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: Abstract

Background and Aim: Musculoskeletal pain is one of the major causes of disability, and
comparing the effectiveness of cognitive-behavioral therapy (CBT) with and without
Transcranial direct current stimulation may play a crucial role in improving pain-related
dysfunction. The present study aimed to compare the effectiveness of CBT, with and

: without transcranial direct current stimulation, on pain-related disability in patients with
: musculoskeletal pain.
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: Research Methodology: This applied quasi-experimental study employed a pretest—
: posttest design with a follow-up phase and a non-equivalent control group. A total of 45
patients with chronic musculoskeletal pain and a minimum pain duration of three months
in the lower back, neck, and shoulder regions, who had referred to specialized orthopedic
clinics in Sirjan, were selected by convenience sampling and allocated into three groups
of 15 participants each: CBT with tDCS, CBT without tDCS, and control. The
experimental groups received 12 sessions of group-based CBT according to McFarlane’s

: protocol, and the combined group additionally underwent 20 sessions of transcranial
: direct current stimulation at 2 mA targeting the dorsolateral prefrontal cortex. Pain-related
: disability was assessed using the Roland—Morris Disability Questionnaire (Roland &
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Morris, 1981). Data were analyzed using repeated-measures ANCOVA and Bonferroni

: post-hoc tests in SPSS version 26.

: Findings: ANCOVA results indicated a significant effect of group on pain-related
: disability. Both CBT groups—with and without tDCS—showed significantly greater
: reductions in disability compared to the control group (F = 66/586). Although the
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i difference between the two experimental groups was not statistically significant (p>0.05),
: the combined group demonstrated slightly greater improvement..

: Conclusion: The findings indicate that CBT is an effective intervention for reducing
: pain-related disability, and although tDCS appears to enhance these effects, its statistical
: advantage was not confirmed. Therefore, while CBT remains a robust therapeutic
: approach, further research is needed to determine the definitive added value of combining
: it with tDCS.
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Comparison of the Effectiveness of Cognitive Behavioral Therapy with and without Transcranial Direct Current Stimulation on
Pain-Related Disability in Patients with Musculoskeletal Pain

Extended Abstract

Introduction
Musculoskeletal pain is one of the most prevalent health problems worldwide and a major cause of physical
disability. Chronic pain, particularly in the lower back, neck, and shoulders, may restrict daily activities, reduce
occupational functioning, and negatively affect psychological well-being and quality of life (Puntillo et al., 2021;
Salazar-Méndez et al., 2023). Pain-related disability is not determined solely by pain intensity; cognitive,
emotional, and behavioral factors also influence how patients perceive and respond to pain (White et al., 2025).
Cognitive behavioral therapy (CBT) can reduce pain-related disability by modifying maladaptive beliefs,
decreasing avoidance behaviors, and improving coping and self-management skills. Transcranial direct current
stimulation (tDCS) is a non-invasive neuromodulation technique that may regulate cortical excitability and
enhance neuroplasticity in brain regions involved in pain processing and emotional regulation (Nitsche et al.,
2008; Wansbrough et al., 2024). However, evidence regarding the additional effectiveness of combining tDCS
with CBT remains limited. Therefore, this study aimed to compare the effectiveness of CBT with and without
tDCS in reducing pain-related disability among patients with chronic musculoskeletal pain.

Methodology

This applied quasi-experimental study employed a pretest—posttest design with a follow-up phase and a non-
equivalent control group. The statistical population consisted of patients with chronic musculoskeletal pain who
had referred to specialized orthopedic clinics in Sirjan, Iran. Using convenience sampling, 45 patients aged 45—
60 years with at least three months of pain in the lower back, neck, or shoulder regions were selected and assigned
to three groups of 15 participants: CBT combined with tDCS, CBT without tDCS, and control. Both experimental
groups received 12 group-based CBT sessions based on McFarlane’s protocol. The sessions focused on pain
education, identification and modification of negative thoughts, stress and anger management, sleep hygiene,
relaxation, graded activity, reduction of avoidance behaviors, and relapse prevention. The combined intervention
group additionally received 20 sessions of tDCS at an intensity of 2 mA. The control group received no structured
psychological or brain-stimulation intervention and was provided only with general pain-management education.

Tools

Pain-related disability was measured using the 24-item Roland—Morris Disability Questionnaire (Roland &
Morris, 1983). Higher scores indicate greater functional disability. The reliability coefficient of the questionnaire
in the present study was 0.82. Data were analyzed using descriptive statistics, repeated-measures analysis of
covariance, and Bonferroni post-hoc comparisons in SPSS version 26. The significance level was set at 0.05.

Results
The results showed considerable reductions in pain-related disability in both experimental groups. In the CBT
plus tDCS group, the mean disability score decreased from 21.00 at pretest to 12.20 at posttest and 13.10 at follow-
up. In the CBT-only group, the mean score decreased from 19.90 to 11.30 and 11.00, respectively. In contrast, the
control group showed only a slight reduction from 22.60 at pretest to 21.80 at posttest and 21.50 at follow-up.
The analysis of covariance revealed a significant group effect on pain-related disability. Both CBT with tDCS
and CBT without tDCS significantly reduced disability compared with the control group (p<0.001). However, the
difference between the two experimental groups was not statistically significant (p>0.05), although the combined
intervention produced a slightly greater immediate reduction.

Discussion

The findings demonstrated that CBT, both alone and in combination with tDCS, effectively reduced pain-related
disability, and these improvements were generally maintained during follow-up. CBT may improve patients’
functioning by modifying negative beliefs about pain, reducing avoidance behaviors, increasing perceived control,
and encouraging gradual participation in daily activities. These findings are consistent with previous evidence
highlighting the relationship between psychological responses, pain acceptance, and pain-related disability (Hale
et al., 2025; White et al., 2025).

Although the addition of tDCS produced a slightly greater immediate improvement, it was not statistically
superior to CBT alone. Previous research suggests that tDCS may enhance the effects of CBT by modulating the
dorsolateral prefrontal cortex and neural networks associated with pain perception, fear of movement, and
emotional regulation (Ehsani et al., 2023). Nevertheless, individual differences in neurophysiological responses,
stimulation parameters, and pain characteristics may contribute to variability in treatment outcomes (Wansbrough
et al., 2024). The absence of a significant difference may also be related to the strong effectiveness of CBT and
the relatively small sample size.
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Conclusion

CBT, both with and without tDCS, was effective in reducing pain-related disability among patients with chronic
musculoskeletal pain. However, adding tDCS did not significantly improve the effectiveness of CBT. Therefore,
CBT can be considered an effective intervention for improving pain-related functioning. Further randomized
studies with larger samples, sham-stimulation groups, and longer follow-up periods are required to determine the
specific additional benefits of tDCS.
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(Reduce of Pain)
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If the source of pain is in the Left
parts of bedy then select C3 (Left
M1) as Anode. If the source is in
Right then select C4 (Right M1)

Anode (+) M1 (C3 or C4)
Cathode (-)SUPRAORBITAL (Fp1
or Fp2)

Ref: Boggio et al. (2009), soler (2010)
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Modulating empathy and beyond.
Motor resonance response,
emotional reactions to others,
emotinal state.

‘

Anode (+) TEMPORAL (T4,
T6), PARIETAL(P4)
Cathode (-) : SHOULDER

Ref: Hétu, Dumouchel, Jackson (2012);
Balconi. Bortolotti
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