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Abstract

This study aimed to compare the effectiveness of cognitive behavioral therapy (CBT)
alone and combined with transcranial direct current stimulation (tDCS) in reducing
psychological distress among patients with musculoskeletal pain. This applied quasi-
experimental research used a pretest—posttest and follow-up design with a non-
equivalent control group. Forty-five patients with chronic musculoskeletal pain for at
least three months were purposively recruited and assigned to three groups of 15:
CBT plus tDCS, CBT alone, and control. Both intervention groups received 12
sessions of CBT based on the McFarlane protocol, while the combined group
additionally underwent 20 sessions of tDCS at 2 mA over the dorsolateral prefrontal
cortex. Psychological distress was measured using the DASS-21 scale. Data were
analyzed using repeated-measures ANCOVA and Bonferroni post hoc tests in SPSS
version 26. ANCOVA rewealed a significant main effect of group on psychological
distress (F=123.79, p<0.001, n?>=0.864). Both CBT and CBT plus tDCS groups
showed significantly greater reductions in distress compared to the control group
(p<0.001). The difference betweenthe two intervention groups was not statistically
significant (p=1.000), although the CBT plus tDCS group showed slightly greater
clinical improvement. CBT alone is effective in reducing psychological distress in
patients with musculoskeletal pain, and adding tDCS may provide additional clinical
benefit, although further large-scale research is needed to confirm its statistical

superiority.
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EXTENDED ABSTRACT

Introduction

Musculoskeletal pain disorders represent one of the most common and disabling health problems worldwide
and have a profound impact not only on physical functioning but also on mental well-being. Chronic
musculoskeletal pain is frequently accompanied by elevated levels of psychological distress, including
depression, anxiety, and stress, which often intensify the experience of pain and hinder adaptation (Dennison
et al., 2009; Ghielen et al., 2019). Individuals suffering from long-term pain may enter a vicious cycle of
negative cognition, heightened emotional reactivity, and perceived helplessness that further deteriorates their
quality of life (Robati, 2021; Shareh & Robati, 2021). Psychological distress can also lead to functional
disability, sleep disruption, and impaired cognitive flexibility (Pourjaberi et al., 2023; Siengsukon et al.,
2020).

Cognitive Behavioral Therapy (CBT) is one of the most evidence-based and structured psychological
approaches to managing chronic pain and associated emotional difficulties. Through cognitive restructuring,
behavioral activation, and skills training, CBT helps patients identify maladaptive pain beliefs, reduce fear
avoidance, and strengthen coping abilities (Afshari et al., 2024; Baniasadi et al., 2025). Extensive evidence
shows that CBT effectively reduces anxiety, depression, and distress in individuals with chronic conditions
such as multiple sclerosis, Parkinson’s disease, and substance use-related pain (Ghielen etal., 2019; Narimani
et al., 2017; Nordin & Rorsman, 2011). In addition, CBT promotes resilience, cognitive flexibility, and a
sense of control, all of which are critical to breaking the cycle of pain and psychological suffering (Robati,
2021; Shareh & Robati, 2021).

However, despite its proven efficacy, CBT outcomes vary, and some patients with chronic pain remain
resistant to treatment. Therefore, researchers have explored the potential of combining CBT with
neuromodulation techniques, such as transcranial direct current stimulation (tDCS), to enhance therapeutic
results. tDCS is a non-invasive, safe, and cost-effective brain stimulation method that uses a low-intensity
electrical current to modulate cortical excitability and cognitive-emotional processing (Fregni et al., 2018;
Nitsche et al., 2012). The dorsolateral prefrontal cortex (DLPFC), a key target in tDCS protocols, is closely
associated with executive function, pain perception, and emotional regulation (Garcia et al., 2020; Wu et al.,
2022).

Accumulating evidence shows that tDCS can reduce anxiety and depression by enhancing prefrontal control
over limbic hyperactivity and modulating pain networks (Gibson et al., 2021; Smits et al., 2021). Preclinical
studies indicate that tDCS mitigates chronic stress-induced hyperalgesia (Fregni et al., 2018), while clinical
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research reports improved emotional resilience and learning when tDCS is combined with cognitive training
(Aghaziarati et al., 2023; Zoghipaydar et al., 2022). Importantly, tDCS has also been used to augment
psychotherapy outcomes in anxiety disorders, post-traumatic stress disorder, and major depression (Ngan et
al., 2022; Vigod et al., 2014; Wu et al., 2022). These findings suggest that integrating tDCS into CBT may
strengthen the neurocognitive mechanisms underlying emotion regulation and pain coping, potentially
producing more robust and lasting therapeutic benefits (Baniasadi et al., 2025; Pourjaberi et al., 2023).
Nevertheless, there remains a gap in understanding the combined effects of CBT and tDCS specifically in
patients with musculoskeletal pain, as most prior studies have focused on neurological disorders or addiction-
related pain (Narimani et al., 2017; Zoghipaydar et al., 2022). The heterogeneity in tDCS protocols,
stimulation sites, and treatment duration also limits the generalizability of previous findings (Ngan et al.,
2022; Wu et al., 2022). Therefore, the present study aimed to compare the effectiveness of CBT alone and
CBT combined with tDCS in reducing psychological distress among patients suffering from chronic
musculoskeletal pain. By integrating a structured psychotherapeutic approach with targeted brain stimulation,
this study sought to provide new insights into optimizing multimodal interventions for a population highly
burdened by both physical and psychological suffering (Afshari et al., 2024; Herrington et al., 2017;
Mansouri Kiryani, 2019; Shahangian & Arshak, 2021).

Methods and Materials

This applied research employed a quasi-experimental design with pretest—posttest and follow-up measures,
including a non-equivalent control group. A total of 45 patients with physician-confirmed musculoskeletal
pain persisting for at least three months were recruited purposively from orthopedic clinics and allocated into
three groups: CBT combined with tDCS (n=15), CBT alone (n=15), and control (n=15). Inclusion criteria
encompassed middle age (45-60 years), literacy, willingness and ability to attend sessions regularly, and no
simultaneous psychological interventions or psychiatric hospitalization history. Exclusion criteria included
absence from more than three sessions or initiation of other treatments during the study.

The CBT groups followed a standardized 12-session pain-focused protocol based on McFarlane et al. (2016),
delivered twice weekly in one-hour sessions, addressing pain beliefs, cognitive restructuring, anger and
emotional regulation, sleep hygiene, behavioral activation, and relapse prevention. The combined group
additionally received 20 sessions of tDCS using a NeuroConn device, with anodal stimulation over the left
dorsolateral prefrontal cortex and cathodal placement over the contralateral supraorbital or shoulder area, at 2
mA for 20 minutes per session.

Psychological distress was assessed using the short form of the Depression, Anxiety, and Stress Scale (DASS -
21), a validated measure with high internal consistency. Data were analyzed using descriptive statistics and
inferential tests, including repeated-measures ANCOVA and non-parametric alternatives when assumptions
were violated, performed in SPSS version 26, with a significance level of 0.05.

Findings

Descriptive analysis showed a notable decline in psychological distress scores across both intervention groups
compared to the control group. In the CBT plus tDCS group, mean distress decreased from 36.60 at pretest to
27.30 at posttest and remained at 28.40 at follow-up. Similarly, in the CBT-only group, distress scores dropped
from 35.50 to 24.29 at posttest and remained stable at 24.31 during follow-up, while the control group showed
minimal change from 27.90 to 26.10 and returned to 27.00 at follow-up.

ANCOVA indicated a significant main effect of group on psychological distress (F=123.79, p<0.001), with a
very large effect size (1>=0.864). Pairwise Bonferroni comparisons revealed that both CBT conditions
significantly outperformed the control group in reducing distress at posttest and follow-up (p<0.001), whereas
the difference between CBT with tDCS and CBT alone was not statistically significant (p=1.000). However,
the reduction trend was slightly stronger in the tDCS-augmented group, suggesting potential additive benefits.
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Discussion and Conclusion

The results confirm that CBT is highly effective in alleviating psychological distress among individuals with
chronic musculoskeletal pain. By challenging maladaptive cognitions, promoting adaptive coping, and
encouraging behavioral engagement, CBT disrupts the reinforcing loop between pain and negative emotional
states, improving perceived control and resilience (Afshari et al., 2024; Baniasadi et al., 2025). These
findings align with previous research demonstrating CBT’s robust benefits across chronic conditions, including
multiple sclerosis and Parkinson’s disease (Ghielen et al., 2019; Nordin & Rorsman, 2011), and extend its
applicability to musculoskeletal pain.

While adding tDCS to CBT did not produce statistically superior outcomes, the slightly greater improvement
in the combined group supports the hypothesis that neuromodulation may enhance psychological interventions
by strengthening neural circuits involved in emotion regulation and pain processing (Garcia et al., 2020;
Nitsche et al., 2012; Smits etal., 2021). Prefrontal stimulation has been shown to modulate limbic overactivity
and reduce sensitivity to pain and anxiety (Fregni etal., 2018; Wu et al., 2022). Moreover, previous studies
integrating tDCS with cognitive training have reported improved attentional control and learning capacity
(Aghaziarati et al., 2023; Gibson et al., 2021), which could explain the clinical but non-significant advantage
observed in this study.

These findings highlight the promise of multimodal interventions for complex pain conditions. For patients
with high psychological distress or resistance to conventional therapy, adding tDCS may help facilitate
cognitive restructuring and emotional regulation. However, larger randomized controlled trials with sham
tDCS control, longer follow-up periods, and neuroimaging assessments are needed to clarify the additive
neural mechanisms and optimize stimulation protocols (Ngan et al., 2022; Wu et al., 2022).

In conclusion, CBT alone effectively reduces psychological distress in patients with musculoskeletal pain, and
combining CBT with tDCS appears clinically beneficial, though further research is warranted to establish clear
superiority. This integrated approach offers a promising avenue for personalized, neuroscience-informed pain
management strategies aimed at improving both mental and physical outcomes for individuals struggling with
chronic musculoskeletal conditions.
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