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Abstract
Purpose  Fibromyalgia (FM) is a chronic pain syndrome with a strong impact on quality of life (QoL). Treatment of this 
condition remains a challenge, due to the scarce evidence for the effectiveness of the therapeutic approaches available. 
Current attention is focused on transcranial direct current stimulation (tDCS), which has yielded promising results for pain 
treatment. Rather than focusing only on pain relief, in this study, we aimed to determine how active or sham tDCS (over three 
cortical targets -the primary motor cortex, the dorsolateral prefrontal cortex and the operculo-insular cortex-) affect QoL 
in patients with FM.
Methods  Using a double-blind, placebo-controlled design, we applied fifteen tDCS sessions of 20’ to initial 130 participants 
(randomized to any of the four treatment groups). We evaluated the QoL (assessed by SF-36) and the symptoms’ impact 
(assessed by FIQ-R) in baseline, after treatment and at 6 months follow-up.
Results  All groups were comparable as regards age, medication pattern and severity of symptoms before the treatment. We 
found that QoL and symptoms’ impact improved in all treatment groups (including the sham) and this improvement lasted 
for up to 6 months. However, we did not observe any group effect nor group*treatment interaction.
Conclusions  After the intervention, we observed a non-specific effect that may be due to placebo, favoured by the expecta-
tions of tDCS efficacy and psychosocial variables inherent to the intervention (daily relationship with therapists and other 
patients in the clinic). Therefore, active tDCS is not superior to sham stimulation in improving QoL in FM.

Keywords  Fibromyalgia · Transcranial direct current stimulation (tDCS) · Quality of life (QoL) · SF-36 · FIQ-R · 
Randomized controlled trial (RCT)

Introduction

Fibromyalgia (FM) is a chronic pain syndrome that affects 
between 0.4 and 11% of the population (Wolfe et al., 2018); 
mainly women (80–90% of the diagnosis) [1–3]. FM is char-
acterized by widespread musculoskeletal pain, fatigue, sleep 
and mood disorders, and cognitive impairment [4]. These 

enduring symptoms can result in impaired health-related 
Quality of Life (QoL); in fact, several studies have consist-
ently reported low QoL in patients with FM, with effects on 
physical, psychological and social domains [5–7]. Specifi-
cally, the aspects that most condition QoL in FM are physi-
cal problems (pain mainly) [8], social support, emotional 
status, educational level and age [8–10]. The large preva-
lence of FM the persistence of symptoms and the associated 
poor QoL result in high direct (medical costs) and indirect 
expenses (e.g. sick leave or disability pension) [11].

Treatment of FM remains a challenge. Current clinical 
guidelines for the management of this syndrome suggest 
a multidisciplinary approach, including pharmacotherapy, 
therapeutic exercise, patient education and cognitive-behav-
ioural therapy [12, 13]. However, these therapies usually 
only provide moderate relief of FM symptoms [13, 14]. 
Although the aetiology of FM is unknown, it is assumed 
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that central sensitization and impaired endogenous modu-
lation of pain are important factors [15–17]. Transcranial 
Direct Current Stimulation (tDCS), a non-invasive neuro-
modulation technique, has been used to modify maladaptive 
brain mechanisms related to pain chronification [18]. Dur-
ing tDCS, a low-intensity electrical current (0.5–2.0 mA) is 
delivered through electrodes placed on the scalp [19]. The 
technique has been applied mainly over the primary motor 
cortex (M1) in FM patients, resulting predominantly in pain 
relief [20]. The tDCS has been awarded an A level of recom-
mendation (i.e. established as effective) for the clinical treat-
ment of pain [21]. However, most of these studies present 
some methodological flaws (i.e. small sample size, lack of a 
placebo group or double-blind control), and a large heteroge-
neity in the stimulation protocols (variations in the number 
of sessions, in the intensity of current, or in the cortical 
target) [20, 22]. Moreover, although tDCS can induce lasting 
changes at the synaptic level through long-term potentia-
tion (LTP) mechanisms [23–25], evidence on the long-term 
effects is limited by the absence of follow-up assessments in 
many studies [18, 26]. Moreover, knowledge about the neu-
rophysiological mechanisms underlying the effects of tDCS 
over M1 or about the optimal cortical target is limited. It has 
been proposed that tDCS over M1 modulate M1-thalamic 
inhibitory networks [27] and the M1 projections with corti-
cal and subcortical nociceptive regions [27, 28]; however, 
more evidence is needed to clarify the specific mechanisms. 
This technique has also been applied over the dorsolateral 
prefrontal cortex (DLPFC), yielding improvement in cogni-
tive and affective symptoms of patients with FM [29–31].  
Stimulation over the DLPFC could decrease fronto-tha-
lamic connectivity [32] and possibly influence nociceptive 
descending modulation mechanisms [33], given its connec-
tions with the anterior cingulate cortex, insula and subcor-
tical structures. Although the exploration of other cortical 
areas specifically involved in pain processing would be of 
interest, so far this has not been investigated. The operculo-
insular cortex (OIC) plays a special role in modulating the 
emotional aspects of pain [34], given its connections with 
the thalamic, limbic and multisensory cortices [35, 36]. FM, 
neuroimaging studies showed a decreased in grey matter 
volume in the insular cortex [37], and hypoactivation of the 
inferior parietal cortex [38]. Thus, exploration of the effects 
of tDCS over the OIC for the relief of FM symptoms, espe-
cially pain, is of great interest.

Most previous tDCS trials have focused on the efficacy 
of treatment for specific symptoms, such as pain [39], and 
not on the overall health status of patients with FM. Given 
the strong impact of FM on QoL and the recommendation 
of treatment guidelines to use QoL as the primary treatment 
outcome [40, 41], randomized clinical trials should be 
conducted to assess the effect of tDCS on patients’ QoL 
and on symptoms’ impact on it [42]. In addition, although 

a statistically significant change in any outcome variable 
may not have real clinical impact [43], previous studies 
have scarcely included analysis of the minimal clinically 
important difference (MCID). It has been reported that the 
improvement of pain in FM after tDCS is superior to the 
MCID [20], but to our knowledge, no studies have evaluated 
the MCID on quality of life scores.

In order to address these knowledge gaps, the main 
objective of the present clinical trial was to assess the 
effectiveness of tDCS on the QoL of patients with FM. We 
considered different dimensions of QoL (assessed by the 
SF-36 questionnaire) and, also, the impact of the disease 
on everyday functioning (assessed by the Fibromyalgia 
Impact Questionnaire, FIQ-R). To this end, we performed a 
double-blind, randomized, placebo-controlled trial, applying 
tDCS during 3 weeks, to a sample of 130 patients with FM. 
Additional objectives were to assess the long-term effects 
of the treatment (6-month follow-up), to determine the 
optimal tDCS target (comparing active stimulation over 
M1, DLPFC and OIC and a sham condition) and, to study 
if the improvement after tDCS was clinically important. 
We expected active tDCS to have a greater effect on QoL 
than that produced by the sham stimulation. Given the great 
influence of pain on QoL [8], we also hypothesized that the 
tDCS effects would be superior when a more specific pain 
area such as the OIC is targeted. Moreover, we assumed 
that the clinical improvement produced by active stimulation 
would last longer (up to 6 months) than any improvement 
generated by sham stimulation.

Methods

Participants

The study initially included 132 women diagnosed with FM. 
All participants were aged between 25 and 65 years and had 
a previous diagnosis of fibromyalgia, in accordance with the 
American College of Rheumatology (ARC) criteria of 2010 
[44]. The following exclusion criteria were applied: immune 
system pathology or comorbidities that could explain the 
main symptomatology; history of substance abuse; diagnosis 
of psychiatric diseases (except depression and anxiety); 
presence of brain damage or neurodegenerative disease; risk 
factors for the tDCS procedure (history of epilepsy); and the 
use of drugs with effects on sodium and calcium channels 
(e.g. carbamazepine and gabapentin) [45, 46]. The patients 
should also have had a stable medication pattern for at least 
2 months before starting the treatment, and they were asked 
to maintain the pattern during the clinical trial.

We enrolled patients through local health centres, press 
and patients’ associations, and also contacted participants of 
previous studies conducted by our research team. The initial 
contact was made by telephone. When patients who fulfilled 
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the inclusion and exclusion criteria agreed to participate in 
the study, we made an appointment for the pre-treatment 
clinical evaluation. All participants were required to sign an 
informed consent form.

Design

We carried out a randomized, sham-controlled, double-
blind clinical trial, between May 2017 and November 2018, 
in Galicia (Spain). The current study is an extension of a 
pre-registered trial in http://​www.​encepp.​eu/ (registration 
number: 24294) and published in Samartin-Veiga et  al. 
[47]. The protocol was approved by the Research Ethics 
Committee of Galicia (code: 2014/488), according to the 
Declaration of Helsinki.

The study design is illustrated in Fig. 1. Before starting 
the clinical trial, we calculated the sample size based on pre-
vious literature in FM, where tDCS over M1 demonstrated 
a medium effect size [29, 48–53]. This effect size has been 
confirmed in a recent meta-analysis (Hedge's g = − 0.62) 
[54]. Using the program G*power (v 3.1.9.3) [55], we esti-
mated that a minimum of 128 participants was needed to 
reach a small/medium effect size (f = 0.167) using a linear 
mixed model analysis of variance (ANOVA) (with three tem-
poral assessments and four groups). We initially recruited 
132 participants; 2 were excluded for not meeting the inclu-
sion/exclusion criteria and the rest were randomly assigned 
to one of the four treatment groups (M1, DLPFC, OIC or 
Sham). The randomization protocol was performed by an 
independent experimenter using the order of entry into the 
study and a previous computer-generated randomization list 
(applying the ratio 1:1:1:1 for M1, DLPFC, OIC, Sham, to 
minimize the risk of generating unbalanced group sizes). 
Each participant was assigned an identification code related 
to a montage template, which contained the tDCS stimula-
tion parameters (available in Neuroelectrics® software; NIC 
v.1.4.12). The researchers who performed the treatment only 
knew the code of each participant but could not visualize the 
template with the stimulation parameters. These research-
ers, blind to the condition (active/sham), also performed the 
statistical analyses.

The tDCS protocol was based on previous literature [30, 
31, 48–50], and focused on achieving lasting effects through 
a greater number of sessions than earlier studies [31, 50]. 
Thus, the tDCS treatment consisted of 15 sessions, each of 
20 min, administered along 3 weeks (Monday to Friday). 
The treatment was applied in several health centres or in the 
neuromodulation laboratory. Participants were permitted to 
miss a maximum of three treatment sessions.

Procedure

Clinical Evaluation (before, immediately 
after treatment and at follow‑up).

In the pre-evaluation session, we conducted an interview 
to determine sociodemographic variables and the pattern 
of medication. The patients filled in the following 
questionnaires (all in their Spanish validated versions) to 
assess the severity of the symptoms, QoL and impact of the 
symptoms on the QoL:

The Fibromyalgia Survey Questionnaire (FSQ) [56, 
57]. The FSQ includes the Widespread Pain Index (WPI) 
and the Symptom Severity Scale (SSS). WPI indicates the 
number of body areas where pain is experienced; its score 
ranges between 0 and 19 (where 0 indicates lack of painful 
areas and 19 that all areas are painful). The SSS assesses 
the level of tiredness/fatigue, non-restorative sleep, and 
cognitive problems, as well as abdominal pain, depression, 
and headache; its score ranges between 0 (no presence of 
these symptoms) and 12.

The 36-item Short Form Health Survey (SF-36) [58, 59]. 
The SF-36 assesses QoL and provides a profile of health 
status and function. It is composed of 36 items distributed in 
8 scales: physical function, physical role, body pain, general 
health, vitality, social function, emotional role, and mental 
health, i. e., the most relevant health concepts included in 
the Medical Outcomes Study (MOS). The scores on each 
subscale range from 0 to 100 (0 represents the worst possible 
health level and 100, the best). In this study, we calculated 
the score for the eight subscales and a mean score of the 
SF-36.

Fig. 1   Overview of the study design at different time points (pre-treatment, treatment, post-treatment, and follow-up)

http://www.encepp.eu/
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The Fibromyalgia Impact Questionnaire revised (FIQ-
R) [60, 61]. This questionnaire assesses the impact of the 
FM symptoms on the functional capacity for daily living 
and work, as well as other aspects such as well-being, pain, 
anxiety, depression, morning stiffness and sleep quality. The 
FIQ-R includes 21 items (scored from 0 to 10) exploring 
three domains: physical functioning (30% of the score), 
general impact (20%) and severity of FM symptoms (50%). 
The maximum total score is 100 (corresponding to the 
highest severity/disability due to FM).

The assessment was performed before/after treatment 
and at a 6-month follow-up. The primary outcome variable 
considered in this research was the SF-36 mean score. We 
also analysed the effect of treatment on the individual SF-36 
subscales, the FIQ-R total score and the 3 domains explored 
by the FIQ-R.

tDCS

Participants were seated in a comfortable chair in a quiet 
room and instructed to remain at rest with their eyes open 
during the stimulation session (20 min.). To perform the 
tDCS, we used a Starstim tDCS device fixed with Velcro 
to the head cap, sponge electrodes dipped in saline solu-
tion, and Neuroelectrics® Information Controller software 
(NIC v.1.4.12) (Neuroelectrics®, Barcelona, Spain; http://​
neuro​elect​rics.​com). Anodal tDCS stimulation was applied 
to three targets on the left hemisphere: M1, DLPFC and 
OIC. In each montage, the stimulation electrodes had a dif-
ferent location (following the International 10/10 System of 
electrode placement), shape, polarity, and intensity (2 mA). 
Specifically, to stimulate M1 and DLPFC, we used two-
electrode montages (25 cm2 sponge disc electrodes) with 
the following parameters, respectively: C3 electrode = -2 mA 
and Fp2 electrode = 2 mA, and F3 electrode = -2 mA and 
Fp2 electrode = 2 mA. To stimulate the OIC, we used a 
multi-electrode montage (3.14 cm2 sponge disc electrodes) 
with the following parameters: F3 electrode = − 0.565 mA; 
FC1 electrode = − 0.508 mA; F8 electrode = − 0.158 mA; 
FC5 electrode = 0.579 mA; C5 electrode = 1.144 mA; and 
P3 electrode = − 0.492 mA (Bradley et al., in prep.). For 
the sham group, an independent experimenter assigned the 
participants to one of these three montages (M1, DLPFC 
or, OIC). The electrodes were placed in the correspond-
ing cortical areas but without applying current during the 
sessions. This allocation remained constant throughout all 
tDCS sessions, maintaining the group assignment blind 
(active vs. sham). The ground electrode was located in the 
right earlobe. The caps were adjusted to the skull perimeter 
using different cap sizes (small, medium, large), to control 
the electrode placement.

In each session, the current intensity was ramped up and 
down. In the actively stimulated groups, a 15 s ramp-up was 
applied at the beginning of the stimulation period and, a 15 s 
ramp-down at the end of the session. In the sham group, 
ramps were applied up and down at the beginning and end of 
the sessions (15 s each), but no current was supplied during 
the interval between the initial and the final ramps.

Statistical Analysis

We performed one-way ANOVAs to determine whether 
the treatment groups (M1, DLPFC, OIC and Sham) were 
comparable in age, clinical status (assessed by FSQ) and 
QoL (assessed by SF-36 and FIQ-R) before the treatment. 
Also, we used Chi-square analysis to test possible 
differences between the groups in the pattern of medication 
(previously classified into analgesics, non-steroidal anti-
inflammatory drugs, anxiolytics, anti-epileptics, opioids, 
antimigraine, antidepressants, sedatives, antipsychotics, and 
other medication) and in the number of missed sessions (a 
maximum of three was allowed).

To follow an intention to treat (ITT) protocol, we included all 
randomized subjects and maintained their original assignment. 
For missing data, we previously modelled the outcome using 
mixed-effects regression (LMR) models, without imputation 
and with mean, median and Last Observation Carried Forward 
and Backward (LOCFB) imputations. The best linear fit, with 
the lowest Akaike criteria, was yielded by the model using the 
median imputation for SF-36 mean score and the mean imputa-
tion for the rest of the variables. More details about the LMR 
analysis can be found in Table 1 of the Supplementary Material. 
Then, we performed a two-tailed repeated measure ANOVA 
for each outcome variable (SF-36 subscales and mean; FIQ-R 
subscales and global scores), with Time (pre-treatment, post-
treatment, and 6 months' follow-up) as a within-subject factor 
and Group (M1, DLPFC, OIC and Sham) as a between-subject 
factor. If any effect or interaction was found significant, we per-
formed post hoc analysis (with Bonferroni-Holm correction for 
multiple comparisons). When appropriate, effect sizes (partial 
eta square; ηp2) are reported [62].

To assess the minimal clinical important difference 
(MCID) after treatment and at follow-up, we calculated 
the percentages of improvement in the SF-36 and FIQ-R 
total scores (calculated for post-treatment as: (before minus 
after)/before  × 100; and for follow-up as:(before minus 
follow-up)/before × 100). Moreover, for the total score of 
SF-36 and FIQ-R we performed one-way ANOVA analyses 
to test Group effects on the percentage of improvement in 
both time points (post-treatment and follow-up).

The LMR analyses were performed using the lme4 and 
emmeans package of R version 4.0.2 (The R Foundation) 

http://neuroelectrics.com
http://neuroelectrics.com
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and  statistical analyses were performed with SPSS (v. 
25) with a significance level (p-value) of less than 0.05.

Results

We contacted 132 participants, of whom 130 met the inclu-
sion criteria and were allocated randomly to the 4 treatment 
groups. By groups, the number of participants were as fol-
lows: M1 (n = 34), DLPFC (n = 33), OIC (n = 33) and sham 
(n = 30). Eleven patients declined to participate before start-
ing treatment, and another 11 dropped out once treatment 
began (9 for adverse effects and 2 for schedule issues). In 
the follow-up assessment, 8 participants did not properly 
complete the questionnaires and other 8 did not attend for 
schedule reasons. For the statistical analyses, following 
the ITT protocol, we used the 130 participants originally 
randomized, using the imputation for the missing values as 
explained above (see flow diagram in Fig. 2).

Before the treatment, we checked that the groups were 
matched in relation to age and education years. Also, 
they were comparable in age and medication patterns at 
baseline, as well as in severity of FM symptoms (assessed 
by FSQ: SSS; WPI), quality of life (assessed by SF-36) 
and impact on daily life (FIQ-R) (Tables 1 and 2). Finally, 
108 participants completed the treatment. Since they were 
allowed to miss a maximum of three session, we tested 
possible group differences in the number of sessions missed, 
which were non-significant (Chi2 = 14.095; p = 0.723).

The repeated-measures ANOVAs for SF-36 and FIQ-R 
(total scores and sub-scales) revealed a significant Time 
effect for all the selected outcome variables. Post hoc 

analysis showed significant differences between pre- and 
(immediately) post-treatment scores, and between pre- and 
6-month treatment assessment, but not between post- and 
6-month treatment assessment, for most of the variables 
(with large effect sizes (ηp2 > 0.14) for the variables SF-
36 mean, Emotional Role, FIQ-R total, FIQ-R Impact and 
FIQ-R Function; and intermediate effect sizes (ηp2 > 0.06) 
for Body Pain, Vitality, and Social Function). For other vari-
ables (Physical role, Mental health, and FIQ-R symptoms), 
significant differences between all the time points (pre-
treatment, post-treatment, and follow-up) were observed, 
with large effect sizes (ηp2 > 0.14). In General Health, 
there was no significant difference between pre- and post-
treatment assessments; however, there was a significant 
difference between pre- and follow-up, with a small effect 
size effect (ηp2 > 0.01). There were no significant Group or 
Time*Group effects for any of the outcome variables (see 
Table 3, and Figs. 3 and 4). Therefore, QoL and FM impact 
on daily life improved in all the groups after tDCS (both, 
active and sham), and this change was maintained for at 
least 6 months.1

In relation to the percentage of clinical improvement, 
all groups presented an improvement of more than 26% in 
the post-treatment and more than 29% in the follow-up at 
6 months in the SF-36 total score. In the FIQ-R total score, 
all groups showed an improvement of more than 18% at 
post-treatment and more than 11% at follow-up. One-way 
ANOVAs showed no significant differences between groups 
in clinical improvement for any of the questionnaires (SF-36 
and FIQ-R) at any time point (post-treatment and follow-up) 
(see Table 4).

Table 1   Age and medication 
patterns of participants prior to 
starting treatment

There were no differences between the treatment groups

M1
(n = 32)

DLPFC
(n = 33)

OIC
(n = 33)

Sham
(n = 29)

F (p) Chi2 (p)

Age (mean ± SD) 49.38 ± 8.83 51.00 ± 9.15 50.21 ± 8.20 50.67 ± 8.88 0.21 (0.89) –
Medication
Analgesics 27.3% 38.2% 42.4% 31% – 2.03 (0.57)
NSAIDS 45.5% 35.3% 36.4% 44.8% – 3.25 (0.36)
Opioids 39.4% 26.5% 33.3% 31% – 1.32 (0.73)
Antimigraine 0% 2.9% 3% 0% – 1.88 (0.60)
Anxiolytics 51.5% 38.2% 63.6% 58.6% – 4.86 (0.18)
Antidepressants 51.5% 41.2% 57.6% 65.5% – 4.03 (0.26)
Sedatives 15.2% 11.8% 9.1% 6.9% – 1.24 (0.75)
Antipsychotics 0% 5.9% 9.1% 3.4% – 3.28 (0.35)

1  In general, the results with imputation were similar to those found 
in the analysis without imputation, except for the physical function 
variable, where we did not find any significant effect (see Table S2; 
supplementary material).
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Discussion

Although tDCS has been established as effective for FM 
management [21], evidence of its effectiveness is not 
robust enough. The QoL is a widely recommended index 
of response to treatment [40, 41]. Although QoL is severely 
affected in patients with FM, most studies on tDCS efficacy 

have used self-reported pain levels as the main outcome 
variable [22]. Thus, to provide robust evidence on the effect 
of tDCS on FM, we oriented our study to determine how 
this technique affects the QoL of patients. We performed a 
double-blind sham-controlled clinical trial in a sample of 
130 patients with FM, using 15 stimulation sessions and a 
6-month follow-up. The findings showed that active tDCS 

Fig. 2   Flow diagram showing the number of participants and randomization (CONSORT model; 2010)
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(irrespectively of the stimulation target) is not better than 
sham tDCS for improving the QoL of the patients.

In the study, we used a general questionnaire (the 
SF-36) to cover all the dimensions of QoL [63] and a spe-
cific tool (the FIQ-R) to explore the functioning and impact 
of FM symptoms [60, 61]. The results obtained for all the 
subscales and variables analysed were very consistent and 
support the efficacy of the intervention in improving QoL, 
regardless of the treatment group. Using the SF-36, some 
studies also reported improvement in QoL after both sham 
and active tDCS, with no differences between groups when 
M1 [48, 64] or DLPFC [49] were stimulated. Nevertheless, 
there are also discrepant results on the effects of tDCS 
on QoL. Thus, some authors reported lack of effect [29] 
whilst others reported greater improvement in QoL after 
active than after sham tDCS, especially when delivered 
over M1 [49, 52]. Concerning the FIQ-R questionnaire 
and contrary to our results, most studies found a greater 
reduction of the impact of FM symptoms after active tDCS 
over M1 and DLPFC than after sham tDCS [31, 48, 49, 
64]. The discrepancy between those studies and ours may 
be due to the stimulation protocol used and the sample 
size. In this regard, our study was performed using a large 
number of tDCS sessions, that enhances the effects of 
tDCS and its durability [31, 50], but also the unspecific 
effects [65]; with double-blind control, to ensure that the 
effects of treatment are not overestimated [66]; and in the 
larger sample to date, what adds robustness to the results 
obtained about tDCS effectiveness.

Another major strength of this study is that we conducted 
a longer (6-month) follow-up than used in previous similar 
studies. We found that the clinical improvement in QoL 
persisted 6 months after treatment, with no differences 
between groups. Previous studies have reported that the 
effects of tDCS over M1 can last up to fifteen days for pain 
and depression symptoms [50], 1 month for the impact of 
FM assessed by the FIQ [49], and 2 months for clinical pain 
[31].

An additional aim of the present study was to identify 
the optimal target for tDCS as for the positive effects on 
QoL. It has been suggested that stimulation over M1 may 
reduce pain due to the connections with thalamus, brain-
stem, cingulate gyrus, prefrontal cortex and insula [26, 
67–69], although the precise neurophysiological mecha-
nisms are not fully understood. Moreover, the DLPFC is an 
important area involved in the cognitive processing of pain 
[28, 70–72]. tDCS over the left DLPFC has been associ-
ated with control of cognitive aspects of pain in patients 

with FM [73]. However, we hypothesized that stimulation 
over a specific area related to pain that presumably plays 
a crucial role in FM [74–76], such as the operculo-insular 
cortex (OIC), would be more effective than stimulation of 
the traditional and less specific targets (M1 and DLPFC). 
Contrary to the expectations, comparison of the effects of 
stimulation of these three areas did not reveal any of them 
as a superior target.

To really understand the clinical significance of the 
improvements found, we calculated the minimal clinically 
important difference (MCID) and found that all the groups 
improved in SF-36 scores more than 26% immediately after 
treatment and more than 29% at follow-up, without differ-
ences between groups. For patients with osteoarthritis, pre-
vious research reported MCID for SF-36 between 10 and 
12% [77, 78], whilst to our knowledge no data for patients 
with FM are available. In FIQ-R, we found improvements 
superior to 18% immediately after treatment and to 11% 
in the follow-up. There is no consensus about what is the 
MCID for FIQ. Although recent literature suggests 45.5% 
improvement in FIQ-R score as the MCID [79], most pre-
vious studies using the FIQ established it as 14% [80, 81]. 
Since the validation analysis and psychometric properties of 
the FIQ-R total score have shown a strong correlation with 
the FIQ ones, the relative positions of patients on the two 
scales are considered to be very similar [60]. Thus, consider-
ing the 14% cut-off score, we could conclude that a clinically 
significant improvement in the global impact of FM was 
observed immediately after treatment but not after 6 months 
of follow-up. Again, the improvements were observed in all 
the groups, even after sham stimulation.

Considering the overall results, the improvement in QoL 
due to the intervention can be mainly attributed to a placebo 
effect rather than to the tDCS itself. In outcomes such as 
pain, the magnitude of change in the placebo arm is large 
and long-lasting (explaining about 80% of the improvement 
in the active arm) [82]. In pain conditions, placebo has been 
positively related to large sample sizes (by the motivation 
and expectations of being part of a rigorous, professional 
and well-funded study) and with long duration trials (by 
a positive feedback mechanism: initially perceived pain 
relief leads to increased analgesia throughout the trial) [65]. 
The presence of the placebo effect in tDCS treatments has 
also been widely observed [83], probably due to the posi-
tive expectations that patients have concerning this novel 
intervention. Moreover, we found that the placebo effect on 
QoL lasted for 6 months. Similarly, it has been observed 
that the placebo response could relieve pain at least during 3 
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months, followed by stabilization without reversal [65]. 
This has been explained by a process of conditioning. A 
conditioned response needs a reward (reinforcement) to be 
maintained for long periods; thus, the analgesia obtained 
with the placebo matches the individual's expectations and 
predictions, and the pain relief achieved can induce a reward 
sensation, which is itself analgesic, thereby sustaining a 
positive feedback loop and maintaining pain reduction for 
a long period [84]. Regarding the neurobiological basis, it 
has been suggested that placebo stimulation may activate 
one of the main analgesic mechanisms: the endogenous 
μ-opioid receptor-mediated neurotransmission allocated in 
periaqueductal grey matter (PAG), precuneus, and thalamus 

[85]. Moreover, it has been found than before applying tDCS 
(active or sham) there is an early placebo effect (activation 
of this μ-opioid neurotransmission) that is correlated with 
endogenous μ-opioid receptors activation during active 
tDCS [85]. Thus, according to this preliminary finding, the 
success of M1 tDCS analgesia could depend on the indi-
vidual susceptibility to mobilize μ-opioid activity related 
to placebo. Nevertheless, more research is needed to fully 
understand the neurobiological basis of the placebo effect.

The above results should be interpreted in the light of 
a number of limitations. First, the FIQ-R does not provide 
a complete profile of the functioning of patients with FM; 
thus, future research should include specific indices of 

Table 3   Repeated measures ANOVA results for the clinical variables (with mean or median imputation for missing data) and size (ηp2) of the 
significant effects

ANOVA with imputation

Time effect Group effect Time*Group
Effect

Post hoc analysis
t(p)

F p ηp2 F P F p Pre vs post 
assessment

Pre vs 6-month 
follow-up assessment

Post vs 
6-month 
follow-up
assessment

SF-36 Mean 33.882 0.000 0.21 1.346 0.263 0.645 0.694  − 6.845
(0.000)

 − 7.324
(0.000)

 − 0.479
(1.000)

Physical Function 16.340 0.000 0.11 0.782 0.506 0.752 0.608 2.609
(0.047)

 − 4.293
(0.000)

 − 6.902
(0.000)

Physical Role 27.504 0.000 0.18 0.463 0.708 1.55 0.161  − 4.839
(0.000)

 − 7.287
(0.000)

 − 2.448
(0.008)

Body Pain 19.433 0.000 0.13 0.712 0.547 0.435 0.855  − 5.647
(0.000)

 − 5.110
(0.000)

0.537
(0.610)

General Health 4.668 0.010 0.04 1.404 0.245 1.251 0.281  − 1.877
(0.063)

 − 3.026
(0.007)

 − 0.755
(0.193)

Vitality 15.629 0.000 0.11 0.761 0.518 0.035 1.000  − 4.500
(0.000)

 − 5.123
(0.000)

 − 0.623
(0.518)

Social Function 15.462 0.000 0.11 1.103 0.351 0.459 0.838  − 5.063
(0.000)

 − 4.523
(0.000)

0.540
(0.591)

Mental Health 36.866 0.000 0.22 0.749 0.525 1.449 0.196  − 8.304
(0.000)

 − 6.044
(0.000)

2.260
(0.017)

Emotional Role 22.302 0.000 0.15 1.807 0.149 0.957 0.455  − 6.191
(0.000)

 − 5.265
(0.000)

0.926
(0.281)

FIQ-R total 49.906 0.000 0.28 0.504 0.680 0.515 0.797 9.274
(0.000)

7.855
(0.000)

 − 1419
(0.128)

FIQ-R symptoms 60.97 0.000 0.32 0.411 0.745 0.569 0.755 10.869
(0.000)

7.123
(0.000)

 − 3.746
(0.000)

FIQ-R Impact 22.376 0.000 0.15 1.053 0.372 0.443 0.850 5.247
(0.000)

6.217
(0.000)

0.970
(0.339)

FIQ-R function 23.157 0.000 0.15 0.447 0.720 1.001 0.425 6.089
(0.000)

5.677
(0.000)

 − 0.413
(0.680)
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Fig. 3   Comparison of pre-, post- and follow-up treatment assessment of the eight SF-36 subscales for the different tDCS stimulation groups 
(M1, DLPFC, OIC and Sham). Higher scores indicate improvement in QoL



2529Quality of Life Research (2022) 31:2519–2534	

1 3

functioning such as the WHODAS 2.0 [86]. Second, the 
design of our study may make it difficult to differentiate 
between the effect of tDCS itself and the effect of the inter-
vention. In this vein, previous studies found that both sample 
size and trial duration (i.e., number of face-to-face visits) 
were significantly associated with placebo response magni-
tude [65, 87, 88]. Several unspecific variables may be influ-
encing this relation, since the 15 session patient-to-patient 
contact probably increased social support and peer under-
standing, which are crucial for promoting health improve-
ment [89]. Also, the daily commute to the health centre dur-
ing 3 weeks could have a positive impact on the physical 
(exercising) and emotional health (getting out of the house, 
distraction from daily routine…) of the patients. Moreover, 
the therapists had a strong commitment and empathy with 
the participants. All of this could lead to the Hawthorne 
effect, understood as a change in participants’ behaviour 
as a motivational response to the interest, care or attention 
received through observation and assessment, which is influ-
enced by the researchers wishes [90, 91]. This effect has 
been widely observed in research on pain treatment [91, 92]; 
in fact, it has been reported that the treatment effect observed 
in some clinical trials may be upwardly biased due to the 

Hawthorne effect [93]. Finally, although the sample size is 
larger than in previous studies in the field, it may not have 
been large enough to detect group effects of small size. In 
order to address such non-specific effects of the intervention, 
we consider that home-based treatments may be a promising 
alternative for evaluating the effects of tDCS (or other modu-
lation techniques) on the quality of life of patients with FM. 
Applying tDCS at home may minimize the effect of social 
interaction (with the therapist and other patients), reduce 
intervention costs and allow the inclusion of a larger number 
of participants. Furthermore, to increase knowledge about 
tDCS and the sham-placebo effect in clinical trials, it would 
be interesting to conduct tDCS clinical trials evaluating its 
effect on brain activity assessed with neuroimaging tech-
niques and adding an untreated group to the experimental 
design to assess the effects more accurately.

Conclusions

Here we assessed the efficacy of different tDCS cortical 
targets to improve QoL. We found that fifteen sessions of 
tDCS, irrespective of cortical target and active/simulated 
condition,  improved patients' well-being by achieving a 

Fig. 4   Comparison of pre-, post- and follow-up treatment assessment of the FIQ-R sub-scales for the different tDCS stimulation groups (M1, 
DLPFC, OIC and Sham). Lower scores represent improvement (i. e., decrease in symptom severity, impact, or functioning) in FM patients
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clinically significant improvement (measured immediately 
after the end of treatment and 6 months later). The observed 
improvement may be explained by a placebo effect probably 
related to the positive expectations on the efficacy of neu-
romodulation techniques and to non-specific psychosocial 
variables.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11136-​022-​03106-1.

Acknowledgements  We would like to give special thanks to all the 
patients with FM who have participated in this clinical trial. Also, to 
Anthony O’Brien for his advice on LMR analysis.

Author contributions  All authors worked in the preparation of the 
manuscript. NS-V contributed with the experimental design, data col-
lection, data analysis, and first draft writing. AJG-V contributed with 
the experimental design, data analysis, as well as the preparation and 
revision of the manuscript. MP-M contributed with the data acquisi-
tion and experimental design. AV-M contributed with data analysis and 
manuscript revision. MTC-P contributed with experimental design, 
data analysis, and manuscript drafting and review.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. The Spanish Government (Ministerio 
de Economia y Competitividad; number PSI2016-75313-R) supported 
this research. Moreover, AJG-V was supported by a grant from the 
Portuguese Foundation for Science and Technology within the scope of 
the Individual Call for Stimulus to Scientific Employment 2017. NS-V 
was benefited from a grant from the Spanish Government (Ministerio 
de Economía y Competitividad; grant number BES-2017–082684).

Data availability  The authors confirm that the data supporting the 
findings of this study are available from the corresponding author 
NS-V on request.

Declarations 

Conflict of interest  The authors state that they do not have any compet-
ing interests.

Ethical approval  According to the Declaration of Helsinki, the 
Research Ethics Committee of Galicia (code: 2014/488) accepted the 
protocol of this clinical trial.

Consent to participate  All participants signed an informed consent 
form agreeing to participate in the study and to the publication of data 
in a scientific journal.

Consent for publication  All authors have read the paper and approved 
its publication.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Ta
bl

e 
4  

M
ea

n 
va

lu
es

 (S
ta

nd
ar

d 
D

ev
ia

tio
n 

in
 p

ar
en

th
es

es
) a

nd
 o

ne
 −

 w
ay

 A
N

O
VA

 re
su

lts
 fo

r t
he

 p
er

ce
nt

ag
e 

of
 im

pr
ov

em
en

t o
f t

ot
al

 sc
or

es
 o

f S
F-

36
 a

nd
 F

IQ
-R

C
om

pa
ris

on
s b

et
w

ee
n 

pr
e-

tre
at

m
en

t v
s. 

po
st-

tre
at

m
en

t a
nd

 p
re

-tr
ea

tm
en

t v
s. 

fo
llo

w
-u

p

M
1

D
LP

FC
O

IC
Sh

am
O

ne
-w

ay
 A

N
O

VA

Pr
e 

vs
 P

os
t

Pr
e 

vs
 F

ol
lo

w
-u

p
Pr

e 
vs

 P
os

t
Pr

e 
vs

 F
ol

lo
w

-u
p

Pr
e 

vs
 P

os
t

Pr
e 

vs
 F

ol
lo

w
-u

p
Pr

e 
vs

 P
os

t
Pr

e 
vs

 F
ol

lo
w

-u
p

Pr
e 

vs
 P

os
t

Pr
e 

vs
 

Fo
llo

w
-u

p

F
p

F
p

SF
-3

6 
M

ea
n

26
.1

1 
(4

0.
99

)
29

.8
4 

(5
0.

97
)

33
.1

0 
(5

5.
42

)
38

.0
7 

(5
1.

76
)

45
.1

0 
(8

8.
57

)
50

.8
8 

(7
6.

57
)

40
.7

3 
(8

5.
37

)
32

.9
2 

(8
1.

11
)

0.
48

0
0.

69
7

0.
65

2
0.

58
3

FI
Q

-R
 to

ta
l

19
.2

8 
(2

9.
04

)
19

.0
3 

(2
6.

38
)

20
.6

6 
(2

6.
90

)
11

.2
7 

(2
6.

66
)

26
.0

5 
(2

8.
09

)
18

.5
1 

(3
6.

64
)

18
.6

5 
(2

6.
74

)
18

.4
7 

(2
8.

59
)

0.
48

0
0.

69
7

0.
51

9
0.

67
0

https://doi.org/10.1007/s11136-022-03106-1
http://creativecommons.org/licenses/by/4.0/


2531Quality of Life Research (2022) 31:2519–2534	

1 3

References

	 1.	 Bartels, E. M., Dreyer, L., Jacobsen, S., Jespersen, A., Bliddal, 
H., & Danneskiold-Samsøe, B. (2009). Fibromyalgia, diagnosis 
and prevalence: Are gender differences explainable? Ugeskrift for 
Laeger, 171(49), 3588–3592.

	 2.	 Ben-Ami Shor, D., Weitzman, D., Dahan, S., Gendelman, O., Bar-
On, Y., Amital, D., & Amital, H. (2017). Adherence and persis-
tence with drug therapy among fibromyalgia patients: Data from a 
large health maintenance organization. The Journal of Rheumatol-
ogy, 44(10), 1499–1506. https://​doi.​org/​10.​3899/​jrheum.​170098

	 3.	 Heidari, F., Afshari, M., & Moosazadeh, M. (2017). Prevalence 
of fibromyalgia in general population and patients, a systematic 
review and meta-analysis. Rheumatology International, 37(9), 
1527–1539. https://​doi.​org/​10.​1007/​s00296-​017-​3725-2

	 4.	 Clauw, D. J. (2014). Fibromyalgia: A clinical review. JAMA, 
311(15), 1547. https://​doi.​org/​10.​1001/​jama.​2014.​3266

	 5.	 Birtane, M., Uzunca, K., Taştekin, N., & Tuna, H. (2007). The 
evaluation of quality of life in fibromyalgia syndrome: A com-
parison with rheumatoid arthritis by using SF-36 Health Survey. 
Clinical Rheumatology, 26(5), 679–684. https://​doi.​org/​10.​1007/​
s10067-​006-​0359-2

	 6.	 Lee, J.-W., Lee, K.-E., Park, D.-J., Kim, S.-H., Nah, S.-S., Lee, J. 
H., & Lee, S.-S. (2017). Determinants of quality of life in patients 
with fibromyalgia: A structural equation modeling approach. PLoS 
ONE, 12(2), e0171186. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01711​86

	 7.	 Schaefer, C., Chandran, A., Hufstader, M., Baik, R., McNett, M., 
Goldenberg, D., & Zlateva, G. (2011). The comparative burden 
of mild, moderate and severe Fibromyalgia: Results from a cross-
sectional survey in the United States. Health and Quality of Life 
Outcomes, 9(1), 71. https://​doi.​org/​10.​1186/​1477-​7525-9-​71

	 8.	 Del Olmo Climent, C., Cuerda Ballester, M., & Sancho Cantus, D. 
(2019). Calidad de vida en pacientes con fibromialgia: Revisión 
bibliográfica. Revista Española de Enfermería de Salud Mental, 
(8), 4–10. https://​doi.​org/​10.​35761/​reesme.​2019.8.​02

	 9.	 Cardona-Arias, J. A., León-Mira, V., & Alejandro Antonio, C.-T. 
(2014). Estado de salud y calidad de vida en pacientes con fibro-
mialgia. Medellín. Revista Colombiana de Reumatología, 21(1), 
10–20. https://​doi.​org/​10.​1016/​S0121-​8123(14)​70142-2

	10.	 Sañudo, J. I., Corrales-Sánchez, R., & Sañudo, B. (2013). Nivel de 
actividad física, calidad de vida y niveles de depresión en mujeres 
mayores con fibromialgia. Escritos de Psicología / Psychological 
Writings, 6(2), 53–60. https://​doi.​org/​10.​5231/​psy.​writ.​2013.​2806

	11.	 Thieme, K., Mathys, M., & Turk, D. C. (2017). Evidenced-Based 
Guidelines on the Treatment of Fibromyalgia Patients: Are They 
Consistent and If Not, Why Not? Have Effective Psychological 
Treatments Been Overlooked? The Journal of Pain, 18(7), 747–
756. https://​doi.​org/​10.​1016/j.​jpain.​2016.​12.​006

	12.	 Häuser, W., Ablin, J., Perrot, S., & Fitzcharles, M.-A. (2017). 
Management of fibromyalgia: practical guides from recent evi-
dence-based guidelines. Polish Archives of Internal Medicine, 
127(1), 47–56. https://​doi.​org/​10.​20452/​pamw.​3877

	13.	 Macfarlane, G. J., Kronisch, C., Dean, L. E., Atzeni, F., Häuser, 
W., Fluß, E., & Jones, G. T. (2017). EULAR revised recommen-
dations for the management of fibromyalgia. Annals of the Rheu-
matic Diseases, 76(2), 318–328. https://​doi.​org/​10.​1136/​annrh​
eumdis-​2016-​209724

	14.	 Marcus, D. A., Bernstein, C. D., Haq, A., & Breuer, P. (2014). 
Including a range of outcome targets offers a broader view of 
fibromyalgia treatment outcome: Results from a retrospective 
review of multidisciplinary treatment: Functional outcome for 
fibromyalgia. Musculoskeletal Care, 12(2), 74–81. https://​doi.​
org/​10.​1002/​msc.​1056

	15.	 Baek, S.-H., Seok, H. Y., Koo, Y. S., & Kim, B.-J. (2016). 
Lengthened cutaneous silent period in fibromyalgia suggest-
ing central sensitization as a pathogenesis. PLoS ONE, 11(2), 
e0149248. https://​doi.​org/​10.​1371/​journ​al.​pone.​01492​48

	16.	 Boomershine, C. (2015). Fibromyalgia: The prototypical central 
sensitivity syndrome. Current Rheumatology Reviews, 11(2), 
131–145. https://​doi.​org/​10.​2174/​15733​97111​66615​06190​
95007

	17.	 Walitt, B., Ceko, M., Gracely, L., & J., & H. Gracely, R. (2016). 
Neuroimaging of central sensitivity syndromes: Key insights from 
the scientific literature. Current Rheumatology Reviews, 12(1), 
55–87. https://​doi.​org/​10.​2174/​15733​97112​66615​12311​11104

	18.	 O’Connell, N. E., Marston, L., Spencer, S., DeSouza, L. H., & 
Wand, B. M. (2018). Non-invasive brain stimulation techniques 
for chronic pain. Cochrane Database of Systematic Reviews. 
https://​doi.​org/​10.​1002/​14651​858.​CD008​208.​pub4

	19.	 Stagg, C. J., & Nitsche, M. A. (2011). Physiological basis of 
transcranial direct current stimulation. The Neuroscientist, 17(1), 
37–53. https://​doi.​org/​10.​1177/​10738​58410​386614

	20.	 Lloyd, D. M., Wittkopf, P. G., Arendsen, L. J., & Jones, A. K. P. 
(2020). Is transcranial direct current stimulation (tDCS) effective 
for the treatment of pain in fibromyalgia? A systematic review 
and meta-analysis. The Journal of Pain, 21(11–12), 1085–1100. 
https://​doi.​org/​10.​1016/j.​jpain.​2020.​01.​003

	21.	 Baptista, A. F., Fernandes, A. M. B. L., Sá, K. N., Okano, A. H., 
Brunoni, A. R., Lara-Solares, A., & de Andrade, D. C. (2019). 
Latin American and Caribbean consensus on noninvasive central 
nervous system neuromodulation for chronic pain management 
(LAC2-NIN-CP). PAIN Reports, 4(1), e692. https://​doi.​org/​10.​
1097/​PR9.​00000​00000​000692

	22.	 Zhu, C., Yu, B., Zhang, W., Chen, W., Qi, Q., & Miao, Y. (2017). 
Effiectiveness and safety of transcranial direct current stimulation 
in fibromyalgia: A systematic review and meta-analysis. Journal 
of Rehabilitation Medicine, 49(1), 2–9. https://​doi.​org/​10.​2340/​
16501​977-​2179

	23.	 Brunoni, A. R., Amadera, J., Berbel, B., Volz, M. S., Rizzerio, 
B. G., & Fregni, F. (2011). A systematic review on reporting and 
assessment of adverse effects associated with transcranial direct 
current stimulation. International Journal of Neuropsychophar-
macology, 14(8), 1133–1145. https://​doi.​org/​10.​1017/​S1461​14571​
00016​90

	24.	 George, M., Nahas, Z., Kozel, F., Li, X., Denslow, S., Yamanaka, 
K., & Bohning, D. (2002). Mechanisms and state of the art of 
transcranial magnetic stimulation. Journal of ECT, 18, 170–181.

	25.	 Rossi, S., Hallett, M., Rossini, P. M., & Pascual-Leone, A. (2009). 
Safety, ethical considerations, and application guidelines for the 
use of transcranial magnetic stimulation in clinical practice and 
research. Clinical Neurophysiology, 120(12), 2008–2039. https://​
doi.​org/​10.​1016/j.​clinph.​2009.​08.​016

	26.	 Castillo-Saavedra, L., Gebodh, N., Bikson, M., Diaz-Cruz, C., 
Brandao, R., Coutinho, L., & Fregni, F. (2016). Clinically effec-
tive treatment of fibromyalgia pain with high-definition transcra-
nial direct current stimulation: Phase II open-label dose optimiza-
tion. The Journal of Pain: Official Journal of the American Pain 
Society, 17(1), 14–26. https://​doi.​org/​10.​1016/j.​jpain.​2015.​09.​009

	27.	 Polanía, R., Paulus, W., & Nitsche, M. A. (2012). Modulating 
cortico-striatal and thalamo-cortical functional connectivity with 
transcranial direct current stimulation. Human Brain Mapping, 
33(10), 2499–2508. https://​doi.​org/​10.​1002/​hbm.​21380

	28.	 Boggio, P. S., Zaghi, S., Lopes, M., & Fregni, F. (2008). Modula-
tory effects of anodal transcranial direct current stimulation on 
perception and pain thresholds in healthy volunteers. European 
Journal of Neurology, 15(10), 1124–1130. https://​doi.​org/​10.​
1111/j.​1468-​1331.​2008.​02270.x

	29.	 Mendonca, M. E., Santana, M. B., Baptista, A. F., Datta, A., 
Bikson, M., Fregni, F., & Araujo, C. P. (2011). Transcranial DC 

https://doi.org/10.3899/jrheum.170098
https://doi.org/10.1007/s00296-017-3725-2
https://doi.org/10.1001/jama.2014.3266
https://doi.org/10.1007/s10067-006-0359-2
https://doi.org/10.1007/s10067-006-0359-2
https://doi.org/10.1371/journal.pone.0171186
https://doi.org/10.1371/journal.pone.0171186
https://doi.org/10.1186/1477-7525-9-71
https://doi.org/10.35761/reesme.2019.8.02
https://doi.org/10.1016/S0121-8123(14)70142-2
https://doi.org/10.5231/psy.writ.2013.2806
https://doi.org/10.1016/j.jpain.2016.12.006
https://doi.org/10.20452/pamw.3877
https://doi.org/10.1136/annrheumdis-2016-209724
https://doi.org/10.1136/annrheumdis-2016-209724
https://doi.org/10.1002/msc.1056
https://doi.org/10.1002/msc.1056
https://doi.org/10.1371/journal.pone.0149248
https://doi.org/10.2174/1573397111666150619095007
https://doi.org/10.2174/1573397111666150619095007
https://doi.org/10.2174/1573397112666151231111104
https://doi.org/10.1002/14651858.CD008208.pub4
https://doi.org/10.1177/1073858410386614
https://doi.org/10.1016/j.jpain.2020.01.003
https://doi.org/10.1097/PR9.0000000000000692
https://doi.org/10.1097/PR9.0000000000000692
https://doi.org/10.2340/16501977-2179
https://doi.org/10.2340/16501977-2179
https://doi.org/10.1017/S1461145710001690
https://doi.org/10.1017/S1461145710001690
https://doi.org/10.1016/j.clinph.2009.08.016
https://doi.org/10.1016/j.clinph.2009.08.016
https://doi.org/10.1016/j.jpain.2015.09.009
https://doi.org/10.1002/hbm.21380
https://doi.org/10.1111/j.1468-1331.2008.02270.x
https://doi.org/10.1111/j.1468-1331.2008.02270.x


2532	 Quality of Life Research (2022) 31:2519–2534

1 3

stimulation in fibromyalgia: Optimized cortical target supported 
by high-resolution computational models. The Journal of Pain, 
12(5), 610–617. https://​doi.​org/​10.​1016/j.​jpain.​2010.​12.​015

	30.	 To, W. T., James, E., Ost, J., Hart, J., De Ridder, D., & Vanneste, 
S. (2017). Differential effects of bifrontal and occipital nerve stim-
ulation on pain and fatigue using transcranial direct current stimu-
lation in fibromyalgia patients. Journal of Neural Transmission, 
124(7), 799–808. https://​doi.​org/​10.​1007/​s00702-​017-​1714-y

	31.	 Valle, A., Roizenblatt, S., Botte, S., Zaghi, S., Riberto, M., Tufik, 
S., & Fregni, F. (2009). Efficacy of anodal transcranial direct cur-
rent stimulation (tDCS) for the treatment of fibromyalgia: Results 
of a randomized, sham-controlled longitudinal clinical trial. Jour-
nal of Pain Management, 2(3), 353–361.

	32.	 Stagg, C. J., Lin, R. L., Mezue, M., Segerdahl, A., Kong, Y., Xie, 
J., & Tracey, I. (2013). Widespread modulation of cerebral perfu-
sion induced during and after transcranial direct current stimu-
lation applied to the left dorsolateral prefrontal cortex. Journal 
of Neuroscience, 33(28), 11425–11431. https://​doi.​org/​10.​1523/​
JNEUR​OSCI.​3887-​12.​2013

	33.	 Graff-Guerrero, A., González-Olvera, J., Fresán, A., Gómez-Mar-
tín, D., Carlos Méndez-Núñez, J., & Pellicer, F. (2005). Repetitive 
transcranial magnetic stimulation of dorsolateral prefrontal cortex 
increases tolerance to human experimental pain. Cognitive Brain 
Research, 25(1), 153–160. https://​doi.​org/​10.​1016/j.​cogbr​ainres.​
2005.​05.​002

	34.	 Lu, C., Yang, T., Zhao, H., Zhang, M., Meng, F., Fu, H., & Xu, H. 
(2016). Insular cortex is critical for the perception, modulation, 
and chronification of pain. Neuroscience Bulletin, 32(2), 191–201. 
https://​doi.​org/​10.​1007/​s12264-​016-​0016-y

	35.	 Baumgärtner, U., Iannetti, G. D., Zambreanu, L., Stoeter, P., 
Treede, R.-D., & Tracey, I. (2010). Multiple somatotopic rep-
resentations of heat and mechanical pain in the operculo-insular 
cortex: A high-resolution fMRI study. Journal of Neurophysiol-
ogy, 104(5), 2863–2872. https://​doi.​org/​10.​1152/​jn.​00253.​2010

	36.	 Garcia-Larrea, L., & Mauguière, F. (2018). Pain syndromes and 
the parietal lobe. In Handbook of Clinical Neurology, Vol. 151, 
pp. 207–223. Elsevier.

	37.	 Cagnie, B., Coppieters, I., Denecker, S., Six, J., Danneels, L., 
& Meeus, M. (2014). Central sensitization in fibromyalgia? A 
systematic review on structural and functional brain MRI. Semi-
nars in Arthritis and Rheumatism, 44(1), 68–75. https://​doi.​org/​
10.​1016/j.​semar​thrit.​2014.​01.​001

	38.	 Seo, J., Kim, S.-H., Kim, Y.-T., Song, H., Lee, J., Kim, S.-H., & 
Chang, Y. (2012). Working memory impairment in fibromyalgia 
patients associated with altered frontoparietal memory network. 
PLoS ONE, 7(6), e37808. https://​doi.​org/​10.​1371/​journ​al.​pone.​
00378​08

	39.	 Brighina, F., Curatolo, M., Cosentino, G., De Tommaso, M., Batt-
aglia, G., Sarzi-Puttini, P. C., & Fierro, B. (2019). Brain modula-
tion by electric currents in fibromyalgia: A structured review on 
non-invasive approach with transcranial electrical stimulation. 
Frontiers in Human Neuroscience, 13, 40. https://​doi.​org/​10.​3389/​
fnhum.​2019.​00040

	40.	 Ablin, J., Fitzcharles, M.-A., Buskila, D., Shir, Y., Sommer, C., & 
Häuser, W. (2013). Treatment of fibromyalgia syndrome: Recom-
mendations of recent evidence-based interdisciplinary guidelines 
with special emphasis on complementary and alternative thera-
pies. Evidence-Based Complementary and Alternative Medicine, 
2013, 1–7. https://​doi.​org/​10.​1155/​2013/​485272

	41.	 Mease, P., Clauw, D., Arnold, L., Goldenberg, D., Witter, J., Wil-
liams, D., & Crofford, L. (2005). Fibromyalgia syndrome, 32(11), 
2270–2277.

	42.	 Offenbächer, M., Cieza, A., Brockow, T., Amann, E., Kollerits, B., 
& Stucki, G. (2007). Are the contents of treatment outcomes in 
fibromyalgia trials represented in the international classification of 

functioning, disability, and health? The Clinical Journal of Pain, 
23(8), 691–701. https://​doi.​org/​10.​1097/​AJP.​0b013​e3181​48b93d

	43.	 Dworkin, R. H., Turk, D. C., McDermott, M. P., Peirce-Sandner, 
S., Burke, L. B., Cowan, P., & Sampaio, C. (2009). Interpreting 
the clinical importance of group differences in chronic pain clini-
cal trials: IMMPACT recommendations. Pain, 146(3), 238–244. 
https://​doi.​org/​10.​1016/j.​pain.​2009.​08.​019

	44.	 Wolfe, F., Clauw, D. J., Fitzcharles, M.-A., Goldenberg, D. L., 
Katz, R. S., Mease, P., & Yunus, M. B. (2010). The American 
College of Rheumatology Preliminary Diagnostic Criteria for 
Fibromyalgia and Measurement of Symptom Severity. Arthritis 
Care & Research, 62(5), 600–610. https://​doi.​org/​10.​1002/​acr.​
20140

	45.	 Liebetanz, D. (2002). Pharmacological approach to the mecha-
nisms of transcranial DC-stimulation-induced after-effects of 
human motor cortex excitability. Brain, 125(10), 2238–2247. 
https://​doi.​org/​10.​1093/​brain/​awf238

	46.	 McLaren, M. E., Nissim, N. R., & Woods, A. J. (2018). The effects 
of medication use in transcranial direct current stimulation: A 
brief review. Brain Stimulation, 11(1), 52–58. https://​doi.​org/​10.​
1016/j.​brs.​2017.​10.​006

	47.	 Samartin-Veiga, N., Pidal-Miranda, M., González-Villar, A. J., 
Bradley, C., Garcia-Larrea, L., O'Brien, A. T., & Carrillo-de-la-
Peña, M. T. (2022). Transcranial direct current stimulation of 3 
cortical targets is no more effective than placebo as treatment for 
fibromyalgia: a double-blind sham-controlledclinical trial. Pain, 
163(7), e850–e861. https://​doi.​org/​10.​1097/j.​pain.​00000​00000​
002493

	48.	 Fagerlund, A. J., Hansen, O. A., & Aslaksen, P. M. (2015). Tran-
scranial direct current stimulation as a treatment for patients with 
fibromyalgia: A randomized controlled trial. Pain, 156(1), 62–71. 
https://​doi.​org/​10.​1016/j.​pain.​00000​00000​000006

	49.	 Fregni, F., Gimenes, R., Valle, A. C., Ferreira, M. J. L., Rocha, 
R. R., Natalle, L., & Boggio, P. S. (2006). A randomized, sham-
controlled, proof of principle study of transcranial direct current 
stimulation for the treatment of pain in fibromyalgia. Arthritis 
& Rheumatism, 54(12), 3988–3998. https://​doi.​org/​10.​1002/​art.​
22195

	50.	 Khedr, E. M., Omran, E. A. H., Ismail, N. M., El-Hammady, 
D. H., Goma, S. H., Kotb, H., & Ahmed, G. A. (2017). Effects 
of transcranial direct current stimulation on pain, mood and 
serum endorphin level in the treatment of fibromyalgia: A dou-
ble blinded, randomized clinical trial. Brain Stimulation, 10(5), 
893–901. https://​doi.​org/​10.​1016/j.​brs.​2017.​06.​006

	51.	 Mendonca, M. E., Simis, M., Grecco, L. C., Battistella, L. R., 
Baptista, A. F., & Fregni, F. (2016). Transcranial direct current 
stimulation combined with aerobic exercise to optimize analgesic 
responses in fibromyalgia: A randomized placebo-controlled clini-
cal trial. Frontiers in Human Neuroscience, 10,. https://​doi.​org/​
10.​3389/​fnhum.​2016.​00068

	52.	 Riberto, M. (2011). Efficacy of transcranial direct current stimula-
tion coupled with a multidisciplinary rehabilitation program for 
the treatment of fibromyalgia. The Open Rheumatology Journal, 
5(1), 45–50. https://​doi.​org/​10.​2174/​18743​12901​10501​0045

	53.	 Villamar, M. F., Wivatvongvana, P., Patumanond, J., Bikson, M., 
Truong, D. Q., Datta, A., & Fregni, F. (2013). Focal modula-
tion of the primary motor cortex in fibromyalgia using 4×1-ring 
high-definition transcranial direct current stimulation (HD-tDCS): 
Immediate and delayed analgesic effects of cathodal and anodal 
stimulation. The Journal of Pain, 14(4), 371–383. https://​doi.​org/​
10.​1016/j.​jpain.​2012.​12.​007

	54.	 Fregni, F., El-Hagrassy, M. M., Pacheco-Barrios, K., Carvalho, 
S., Leite, J., Simis, M., & Zeng, H. (2021). Evidence-based 
guidelines and secondary meta-analysis for the use of transcra-
nial direct current stimulation in neurological and psychiatric 

https://doi.org/10.1016/j.jpain.2010.12.015
https://doi.org/10.1007/s00702-017-1714-y
https://doi.org/10.1523/JNEUROSCI.3887-12.2013
https://doi.org/10.1523/JNEUROSCI.3887-12.2013
https://doi.org/10.1016/j.cogbrainres.2005.05.002
https://doi.org/10.1016/j.cogbrainres.2005.05.002
https://doi.org/10.1007/s12264-016-0016-y
https://doi.org/10.1152/jn.00253.2010
https://doi.org/10.1016/j.semarthrit.2014.01.001
https://doi.org/10.1016/j.semarthrit.2014.01.001
https://doi.org/10.1371/journal.pone.0037808
https://doi.org/10.1371/journal.pone.0037808
https://doi.org/10.3389/fnhum.2019.00040
https://doi.org/10.3389/fnhum.2019.00040
https://doi.org/10.1155/2013/485272
https://doi.org/10.1097/AJP.0b013e318148b93d
https://doi.org/10.1016/j.pain.2009.08.019
https://doi.org/10.1002/acr.20140
https://doi.org/10.1002/acr.20140
https://doi.org/10.1093/brain/awf238
https://doi.org/10.1016/j.brs.2017.10.006
https://doi.org/10.1016/j.brs.2017.10.006
https://doi.org/10.1097/j.pain.0000000000002493
https://doi.org/10.1097/j.pain.0000000000002493
https://doi.org/10.1016/j.pain.0000000000000006
https://doi.org/10.1002/art.22195
https://doi.org/10.1002/art.22195
https://doi.org/10.1016/j.brs.2017.06.006
https://doi.org/10.3389/fnhum.2016.00068
https://doi.org/10.3389/fnhum.2016.00068
https://doi.org/10.2174/1874312901105010045
https://doi.org/10.1016/j.jpain.2012.12.007
https://doi.org/10.1016/j.jpain.2012.12.007


2533Quality of Life Research (2022) 31:2519–2534	

1 3

disorders. International Journal of Neuropsychopharmacology, 
24(4), 256–313. https://​doi.​org/​10.​1093/​ijnp/​pyaa0​51

	55.	 Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). 
G*Power 3: A flexible statistical power analysis program for the 
social, behavioral, and biomedical sciences. Behavior Research 
Methods, 39(2), 175–191. https://​doi.​org/​10.​3758/​BF031​93146

	56.	 Carrillo-de-la-Peña, M. T., Triñanes, Y., González-Villar, A., 
Romero-Yuste, S., Gómez-Perretta, C., Arias, M., & Wolfe, F. 
(2015). Convergence between the 1990 and 2010 ACR diagnostic 
criteria and validation of the Spanish version of the Fibromyalgia 
Survey Questionnaire (FSQ). Rheumatology International, 35(1), 
141–151. https://​doi.​org/​10.​1007/​s00296-​014-​3074-3

	57.	 Wolfe, F., Clauw, D. J., Fitzcharles, M.-A., Goldenberg, D. L., 
Häuser, W., Katz, R. S., & Winfield, J. B. (2011). Fibromyalgia 
criteria and severity scales for clinical and epidemiological stud-
ies: A modification of the ACR preliminary diagnostic criteria for 
fibromyalgia. The Journal of Rheumatology, 38(6), 1113–1122. 
https://​doi.​org/​10.​3899/​jrheum.​100594

	58.	 Alonso, J., Prieto, L., & Antó, J. M. (1995). The Spanish ver-
sion of the SF-36 Health Survey (the SF-36 health questionnaire): 
An instrument for measuring clinical results. Medicina Clinica, 
104(20), 771–776.

	59.	 Ware, J. J., & Sherbourne, C. D. (1992). The MOS 36-Item Short-
Form Health Survey (SF-36): I. Conceptual framework and item 
selection, Med Care, 30, 6.

	60.	 Bennett, R. M., Friend, R., Jones, K. D., Ward, R., Han, B. K., & 
Ross, R. L. (2009). The Revised Fibromyalgia Impact Question-
naire (FIQR): Validation and psychometric properties. Arthritis 
Research & Therapy, 11(4), 120. https://​doi.​org/​10.​1186/​ar278​3f

	61.	 Salgueiro, M., García-Leiva, J. M., Ballesteros, J., Hidalgo, J., 
Molina, R., & Calandre, E. P. (2013). Validation of a Spanish ver-
sion of the Revised Fibromyalgia Impact Questionnaire (FIQR). 
Health and Quality of Life Outcomes, 11(1), 132. https://​doi.​org/​
10.​1186/​1477-​7525-​11-​132

	62.	 Lakens, D. (2013). Calculating and reporting effect sizes to facili-
tate cumulative science: A practical primer for t-tests and ANO-
VAs. Frontiers in Psychology. https://​doi.​org/​10.​3389/​fpsyg.​2013.​
00863

	63.	 Vilagut, G., Ferrer, M., Rajmil, L., Rebollo, P., Permanyer-
Miralda, G., Quintana, J. M., & Alonso, J. (2005). El Cuestion-
ario de Salud SF-36 español: Una década de experiencia y nuevos 
desarrollos. Gaceta Sanitaria, 19(2), 135–150. https://​doi.​org/​10.​
1157/​13074​369

	64.	 Jales Junior, L. H., Costa, M. do D. L., Jales Neto, L. H., Ribeiro, 
J. P. M., Freitas, W. J. S. do N., & Teixeira, M. J. (2015). Tran-
scranial direct current stimulation in fibromyalgia: effects on pain 
and quality of life evaluated clinically and by brain perfusion scin-
tigraphy. Revista Dor, 16(1). https://​doi.​org/​10.​5935/​1806-​0013.​
20150​008

	65.	 Tuttle, A. H., Tohyama, S., Ramsay, T., Kimmelman, J., Schwein-
hardt, P., Bennett, G. J., & Mogil, J. S. (2015). Increasing placebo 
responses over time in U.S. clinical trials of neuropathic pain. 
Pain, 156(12), 2616–2626. https://​doi.​org/​10.​1097/j.​pain.​00000​
00000​000333

	66.	 Wood, L., Egger, M., Gluud, L. L., Schulz, K. F., Jüni, P., Altman, 
D. G., & Sterne, J. A. C. (2008). Empirical evidence of bias in treat-
ment effect estimates in controlled trials with different interven-
tions and outcomes: Meta-epidemiological study. BMJ, 336(7644), 
601–605. https://​doi.​org/​10.​1136/​bmj.​39465.​451748.​AD

	67.	 Fagundes-Pereyra, W. J., Teixeira, M. J., Reyns, N., Touzet, G., 
Dantas, S., Laureau, E., & Blond, S. (2010). Motor cortex elec-
tric stimulation for the treatment of neuropathic pain. Arquivos de 
Neuro-Psiquiatria, 68(6), 923–929. https://​doi.​org/​10.​1590/​S0004-​
282X2​01000​06000​18

	68.	 García-Larrea, L., Peyron, R., Mertens, P., Gregoire, C. M., Lavenne, 
F., Le Bars, D., & Laurent, B. (1999). Electrical stimulation of motor 

cortex for pain control: A combined PET-scan and electrophysi-
ological study. Pain, 83(2), 259–273. https://​doi.​org/​10.​1016/​S0304-​
3959(99)​00114-1

	69.	 Garcia-Larrea, L., Peyron, R., Mertens, P., Grégoire, M. C., Lavenne, 
F., Bonnefoi, F., & Sindou, M. (1997). Positron emission tomogra-
phy during motor cortex stimulation for pain control. Stereotactic 
and Functional Neurosurgery, 68(1–4), 141–148. https://​doi.​org/​10.​
1159/​00009​9915

	70.	 Lorenz, J., Minoshima, S., & Casey, K. L. (2003). Keeping pain 
out of mind: The role of the dorsolateral prefrontal cortex in pain 
modulation. Brain, 126(5), 1079–1091. https://​doi.​org/​10.​1093/​
brain/​awg102

	71.	 Arul-Anandam, A. P., Loo, C., Martin, D., & Mitchell, P. B. (2009). 
Chronic neuropathic pain alleviation after transcranial direct current 
stimulation to the dorsolateral prefrontal cortex. Brain Stimulation, 
2(3), 149–151. https://​doi.​org/​10.​1016/j.​brs.​2008.​12.​003

	72.	 Seminowicz, D. A., & Moayedi, M. (2017). The dorsolateral pre-
frontal cortex in acute and chronic pain. The Journal of Pain, 18(9), 
1027–1035. https://​doi.​org/​10.​1016/j.​jpain.​2017.​03.​008

	73.	 Pacheco-Barrios, K., Cardenas-Rojas, A., Thibaut, A., Costa, B., 
Ferreira, I., Caumo, W., & Fregni, F. (2020). Methods and strategies 
of tDCS for the treatment of pain: Current status and future direc-
tions. Expert Review of Medical Devices, 17(9), 879–898. https://​
doi.​org/​10.​1080/​17434​440.​2020.​18161​68

	74.	 Gracely, R. H. (2004). Pain catastrophizing and neural responses 
to pain among persons with fibromyalgia. Brain, 127(4), 835–843. 
https://​doi.​org/​10.​1093/​brain/​awh098

	75.	 Napadow, V., LaCount, L., Park, K., As-Sanie, S., Clauw, D. J., & 
Harris, R. E. (2010). Intrinsic brain connectivity in fibromyalgia 
is associated with chronic pain intensity. Arthritis & Rheumatism, 
62(8), 2545–2555. https://​doi.​org/​10.​1002/​art.​27497

	76.	 Staud, R., Craggs, J. G., Perlstein, W. M., Robinson, M. E., & Price, 
D. D. (2008). Brain activity associated with slow temporal sum-
mation of C-fiber evoked pain in fibromyalgia patients and healthy 
controls. European Journal of Pain, 12(8), 1078–1089. https://​doi.​
org/​10.​1016/j.​ejpain.​2008.​02.​002

	77.	 Angst, F., Aeschlimann, A., & Stucki, G. (2001). Smallest detect-
able and minimal clinically important differences of rehabilita-
tion intervention with their implications for required sample sizes 
using WOMAC and SF-36 quality of life measurement instruments 
in patients with osteoarthritis of the lower extremities. Arthritis 
& Rheumatism, 45(4), 384–391. https://​doi.​org/​10.​1002/​1529-​
0131(200108)​45:4%​3c384::​AID-​ART352%​3e3.0.​CO;2-0

	78.	 Escobar, A., Quintana, J. M., Bilbao, A., Aróstegui, I., Lafuente, I., 
& Vidaurreta, I. (2007). Responsiveness and clinically important 
differences for the WOMAC and SF-36 after total knee replace-
ment. Osteoarthritis and Cartilage, 15(3), 273–280. https://​doi.​org/​
10.​1016/j.​joca.​2006.​09.​001

	79.	 Surendran, S., & Mithun, C. B. (2018). Estimation of minimum 
clinically important difference in fibromyalgia for fiqr using bpi as 
the anchor measure. In FRIDAY, 15 JUNE 2018 (p. 845.1–845). Pre-
sented at the Annual European Congress of Rheumatology, EULAR 
2018, Amsterdam, 13–16 June 2018, BMJ Publishing Group Ltd 
and European League Against Rheumatism. https://​doi.​org/​10.​1136/​
annrh​eumdis-​2018-​eular.​5492

	80.	 Bennett, R. M., Bushmakin, A. G., Cappelleri, J. C., Zlateva, G., & 
Sadosky, A. B. (2009). Minimal clinically important difference in 
the fibromyalgia impact questionnaire. The Journal of Rheumatol-
ogy, 36(6), 1304–1311. https://​doi.​org/​10.​3899/​jrheum.​081090

	81.	 Mascarenhas, R. O., Souza, M. B., Oliveira, M. X., Lacerda, A. C., 
Mendonça, V. A., Henschke, N., & Oliveira, V. C. (2021). Associa-
tion of therapies with reduced pain and improved quality of life in 
patients with fibromyalgia: A systematic review and meta-analysis. 
JAMA Internal Medicine, 181(1), 104. https://​doi.​org/​10.​1001/​jamai​
ntern​med.​2020.​5651

https://doi.org/10.1093/ijnp/pyaa051
https://doi.org/10.3758/BF03193146
https://doi.org/10.1007/s00296-014-3074-3
https://doi.org/10.3899/jrheum.100594
https://doi.org/10.1186/ar2783f
https://doi.org/10.1186/1477-7525-11-132
https://doi.org/10.1186/1477-7525-11-132
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.1157/13074369
https://doi.org/10.1157/13074369
https://doi.org/10.5935/1806-0013.20150008
https://doi.org/10.5935/1806-0013.20150008
https://doi.org/10.1097/j.pain.0000000000000333
https://doi.org/10.1097/j.pain.0000000000000333
https://doi.org/10.1136/bmj.39465.451748.AD
https://doi.org/10.1590/S0004-282X2010000600018
https://doi.org/10.1590/S0004-282X2010000600018
https://doi.org/10.1016/S0304-3959(99)00114-1
https://doi.org/10.1016/S0304-3959(99)00114-1
https://doi.org/10.1159/000099915
https://doi.org/10.1159/000099915
https://doi.org/10.1093/brain/awg102
https://doi.org/10.1093/brain/awg102
https://doi.org/10.1016/j.brs.2008.12.003
https://doi.org/10.1016/j.jpain.2017.03.008
https://doi.org/10.1080/17434440.2020.1816168
https://doi.org/10.1080/17434440.2020.1816168
https://doi.org/10.1093/brain/awh098
https://doi.org/10.1002/art.27497
https://doi.org/10.1016/j.ejpain.2008.02.002
https://doi.org/10.1016/j.ejpain.2008.02.002
https://doi.org/10.1002/1529-0131(200108)45:4%3c384::AID-ART352%3e3.0.CO;2-0
https://doi.org/10.1002/1529-0131(200108)45:4%3c384::AID-ART352%3e3.0.CO;2-0
https://doi.org/10.1016/j.joca.2006.09.001
https://doi.org/10.1016/j.joca.2006.09.001
https://doi.org/10.1136/annrheumdis-2018-eular.5492
https://doi.org/10.1136/annrheumdis-2018-eular.5492
https://doi.org/10.3899/jrheum.081090
https://doi.org/10.1001/jamainternmed.2020.5651
https://doi.org/10.1001/jamainternmed.2020.5651


2534	 Quality of Life Research (2022) 31:2519–2534

1 3

	82.	 Kjær, S. W., Rice, A. S. C., Wartolowska, K., & Vase, L. (2020). 
Neuromodulation: More than a placebo effect? Pain, 161(3), 491–
495. https://​doi.​org/​10.​1097/j.​pain.​00000​00000​001727

	83.	 DosSantos, M. F., Ferreira, N., Toback, R. L., Carvalho, A. C., & 
DaSilva, A. F. (2016). Potential mechanisms supporting the value of 
motor cortex stimulation to treat chronic pain syndromes. Frontiers 
in Neuroscience, 10, 18. https://​doi.​org/​10.​3389/​fnins.​2016.​00018

	84.	 Becker, S., Gandhi, W., Elfassy, N. M., & Schweinhardt, P. (2013). 
The role of dopamine in the perceptual modulation of nociceptive 
stimuli by monetary wins or losses. European Journal of Neurosci-
ence. https://​doi.​org/​10.​1111/​ejn.​12303

	85.	 DosSantos, M. F., Martikainen, I. K., Nascimento, T. D., Love, T. 
M., DeBoer, M. D., Schambra, H. M., & DaSilva, A. F. (2014). 
Building up analgesia in humans via the endogenous μ-opioid sys-
tem by combining placebo and active tDCS: A preliminary report. 
PLoS ONE, 9(7), e102350. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01023​50

	86.	 Barreto, M. C. A., Moraleida, F. R. J., Graminha, C. V., Leite, 
C. F., Castro, S. S., & Nunes, A. C. L. (2021). Functioning in the 
fibromyalgia syndrome: Validity and reliability of the WHODAS 
2.0. Advances in Rheumatology, 61(1), 58. https://​doi.​org/​10.​1186/​
s42358-​021-​00216-1

	87.	 Katz, J., Finnerup, N. B., & Dworkin, R. H. (2008). Clinical trial 
outcome in neuropathic pain: Relationship to study characteristics. 
Neurology, 70(4), 263–272. https://​doi.​org/​10.​1212/​01.​wnl.​00002​
75528.​01263.​6c

	88.	 Vase, L., Vollert, J., Finnerup, N. B., Miao, X., Atkinson, G., Mar-
shall, S., & Segerdahl, M. (2015). Predictors of the placebo anal-
gesia response in randomized controlled trials of chronic pain: A 
meta-analysis of the individual data from nine industrially sponsored 

trials. Pain, 156(9), 1795–1802. https://​doi.​org/​10.​1097/j.​pain.​00000​
00000​000217

	89.	 Sbarra, D. A., & Coan, J. A. (2018). Relationships and health: The 
critical role of affective science. Emotion Review, 10(1), 40–54. 
https://​doi.​org/​10.​1177/​17540​73917​696584

	90.	 McCambridge, J., Witton, J., & Elbourne, D. R. (2014). Systematic 
review of the Hawthorne effect: New concepts are needed to study 
research participation effects. Journal of Clinical Epidemiology, 
67(3), 267–277. https://​doi.​org/​10.​1016/j.​jclin​epi.​2013.​08.​015

	91.	 Sedgwick, P. (2011). The Hawthorne effect. BMJ, 344(2), 8262–
8262. https://​doi.​org/​10.​1136/​bmj.​d8262

	92.	 De Amici, D., Klersy, C., Ramajoli, F., Brustia, L., & Politi, P. 
(2000). Impact of the Hawthorne effect in a longitudinal clinical 
study. Controlled Clinical Trials, 21(2), 103–114. https://​doi.​org/​
10.​1016/​S0197-​2456(99)​00054-9

	93.	 Wolfe, F., & Michaud, K. (2010). The Hawthorne effect, sponsored 
trials, and the overestimation of treatment effectiveness. The Jour-
nal of Rheumatology, 37(11), 2216–2220. https://​doi.​org/​10.​3899/​
jrheum.​100497

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/j.pain.0000000000001727
https://doi.org/10.3389/fnins.2016.00018
https://doi.org/10.1111/ejn.12303
https://doi.org/10.1371/journal.pone.0102350
https://doi.org/10.1371/journal.pone.0102350
https://doi.org/10.1186/s42358-021-00216-1
https://doi.org/10.1186/s42358-021-00216-1
https://doi.org/10.1212/01.wnl.0000275528.01263.6c
https://doi.org/10.1212/01.wnl.0000275528.01263.6c
https://doi.org/10.1097/j.pain.0000000000000217
https://doi.org/10.1097/j.pain.0000000000000217
https://doi.org/10.1177/1754073917696584
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1136/bmj.d8262
https://doi.org/10.1016/S0197-2456(99)00054-9
https://doi.org/10.1016/S0197-2456(99)00054-9
https://doi.org/10.3899/jrheum.100497
https://doi.org/10.3899/jrheum.100497

	Active and sham transcranial direct current stimulation (tDCS) improved quality of life in female patients with fibromyalgia
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Design


	Procedure
	Clinical Evaluation (before, immediately after treatment and at follow-up).

	tDCS
	Statistical Analysis
	Results

	Discussion
	Conclusions

	Anchor 18
	Acknowledgements 
	References


