increasing anti-inflammatory
cytokine levels (Figure 4).

DISCUSSION

The problems observed in TBI cases in the clinical picture
have not yet been completely resolved and treatment
searches are ongoing (24). In primary brain damage and
secondary brain damage caused by trauma, it is thought
that secondary damage plays the leading role (18). Other
mechanisms observed in the development of secondary
damage and neuroinflammation cause motor function
losses (25).

In the current study, it was determined that there was motor
dysfunction in the experimental groups that developed
TBI. It has not yet been shown that Trolox or neocuproine
can be a therapeutic factor for motor function loss. Again,
neither Trolox nor neocuproine has been included in a
study on TBI in vivo study with its anti-inflammatory
aspects. As a result of the findings presented in this study,
it was observed that Trolox and neocuproine applications
can have a therapeutic effect on both motor function loss
of TBI and by affecting neuroinflammation levels. Motor
function defects that developed with TBI in the
experimental groups were recovered with Trolox and
neocuproine treatment.

The Marmarou weight-drop model is a popular animal model
used in TBI. The Marmarou model induces closed-head
TBI without allowing for other complications caused by
open-head injuries (26). In the experimental groups where
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Figure 4. Results of neuroinflammation, A) IL-1, B) IL-10,
C) TNF-q, and D) TGF-B levels in the hippocampus

the TBI model was performed, decreased locomotor
activity was observed, and these results are consistent with
the literature (27).

In addition, it is possible to say that while Trolox and
neocuproine applied for treatment purposes for TBI
regressed the loss of locomotor activity, similar gains were
made for motor functions. A decrease in locomotor activity
is a concurrent process with motor dysfunction (18). The
therapeutic effectiveness of Trolox and neocuproine also
draws attention to the similarity of the results to the control
group. Another therapeutic effect that draws attention to
the findings of this study is that according to the NOR test
results of the short-term memory experiments of Trolox
and neocuproine in rats, a significant decrease in learning
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was observed in the TBI group compared to the control
group, while a significant increase was observed in the
Trolox and neocuproine groups compared to the TBI
group.

In the clinic, it is mentioned that there may be both cognitive
and physical function patterns in TBI patients (28). There
is an underlined statement between the primary injury, and
secondary injury processes that in patients with TBI, the
secondary injury process, that is, the process in which TBI
is observed at a more micro index, is associated with a poor
prognosis (29). It is predicted that neuroinflammatory
steps are involved in the progression of the process in the
post-primary brain injury phase of clinical findings of TBI
patients. In light of this information, the study aimed to
determine the proinflammatory and anti-inflammatory
cytokine levels in the hippocampus. The findings of the
TBI in vivo rat study also suggest that diphenhydramine
HCI application has a significant anti-inflammatory effect
on TNF-o serum levels in the treatment groups, and
reversals in brain damage findings (30).

Genes that are active in TBI may affect the severity of the
injury, including pro, and anti-inflammatory cytokines,
and neurotrophic genes are thought to affect repair and
plasticity (31).

Considering the healing effects of Trolox and neocuproine,
they can be used as preventive agents in cases where TBI
may develop or occur again, with their antioxidant
character as well as their therapeutic activity on TBI.

The limitations of the study are as follows: First, the dose
intervals have not been tested in single applications to find
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Sleep Bruxism and Tooth Fracture in Fibromyalgia

Duloksetin Kaynakli Uyku Bruksizmi ve Dis Kirilmasi

ABSTRACT

Duloxetine is a serotonin-norepinephrine reuptake inhibitor that is approved for the treatment
of fibromyalgia. Duloxetine has many side effects such as nausea, somnolence, insomnia,
decreased appetite, dry mouth, and constipation. Sleep bruxism is also a very rare side effect
of duloxetine. In this case report, a case of a 35-year-old male patient who developed sleep
bruxism in the 4™ week after duloxetine use, and fracture of the 1 upper molar tooth which
had previously undergone root canal treatment after severe bruxism in the 6™ week was
presented. Duloxetine treatment was stopped and treatment was continued with amitriptyline.
The patient had a significant reduction in both bruxism and fibromyalgia symptoms after the
amitriptyline treatment. Bruxism symptoms were not observed after one year of follow-up.
Keywords: Duloxetine; sleep bruxism; tooth fracture; fibromyalgia.

0z

Duloksetin, fibromiyalji tedavisi igin onaylanmis bir serotonin-norepinefrin geri alim
inhibitériidiir. Duloksetinin bulanti, uyuklama, uykusuzluk, istah azalmasi, agiz kurulugu ve
kabizlik gibi birgok yan etkisi vardir. Uyku bruksizmi de duloksetinin ¢ok nadir goriilen bir
yan etkisidir. Bu olgu sunumunda, duloksetin kullanimindan sonra 4. haftada uyku bruksizmi
gelisen ve 6. haftada siddetli bruksizm sonrasi daha 6nce kanal tedavisi gérmiis olan 1. st
molar disinde kirik gelisen 35 yasinda bir erkek hasta sunulmustur. Kullanmakta oldugu
duloksetin tedavisi kesildi ve tedaviye amitriptilin ile devam edildi. Amitriptilin tedavisinden
sonra hastanin hem bruksizm hem de fibromiyalji semptomlarinda belirgin bir azalma goriildii.
Bir y1llik takip sonrasinda bruksizm semptomlar1 goriilmedi.

Anahtar kelimeler: Duloksetin; uyku bruksizmi; dis kirtlmasi; fibromiyalji.

INTRODUCTION

Sleep bruxism is defined as an involuntary movement of the jaw muscles
characterized by jaw clenching, stretching, grinding, and gnashing of teeth (1).
Bruxism can be categorized into primary and secondary types. The primary type is
usually idiopathic and is not associated with any other medical situation. While, the
secondary type can be iatrogenic and is related to medical conditions (e.g. sleep
disorders, psychiatric or neurological) or intake of medicines for their treatment (2,3).

Presented orally at the 29™ National Physical Medicine and Rehabilitation Congress (March 2-6, 2022; Antalya, Tiirkiye).
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Secondary type sleep bruxism may be common during
treatment with antipsychotics and antidepressants (4).
Duloxetine is a serotonin-norepinephrine reuptake
inhibitor that is approved by the United States Food and
Drug Administration (FDA) for the treatment of
fibromyalgia. In this case report, severe sleep bruxism and
related tooth fracture due to duloxetine used in
fibromyalgia patients was presented.

CASE REPORT

A 35-year-old male patient presented with complaints of
widespread body pain, joint pains, weakness, morning
fatigue, and sleeplessness for more than three months.
After the evaluation of the patient, duloxetine 30 mg was
started considering fibromyalgia according to FMS ACR
2016 criteria, and the patient was called for control after
one month. After 6 weeks, the patient who came to the
control stated that bruxism complaints at night started in
the 4" week. In the 6™ week, he stated that her right upper
1%t molar tooth, which had previously undergone root canal
treatment, was broken due to sleep bruxism and therefore
he came to the control. In the same direction, a partial
fracture of the tooth in the lower jaw was observed. The
patient's colleagues, who work as firefighters and work in
shifts, said that they heard the patient grinding his teeth
while he was asleep and woke him up several times a night.
At the same time, he stated that he was woken up several
times a night by his wife because of the sound of grinding
his teeth, but he was not suffering from bruxism during the
day. After the tooth fracture, he came to the control, and
duloxetine was stopped and complete blood count,
biochemistry, and thyroid function tests were evaluated as
normal. Amitriptyline 10 mg was started and he was
referred to the dentist to use night plasters. He was called
for a follow-up one month later. At the next visit, the
patient reported a significant reduction in bruxism but did
not use the night plate regularly. Amitriptyline was
gradually increased to 25 mg and when he came to the
control after three months, he stated that his complaints of
both fibromyalgia and bruxism had decreased
significantly. Bruxism was not observed after one year of
follow-up.

DISCUSSION

Duloxetine is a serotonin-noradrenaline reuptake inhibitor
used in fibromyalgia syndrome. There are many side
effects associated with duloxetine intake. These include
nausea, somnolence, insomnia, dry mouth, constipation,
decreased appetite and libido (5). Few cases of
duloxetine-induced sleep bruxism have been reported. In
one case, it was treated with amitriptyline, and in another
case duloxetine was discontinued and it was treated with
buspirone (6,7).

The etiology of sleep bruxism, which is seen in 8-21% of
the population, includes multifactorial causes such as
smoking, alcohol, caffeine, diseases, trauma, genetics, and
drugs (8,9). Sleep bruxism is a rare side effect of
duloxetine use. Sleep bruxism can cause masseter
muscle hypertrophy, tongue indentation, decreased
salivary flow, abnormal tooth abrasion, tooth fracture, lip
or cheek biting and tongue burning with accompanying
oral habits, polygraphic observation of jaw muscle
activity with grinding sounds (10). In our case, severe

Duzce Med J, 2024;26(3)
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bruxism was observed after duloxetine use, and the tooth,
which had previously undergone root canal treatment, was
fractured.

The neurochemical mechanism of bruxism is not well
known, but it has been suggested that the central
dopaminergic system controlling muscle activity may play
a role. For SSRI-induced bruxism, it has been
hypothesized that the mechanism may involve excessive
serotonergic action on the mesocortical neurons, which
leads to a dopaminergic deficit (4). Tricyclic
antidepressants have a suppression effect on the REM
phase of the sleep cycle; this may help to cease the
bruxism symptoms appearing in that phase of the sleep
cycle (11).

In studies, similar side effects after duloxetine use in
fibromyalgia patients were treated with amitriptyline and
buspirone, and successful results were obtained (7,8). In
the study conducted by Sahin Onat and Manas (6), sleep
bruxism was resolved after 2 months of amitriptyline
treatment, and significant improvement was observed in
fibromyalgia.

We used amitriptyline in our patient and observed a
significant decrease in both bruxism and fibromyalgia
symptoms at the end of 1-year follow-up.

CONCLUSION

Sleep bruxism may be kept in mind when questioning the
anamnesis of fibromyalgia patients and medical treatment
alternatives may be considered in the foreground.
Physicians should be aware of this rare side effect of
duloxetine in order to manage treatment successfully.
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ABSTRACT

Peripartum cardiomyopathy is a rare but significant condition occurring during late pregnancy
or early postpartum period. Risk factors of peripartum cardiomyopathy include pregnancy,
advanced maternal age, multiple pregnancies, and preeclampsia. This case report presented a
case of a 32-year-old woman who developed an acute left bundle branch block due to
peripartum cardiomyopathy during pregnancy. This case underscores the importance of
considering peripartum cardiomyopathy in pregnant patients presenting with cardiac
symptoms, especially those with risk factors such as advanced maternal age and multiple
pregnancies. Prompt diagnosis and management are crucial to mitigate maternal and fetal risks
associated with peripartum cardiomyopathy. Preeclampsia can lead to the development of
peripartum cardiomyopathy, a rare but severe condition. Accurate diagnosis and appropriate
treatment are essential. Clinicians should consider peripartum cardiomyopathy in patients
presenting with preeclampsia symptoms.

Keywords: Peripartum cardiomyopathy; pregnancy; acute left bundle branch block;
preeclampsia; twin pregnancy.

(074

Peripartum kardiyomiyopati, gebeligin sonlarinda veya dogum sonrasi erken donemde ortaya
c¢ikan nadir fakat 6nemli bir durumdur. Peripartum kardiyomiyopatinin risk faktorleri arasinda
gebelik, ileri anne yasi, cogul gebelikler ve preeklampsi bulunur. Bu vaka raporunda gebelik
sirasinda peripartum kardiyomiyopatiye bagli olarak akut sol dal blogu gelisen 32 yagindaki
kadin hasta sunulmaktadir. Bu vaka, kardiyak semptomlarla bagvuran, 6zellikle de ileri anne
yas1 ve ¢cogul gebelik gibi risk faktorleri olan gebe hastalarda peripartum kardiyomiyopatinin
dikkate almmmasmin Onemini vurgulamaktadir. Hizli teshis ve tedavi, peripartum
kardiyomiyopati ile iligkili anne ve fetiis risklerini azaltmak i¢in ¢ok onemlidir. Preeklampsi,
nadir fakat ciddi bir durum olan peripartum kardiyomiyopatinin gelismesine yol agabilir.
Dogru tan1 ve uygun tedavi onemlidir. Klinisyenler preeklampsi semptomlariyla bagvuran
hastalarda peripartum kardiyomiyopatiyi diisiinmelidir.

Anahtar kelimeler: Peripartum kardiyomiyopati; gebelik; akut sol dal blogu; preeklampsi;
ikiz gebelik.

INTRODUCTION

Peripartum cardiomyopathy (PC) is a variant of dilated cardiomyopathy that occurs
in the late stages of pregnancy or early postpartum (1,2). Although PC is very rare,
its mortality is high (3). Risk factors of PC include pregnancy, advanced maternal
age, multiple pregnancies and preeclampsia (4,5). While the exact cause of PC
remains incompletely understood, factors such as inflammation, selenium deficiency,
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genetic predisposition, dysregulation of angiogenic
factor, and prolactin metabolites are recognized as
significant contributors (6,7). In this particular case, an
investigation conducted on an acute left bundle branch
block secondary to PC during pregnancy was presented in
a 32-year-old woman.

CASE REPORT

A 32-year-old patient was admitted to the emergency
department at the 37" week of pregnancy (history of in
vitro fertilization (IVF), twin pregnancy). Her complaints
were palpitations and dyspnea. Initial vital signs showed
blood pressure was 150/100 mmHg, pulse 120 bpm, and
other symptoms were normal.

Routine blood and urine tests, including troponin levels,
were normal. Obstetric ultrasonography revealed a
dichorionic diamniotic twin pregnancy consistent with
36-37 weeks. Umbilical artery Doppler ultrasonography
of both fetuses was normal and their estimated fetal
weight was measured as 2600-2660 g. The non-stress test
showed no uterine contractions, and both fetal heart
sounds were regular and rhythmic.

The patient's electrocardiography (ECG) exhibited a
QRS duration exceeding 120 milliseconds, a broad S
wave in leads V1-3, notching in the QRS complex in
lateral leads (DI, aVL, V5, V6), and a monophasic wide R
wave in leads DI, DII, and V6. Additionally, there was an
absence of the septal Q wave in leads DI-aVL and V6,
along with an extended R wave peak time in the left
precordial leads DI-aVL-V5-V6 (Figure 1).

The patient was diagnosed with acute left bundle branch
block and was referred to cardiology. Echocardiography
showed a decrease in ejection fraction (30%) and an
enlargement of the left heart chambers, along with
moderate regurgitation of both the mitral and tricuspid
valves (Figure 2). Based on these findings, a diagnosis of
PC was made.

A cesarean section was performed, and two female babies
were delivered with 1%- and 5th-minute APGAR scores of
7 and 9, respectively. The patient was transferred to the
postoperative intensive care unit. Postoperative ECG
indicated a normal sinus rhythm (Figure 3).

Medical treatment included metoprolol, enalapril,
enoxaparin, bromocriptine, and a magnesium infusion.
After 24 hours of follow-up in the intensive care unit, the
patient was transferred to the ward. The patient's blood
pressure remained stable at around 120/70 mmHg, and she
was discharged with her babies on the 7™ postoperative
day. Approximately nine months later, follow-up
showed improvement in cardiomyopathy findings and
mitral-tricuspid valve regurgitation, with an ejection
fraction of 50-55%.

DISCUSSION

Preeclampsia is a pregnhancy complication that has an
impact on both maternal and fetal mortality and
morbidity. In this case, the patient presented with high
blood pressure and dyspnea, leading to a diagnosis of
preeclampsia (5). The patient's history of IVF and
multiple pregnancy are known risk factors (6). It's
important to recognize that, as illustrated in this case, not
every instance of preeclampsia may exhibit impaired
proteinuria and liver transaminase levels (8).

Duzce Med J, 2024;26(3)
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Dyspnea and chest pain in a term pregnant should not be
attributed solely to preeclampsia; Other possible diseases
include acute myocardial infarction (AMI) and PC (1,3).
The ECG results in our patient reveal signs of left bundle
branch block, and the absence of any elevation in troponin
levels in the blood serum rules out AMI in this case. The
absence of any prior cardiological complaints in the patient
strongly suggests that the current cardiomyopathy is PC.
The echocardiogram conducted by the cardiology team
revealed features consistent with cardiomyopathy, including

HAN N ihaM A A i

e AN A AN A AR

Figure 1. Pre-cesarean electrocardiography: The QRS
duration exceeds 120 milliseconds, exhibiting a broad S
wave in leads V1-3 and notching in the QRS complex in
lateral leads (DI, aVL, V5, V6). Additionally, there is a
monophasic wide R wave in leads DI, DII, and V6. Notably,
the septal g wave is absent in leads DI-aVL and V6
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Figure 2. Echocardiography reveals dilated four chambers
and a dilated cardiomyopathy with an ejection fraction of
30%, accompanied by mitral and tricuspid regurgitation
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Figure 3. Post-cesarean electrocardiography: Notably, the
electrocardiogram obtained approximately 30 minutes
after birth demonstrates a normal sinus rhythm
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a low ejection fraction of 30%, mitral-tricuspid valve
regurgitation grade 2. The patient's diagnosis of PC was
established by integrating both the ECG and
echocardiography findings with her medical history. As
highlighted in a study by lorgoveanu et al. (5), preeclampsia
is identified as a significant risk factor for PC. The patient,
diagnosed with left bundle branch block and PC, underwent
an emergency cesarean section and was admitted to the
intensive care unit for post-operative monitoring and
treatment. The initial ECG obtained in the intensive care
unit revealed an improvement in the left bundle branch
block findings, with the ECG returning to a normal sinus
rhythm. In the context of PC, particularly left atrial
enlargement, the sensitivity of ECG findings is reported to
be low (38%), but the specificity is high (96%) (10).
Although the exact etiology of PC remains unclear, factors
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ABSTRACT

Immune checkpoint inhibitors (ICIs) are highly effective in treating cancer and are increasingly
used. Thus, awareness of various complications in the form of immunity-related adverse events
is increasing. Transverse myelitis following ICIs is a rare but severe neurological adverse
event, and information about this entity is minimal. ICl-associated transverse myelitis should
be considered a rapid and comprehensive differential diagnosis after evaluating infective,
metabolic, or other inflammatory-autoimmune pathologies. After diagnosis, early
immunomodulation is required through intravenous high-dose methylprednisolone, IVIg, or
plasmapheresis. It should be kept in mind that different etiologies may coexist or a
superimposed condition may cause each other, and concurrent treatment should not be delayed.
Further studies are needed to investigate the neurological manifestations that may develop in
association with these therapies further and help establish guidelines for their management. In
this case report, a rare case of ICl-associated transverse myelitis in a 62-year-old male patient
was presented.

Keywords: Immune checkpoint inhibitor; adverse event; transverse myelitis.

0Z

Immiin kontrol noktas: inhibitérleri (immune checkpoint inhibitors, ICls) kanser tedavisinde
oldukga etkilidir ve giderek daha fazla kullanilmaktadir. Bu nedenle, bagisiklikla iligkili advers
olaylar seklinde cesitli komplikasyonlara iligkin farkindalik artmaktadir. ICI'lar1 takiben
gelisen transvers miyelit, nadir ancak ciddi bir nérolojik advers olaydir ve bu antite hakkindaki
bilgiler ¢cok smirlidir. Enfektif, metabolik veya diger enflamatuar-otoimmiin patolojilerin
degerlendirilmesinden sonra hizli ve kapsamli bir ayirici tani olarak ICI kaynakli transvers
miyelit dikkatle diisiiniilmelidir. Tanidan sonra, intravendz yiiksek doz metilprednizolon, IVIg
veya plazmaferez seklinde erken immiinomodiilasyon gereklidir. Farkli etiyolojilerin bir arada
bulunabilecegi veya iist iiste binen bir durumun birbirine neden olabilecegi akilda tutulmali ve
es zamanli tedavi geciktirilmemelidir. Bu tedavilere bagli olarak gelisebilecek noérolojik
bulgularin daha fazla arastirilmasi ve bunlarin yonetimine iligkin kilavuzlarin olusturulmasina
yardimci olmak i¢in daha fazla ¢alismaya ihtiyag¢ vardir. Bu olgu sunumunda, 62 yasinda bir
erkek hastada, nadir gériilen bir ICI ile iligkili transvers miyelit vakasi sunulmustur.

Anahtar kelimeler: immun kontrol noktas: inhibitorii; advers olay; transvers miyelit.

INTRODUCTION

Immune checkpoint inhibitors (ICIs) may cause immune-related adverse events (1,2).
ICl-associated transverse myelitis should be carefully considered as a rapid and
comprehensive differential diagnosis after evaluation of infective, metabolic, or
other inflammatory-autoimmune pathologies. On the other hand, it should be
remembered that different etiologies may coexist, overlapping conditions may cause
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each other, and concurrent treatment should not be
delayed. This case report aimed to present a rare but
confusing case of ICl-associated transverse myelitis.

CASE REPORT

A 62-year-old male was diagnosed with small cell lung
cancer (SCLC) with lymphatic and vertebral metastases
one year ago. He was treated with seven cycles of
etoposide and carboplatin (3 doses daily per cycle) and
currently two doses of atezolizumab. One month after the
second dose of atezolizumab, he presented with subacute
onset bilateral lower extremity weakness, urinary overflow
incontinence, numbness in all extremities, and involuntary
contractions in upper extremities. On examination, there
were proximal (4/5) and distal (3/5) bilateral symmetrical
upper extremity and bilateral lower extremity (right; 3/5,
left; 2/5) weakness, sensory ataxia, spasticity in all
extremities, loss of bilateral deep tendon reflexes and loss
of deep sensation (vibration and joint position). He was
limited to a wheelchair and self-catheterization.

Cervical and thoracic spine magnetic resonance imaging
demonstrated symmetrical T2 signal hyperintensity
confined to the lateral tracts without contrast enhancement
from C1to T11 and a T1 hypointense lesion of the T9 and
T11 vertebral body with irregular T2 signal and contrast
enhancement (Figure 1). EMG demonstrated a polyneuropathy
syndrome in the subacute period with axonal damage in
which sensory and motor fibers were affected. There was
no response in bilateral lower and upper extremities'
sensory evoked potentials (SEPs). In visual evoked
potentials (VEPSs), the P100 wave could not be obtained on
the left, and there was a prolongation of P100 wave latency
on the right. Routine laboratory examination, hemogram,
thyroid function tests, serum cobalamin, folate, and
methylmalonate (0.11 nmol/ml, NV 0-0.4) were within
the normal range. No lymphocytes or malignant cells were

B ' NG B TN
Figure 1. A) Cervical spinal magnetic resonance imaging (MRI) at
initial presentation (first month of complaint onset), axial T2, sagittal
T2, and sagittal contrast-enhanced (C+) T1, respectively. arrows; T2
hyperintense longitudinally extensive transverse myelitis (LETM);
B) Spinal MRI repeat at 8" month, axial T2, sagittal T2, and sagittal
C+ T1, respectively. arrows; LETM without change
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detected in the CSF analysis, and the glucose level was in
the normal range proportionally to serum (63/102 mg/dl).
A slight increase was in protein (46.2 mg/dl, NV 15-45),
and LDH (27 U/L, NV 10-19). Serum antibodies against
aquaporin-4 and myelin oligodendrocyte glycoprotein (MOG),
serology for neurotropic viruses (including CMV, HIV,
EBV, HBV, HCV, and HSV1-2), rheumatological
screening tests (including ANA, thyroid antibodies,
beta2glycoprotein, p-ANCA, rheumatoid factor, c-ANCA,
anti-cardiolipin, celiac antibodies), serology for Brucella,
Borrelia burgdorferi, and Treponema pallidum,
paraneoplastic panel antibodies (including anti-NMDR,
AMPA1, AMPA2, CASPR2, LGI1, Amphiphysin,
GABARB1/B2, CV2, PNMA2, Ri, Yo, Hu, Recoverin,
Titin, Zic4, GAD65, TRAB, SOX1), and brain MRI were
normal. Serum copper level (53 pg/mL, NV 70-140) and
ceruloplasmin (193 mg/L, NV 200-600) were slightly
below normal limits, and serum zinc concentration mildly
exceeded the reference range (159 ug/L, NV 73-127). The
copper level (4.2 pg/24h) in 24-hour accumulation urine
was average. The patient denied any history of zinc abuse.
Total blood count did not reveal anemia or cytopenias.
There was minimal improvement in neurological
examination (10% improvement in upper limb muscle
strength loss) after five cycles of every other day therapeutic
plasma exchange for transverse myelitis at initial
presentation. Although the amount of copper excreted in urine
was normal, serum copper and ceruloplasmin levels were
borderline low. So, 8 mg/day oral copper supplementation
and zinc-poor diet were administered for eight months.
Routine laboratory tests, thyroid function tests, serum
cobalamin, folate, and methylmalonate were within the
normal range at month eight of replacement therapy.
Electrophysiological tests were repeated. In VEP, in addition
to prolonged P100 latency on the right side, prolonged
conduction could be obtained on the left side (amplitude;
5.28/4.99 nv, latency; 131/133 ms, respectively). While
there was no conduction on SEP eight months ago, bilateral
prolonged P40 wave latencies (44 and 49.2 ms) and normal
p60 waves in the lower extremities, and prolonged N20
and P25 wave latencies (20.8 and 24.6 ms) in the upper
extremities on the left side, while no response was obtained
on the right side. No change was observed in the control
EMG results, neurological examination, and control MRI.
Ceruloplasmin, serum copper, and urinary copper excretion
in 24 hours were within normal limits (277 mg/L, 110 pg/mL,
4.8 nug/24h, respectively). Serum zinc level decreased after
dietary administration (145.4 ug/L), and 24-hour urinary
zinc excretion was within normal limits (910 pg/24h, NV
200-1300). With these results, exogenous zinc intake was
ruled out. After all exclusion, despite the improvement in
laboratory values and electrophysiological tests, the absence
of difference in neurological examination and spinal MRI
concluded that ICl-associated transverse myelitis was
superimposed with possible copper deficiency.

DISCUSSION

The risk of neurological complications is high with the use
of ICI. Neurological side effects constitute 1-5% of the
side effects related to ICIs. Adverse events may develop
with the impact of other organ systems, as they show their
effect by increasing the endogenous immune response. In
addition to muyelitis, hypophysitis, myasthenia gravis,
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encephalitis, meningitis, neuromyelitis optica spectrum
disorder, vasculitis, and polyneuropathy have been reported
as neurological adverse effects (1,2). They are usually
severe and carry a risk of long-term disability or death (3).
Symptoms typically occur within 6 to 12 weeks of the
onset of ICI but can sometimes occur immediately after
initiation of the drug or months (2-17 months) after
discontinuation of ICI (4-6). Myelitis associated with ICPs
is usually in the long, lower cervical, and thoracic
segments, with an expansive, punctate, or patchy enhanced
or unenhanced appearance (6). It has been reported in the
literature after durvalumab, nivolumab, pembrolizumab,
and atezolizumab in patients with SCLC, non-SCLC,
melanoma, and hepatocellular carcinoma (7,8). A slight
increase in isolated bos protein is generally detected (6,8).
Although an excellent response to steroid or
plasmapheresis treatments has been reported, it is
clinically variable, poor response to treatment, and
permanent disability may occur (6,7,9). The case of
myelitis after atezolizumab is rarely mentioned in the
literature. Transverse myelitis has been reported after
atezolizumab in one issue of metastatic SCLC and after its
combination with bevacizumab in one case of
hepatocellular carcinoma (5,10).

The two main manifestations of copper deficiency are
bone marrow and the neurological system.
Gastrointestinal surgery, zinc overload, malabsorption,
long-term parenteral nutrition, and alcohol use are the
main risk factors, respectively (11). Copper deficiency
myelopathy usually presents as chronic progressive
myelopathy (12). Initially, most patients (78%) had
anemia/cytopenia (13,14). In a clinically compatible case,
one or more risk factors and cytopenia may suggest copper
deficiency myelopathy. Copper levels may fall below the
normal range with plasmapheresis treatment or in the
presence of malignancy; required for tumor growth or
development of metastases (15,16).

Subacute onset, absence of bone marrow involvement,
lack of risk factors, and serum copper and ceruloplasmin
levels close to the minimal limit suggested that this was
ICl-associated myelitis rather than metabolic myelopathy
or polyneuropathy. This was confirmed by partial clinical
improvement with plasmapheresis treatment in the early
phase and no clinical change with eight months of copper
replacement in the late phase. In conclusion, in this case,
in which atezolizumab treatment was not continued during
the follow-up period, it was concluded that the leading
cause was ICl-associated subacute transverse myelitis
clinic and mild copper deficiency secondary to malignancy
overlapped.

CONCLUSION

Immune checkpoint inhibitors (ICIs) are highly effective
in treating cancer and are increasingly used. Thus,
awareness of various complications in the form of
immunity-related adverse events is increasing. Transverse
myelitis following ICls is a rare but severe neurological
adverse event, and information about this entity is
minimal. ICl-associated transverse myelitis should be
carefully considered as a rapid and comprehensive
differential diagnosis after evaluation of infective,
metabolic, or  other inflammatory-autoimmune
pathologies. After diagnosis, early immunomodulation is
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required through intravenous high-dose
methylprednisolone, IVIg, or plasmapheresis. On the other
hand, it should be kept in mind that different aetiologies
may coexist or a superimposed condition may cause each
other, and concurrent treatment should not be delayed.
Further studies are needed to investigate the neurological
manifestations that may develop in association with these
therapies further and help establish guidelines for their
management.
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ABSTRACT

Cerebellar ependymomas are rare neoplasms, even more so in elderly patients. In this case
report, a 75-year-old male patient admitted with a one-year history of progressive general
decline, urinary retention, left-sided weakness, memory loss, and insomnia was presented.
Physical examination revealed left-sided hemiparesis and mild confusion. Cranial magnetic
resonance imaging (MRI) showed a heterogeneously enhancing lesion measuring 22x15x20
mm originating from the fourth ventricle, with signs of hydrocephalus. The patient underwent
tumor resection and placement of a ventriculoperitoneal (VP) shunt to address hydrocephalus.
Postoperative MRI revealed no residual tumor, and the patient experienced gradual clinical
improvement. Hemiparesis showed partial recovery, the overall condition stabilized, and he
was subsequently discharged. Pathological examination confirmed a diagnosis of World
Health Organization (WHO) grade Il ependymoma. The patient is currently on a three-month
follow-up.

Keywords: Aged; ependymoma; infratentorial neoplasms; case reports.

0z

Serebellar ependimomlar nadir goériilen neoplazmlardir ve yasl hastalarda daha da nadirdir.
Bu olgu sunumunda, bir y1l siiresince ilerleyici genel durum bozuklugu, idrar yapamama, sol
tarafta gligsiizliik, hafiza kayb1 ve uykusuzluk oykiisii ile bagvuran 75 yasinda bir erkek hasta
sunulmustur. Fizik muayenede sol tarafli hemiparezi ve hafif konfiizyon goriildi. Kranial
manyetik rezonans goriintilleme (MRG), dordiincii ventrikiilden kaynaklanan, 22x15x20 mm
boyutlarinda heterojen olarak kontrastlanan bir lezyon ve hidrosefali bulgular1 gosterdi.
Hastaya hidrosefaliyi tedavi etmek i¢in tiimor rezeksiyonu ve ventrikiiloperitoneal (VP) sant
yerlestirildi. Ameliyat sonrast MRG’de, rezidiiel tiimor goriilmedi ve hasta kademeli olarak
klinik iyilesme gosterdi. Hemiparezi kismi iyilesme gosteren ve genel durumu stabilize olan
hasta bunun ardindan taburcu edildi. Patolojik inceleme, Diinya Saghk Orgiitii (DSO) evre 11
ependimom tanisin1 dogruladi. Hasta su anda ii¢ aylik takiptedir.

Anahtar kelimeler: Yasli; ependimom; infratentorial neoplaziler; olgu Ssunumlari.

INTRODUCTION

Cerebellar ependymomas are an uncommon subtype of ependymomas, accounting
for a small percentage of intracranial tumors. These neoplasms, arising from
ependymal cells lining the ventricular system, are particularly rare in the elderly,
where the differential diagnosis often prioritizes more prevalent conditions such as
gliomas or metastases (1-5). The clinical presentation of cerebellar ependymomas can
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be insidious and nonspecific, typically manifesting as
progressive neurological deficits, hydrocephalus, and
symptoms related to increased intracranial pressure. Given
their rarity and the often subtle onset of symptoms,
cerebellar ependymomas pose a significant diagnostic
challenge, particularly in elderly patients who may also
suffer from concurrent degenerative or vascular
conditions.

This case report highlights the clinical, radiological, and
pathological features of a cerebellar ependymoma in a 75-
year-old male, emphasizing the importance of considering
this diagnosis in the differential workup of progressive
neurological decline in elderly patients.

CASE REPORT

A 75-year-old male presented with a one-year history of
progressive worsening in general condition, including
urinary retention, left-sided weakness, memory loss, and
insomnia that started six months before admission. The
patient had a history of treatment for presumed Parkinson's
disease and dementia but showed no improvement. He was
admitted to our tertiary care facility for an advanced
diagnostic workup.

The physical examination revealed hemiparesis on the left
side and mild confusion. The patient scored 4/6/3 on the
Glasgow coma scale (GCS), indicating moderate to
severe impairment. Initial laboratory investigations,
including blood biochemistry and complete blood count,
were within normal ranges. However, magnetic resonance
imaging (MRI) of the brain showed a heterogeneously
enhancing lesion measuring 22x15x20 mm originating
from the fourth wventricle, along with signs of
hydrocephalus (Figure 1).

Given the imaging findings, the patient underwent a tumor
resection and placement of a ventriculoperitoneal (VP)
shunt to address the hydrocephalus. Intraoperatively, the
lesion appeared as a well-circumscribed, moderately
vascular tumor. Postoperatively, the patient was monitored
in the intensive care unit for 48 hours before being
transferred to the neurosurgical ward.

Histopathological examination confirmed the diagnosis of
World Health Organization (WHQO) grade 11 ependymoma.
The tumor exhibited characteristic ependymal rosettes
and perivascular pseudorosettes with a low proliferative
index (Ki-67 labeling index of 4%). Immunohistochemical
staining was positive for GFAP and S-100, supporting the
ependymal origin of the tumor.

Postoperative MRI showed no residual tumor (Figure 2).
The patient’s hemiparesis showed partial recovery, and his
overall condition stabilized. He was discharged home in
stable condition with plans for regular follow-up. At his
three-month follow-up, the patient reported continued
improvement in strength and cognitive function, although
he remained dependent on Foley catheterization due to
persistent urinary retention.

DISCUSSION

Cerebellar ependymomas are rare, particularly in the
elderly (1-9). The majority of intracranial neoplasms in
this demographic are metastatic lesions, making primary
tumors like ependymomas an unusual finding (10). This
case report adds to the limited literature on cerebellar
ependymomas in older adults, highlighting the necessity
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for a high index of suspicion when encountering atypical
intracranial masses in this age group.

Diagnosing cerebellar ependymomas in the elderly can be
particularly challenging due to the non-specific nature of
symptoms and the common presence of comorbid
conditions such as dementia and Parkinson’s disease.
These overlapping clinical features often lead to initial
misdiagnosis, as seen in our patient, who was initially
treated for neurodegenerative disorders. Advanced

imaging techniques, such as MRI with contrast, are crucial
in differentiating ependymomas from other common
pathologies like metastatic lesions, meningiomas, or
gliomas (11).

Treatment often requires surgical intervention followed by
adjuvant therapies (6,7). Although studies have investigated

Figure 1. Preoperative magnetic resonance imaging, T1
gadolinium-enhanced sequence, note the contrast-
enhancing lesion on the posterior fossa's fourth ventricle
wall, marked with the red arrow

Figure 2. Postoperative magnetic resonance imaging, T1
gadolinium-enhanced sequence, the tumor is entirely
resected, and the cavity is marked with the red arrow
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the effectiveness of stereotactic radiosurgery with some
success, this is particularly important in the elderly
population due to their frailty (12). Thus, multidisciplinary
collaboration is essential in these cases, involving
neurosurgeons, oncologists, radiologists, and rehabilitation
specialists to optimize patient outcomes.

This case underscores the need for further research into
the pathophysiology, optimal treatment approaches, and
long-term prognosis of cerebellar ependymomas in the
elderly to inform clinical practice better and improve
patient care.
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ABSTRACT

Mal de débarquement syndrome (MdDS) is a condition characterized by symptoms of
imbalance and a sensation of swaying, particularly after sea travel, that occur following the
cessation of movement. It typically appears after long sea voyages but can also be seen after
airplane, train, or car travel. The exact cause of MdDS is unknown, but it is thought to involve
a disruption in the systems in the brain that govern balance and motion perception. While there
is no definitive treatment, therapy, and medications can sometimes alleviate symptoms. The
aim of this case report was to demonstrate the success of using virtual reality in the treatment
process of a 51-year-old male patient diagnosed with MdDS, and thus to raise awareness
among clinicians to effectively manage the not well-known MdDS.

Keywords: Mal de débarquement syndrome; dizziness; virtual reality; vestibular rehabilitation.

0z

Mal de débarquement sendromu (MdDS), 6zellikle deniz yolculugundan sonra ortaya ¢ikan ve
hareketin durmasinin ardindan dengesizlik ve sallanma hissi gibi belirtilerle karakterize edilen
bir hastaliktir. Genellikle uzun deniz yolculuklarindan sonra ortaya ¢ikmakla birlikte, ugak,
tren veya araba yolculuklarindan sonra da goriilebilmektedir. MdDS'nin nedeni tam olarak
bilinmemektedir, ancak beyindeki denge ve hareket algisini yoneten sistemlerde bir bozulma
oldugu diistiniilmektedir. Kesin bir tedavi yontemi bulunmamakla birlikte, bazi durumlarda
terapi ve ilaglar belirtileri hafifletebilir. Bu vaka raporunun amaci, MdDS tanis1 konulan 51
yasinda bir erkek hastanin tedavi siirecinde sanal gergekligin kullanilmasinin basarisini
gostermek ve boylece yeterince iyi tanmnmayan MdDS'yi etkili bir sekilde yonetebilmek igin
klinisyenler arasindaki farkindalig artirmaktir.

Anahtar kelimeler: Mal de débarquement sendromu; bas dénmesi; sanal gerceklik; Vestibiiler
rehabilitasyon.

INTRODUCTION

Mal de débarquement syndrome (MdDS) is a movement-induced oscillatory vertigo
disorder that persists even after the movement has stopped. MdDS is a persistent
oscillatory vertigo illness following passive movements such as sea, air, or land
travel (1). Although MdDS involves a sensation of phantom motion, it is not
described as genuine rotational vertigo, and patients usually do not report symptoms

Presented as an oral presentation at the V. Otology & Audiology Congress (Hybrid) (May 18-19, 2024; Istanbul, Tiirkiye).
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of motion sickness (2). MdDS is classified into two as
motion-triggered (MT-MdDS) and non-motion-triggered
MdDS (non-MT MdDS), which start spontaneously or in
other ways (3).

Unlike dizziness from vestibular disorders or motion
sickness, MdDS symptoms typically improve when the
person is re-exposed to motion (4). Although various
treatment options such as pharmacological therapies,
neuromodulation, and vestibulo-ocular reflex (VOR)
rehabilitation are available, access to these methods is
limited, and they often focus on addressing secondary
symptoms rather than resolving the underlying issue.
Therefore, finding effective treatment options that can
alleviate MdDS symptoms is of great importance (5).
Symptoms are typically triggered by sea, air, and car
travel (6). Other symptoms include disorientation,
postural instability, imbalance, fatigue, cognitive
impairments, and kinesiophobia (7). Visual sensitivity has
been reported in MdDS patients (8). MdDS patients may
exhibit mild vestibular imbalance with rotation during the
Unterberger test (9).

Vestibular rehabilitation is a therapeutic approach used to
treat dizziness and balance disorders. It is based on central
neuroplasticity mechanisms that facilitate vestibular
compensation, including habituation, adaptation, and
substitution. Vestibular rehabilitation is known to be
effective for many vestibular disorders (10). Virtual reality
systems have recently been used as an effective therapy
method in the field of vestibular rehabilitation (11). The
purpose of using virtual reality technology in vestibular
rehabilitation is to reduce symptoms, use a realistic visual
environment that causes retinal slip and habituation,
increase  VOR gain and optokinetic responses, and
improve postural stability (12).

The diagnostic criteria for MdDS are as follows:

1.A sensation of non-spinning vertigo (e.g., rocking,
bobbing, or swaying) that begins after passive
movements such as sea, air, or land travel, or
exposure to virtual reality.

2.0ccurs within 48 hours of disembarking from a
moving vehicle such as a boat, plane, or car.

3.Symptoms  temporarily reduce with passive
movement exposure (e.g., driving).

4.Symptoms persist for more than 48 hours.

MdDS can be termed 'developing' if observed for less than
a month while symptoms persist; 'transient' if symptoms
resolve within a month or sooner and are observed at least
until the resolution point; or 'persistent’ if symptoms last
longer than a month. Individuals with MdDS may develop
accompanying symptoms such as spatial disorientation,
visual motion intolerance, fatigue, and exacerbation of
headache or anxiety (1).

This case report aimed to present using virtual reality as a
treatment option for MdDS in a 51-year-old male patient.

CASE REPORT

A 51-year-old male military helicopter pilot presented to
our clinic with a complaint of a sensation of swaying for
the past 7 months. His medical history included benign
paroxysmal positional vertigo (BPPV), which had resolved
with maneuvers. He was examined by a neurologist,
cardiologist, and otolaryngologist at an external center, but
no diagnosis was made. Our patient underwent anamnesis,
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physical examination, and audio-vestibular evaluation. For
auditory assessment, an AC40 model audiometer and an
AT235H model tympanometer (Interacoustics, Denmark)
were used, and for vestibular evaluation, a VE525B model
VNG device and a VHIT device (Interacoustics, Denmark)
were utilized. Neurological examination and radiological
assessment were conducted to rule out central pathologies.
Magnetic resonance imaging (MRI) results were normal.
A video head impulse test (v-HIT) was performed to
evaluate the semicircular canals, and the results were
normal. Audiometry tests showed bilateral normal hearing.
Acoustic reflex measurements revealed bilateral type A
tympanogram and normal immittance measurements.
Romberg and tandem Romberg tests were normal.
Unterberger test showed a 30-degree turn to the right.
Dysmetria and dysdiadochokinesia were normal.
Videonystagmography (VNG) test was normal. The
dizziness handicap inventory score was 56, the Beck
anxiety inventory score was 20, and the visual vertigo
analog scale score was 44. Based on the absence of any
pathological findings in the tests and the patient's history,
the patient was diagnosed with MdDS.

The Interacoustic Virtualis BalanceVR device was used
for treatment. As a treatment, virtual reality vestibular
rehabilitation was performed once a week for a total of 12
sessions, with each session lasting 1 hour. The subjective
visual vertical (SVV), optokinetic (horizontal, rotatory,
and vertical) tests, optical flow, car, sea, elevator,
escalator, target tracking, metro, city, and shopping mall
simulations available in the Virtualis BalanceVR device
were used. Among these rehabilitation modules, those that
could provoke the patient's condition were individually
selected. This selection was made by having the patient
experience simulations of daily activities and environments
that caused discomfort. The patient's discomfort thresholds
were determined, and vestibular rehabilitation was initiated
at one level below these thresholds. In the sessions, no
higher-level parameters were introduced until sufficient
adaptation had developed between the parameters and
variables, and the patient was able to tolerate their
symptoms. The difficulty level was increased with each
session. The patient was standing. In the first session, he
struggled with all of them, experiencing a sensation of
swaying and dizziness. By the end of the 12" session, he
was able to perform all of them. In the evaluation conducted
after the sessions, the dizziness handicap inventory score
was found to be 18, the Beck anxiety inventory score was
14, and the visual vertigo analog scale score was 6. The
patient reported that his complaints had been resolved.

DISCUSSION

Individuals with MdDS describe swaying symptoms after
sea, air, or land travel. These symptoms may occur due to
the VOR failing to adapt to head rotation. Dai et al. (13)
developed an optokinetic stimulation (OKS) paradigm for
the treatment of MdDS and suggested that a treatment
protocol based on the readaptation of the VOR alleviates
the perception of self-motion. They treated a total of 24
MdDS patients who were asked to watch a full-field
rotating visual stimulus inside an OKS cabin while turning
their heads from side to side.

In a study by Yakushin et al. (14), the effectiveness of
virtual reality glasses with a limited visual field in
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simulating a laboratory environment for MdDS treatment
was examined in 5 patients. All five patients in this study
responded positively to treatment with limited-area
horizontal optokinetic nystagmus (OKN) stimulation.
Therefore, limited-area OKN stimulation could be an
effective stimulus for the activation of velocity storage,
which can be used in the treatment of MdDS.

In a study by Hoppes et al. (15), a virtual reality city scene
and optokinetic stripes were used in a computer-assisted
rehabilitation environment for the treatment of MdDS.
During the treatment, the patient was seated in a chair. Due
to the patient's symptoms disappearing after the second
session, they did not attend the third session. In our study,
the virtual reality treatment consisted of 12 sessions, each
lasting 1 hour, once a week, with the patient standing. The
SVV, optokinetic (horizontal, rotatory, and vertical) tests,
optic flow, car, sea, elevator, escalator, target tracking,
metro, city, and shopping mall simulations were used.
There is no definitive treatment for MdDS. However, it can
be controlled with benzodiazepines, antiemetics, selective
serotonin reuptake inhibitors, tricyclic antidepressants,
beta-blockers, or anticonvulsants. In most patients,
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Dear Editor,

We read with profound interest the case report titled
“Neuraxial Block in A Post-Hemorrhagic Stroke Pregnant
Patient” by Iswara et al. (1) published on pages 85-87 of
the 26(1) issue of the Duzce Medical Journal in 2024,
and describing the management of a post-hemorrhagic
stroke patient for cesarean section under spinal
anesthesia. We compliment the authors for managing this
challenging case meticulously with multidisciplinary
involvement and would like to add a few more
discussions.

Although this case was managed successfully, there is no
mention of any specific neurological assessment or
investigation in the postoperative follow-up. Also, while
the optic nerve sheath diameter (ONSD) was measured
preoperatively, there is no mention of whether it was
performed after the surgery. This is because a constant
vigil regarding neurological status is a must in the
postoperative period as there is a potential possibility of
cerebral re-bleeding. Notably, spinal anesthesia in a
patient with undiagnosed chronic subdural hematoma
following a mild head trauma resulted in subdural re-
bleeding (2).

Secondly, we would like to highlight that the title of that
case report does not end with the term “A Case Report™.
This is imperative as per the guideline for reporting a
case report (CARE guideline).

Additionally, a few sentences require clarity in that case
report. For instance, the statement “The recent magnetic
resonance imaging (MRI) was initially planned to be
done, but the patient was then premedicated with
paracetamol 1V 1000 mg, ondansetron 4 mg, and
midazolam 2 mg IV” (1) in the “Case Report” section
contradicts with another statement “The computed
tomography (CT) scan was not done due to patient
refusal due to fetal radiation exposure, and magnetic
resonance imaging (MRI) was not able to be done
because the patient was already in labor” (1) in the “Case
Report” section. While we agree that an MRI could not be
done as the patient was in labor as it would take a long
time and thus could potentially increase the intracranial
pressure, the administration of premedication cannot be
the reason.

Besides, in the “Discussion” section, the authors stated
that “In this patient, the onset was right at 14 days and the
patient was in an emergency situation because...” (1). We
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hope that they probably meant that this patient had
presented for the surgery (emergency cesarean section) 14
days after the onset of the stroke. Similarly, the last
sentence “In the case in which high intracranial pressure
and neurological symptoms can be excluded with stable
hemodynamics, neuraxial anesthesia is a safe choice in
post-hemorrhagic stroke patient” also needs correction.
The authors have measured ONSD which is also an
important point here, hence; it could have been included to
make it more precise: “high intracranial pressure and
neurological symptoms can be excluded with stable
hemodynamics, as well as the normal ONSD”.

Lastly, the statement “Ten mg dose of spinal is enough to
reach T8 level block™ (1) in the “Discussion” section,
needs corrections. Although the drug is not specified here,
we understand that it was bupivacaine as mentioned in the
“Case Report” section. Ideally, a sensory level of T6 is
required for this surgery. Also, it is a common practice to
add adjuvant such as fentanyl to reduce the dose of local
anesthetic thus resulting in better hemodynamic stability
and prolongation of the intraoperative and postoperative
analgesia. Although an experienced surgeon performed the
surgery in that case (1), it is still better to add fentanyl
because of these benefits.

Duzce Med J, 2024;26(3)

Comment on “Neuraxial Block Post-Stroke Pregnant”
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