
Effectiveness of transcraneal direct current stimulation (tDCS) for the 

treatment of fibromyalgia: Comparison of cortical targets effects on 

main fibromyalgia symptoms 

 

Introduction 

1. Transcranial direct current stimulation: a non-invasive brain stimulation 

tool 

Transcranial direct current stimulation (tDCS) is a promising technique that 

allows to non-invasively modulate brain activity by applying a low intensity current (1 

to 2 mA) (Nitsche et al 2008) via scalp electrodes. Stimulation effects and after-effects 

depend on the current polarity under each electrode. Indeed, motor cortex stimulation 

studies have shown that with standard parameters (1 to 2 mA, for 10 to 20 minutes, 

using 25 to 35cm² electrodes), anodal stimulation enhances cortical excitability (i.e. is 

“excitatory”), while cathodal stimulation decreases cortical excitability (i.e. is 

inhibitory) (Nitsche et al 2008, Dayan et al 2013). tDCS is also capable of modulating 

behaviour. For example, anodal stimulation of motor cortex has been shown to increase 

motor skill learning (Reis et al 2009); the initial gain in performance was still evident 3 

months later. Long-term effects are thought to reflect neuromodulation of gabaergic and 

glutamatergic synapses (Stagg and Nitsche, 2011). tDCS stimulation is a well tolerated 

and innocuous treatment procedure, that may be occasionally accompanied by minor 

discomfort, such as stinging, burning or vibration skin sensations under the electrode 

placements,  and rarely by headache, that in any case shows good response to analgesic 

medication.  

Compared to the other main neuro-modulatory technique (rTMS, or repetitive 

transcranial magnetic stimulation), tDCS is simple to use, portable and less expensive. 

This makes tDCS a potentially powerful therapeutic tool, especially if it can be used 

directly at the patient’s home (Pérez-Borrego et al 2014), also allowing placebo 

conditions in a simple way. Moreover, its fields of application appear wide, as shown 

by the number of papers reviewed recently that aim to use tDCS in stroke rehabilitation 

(Boggio et al., 2008; Fregni et al., 2007; Hummel et al 2008), or in the treatment of 

pathologies such as depression (Nitsche et al 2009) or chronic pain (O’Connell et al 

2010). 



2. Cortical stimulation for pain relief and modulation of pain perception 

Different neuro-modulatory approaches, both invasive and non-invasive, have 

been successfully tested as potential therapeutic tools for chronic pain disorders 

(Lefaucheur et al 2014). The two methods presented above (transcranial direct current 

stimulation, or tDCS, and repetitive transcranial magnetic stimulation, or TMS) have 

been increasingly utilized, particularly due to their non-invasive nature and their ability 

to modify the excitability of cortical neural circuits. When delivered to the primary 

motor cortex (M1), these techniques are capable of modifying pain perception, possibly 

via modulation of M1-thalamic inhibitory networks (Houzé et al 2013, Polania, Paulus 

& Nitsche, 2012), as well as other cortico-cortical and cortico-subcortical projections 

(Boggio et al., 2008; Polania et al., 2012).  

Fibromyalgia is a common cause of diffuse, chronic musculoskeletal pain in 

adults, with an estimated prevalence between 2 and 5% in the general population 

(Neumann & Buskila, 2003). Even though its aetiology and pathophysiology are not 

fully understood, current evidence suggests that, similarly to other chronic pain 

syndromes, this is a disorder of pain regulation characterized by altered pain and 

sensory processing in the central nervous system, likely due to maladaptive plasticity in 

pain-related neural circuits (Henry et al, 2011; Woolf, 2011). Thus, the use of neuro-

stimulation approaches is of particular relevance in fibromyalgia, a chronic pain 

disorder where pain can be characterized by a lack of inhibitory control over 

somatosensory processing (Valle et al, 2009; Villamar et al, 2013) and that is often 

refractory to multiple therapeutic strategies. 

Some studies have explored the analgesic effects of tDCS in chronic pain, 

including fibromyalgia, both stimulating M1 (Fregni et al., 2006; Riberto et al., 2011; 

Roizenblatt et al., 2007; Valle et al., 2009, Villamar et al., 2013) and/or the dorso-lateral 

prefrontal cortex (DLPFC, F3) (Fregni et al., 2006; Roizenblatt et al., 2007; Valle et al., 

2010). However, a recent meta-analysis has stressed the poor methodological quality of 

most previous studies, leading to non-significant results of tDCS for pain relief, and the 

need for larger, rigorously designed studies, particularly of longer courses of stimulation 

(O’Connell et al Cochrane Rev 2014). Given that the results on the efficacy of tDCS for 

pain relief are contradictory, this study aims to obtain more information on its 

therapeutic use, and to respond to two important challenges of this area of research: (a) 



the need of more sham-controlled studies with a sufficient number of patients and 

long follow-up;  (b) the need to explore novel targets in pain-related brain regions, 

such as the operculo-insular cortex. 

The specific objectives of the study are: 1) to compare the analgesic effect of M1 active 

tDCS vs sham tDCS in a group of patients with fibromyalgia; 2) to analyze long-term 

effects (6, 12 month) of tDCS treatment on pain and associated symptoms; 3) to check 

the effect of DLPFC active tDCS vs sham tDCS on cognitive function (assessed by 

neuropsychological tests and EEG measures); 4) to determine the optimum tDCS 

stimulation place (M1, OIC or DLPFC) for each of the four group of symptoms 

considered (pain relief, improvement of sleep quality,  amelioration of affective state 

and cognitive dysfunction) in fibromyalgia patients.  

 

 

Methods 

Participants. Fibromyalgia (FM) patients will be informed about the study in the 

Neurology service of the Universitary Hospital Complex of Santiago de Compostela 

(CHUS) or in the Rheumatology service of the Hospital Complex of Pontevedra. Also, 

we have a pool of 543 patients that participated in the Genetic study of Fibromyalgia 

that were already informed about the tDCS project. 

 

The first contact with the patients will be telephonically. Patients that agree to 

participate will be scheduled for a first evaluation session. Once informed about the 

characteristics of the tDCS, the results of previous studies with chronic pain patients, 

and safety aspects, a written informed consent will be required if they agree to 

participate. We plan to recruit around 92 middle-age FM female patients (range 25-65 

y.), using strict inclusion and exclusion criteria. Inclusion criteria are: fulfillment of 

both the ACR criteria of 1990 (Wolfe et al., 1990) and 2010 (Wolfe et al., 2010); 

moderate to high severity of the disease (indicated by a FIQ score 70 or a VAS Pain  

7); presence of cognitive dysfunction (item 2 “cognitive troubles” of the Symptom 

Severity Score 2). Exclusion criteria are: no immune system pathology or 

comorbidities that could explain the main symptomatology of FM; risk factors for the 

tDCS procedure, such as the existence of a history of prevous convulsions (epilepsy or 

family history); use of anticonvulsant treatment (such as pregabalin, caarbamazepine or 



gabapentin); substance abuse; psychiatric diseases (other than depression and anxiety); 

brain damage, dementia and Parkinson disease.  

  

 

Procedure. Once signed the informed consent, patients will be cited for a first clinical 

evaluation. This would comprise a complete clinical evaluation including the ACR 1990 

and 2010 criteria for FM, and algometry of tender points to measure pain threshold and 

tolerance, as well as a number of self-reported and neuropsychological tests (see 

Materials for a description).  

 

If the patient fulfills the ACR criteria, then the treatment with tDCS stimulation 

will be delivered in 15 sessions of 20 minutes each, scheduled in 5 days per week 

during 3 weeks.  To assess possible adverse effects of the tDCS, we will administer a 

questionnaire at the end of each session (see appendix). To ensure an adequate medical 

attention in case of adverse affects or unexpected events,  the tDCS will be always 

apply in a hospital or health center. 

 

The total sample will be randomly assigned to any of the four groups:  

 

Group 1: Placebo 

Group 2: Active anodal tDCS at M1  

Group 3: Active anodal tDCS at OIC 

Group 4: Active anodal tDCS at DLPFC 

 

Clinical evaluation will be performed again at the end of the treatment (after 3 weeks) 

and in the follow-ups at 6 and 12 months to assess the evolution of the main symptoms. 

  

All the details about the procedure and treatment are presented in Table 2 and 3.  



 

 

Phase 
Clinical 

interview 

Algometry 

of tender 

points 

Self-reported questionnaires 

and neuropsychologial 

assessment  

EEG 

(resting and during 

neuropsychological tests) 

1. First Clinical 

evaluation  

10 min 
5 min 50 min 50 min 

2. Post-treatment 

evaluation  

10 min 
5 min 50 min 50 min 

3. Six-month 

follow-up  

10 min 
5 min 50 min 50 min 

3. 12- month 

follow-up  

10 min 
---- ----- ----- 

 

Table 2. Details of the clinical evaluation for FM patients. 

 

 

 

Session 1 

Pre-treatment 

 

Session 2-16 

Treatment 

 

Session 17 

Post-treatment 

 

Group 1 

(Placebo) 

Clinical, 

neuropsychological, EEG 

assessment 

(115 min) 

Sham tDCS (20 

min) 

Clinical, 

neuropsychologic

al, EEG 

assessment 

(115 min) 

Group 2 

(M1) 

Clinical, 

neuropsychological, EEG 

assessment 

(115 min) 

Active tDCS (20 

min) 

Clinical, 

neuropsychologic

al, EEG 

assessment 

(115 min) 

Group 3 

(COI) 

Clinical, 

neuropsychological, EEG 

assessment 

(115 min) 

Active tDCS (20 

min) 

Clinical, 

neuropsychologic

al, EEG 

assessment 

(115 min) 

Group 4 

(DLPFC) 

Clinical, 

neuropsychological, EEG 

assessment 

(115 min) 

Active tDCS (20 

min) 

Clinical, 

neuropsychologic

al, EEG 

assessment 

(115 min) 

 

Table 3. Details of the whole procedure (assessment + treatment) for FM patients. 



 

Materials.  

Clinical Assessment. We will conduct an extensive clinical interview that include the 

evaluation of the central features of Fibromyalgia: pattern and intensity of pain, 

presence of mood disorders, sleep problems, fatigue, stiffness, headache, anxiety and 

cognitive dysfunction, and presence of comorbidities, among others. The 

sociodemographic variables included will be marital status, years of education, current 

work and occupational status.  

 

Algometry. Pain threshold and tolerance, at the 18 tender points proposed by the ACR 

(1990), will be measured by a trained investigator using pressure algometry (Wagner 

Force One, Model FDI). Pressure pain threshold (kg) is defined as the minimum force 

applied that induces pain, and pressure pain tolerance (kg) as the maximum pain-

pressure value that is born at each point. A tender point is counted as positive when the 

patient felt pain at pressures below 4 kg, given that it has been established that healthy 

women usually start to perceive pain from pressures of 4 kg [1]. For each participant, 

we will calculate the total count of positive tender point (tender point count), and the 

mean pain pressure threshold and tolerance for the 18 points.  

 

Self-reported scales. Visual Analogue Scales (VAS) created ad-hoc will be used to 

assess pain and key symptoms of FM, and disease evolution. Patients will fill in various 

self-reported questionnaires to examine sleep quality, depression, quality of life and 

functional consequences of the disease. The questionnaires used were the Pittsburgh 

Sleep Quality Index (PSQI) (Buysse et al, 1989), the Beck Depression Inventory (BDI) 

(Beck, Steer y Garbin, 1988), the Hospital Anxiety and Depression Scale (HADS) 

(Zigmond y Snaith, 1983), the Fibromyalgia Impact Questionnaire (FIQ) (Bennett, 

2005), the Memory Everyday Failures (MFE) (Sunderland, Harris and Gleave, 1984), the 

Fibromyalgia Survey Questionnaire (FSQ) (Wolfe et al., 2011), and the Short Form 36 

Health Survey (SF-36) (Ware, 2000). All the questionnaires were administered in their 

corresponding Spanish-validated versions. 

 

We will also administer a battery of neuropsychological tests to assess working memory 

and interference:  

  



o Direct and inverse digits of the Wechsler Memory Scale-III  

o Spatial location of the the Wechsler Memory Scale-III 

o 2-back task 

o Multi-source interference task (MSIT) 

o Auditory consonant trigram test 

 

Brain electrical activity will be recording in resting and during the performance of 

cognitive tasks. 

 

Outcome measures 

To assess the effectiveness of the treatment, we will consider four groups of symptoms, 

each with defined outcome measures. 

I. Pain, fatigue (mean threshold by algometry, FIQ items 5 and 6) 

II.  Mood state (HADS score) 

III. Cognitive dysfunction (MFE score) 

IV. Sleep disorders (PSQI score) 

A 20% of change between the pre and post treatment in any of the groups will be 

consider an index of a clinical improvement. 

 

tDCS stimulation: A tDCS device will be used to perform stimulation. Electrodes will 

be placed on the subjects’ scalp (10-20 International System sites) on the appropriate 

positions to stimulate the motor cortex (two electrodes, one over C3, the other 

contralateral supraorbital), the dorsolateral prefrontal cortex or the operculo-insular 

cortex (optimized multi-electrode montage). Current (2 mA max) will be gradually 

ramped up and down at the beginning and at the end of the stimulation period, which 

will be 20 minutes long. In the Sham sessions the current will be 0 mA during the 

interval between the initial and the final ramps.  

 

Statistical Analyses. ANOVAs with treatment (4 levels) will be performed for the main 

outcome variables. Also, we will analyze the impact of treatment on general quality of 

life, functional impact and EEG parameters. 
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