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Abstract

Background: A variety of pharmacological and nonpharmacological methods are used to treat chronic pain. Transcranial direct
current stimulation (tDCS) through stimulating the central and peripheral nerves is a different and promising method for the treat-
ment of chronic pain.
Objectives: The present study aimed to investigate the effectiveness of tDCS and pharmacotherapy in pain management in patients
with chronic pain in Tehran, Iran.
Methods: The present study followed a clinical trial design. The statistical population comprised all patients with chronic pain
who were referred to Pardis Multidisciplinary Pain Clinic in Tehran within 2020 - 21. A total of 60 patients willing to participate in
the study were selected using convenience sampling. The participants were randomly divided into three groups, including phar-
macotherapy (treatment by gabapentin with a dosage of 600 mg twice per day), tDCS, and control (n = 20 per group). The research
instrument included the McGill Pain Questionnaire. The data were analyzed using repeated-measures analysis of variance with SPSS
software (version 24.0).
Results: The results showed that both pharmacotherapy and tDCS interventions led to a reduction in the mean scores of pain man-
agement components, compared to the control group (P < 0.001). Furthermore, there was no significant difference between the
effects of the two experimental groups on pain management components.
Conclusions: The tDCS and pharmacotherapy were both shown to be effective in pain management in patients with chronic pain.
Therefore, in addition to pharmacotherapy, tDCS is also recommended for the treatment of chronic pain.
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1. Background

Pain is an unpleasant emotional experience and feel-
ing consisting of two emotional and sensory dimensions,
which might or might not be associated with real tis-
sue damage and is influenced by multiple cognitive, emo-
tional, and environmental factors (1). Pain management is
a crucial factor that can prevent the development or con-
tinuation of chronic pain by helping individuals adjust to
the pain. Almost every patient adopts various strategies
to control him/her pain, which are either adaptive or non-
adaptive. The general opinion is that coping strategies
change individuals’ perception of pain severity and affect
their ability to control or tolerate pain and consistency in
daily activities (2, 3). Chronic pain is a major problem diffi-
cult to manage. In the best conditions, when an individual
suffers from chronic pain for some time or even for years,
disparate methods are used for pain alleviation (4, 5).

Any material or a mixture of materials used to treat, al-

leviate, prevent, or diagnose the abnormal physical states
or symptoms caused by them and any material that recon-
structs, normalizes, or changes the performance of limbs
of humans or animals is called a drug. Any drug has pos-
sible side effects and complications in addition to its ad-
vantages (6, 7). Numerous individuals with chronic pain
treated with analgesic drugs usually experience a type of
pain called breakthrough pain. Breakthrough pain means
relapse of pain. This pain might even come to patients reg-
ularly using analgesic drugs. This type of pain can occur
for no reason or due to simple and unimportant incidents,
such as moving a bed. Sometimes, breakthrough pain is
caused on account of the wearing-off phenomenon (i.e.,
getting closer to the time of the next dosage) (8). However,
pharmacotherapies are usually ineffective; therefore, they
lead to patients’ frequent visits to different physicians who
adopt a mixture of different therapies and approaches for
them. Kim et al. (9) reported that chronic pain comprises
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two dimensions, namely sensory and emotional, which
require combination pharmacotherapies using analgesic
drugs.

A different and quite promising method for the
treatment of depression, stress, anxiety, sleep disorders,
chronic pain, and drug abuse is to increase intellectual
competence and improve the cognition of transcranial di-
rect current stimulation (tDCS) through stimulating the
central and peripheral nerves (10). The tDCS is a relatively
simple treatment in which a device with a small battery is
used, similar to a tDCS device regarding size and appear-
ance. However, it produces a wave of electrical currents dif-
ferent from the wave produced by the tDCS device (11). This
is a noninvasive method, and the use of a weak alternating
electrical current can cause temporary changes in the stim-
ulation of disparate areas on the cerebral cortex propor-
tionate to the stimulated regions and can result in signifi-
cantly different biological interactions, compared to other
methods (12).

Various factors, such as current intensity, stimulation
location, electrode size, stimulation duration, and current
polarity, can cause different effects (13). Several points
should be taken into account when working with a tDCS
device. When a neuron is in its normal resting state, and
a negative stimulus is applied to the cell membrane, it
will have a negative electrical charge on the neuron mem-
brane. Consequently, nerve/neuron polarity will be re-
versed, and poking the neuron will end its polarity state
and activate it. This operation occurs quite fast, and con-
sidering that tDCS has an alternating current, the polarity
of the stimulated neuron will change rapidly. Then, it will
be opened for another activation. The important point is
that only ampere current can create the required electri-
cal stimulation for neuronal activity. Therefore, the am-
pere electrical current leads to the rapid activity of neu-
rons affected by tDCS (14, 15). According to Rintala et al. (16),
tDCS is employed to alleviate chronic pain in patients with
Parkinson’s disease, and its effectiveness was approved.
Studies show that tDCS effectively alleviates pain intensity
and is associated with fewer side effects (16-19).

It appears that individuals with chronic pain cannot
manage their pain, affecting their personal and profes-
sional lives, which highlights the importance and neces-
sity of the present study. However, no study has dealt with
this subject in patients with chronic pain, and there is a re-
search gap in this area. The evaluation and explanation of
tDCS’s effect on pain management, such as miscellaneous
pains, pain assessment, affective perception, and sensory
perception of patients with chronic pain, are among the
most important innovations of this study.

2. Objectives

Based on the above-mentioned background, the
present study aimed to investigate the effectiveness of
tDCS and pharmacotherapy in pain management in
patients with chronic pain.

3. Methods

3.1. Design

The present study followed a clinical trial design
(IRCT20211026052879N1), with experimental and control
groups and a pretest, posttest, and follow-up.

3.2. Participants

The statistical population comprised all patients with
chronic pain who were referred to Pardis Multidisciplinary
Pain Clinic in Tehran, Iran, within 2020 - 21. A total of 60
patients willing to participate in the study were selected
using convenience sampling. Concerning the number of
groups (u = 3, α = 0.05, test power = 0.9, and effect size
= 0.50), the sample size was obtained 20 for each group.
After sampling, the participants were randomly assigned
via casting lots in three pharmacotherapy, tDCS, and con-
trol groups. A random number table was used to ran-
domly allocate the participants into experimental and con-
trol groups.

The inclusion criteria were suffering from chronic pain
based on a specialist’s diagnosis, female gender, age range
of 35 - 60 years, holding at least a school completion certifi-
cate, and interest in participation in the intervention treat-
ment. The exclusion criteria were suffering from severe
psychological diseases according to Diagnostic and Statis-
tical Manual of Mental Disorders (5th edition) guidance,
including neurodevelopmental disorders, schizophrenia
spectrum and other psychotic disorders, bipolar and re-
lated disorders, depressive disorders, anxiety disorders,
sleep-wake disorders, sexual dysfunctions, gender dyspho-
ria, disruptive, impulse-control, and conduct disorders,
substance-related and addictive disorders, neurocognitive
disorders, personality disorders, and paraphilic disorders,
diagnosed based on the clinical interview.

3.3. Instruments

The McGill Pain Questionnaire: This questionnaire was
designed by Melzack in 1975. It comprises 20 items and cov-
ers four dimensions, including sensory perceptions (items
1 - 10), affective perception (items 11 - 15), pain assessment
(item 16), and miscellaneous pains (items 17 - 20). Item No.
1 was scored from 1 to 6 based on a Likert scale; items 11 and
12 were scored from 1 to 2 based on a Likert scale; items No.
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2, 4, 6, 13, and 19 were scored from 1 to 3 based on a Likert
scale; items No. 7, 8, 17, and 18 were scored from 1 to 4 based
on a Likert scale; items No. 3, 5, 9, 14, 16, and 20 were scored
from 1 to 5 based on a Likert scale. Therefore, the minimum
and maximum scores in this tool were 20 and 61, respec-
tively. Scores ranging from 20 to 40 and higher than 41 sig-
nified mild and severe pain, respectively (20). Mousavi and
Golmakani (21) reported a Cronbach’s alpha of 0.76 for the
whole questionnaire. The Cronbach’s alpha coefficient of
the questionnaire was 0.78 in the present study.

Transcranial Direct Current Stimulation: The tDCS in-
creases the delta wave (Hertz amplitude of 0.5 - 3) that in-
creases endorphins. Therefore, it is utilized to alleviate
pain and strengthen the feeling of relaxation. All the par-
ticipants received the 20-minute delta-wave tDCS with a
2µA-current for 10 consecutive weeks. The anode electrode
was placed on the C3 forehead area and the cathode elec-
trode on the FP2 area. Each 20-minute session started by
attaching ear clips and ended automatically after an hour.
Considering that locking the device to patients is not com-
mon in clinical trials, it was also observed in the present
study. After 10 weeks, the participants were not authorized
to continue this treatment or any tDCS (22).

Pharmacotherapy: It included treatment by
gabapentin with a dosage of 600 mg twice per day (300
mg in the morning and 300 mg at night) for 3 months (23).

3.4. Procedure

For the observation of ethical considerations, all the
participants were ensured that all information obtained
from the present study would be used to obtain results for
a dissertation, and all the information would remain con-
fidential for good reasons. Furthermore, the subjects were
reminded that they could withdraw from the study when-
ever they wished. After the random assignment of the par-
ticipants, in the next stage, the tools were used as pretests
on the experimental and control groups. Then, the par-
ticipants in the experimental group underwent pharma-
cotherapy and tDCS treatment, and the control group did
not receive any treatment. At the end of the intervention,
the participants of all three groups completed the ques-
tionnaire as the posttest stage and repeated the procedure
for follow-up after 2 months. For the observation of ethi-
cal principles, the control group underwent a similar in-
tervention after study completion.

3.5. Statistical Analyses

The data were analyzed by descriptive and inferential
statistics, such as mean, standard deviation, and repeated
measures analysis. The repeated measures analysis of vari-
ance was used to investigate the research hypothesis. The
SPSS software (version 24.0) was used for data analysis.

4. Results

The mean age values of the participants in the phar-
macotherapy, tDCS, and control groups were 46.00 ± 8.22,
46.33 ± 6.09, and 45.27 ± 7.21 years, respectively. Table 1
shows the demographic variables of the participants.

Table 2 shows the participants’ mean values of pain
management components (i.e., miscellaneous pains, pain
assessment, affective perception, and sensory perception)
in all three stages of pretest, posttest, and follow-up. Ac-
cording to Table 2, the mean scores of pain management
components were reduced in the pharmacotherapy and
tDCS groups, compared to those of the control group.

Table 3 shows the effects of groups, time, and interac-
tive effects of group and time on each pain management
component. According to Table 2, in addition to the effect
of group and time, the interactive effect of group × time
was significant for miscellaneous pain (F = 14.63, P < 0.001),
pain assessment (F = 3.77, P = 0.008), affective perception
(F = 5.52, P < 0.001), and sensory perception of pain (F =
8.94, P < 0.001). Accordingly, when compared to the con-
trol group, the application of the independent variables
had a significant effect on four components of pain man-
agement.

The results of the Bonferroni test revealed that the
mean scores of the components of pain management dur-
ing the posttest and follow-up stages were reduced in com-
parison to those of the pretest stage (P < 0.001). The differ-
ence between the mean scores in the posttest and follow-
up stages was not significant. This finding indicated that
the use of independent variables could lead to a reduction
of the mean scores of pain management components, and
the changes having occurred in the follow-up stage have
continued. Furthermore, according to the results, when
compared to the control group, both independent vari-
ables of pharmacotherapy and tDCS led to a reduction in
the mean scores of pain management components. There
was no significant difference between the effects of two in-
dependent variables on pain management components.

5. Discussion

The present study aimed to investigate the effective-
ness of tDCS and pharmacotherapy in pain management
in patients with chronic pain in Tehran, Iran. The results in-
dicated the effectiveness of pharmacotherapy in the com-
ponents of miscellaneous pains, pain assessment, affective
perception, and sensory perception. The results are consis-
tent with the results of studies performed by Kim et al. (9),
Kang et al. (24), and Ngernyam et al. (25). Kang et al. (24)
suggest that tDCS can result in significant pain relief in pa-
tients with fibromyalgia and might be an effective add-on
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Table 1. Demographic Variables of Participants a

Groups Age (y)
Education Level Employment Status

High School Education College Education Employed Housewife

Pharmacotherapy 46.00 ± 8.22 1 (6.67) 14 (93.33) 11 (73.33) 4 (26.67)

tDCS 46.33 ± 6.09 1 (6.67) 14 (93.33) 10 (66.67) 5 (33.33)

Control 45.27 ± 7.21 2 (13.33) 13 (86.67) 11 (73.33) 4 (26.67)

P-value 0.775 0.868 0.780

Abbreviations: SD, standard deviation; tDCS, transcranial direct current stimulation.
a Values are expressed as No. (%) or mean ± SD.

Table 2. Pain Management Components in Experimental and Control Groups a

Variables and Phases Pharmacotherapy tDCS Control P-Value

Miscellaneous pains

Pretest 30.33 ± 4.79 32.47 ± 3.94 30.53 ± 3.42 0.820

Posttest 23.47 ± 4.17 27.58 ± 3.48 29.07 ± 3.39 0.001

Follow-up 23.53 ± 4.34 28.20 ± 3.10 29.40 ± 4.21 0.001

Pain assessment

Pretest 11.00 ± 2.03 11.93 ± 1.34 10.89 ± 1.62 0.738

Posttest 8.80 ± 1.82 9.62 ± 1.35 11.33 ± 2.02 0.001

Follow-up 8.60 ± 2.23 9.80 ± 1.52 11.14 ± 2.20 0.001

Affective perception

Pretest 3.54 ± 1.25 3.60 ± 1.12 3.30 ± 1.18 0.680

Posttest 2.27 ± 0.88 2.69 ± 0.82 3.27 ± 0.87 0.001

Follow-up 2.07 ± 0.92 2.31 ± 1.09 3.49 ± 1.17 0.001

Sensory perception

Pretest 15.81 ± 2.35 16.45 ± 2.44 16.04 ± 2.70 0.430

Posttest 12.94 ± 2.97 14.32 ± 2.23 15.88 ± 2.38 0.001

Follow-up 12.60 ± 2.80 14.56 ± 2.42 16.38 ± 2.74 0.001

Abbreviations: SD, standard deviation; tDCS, transcranial direct current stimulation.
a Values are expressed as mean ± SD.

treatment. Ngernyam et al. (25) observed a significant as-
sociation between a decrease in pain intensity and an in-
crease in peak theta-alpha frequency at the stimulation site
in patients with neuropathic pain from spinal cord injury.

For explaining the effectiveness of pharmacotherapy
in pain management, it should be stated that pharma-
cotherapy affects the balance of the brain’s chemical mat-
ters to reduce or completely remove the symptoms of a
disorder. The researchers believe that signs, symptoms,
and mental experiments pertinent to psychological disor-
ders signify the insufficient work of the central nervous
system (brain) and are caused due to chemical imbalance
in the brain. Any activity performed in the brain results
from chemical molecules which affect, stimulate, or con-
trol neurons as neurotransmitters (26). In pharmacother-

apy, drugs operate as chemical molecules or natural neuro-
transmitters and enhance or hinder their function or hin-
der their activity. Therefore, pharmacotherapy reduces or
removes the symptoms of psychological disorders (27).

The results of studies indicated the effectiveness of
tDCS in the components of miscellaneous pains, pain as-
sessment, affective perception, and sensory perception.
The tDCS affects pain management. The results are con-
sistent with the results of a study conducted by Rintala
et al. (16). Rintala et al. (16) reported that the use of
cranial electrotherapy stimulation at home by individuals
with Parkinson’s disease is feasible and might be relatively
helpful in decreasing pain. It uses particular frequencies
from alpha brain waves to balance the natural serotonin
level. The tDCS appears to strengthen the same alpha brain
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Table 3. Repeated Measurement Results for the Effects of Group, Time, and Interaction of Time and Group

Variables and Source SS MSE F P η2

Miscellaneous pains

Time 589.22 1156.27 10.70 < 0.001 0.34

Group 650.71 291.67 93.68 < 0.001 0.69

Time × group 375.10 539.45 14.63 < 0.001 0.41

Pain assessment

Time 31.07 100.37 6.51 0.003 0.24

Group 30.04 124.28 10.16 < 0.001 0.19

Time × group 31.81 179.56 3.72 0.008 0.15

Affective perception

Time 20.80 61.60 7.09 < 0.001 0.25

Group 22.50 43.53 21.71 < 0.001 0.24

Time × group 17.73 67.47 5.52 < 0.001 0.21

Sensory perception

Time 235.39 578.93 8.54 < 0.001 0.29

Group 144.37 169.33 35.82 < 0.001 0.45

Time × group 118.96 279.47 8.94 < 0.001 0.30

Abbreviations: SS, sum of squares; MSE, mean squared error.

waves that are required for balancing the serotonin level. It
regulates the blood flow between two brain hemispheres,
thereby regulating the limbic system, thalamus, and basal
ganglia. Therefore, the basal ganglia and thalamus regu-
late serotonin and alleviate chronic pain.

Additionally, tDCS changes the hormone level and neu-
rotransmitters, which affects the neural system. The tDCS
increases the activity of monoamine oxidase and the con-
centration of gamma-aminobutyric acid (GABA). The tDCS
reduces the strength of beta waves and helps correct the
abnormalities of these two waves by causing therapeutic
effects (28).

According to one of the theories set forth about the ef-
fectiveness of tDCS, this stimulation functions in the am-
plitude of sound waves ranging from 0.5 to 100 Hz through
causing intervention in the oscillations of brain waves,
and this influence results from affecting the brain waves
(29). The tDCS sends a mild electrical pulse and causes
neurotransmitters’ generation, balance, and regulation
(30). The neurotransmitters, such as norepinephrine, sero-
tonin, and GABA that influence the information process
and memory, have a mediating effect on tDCS by affecting
blood flow and cerebrospinal fluid (31).

The GABA is the largest and most crucial inhibitory
transporter in the central nervous system (32). The neu-
rocognitive studies have focused on glutamate stimula-
tors and inhibitory interstitial neurons, such as GABA (33).

These studies have revealed structural, functional, and
neural deficiencies in both glutamate stimulators and in-
hibitory interstitial neurons in patients suffering from
chronic pain, which can destroy the integrity of signals in
the cerebral cortex and hippocampus (34).

The tDCS affects the subcortical limbic structures, hy-
pothalamus, thalamus, brainstem, and network activa-
tors. The stimulation of these structures can lead to the
increased release of neurotransmitters, such as serotonin,
beta-endorphin, and norepinephrine (35). Serotonin can
inhibit nociceptive and is probably crucial in the endoge-
nous anti-pain system. The endogenous anti-pain system
consists of intermediary neurons inside the dorsal horn
of the spinal cord and the descending nervous pathway,
which controls the transmission of pain messages. This
system is activated inside by opioids and GABAergic mech-
anisms (36).

In this method (i.e., tDCS), a direct current is applied to
the brain through the brainstem, limbic system, network
activator systems, or hypothalamus. Accordingly, this af-
fects the generation of neurotransmitters and probably
the activity of the default network mode or default net-
work and a neural network on a large scale, which includes
areas with closed activities and separated from other neu-
ral networks.
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5.1. Limitations

The present study was performed only on women with
chronic pain in Tehran. Caution should be exercised when
generalizing the results of the present study to patients
suffering from other types of chronic pain or those suf-
fering from the aforementioned diseases with psychologi-
cal disorders. Gastrointestinal symptoms, dizziness, weak-
ness and lethargy, and in some cases sleep disorders were
the most important side effects of the pharmacotherapy
intervention. Moreover, in some cases, itching of the elec-
trode site and redness of the skin were the most important
side effects of the tDCS intervention.

5.2. Conclusion

The results showed that tDCS and pharmacotherapy
were both effective in pain management in patients with
chronic pain. Therefore, physicians, nurses, and health
specialists are recommended to use pharmacotherapy and
tDCS for psychological empowerment, recovery accelera-
tion, and treatment management of patients with chronic
pain.
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