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ABSTRACT

AIMS: Abuse of substances leads to much damage in different fields. Therefore, necessary measures should
be taken to prevent infection, withdrawal and prevent return. The present study was conducted to investigate
the effectiveness of transcranial Direct Current Stimulation combined with cognitive rehabilitation in reducing
cravings and improving inhibitory control in adolescents dependent on tramadol.

MATERIALS AND METHODS: This research is semi-experimental with a pre-test-post-test design and follow-
up with a control group. The statistical population of this research was all boys and girls (14 to 18 years old)
dependent on tramadol in Shahrekord in Iran in 2022. 30 people (12 girls and 18 boys) were selected by the
available sampling method and randomly replaced in two experimental and control groups with 15 people.
The research tool included Franken et al’s Desires for Drug Questionnaire and Hoffman’s Go/ No Go Test.
Transcranial Direct Current Stimulation treatment combined with cognitive rehabilitation in 10 sessions and
each session for 20 minutes was performed on the experimental group, but the control group did not receive
any intervention. Data analysis was done using descriptive methods and multivariate covariance analysis
(MANCOVA) in SPSS 21 software.

FINDINGS: The average age of the subjects studied in the present study was 16.70+1.35 years. Data
analysis showed that transcranial Direct Current Stimulation combined with cognitive rehabilitation in the
experimental group could explain 65% of the variance of dependent variables in the post-test phase and
61% of this variance in the follow-up phase. Also, according to the F values for the craving post-test (39.396),
inhibitory control post-test (15.677), craving follow-up (24.404) and inhibitory control follow-up (13.840)
and their significance level which is less than 0.05, it was observed that transcranial Direct Current Stimulation
combined with cognitive rehabilitation was effective in reducing cravings and improving inhibitory control in
the post-test and follow-up phase.

CONCLUSION: Transcranial Direct Current Stimulation treatment combined with cognitive rehabilitation is
effective in reducing cravings and improving inhibitory control in adolescents addicted to tramadol and can
be used by relevant experts as an effective treatment in this field.
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INTRODUCTION

Adolescence is a period with extensive and rapid
cognitive, behavioural, and physiological changes
that are characterized by behaviours such as
novelty seeking, risk-taking, and socializing with
peers [1]. Extensive evidence shows that people’s
brains undergo significant developmental changes
during this period, which affect areas related
to cognition, emotions, and reward-seeking
behaviours. For this reason, it can be said that
the adolescent brain is highly vulnerable to
environmental disturbances such as substance
abuse [2].

Drug abuse consists of a set of cognitive,
behavioural and psychological symptoms along
with a pattern of repetition and occurrence
of the consequences of withdrawal tolerance
and compulsive acts [3] which as a chronic and
recurring phenomenon, it has become one of the
main concerns of the world community [4]. The
use of opioid-like painkillers as a primary and
recreational experience of drug use is particularly
important in many cases of drug abuse [4].
Tramadol can be mentioned among opioid-like
analgesics. Studies have shown that one out of
every 7 people who take tramadol drugs becomes
dependent on this drug [5]. The prevalence rate of
tramadol consumption in Iran has been reported
as 4.9% in men and 0.8% in women [6]. Also, the
results of the research conducted by Zabihi et al in
Iran show that more than 55% of the customers
who are looking for Tramadol are under 18 years
old [7].

There are many factors related to drug abuse,
from the onset to withdrawal and the non-return
of drug use after withdrawal, one of which is
psychological factors. The feeling of craving,
temptation or desire to use is known as a central
psychological factor in drug abuse and also in
returning to drug abuse after treatment and
withdrawal [8, 9]. Craving is one of the added
criteria for diagnosing substance abuse disorder
in the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders and has a negative
relationship with the index of readiness for
change [10]. Craving includes wanting, impulses,
desires, needs or compulsions to consume and is
considered the basis for the onset of substance
dependence, loss of control and relapse, which
can be defined as a strong and resistant desire to
consume substances [10]. The lower the person’s

desire to use, the lower the probability of abuse
and also the person’s return to drug abuse again
[10]; Therefore, the identification of the factors
influencing drug cravings can help prevent
drug abuse, quitting it in case of addiction, or
successfully quitting drugs permanently. Some
neurocognitive models recognize addiction as
a brain disorder that involves severe neuronal
damage and leads to drug use despite the negative
consequences it has for the user [11]. Research has
shown that the structural and functional defects of
the brain can play a role in increasing cravings, and
one of the most common defects is the decrease
in the function of the prefrontal cortex of people,
especially the dorsolateral prefrontal cortex
(DLPFC) [12].

Thedorsolateral prefrontal cortexisone ofthe most
important brain structures that play an important
role in inhibiting the response (inhibitory control)
and itis clear that when a person’s ability to inhibit
their responses decreases, cravings can increase.
On the other hand, studies have shown that drug
abuse can lead to structural and functional defects
in the brain of users [13].

On the other hand, research evidence suggests
that addiction and craving are related to defects
in cognitive functions and especially defects in
inhibitory control [14]; because drug use can
disrupt brain structures related to these cognitive
functions, and on the other hand, people with
lower inhibitory control are more likely to
engage in risky behaviours such as drug use [13].
Inhibitory control refers to the ability to inhibit an
inappropriate and irrelevant thought, feeling, or
action, which is largely similar to the underlying
suppressing  drug-seeking
behaviour and preventing relapse [15]. Some
studies have shown that people with low inhibitory
control have more problems with substance abuse
and related behaviours compared to people
with high inhibitory control [16]. Studies have
shown that lower activity and metabolism of the
dorsolateral prefrontal cortex are associated with
poorer performance in tasks related to inhibitory
control [17].

Substance abuse leads to many harms in different
areas [18]. Therefore, the necessary measures to
prevent the infection and also to leave it are one
of very important issues that are always known as
one of the concerns of people who are active in the
field of prevention and treatment of this disorder

mechanisms  of
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(from medical institutions to the anti-narcotics
police). Considering the identification of the role
of cognitive processes and brain structures in
this disorder and on the other hand, considering
the growing interest of people in non-invasive
brain stimulation treatments, transcranial direct
current stimulation can be a suitable option
for intervention. Transcranial direct current
stimulation (tDCS) refers to the application of
a weak alternating electric current (between
0.1 and 2 milliampere) to the scalp through two
electrodes (anode and cathode). Depending on the
path and direction of the flow, this mechanism can
induce changes in the excitability of the cerebral
cortex [19]. Several studies have shown that the
simultaneous use of direct transcranial current
stimulation and cognitive rehabilitation or in
general the implementation of cognitive tasks
leads to a better effect of direct transcranial current
stimulation [20, 21]. Cognitive rehabilitation
is a mechanism that leads to the improvement
of a damaged nervous system through certain
therapeutic processes, which provides the basis
for creating functional changes through reward,
promotion and relearning of previously learned
abilities or new patterns to improve cognitive
functions [22].

Several studies have shown the role of transcranial
direct current stimulation and cognitive
rehabilitation in improving inhibitory control and
reducing drug craving [23-25], But few studies
have investigated the simultaneous effect of these
two treatments on the mentioned variables in
people with substance abuse disorder. In Iran, in
the field of substance abuse, no similar research
was found that used both direct transcranial
current stimulation and cognitive rehabilitation
treatment at the same time. Bonfiglio et al, in
their research, which aims to investigate the
effectiveness of the combined use of cognitive
trainingand transcranial direct current stimulation
on reducing cravings and improving inhibitory
control in cocaine addicts, have shown that this
treatment protocol leads to significant effects in
reducing cravings and improve inhibitory control
in people addicted to cocaine [23].In another study,
Dubuson et al. have shown that direct transcranial
current stimulation along with cognitive tasks
based on inhibitory control reduces the risk of
early relapse to alcohol consumption [24]. In their
research, Xu et al. also showed that this treatment
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is significantly effective in reducing the craving
for methamphetamine in their research, which
was conducted to investigate the effect of the
combined treatment of transcranial direct current
stimulation and cognitive exercises on reducing
the craving for methamphetamine use [25]. As it
was said, drug abuse is always one of the basic
challenges of many institutions, especially the
police, fighting against drugs. Considering things
such as the high sensitivity of adolescence, the
high capacity of adolescents to perform risky
and pleasurable activities such as drug use, the
high prevalence of tramadol use in adolescence,
as well as the obviousness of cognitive deficits,
especially inhibitory control, brain structures,
especially the posterior lateral cortex of the
prefrontal lip in people addicted to substance
abuse, The present study was conducted to
investigate the effectiveness of direct transcranial
current stimulation combined with cognitive
rehabilitation on improving inhibitory control and
reducing cravings in adolescents dependent on
tramadol.

MATERIALS & METHODS

The current research is a semi-experimental type
using a pre-test-post-test design and a 2-month
follow-up with a control group. The statistical
population of the present study is all the boys and
girls (14 to 18 years old) dependent on tramadol in
Shahrekord in Iran who contacted the researcher
in 2022 through calls published in schools and
social media. From this population, 30 people (12
girls and 18 boys) were selected from the people
who met the criteria for entering the research. The
subjects were randomly divided into two groups
of 15 people, experimental and control, based
on gender matching. The criteria for entering
the study were the diagnosis of substance abuse
disorder (tramadol), not suffering from other
psychological disorders, age 14 to 18 years, not
having a history of epilepsy and convulsions,
not receiving any other psychological or drug
treatment at the same time, no history of direct
transcranial current stimulation treatment, no
intracranial implants or any other metal object
near the head that cannot be removed, having
a high motivation to participate as determined
through the initial interview and agreeing to
participate in the research and signing a written
consent form. And the exclusion criteria were
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the inability to perform cognitive rehabilitation
tasks, not participating in more than 2 consecutive
sessions in therapy sessions, and the participant’s
lack of motivation in therapy sessions. To collect
data, the desire for drug questionnaire and go/ no
go test were used.

The Desires for drug questionnaire (DDQ): this
questionnaire was designed by Franken et al.
in 2002 and it measures the desire to drug at
the moment. This questionnaire consists of 14
questions, which are 3 factors of desire and
intention towards drug use (questions 1, 2, 12
and 14), desire to use and negative reinforcement
and pleasure (questions 4, 5, 7, 9 and 11) and
severity of lack of control (questions 3, 6, 8, 10,
and 13) on a 6-point Likert scale from zero (not at
all true) to five (completely true). The maximum
score of a person on this questionnaire is 70 and
the minimum score is zero [26]. In Poursaeid et
al’s study, Cronbach’s alpha for the entire scale
was 0.96 for opium users, 0.95 for crack, 0.90 for
methamphetamine and 0.94 for heroin [27]. In the
present study, Cronbach’s alpha coefficient for the
whole scale was equal to 0.91.

Go/ No Go Test: This test was used in 1984 by
Hoffman to measure response inhibition. In the
go/no-go test, there are two situations, in the first
situation (go) by presenting a stimulus, the person
must provide a response that is compatible with
the existing stimulus as quickly as possible and in
the second situation (no go), after the presentation
of the first stimulus, another stimulus is also
presented, and the person must refrain from
responding when the second stimulus appears.
A person’s ability to control his response in the
second situation, i.e. the no-go level, is an indicator
of his inhibitory control. This test has different
versions. In the present study, the second version
of PEBL software was used. In the go/ no go test
of this software, there are two target stimuli, one
of which appears on the screen each time. These
two stimuli are P and R. The test consists of two
levels. In the first stage, 128 P stimuli and 32
R stimuli appear. The subject must click on the
screen when he sees the P, and if the R appears,
he must refrain from answering. In the second
level, 128 times the R stimulus and 32 times the
P stimulus appears, where the person has to click
on the screen when they see the R stimulus but
refrain from responding when they see the P. The
number of wrong responses to the no-go stimulus

(Rin the first stage and P in the second stage) or in
other words, the commission error is considered
the main indicator of measuring inhibitory
control [28]. Since this test is non-verbal, it is not
dependent on culture and foreign research can be
used to cite validity and reliability. The reliability
and retest coefficient of this test has been reported
above 0.8 [29]. In the current study, Cronbach’s
alpha coefficient for this test (no-go error score)
was 0.92.

To carry out the current research, calls were first
published in the schools of Shahrekord city and on
the channels and pages of social media to recruit
subjectstocarryouttheresearch. Aftercheckingthe
conditions for entering the project, to conduct the
current research, the subjects who were contacted
to participate in the research were interviewed
and received sufficient information about the
conditions and duration of the intervention and its
safety. Also, before participating in the research,
all the subjects completed the informed personal
consent form to participate in the research and
they were assured of confidentiality and non-
disclosure of information. Then the subjects or
their parents were given explanations about the
treatment methods used and also the research
procedure. Before starting the interventions, the
subjects were evaluated through the desired tools,
i.e. the desires for drug questionnaire and the go/
no-go test. Then the members of the experimental
group were treated with transcranial direct
current stimulation combined with cognitive
rehabilitation, but the members of the control
group did not receive any intervention and were
placed in the waiting line. After completing the
interventions, the subjects were re-evaluated.
Also, after a period of intervention and a second
evaluation, the third evaluation or two-month
follow-up was done.

In the present study, transcranial direct current
stimulation was used through the Neurostim 2
electric current generating device, manufactured
by Medina Medicine Company, which continuously
and mildly passes the electric current through
the head. In this research, the subjects of the
experimental group also performed cognitive
rehabilitation tasks related to inhibitory control
with Captain Log software while receiving
transcranial direct current stimulation.
Transcranial direct current stimulation was
applied in 10 sessions of 20 minutes and 3
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sessions every week. The intervention was such
that the anode (excitatory) electrode in the
posterior lateral region of the left prefrontal
lip (left DLPFC) and the cathode (inhibitory)
electrode on the posterior lateral region of the
right prefrontal lip (right DLPFC), i.e. F3 and F4
regions, respectively, based on the system 10-
20 international electroencephalography was
placed. In this research, direct electric current was
applied with an intensity of 1.5 milliamperes and
a duration of 20 minutes. A summary of treatment
sessions is given in Table 1.

Ethical Permissions: This research has been
approved by the research ethics committee of the
Shahid Chamran University of Ahvaz in Iran with
ethics code EE/1401.2.24.183177/scu.ac.ir The
ethical principles of the current research were
fully observed; Subjects could leave the research
whenever they wanted and all their confidential
information was protected and destroyed without
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Statistical analysis: To check the effectiveness
of the intervention, the method of covariance
analysis (MANCOVA) was used. Data were
analyzed through SPSS 20 software.

FINDINGS

Out of the 30 statistical samples selected, 3 people
(2 people from the control group and 1 person
from the experimental group) were not able to
continue cooperating with the researchers and
were excluded from the study. The size of the
control group was reduced to 13 people (4 girls
and 9 boys) and the size of the experimental group
was reduced to 14 people (4 girls and 10 boys). The
demographic information of the statistical sample
of the present study showed that the average age
of the subjects in the study was 16.70+1.35 years.
The average of the research variables in the pre-
test, post-test and follow-up levels can be seen in
Table 2.

exploitation. The Kolmogorov-Smirnov  one-sample

Table 1) Summary of treatment sessions

Meeting Content 'l_‘lme
(minutes)
Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a
1 current intensity of 1.5 mA, introducing the Captain Log software and how to work with it, performing racing 20
point exercises, playing cats and target training
2 Transcranial direct current stimulation therapy (anode on F3 area and cathode on F4 area) with a current 20
intensity of 1.5 mA, perform mouse hunt exercises, choose exercise and darts exercise
3 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 mA, performing exercises on the road, red light-green light and racing point
4 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 mA, performing racing point exercises, playing cats and target training
5 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 milliamperes, performing mouse hunt exercises, choose exercise and darts exercise
6 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 mA, performing exercises on the road, red light-green light and racing point
7 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 mA, performing racing point exercises, playing cats and target training
8 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 milliamperes, performing mouse hunt exercises, choose exercise and darts exercise
9 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20
current intensity of 1.5 mA, performing exercises on the road, red light-green light and racing point
10 Transcranial direct current stimulation treatment (anode on the F3 area and cathode on the F4 area) with a 20

current intensity of 1.5 mA, performing racing point exercises, playing cats and target training

Table 2) Average research variables in pre-test, post-test and follow-up of two control and experimental groups

Experimental group Control group

Group (M+£SD) (M+£SD)
Index
pre-exam post-test Follow up pre-exam post-test Follow up
Craving 37.71+3.89 4.73+31.14 32.42+5.04 35.76+3.49 34.69+3.44 35.15+3.91
Inhibitory control (number
10.57+£1.94 2.73%7.35 8.28+2.78 10.38£1.85 10/07+1/84 10.46+1.80

of errors)
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was used to check the default normality of the
distribution of the variables, and the results
showed that except for the inhibitory control in
the control group of the follow-up level, the rest
of the data had a normal distribution. Since the
skewness and kurtosis of this case were in the
range of -3.29 to +3.29 (in samples with small
volumes), we were able to use parametric tests for
analysis. Leven’s test was used to check the default
homogeneity of variances. The results obtained
from Leven'’s test showed that the F value was not
significant at the alpha level of 0.05 in both the
post-test and follow-up levels, so the default of
homogeneity of variances was maintained. Also,
the default homogeneity of the regression slope
was investigated. The results showed that the F
value of the interaction between the independent

variable and the covariance variable, both craving
and inhibitory control variables was not significant
at the alpha level of 0.05 in both the post-test and
follow-up levels, so the default of homogeneity of
the regression slopes was also maintained in both
the post-test and follow-up levels. Also, based on
the Box’s M test, the equality of the covariance
matrix of the dependent variables between the
experimental and control groups in both the post-
test and follow-up levels was not significant at the
alpha level of 0.05.

Considering that the presuppositions of
multivariate covariance analysis were established,
this test was used to answer the research
hypotheses. The results are given in Table 3.

The results of Wilk’s lambda test at the post-test

Table 3) Multivariate covariance table to check the indicators
before and after the intervention in the post-test and follow-up level.

level Index amount Iy default DF DF Error Effect size p
Post-test Wilks Lambda 0.343 21.053 2 22 0.65 0.0002
Follow up Wilks Lambda 0.390 17.221 2 22 0.61 0.0002

level showed that there was a significant difference
between the averages of the two experimental and
control groups, controlling for the effect of the
pre-test, at least in terms of one of the dependent
variables. And this meant that transcranial direct
electrical current stimulation was successful in
influencing at least one of the dependent variables
(p<0.05; F=21.053; Eta=0.65). Also, the results of
Wilks’s lambda test in the follow-up stage showed
that there was a significant difference between
the averages of the two experimental and control
groups, by controlling the effect of the pre-test, at
least in terms of one of the dependent variables,
And this meant that transcranial direct current
stimulation was successful in affecting at least one
of the dependent variables (p<0.05; F=17.221;
Eta=0.61).

To examine the difference patterns, univariate
covariance analysis was used in the context of
multivariate covariance analysis. The F statistic
with a value of (39.396) was significant for craving
at the post-test level (Table 4). This result showed
that there was a significant difference between
the research groups in the mean craving scores at
the post-test level. Considering the lower average
scores of the experimental group compared to
the control group, it can be said that the intended
treatment was significantly effective in reducing
the cravings of tramadol-dependent teenagers at
the post-test level. Also, the F statistic with a value
of (24.404) was significant for cravings at the
follow-up level (Table 4).

This result showed that there was a significant

Table 4) ANOVA test results in the MANKOVA text on the average scores of the
post-test and the follow-up of cravings and inhibitory control with the pre-test control.

Degrees of

mean

level Variable Source  Total Square freedom square F p Eta Square  power
Craving group 174.932 1 174.932 39.396 0.001 0.63 1
Post-test ibi
Inhibitory 18.815 1 18815  15.677 0.001 0.40 0.966
control
Craving group 121.134 1 121.134 24.404 0.0001 0.51 0.997
Follow u ibi
P~ Inhibitory o 22.095 1 22.095  13.840 0.001 0.37 0.945
control
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difference between the study groups in craving for
consumption at the follow-up level. Considering
the lower average scores of the experimental
group compared to the control group, it can be
said that the intended treatment was significantly
effective in reducing the cravings of adolescents
dependent on tramadol at the follow-up level.
Also, the F statistic with a value of (15.677) was
significant for inhibitory control (number of no-go
errors) at the post-test level. This result showed
that there was a significant difference between the
research groups in the mean scores of inhibitory
control at the post-test level. Considering the
lower average scores of the experimental group
compared to the control group, it can be said
that the intended treatment was significantly
effective in improving the inhibitory control of
adolescents dependent on tramadol at the post-
test level. Also, the F statistic with a value of
(13.840) was significant for inhibitory control in
the follow-up level (Table 4). This result showed
that there was a significant difference between
the research groups in inhibitory control at the
follow-up level. Considering the lower average
scores of the experimental group compared to
the control group, it can be said that the intended
treatment was significantly effective in improving
the inhibitory control of adolescents dependent
on tramadol at the follow-up level.

DISCUSSION

The purpose of this study was to investigate
the effectiveness of transcranial direct current
stimulation combined with cognitive rehabilitation
in reducing cravings and improving inhibitory
control in adolescents dependent on tramadol.
The results showed that transcranial direct
current stimulation treatment combined with
cognitive rehabilitation was significantly effective
in reducing the cravings of adolescents dependent
on tramadol. This finding is consistent with the
research results of Bonfiglio et al. and Xu et al.
[23,25]. In explaining these findings, it can be said
that several studies have shown that the activity of
the prefrontal cortex and especially the posterior
lateral cortex of this lip is lower in people suffering
from substance abuse than in normal people [13]
And on the other hand, several studies have shown
the relationship between the function of this
area and craving [12] in such a way that the less
activity this area has, the higher the craving. We
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know that transcranial direct current stimulation
treatment by increasing the amount of cortical
excitability provides the basis for more activity of
the brain structures that are stimulated through
this method [19]; Therefore, in the present study,
the anode (stimulating) electrode was located
on the F3 area, or the posterior lateral cortex of
the prefrontal lip, this made the neurons in this
area more ready to generate action potentials,
and in this way, the metabolism of neurons and
in general, this increase the structure; Therefore,
by increasing the activity of this area, we will see
a decrease in cravings. On the other hand, we
know that the posterolateral prefrontal lip cortex
is a region that is involved in reward, motivation
and decision-making and is a place to integrate
information and create behaviours that inhibit
tempting signs. It can be said that the stimulation
of the posterior lateral area of the prefrontal lip
can lead to facilitating the release of dopamine
in the subcortical region of the caudate nucleus,
and after that, it leads to direct stimulation of
the target areas, and this stimulation is spread to
the cortex of the opposite cerebral hemisphere
and subcortical activity in the network nerves
connected to the areas are stimulated [30] and
reduce cravings.

Also, in explaining this finding, it can be said that
the deficit in executive functions in people with
substance abuse disorder has been identified in
numerous studies [32, 31], which provides the
basis for drug cravings and lack of control over
drug use. Transcranial direct current stimulation
with an effect on the posterior-lateral region of the
frontal lip improves decision-making, self-control,
emotional regulation, and planning, provides
the basis for reducing cravings, and also leads to
changes in neuroplasticity in the reward system of
the brain. Transcranial direct current stimulation
by reestablishing normal brain function in target
areas involved in substance abuse reduces
addictive behaviours such as craving [23].

On the other hand, several studies have shown
that the simultaneous use of cognitive exercises
along with transcranial direct current stimulation
has synergistic effects. Cognitive rehabilitation
is based on the principle of neuronal flexibility,
i.e. the formation of new synapses and due to
the continuous stimulation of brain structures,
it leads to the improvement of the function and
metabolism of the posterior lateral cortex of the
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frontal lip and it provides the basis for creating
functional changes through reward, promotion
and relearning of previously learned abilities
or new patterns to improve cognitive functions
[22]. On the other hand, it can be said that the
posterolateral cortex of the prefrontal lip is
responsible for recognizing and determining
actions, evaluating the consequences of current
behaviour, as well as predicting consequences and
social control [33]; Therefore, by increasing the
metabolism of this area through the treatments
used in the present study, the social control of
the person will increase and then the ability of
the person to suppress the desires will increase,
which can lead to a decrease in cravings. Also,
the results of the present study showed that
transcranial direct current stimulation combined
with cognitive rehabilitation was significantly
effective in improving the inhibitory control of
adolescents dependent on tramadol. This finding
is consistent with the research results of Bonfiglio
et al. and Dubuson et al. [31, 32]. In explaining
these findings, it can be said that transcranial
direct current stimulation can provide the
necessary background for the effectiveness of
cognitive rehabilitation by increasing the amount
of cortical excitability in brain areas related to
inhibitory control; In other words, in addition to
the structural and functional changes of the brain
that are caused by cognitive rehabilitation, direct
transcranial current stimulation also lowers the
stimulation threshold of the nerve cells of this area
with the simultaneous stimulation of the posterior
lateral cortex of the left prefrontal lip and prepares
them for potential action or activity. Therefore, the
action of inhibitory control is easier and the skill
of inhibitory control is strengthened.

The results of the present study also showed that,
as in the post-test levels, in the follow-up level,
we also saw significant changes in both craving
and inhibitory control in the experimental group
compared to the control group, It was found
that transcranial direct current stimulation
combined with cognitive rehabilitation led to the
improvement of inhibitory control and also the
reduction of cravings. In explaining this finding, it
can be said that one of the important amino acid
systems of the brain is the glutamatergic system,
which is an excitatory system, and increasing the
activity ofthissystemleadstoincreasingtheactivity
of brain neurons, which plays a very important

role in memory and learning. To increase the
activity of this system, we need to stimulate NMDA
receptors; Stimulation of these receptors leads to
increased neuronal activity (better learning and
improved memory performance). Studies have
shown that transcranial direct current stimulation
can affect NMDA receptors and thus lead to long-
term effects on the corresponding brain structure
[34].

According to the findings of the research, it is
suggested that the responsible institutions,
including the Ministry of Health and Medical
Education, Medical Education and also Prevention
Police and Anti-Narcotics Police, provide the
necessary conditions for the free implementation
of transcranial current stimulation and cognitive
rehabilitation treatments. It is also suggested that
relevant therapists and specialists use the current
protocol to treat drug abuse and prevent the
return of abuse. The present research had some
limitations. The results obtained from the present
study were related to adolescents dependent
on tramadol consumption in Shahrekord City in
Iran, so the generalization of its results to other
communities should be done with caution.

CONCLUSION

Based on the findings of the present study, it can
be concluded that transcranial direct current
stimulation treatment combined with cognitive
rehabilitation is effective because of the effects it
can have on brain structures, It can be effective
in reducing cravings and improving inhibitory
control as two basic variables in preventing
addiction, quitting addiction, and returning after
quitting.

Clinical & Practical Tips in POLICE MEDICINE:
According to the results of the current research
on the effectiveness of direct transcranial current
stimulation treatment combined with cognitive
rehabilitation on reducing cravings and improving
the inhibitory control of tramadol-dependent
teenagers, such interventions can be implemented
in counselling and treatment centers of police
¢, addiction treatment centers affiliated to this
organization. Also, the police can provide free
interventions for this purpose in educational
environments in cooperation with education to
prevent drug abuse among teenagers.
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