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Abstract Fibromyalgia is a disorder characterized by
widespread musculoskeletal pain frequently accompanied
by other symptoms such as fatigue. Moderate improvement
from pharmacological and non-pharmacological treatments
have proposed non-invasive brain stimulation techniques
such as transcranial direct current stimulation (tDCS) to the
occipital nerve (more specifically the C2 area) or to the
dorsolateral prefrontal cortex (DLPFC) as potential treatments. We aimed to explore the effectiveness of repeated
sessions of tDCS (eight sessions) targeting the C2 area and
DLPFC in reducing fibromyalgia symptoms, more specifically pain and fatigue. Forty-two fibromyalgia patients
received either C2 tDCS, DLPFC tDCS or sham procedure
(15 C2 tDCS–11 DLPFC tDCS–16 sham). All groups were
treated with eight sessions (two times a week for 4 weeks).
Our results show that repeated sessions of C2 tDCS significantly improved pain, but not fatigue, in fibromyalgia
patients, whereas repeated sessions of DLPFC tDCS significantly improved pain as well as fatigue. This study
shows that eight sessions of tDCS targeting the DLPFC
have a more general relief in fibromyalgia patients than
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when targeting the C2 area, suggesting that stimulating
different targets with eight sessions of tDCS can lead to
benefits on different symptom dimensions of fibromyalgia.
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Introduction
Fibromyalgia is a disorder characterized by widespread
musculoskeletal pain frequently accompanied by other
symptoms including fatigue, headaches, cognitive dysfunction, and disturbances in sleep and mood (e.g.
depression, anxiety, etc) (Wolfe et al. 1990; Bennett et al.
2007; Arnold 2008; Theadom and Cropley 2008; GhavidelParsa et al. 2015; Chinn et al. 2016). Due to its physical
and psychological impairment, fibromyalgia has a significant impact on the affected individuals and on society
(Ghavidel-Parsa et al. 2015; Plazier et al. 2015c).
Depending on the diagnostic criteria used, the prevalence
of fibromyalgia in the general population ranges from 1.2
to 5.4% (Jones et al. 2015) with fatigue reported to be a
debilitating symptom in up to 70% of fibromyalgia patients
(Chinn et al. 2016).
Since fibromyalgia lacks a generally accepted pathophysiology, a myriad of treatments has been proposed
(Plazier et al. 2014). Current treatment methods consist of
pharmacological (e.g. antidepressants, anti-seizure medication, etc.) and non-pharmacological approaches (e.g.
exercise therapy, massage therapy, etc.) (Sauer et al. 2011;
Chinn et al. 2016). A recent meta-analysis, however, suggested that pharmacological treatment of fibromyalgia
results in limited benefits and that there is also insufficient
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evidence with regards to non-pharmacological treatments
(Nuesch et al. 2013). Therefore, it has been proposed that a
combination of therapies (Nuesch et al. 2013) or a fundamentally new approach can be used to improve treatment
outcomes (Plazier et al. 2015c).
In the past decade, non-invasive neuromodulation
techniques, such as transcranial direct current stimulation (tDCS), have increasingly been introduced as a
potential therapeutic intervention for a wide array of
disorders such as aphasia, stroke, tinnitus, depression,
schizophrenia, craving, migraine, and Parkinson’s disease amongst others (e.g. Boggio et al. 2006; Fregni
et al. 2006a, 2008; Chadaide et al. 2007; Vanneste et al.
2010; Brunelin et al. 2012; Stagg et al. 2012; Marangolo
et al. 2013). tDCS is a non-invasive technique that uses a
low amplitude direct current applied transcutaneously to
the scalp to modify underlying neural activity (Nitsche
and Paulus 2000; Nitsche et al. 2003; Miranda et al.
2006; Plazier et al. 2015c). Since fibromyalgia is suggested to be a condition associated with functional brain
changes (Napadow et al. 2012), tDCS could be a
potential approach for the treatment of fibromyalgia
symptoms (Montoya et al. 2006; Cook et al. 2007b;
Diers et al. 2008; Marlow et al. 2013).
Although
the
exact
mechanism
underlying
fibromyalgia is unknown, neuroimaging studies have
shown brain activity and connectivity changes resulting
in enhanced pain facilitation in combination with
defective inhibition of nociceptive signals augmenting
pain perception (Jensen et al. 2013). These activity
changes have been found in the insula, prefrontal cortex, and the anterior cingulate cortex (Pujol et al. 2014;
Dehghan et al. 2016). In addition, functional connectivity changes were shown in the self-referential default
mode network and the executive control network in
fibromyalgia patients (Pujol et al. 2014). These network
changes in fibromyalgia are similar to what was found
in chronic back pain patients, which was interpreted as
a lasting effect of pain on brain function (Baliki et al.
2008). More recently, deficient descending pain inhibitory mechanism originating from the pregenual anterior cingulate cortex has been described in fibromyalgia
patients as well (Jensen et al. 2013).
Interestingly, these brain activity and connectivity
changes have also been related to fatigue in patients with
multiple sclerosis, patients with mild traumatic brain injury
and patients with a myalgic encephalomyelitis/chronic
fatigue syndrome (Roelcke et al. 1997; Filippi et al. 2002;
DeLuca et al. 2008; Saiote et al. 2014; Boissoneault et al.
2016; Gay et al. 2016; Nordin et al. 2016). Indeed, fMRI
studies on chronic fatigue syndrome have shown changes
in brain activations in, for example, the superior frontal
cortex and the default mode network, while performing
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fatiguing cognitive tasks (Cook et al. 2007a, b). Another
study looking at structural changes also showed bilateral
decrease in gray matter volume in the prefrontal area
among chronic fatigue syndrome patients as a region that
regulates sensations of fatigue (Okada et al. 2004).
TDCS studies in fibromyalgia patients have suggested
both the left dorsolateral prefrontal cortex (DLPFC) and
primary motor cortex (M1) as potential targets for tDCS
treatments (e.g. Fregni et al. 2006b; Roizenblatt et al.
2007; Valle et al. 2009; Riberto et al. 2011; Villamar
et al. 2013; Fagerlund et al. 2015; Foerster et al. 2015;
Castillo-Saavedra et al. 2016; Cummiford et al. 2016;
Mendonca et al. 2016; for review see Lefaucheur et al.
2017; Zhu et al. 2017). Although positive results were
in favor of tDCS targeting M1 instead of tDCS targeting
the DLPFC (20 min tDCS sessions of 2 mA on 5 consecutive days) (Fregni et al. 2006b; Roizenblatt et al.
2007; Zhu et al. 2017), increasing the treatment duration
to ten tDCS sessions targeting the DLPFC did lead to
improvement in pain scores (Valle et al. 2009;
DallAgnol et al. 2015) and quality of life (Valle et al.
2009). In general, pain relief was associated with
improvement in quality of life in most tDCS studies in
patients with fibromyalgia (Lefaucheur et al. 2017).
Based on previous findings that the frontal lobes seem
to play a crucial role in both fatigue and pain and based
on previous tDCS studies demonstrating pain and
quality of life improvements after DLPFC tDCS in
fibromyalgia patients, we hypothesized that using tDCS
targeting the prefrontal cortex might reduce both
symptoms in fibromyalgia patients.
Furthermore, previous implant studies have also
demonstrated that stimulating the greater occipital nerve
area is beneficial against pain and fatigue complaints in
fibromyalgia patients (Thimineur and De Ridder 2007;
Plazier et al. 2014, 2015a). A recent tDCS study targeting
the same area has further shown improvements in pain
symptoms (Plazier et al. 2015c). The exact mechanism of
action of occipital nerve field stimulation is still unknown,
but studies using fMRI and PET techniques have shown
modulated brain activity in several important brain areas
involved in pain perception after stimulation (e.g. Matharu
et al. 2004; Kovacs et al. 2011).
Hence, in this study, we aim to explore the effectiveness
of repeated sessions of tDCS (eight sessions) targeting the
dorsal lateral prefrontal cortex and the greater occipital
nerve in reducing fibromyalgia symptoms, specifically pain
and fatigue. We further investigate whether stimulating
different targets for eight sessions will lead to benefits
against different symptom dimensions of fibromyalgia. We
hypothesize that repeated sessions of tDCS targeting the
DLPFC or the C2 would improve pain and fatigue in
fibromyalgia patients.
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Materials and methods
Participants
Patients suffering from fibromyalgia were selected by the
Department of Physical Medicine and Rehabilitation at the
University Hospital Antwerp, Belgium according to the
criteria of the ACR-90 (Wolfe et al. 1990). To obtain a
homogeneous sample and exclude potential variables that
would interfere with the response to tDCS we excluded
subjects based on the following criteria: patients harboring
pathologies mimicking the symptoms of fibromyalgia,
having a history of epileptic insults, severe organic comorbidity, a pacemaker or defibrillator, current pregnancy,
neurological disorders such as brain tumors, and patients
suffering from severe organic or psychiatric co-morbidity
(except minor depressive disorder). None of the patients
were suffering from cervicotrigeminal tract radicular
symptoms or types of hemicrania.
Forty-two patients (36 females and 6 males) with
fibromyalgia participated in the study with a mean age of
46.95 years (±10.07 SD). See descriptions of the sample
characteristics in Table 1. All patients were intractable to
tricyclic antidepressants (amitriptyline), pain medication,
magnesium supplements, physical therapy and psychological support. All patients agreed to make no changes in
their current medication intake, which primarily included
the aforementioned medication.
Experimental design
The study was in accordance with the ethical standards of
the Helsinki Declaration (1964) and was approved by the
Ethical Committee of the University Hospital Antwerp
Belgium. Written informed consents were obtained from
all patients before participating in the study.
The study is designed as a prospective, single-blinded,
placebo controlled, randomized, parallel-group study.
Patients were blinded and randomly assigned to one of
Table 1 Characteristics for
each group separately and the
grand total
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three groups, namely sham tDCS, bifrontal tDCS or
occipital tDCS, after baseline measurements using a computer-generated randomization sequence that is revealed to
the investigator conducting the treatments immediately
before the first session. Both the bifrontal tDCS and
occipital tDCS group received eight sessions (two times a
week for 4 weeks) of treatment, while the sham tDCS
group received sham treatment for 4 weeks. See Fig. 1 for
study design.
Evaluation
Before and immediately after (i.e. after the last session of
tDCS) the tDCS procedures, the participants completed a
set of validated self-report inventories. The primary outcome measure for the efficacy of treatment was evaluated
by changes in the Numeric Rating Scale (NRS).
NRS
A Numeric Rating Scale for pain intensity was used. The
scale asks patients to rate their pain intensity on a scale
from 1 (i.e. no pain) to 10 (i.e. worst pain imaginable).
Secondary outcome of treatment was measured using
the Pain Catastrophizing Scale (PCS) and the Modified
Fatigue Impact Scale (MFIS).
PCS
The Pain Catastrophizing Scale indicates the catastrophizing impact of pain experienced by the patient. It consists of 13 statements concerning pain experiences. Each
question is rated on a 5-point scale ranging from 1 (i.e. not
at all) to 4 (i.e. all the time) (Osman et al. 1997).
MFIS
The Modified Fatigue Impact Scale is 21-item instrument
designed to rate the extent to which fatigue affects

tDCS target

Total (n = 42)

Occipital (n = 15)

Frontal (n = 11)

Sham (n = 16)

Gender

M: 3/F: 12

M: 1/F: 10

M: 2/F: 14

M: 6/F: 36

NS

Age

47.13 (10.01)

47.81 (10.17)

46.19 (49)

46.95 (10.07)

NS

Medication

None

None

None

None

NRS baseline

7.07 (1.33)

6.81 (1.08)

6.00 (1.41)

6.59 (1.36)

NS

PCS baseline

24.73 (10.75)

23.09 (8.43)

23.81 (11.05)

23.95 (10.30)

NS

MFCS baseline

61.27 (9.49)

56.73 (16.96)

51.44 (16.87)

51.44 (14.94)

NS

Information between parentheses is the standard deviation
M male, F female, NS not significant
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Fig. 1 Study design

perceived function. Each item is rated on a scale from 0
(i.e. never) to 4 (i.e. almost always) (Fisk et al. 1994).
Transcranial direct current stimulation
Direct current (DC) was transmitted by a saline-soaked pair
of surface sponges (35 cm2) and delivered by specially
developed, battery-driven, constant current stimulator with
a maximum output of 10 mA (Neuroconn; http://www.
neuroconn.de).
Fifteen patients received occipital tDCS in which the
electrodes were placed over left and right C2 nerves dermatomes (i.e. left anode, right cathode). Eleven patients
received bifrontal stimulation with the anodal electrode
placed over left dorsolateral prefrontal cortex and the
cathodal electrode over the right dorsal lateral prefrontal
cortex. The site for stimulation was determined by the
International 10/20 Electroencephalogram System corresponding to F3 and F4, respectively. The DC current was
initially increased in a ramp-like fashion over 5 s until it
reached 1.5 mA. TDCS stimulation was maintained for a
total of 20 min and then ramped down over 5 s. Sixteen
patients received sham tDCS, in which the placement of
the electrodes was identical to real tDCS (eight patients
received C2 and eight received frontal tDCS). The DC in
the sham procedure was first switched on in a ramp-up
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fashion over 5 s until it reached 1.5 mA. Then, the current
intensity was gradually reduced (ramp down) over 5 s until
it is switched off. This was followed by 20 min of no active
stimulation. Thus, the active part in the sham procedure
only lasted maximum 10 s (ramping up and ramping down)
in comparison to 20 min and 10 s in the real procedure, but
the sham session lasted as long as the real tDCS treatment
session to appropriately blind the procedure. The rationale
behind this sham procedure was to mimic the transient skin
sensation at the beginning of real tDCS without producing
any conditioning effects on the brain.
Safety and complications
TDCS was well tolerated and no tDCS related complications were noted by the patients during the tDCS sessions.
Statistical analysis
We calculated our sample by assuming an a level of 0.05
(two-sided), power of 80%, and an effect size f of 0.25 of
the NRS. This resulted in a sample size of 42.
We used SPSS version 22.0 for all statistical analyses.
Kolmogorov–Smirnov test revealed that our data were
normally distributed (KS = 0.123, p = 0.123), i.e. no
significant difference was obtained from normal
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distribution. A Machly’s test of Sphericity revealed no
significant effect indicating that the sphericity assumption
has been met. A repeated measure ANOVA was applied
with as dependent variables time point (pre versus post)
and between subjects the condition (frontal stimulation,
occipital stimulation and sham stimulation) for NRS, PCS
and MFIS. The g2 was used to indicate the effect size/as
simple contrast analysis was used to compare between the
three conditions separately. To compare the amount of
reduction between the conditions an independent t test was
applied. We used the Cohen’s d to report the effect size.

Results
A repeated measure ANOVA for the NRS yielded in a
significant main effect when comparing pre versus post
treatment with post results (F(1, 39) = 58.27, p \ 0.001,
g2 = 0.60) indicating that, after eight sessions of tDCS
(M = 5.10, SD = 1.91), a lower score was obtained on the
NRS in comparison to pre-stimulation (M = 6.59,
SD = 1.36). No significant main effect was obtained for
condition (frontal, occipital or sham) (F(2, 39) = 0.25,
p = 0.78, g2 = 0.01), but a significant interaction effect
was demonstrated between conditions and time point (F(2,
39) = 7.37, p = 0.002, g2 = 0.27). A simple contrast
analysis revealed that frontal stimulation (F(1,
39) = 31.18, p \ 0.001, g2 = 0.43) as well as occipital
stimulation (F(1, 39) = 38.14, p \ 0.001, g2 = 0.48) had a
significant reduction of respectively, 33.50 (SD = 22.79)
and 31.05 (SD = 21.39). See Fig. 2 for an overview. Sham
stimulation (F(1, 39) = 2.28, p = 0.14 g2 = 0.06;
M = 8.41%, SD = 18.07) did not obtain a significant
effect. A further analysis showed that frontal stimulation
did not significantly differ from occipital stimulation in the
amount of pain reduction (t(24) = 0.28, p = 0.78,
d = 0.11). However, there were significant effects between
frontal stimulation and sham stimulation (t(25) = 3.19,
p = 0.004, d = 1.28) as well as between occipital stimulation and sham stimulation (t(29) = 3.19, p = 0.003,
d = 1.18).
A repeated measures ANOVA for the PCS showed a
significant main effect for pre versus post (F(1,
39) = 22.74, p \ 0.001, g2 = 0.37) indicating that after
eight sessions of tDCS (M = 19.90, SD = 10.09) a lower
score was obtained on the PCS in comparison to prestimulation (M = 23.95, SD = 10.30). No significant main
effect was obtained for condition (frontal, occipital or
sham) (F(2, 39) = 0.38, p = 0.69, g2 = 0.02), but a significant interaction effect (F(1, 39) = 4.07, p = 0.025,
g2 = 0.17) between conditions and time point (pre or post)
was shown, indicating a significant difference between pre
versus post treatment for the occipital stimulation (F(1,
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39) = 16.23, p \ 0.001, g2 = 0.29) and frontal stimulation
(F(1, 39) = 12.27, p = 0.001, g2 = 0.24). See Fig. 2 for
an overview. For the sham group, no significant effect (F(1,
39) = 0.32, p = 0.58, g2 = 0.01) was obtained. A suppression effect of 24.46% (SD = 31.66) was obtained for
occipital stimulation, and a suppression effect of 30.21%
(SD = 32.18) was obtained for frontal stimulation. Suppression effect for sham stimulation was -1.19%
(SD = 21.42). A further analysis showed that frontal
(t(25) = 3.05, p = 0.005, d = 1.22) and occipital
(t(29) = 2.66, p = 0.013, 0.99) stimulation significantly
differed from sham stimulation, but that there was no
significant difference between frontal and occipital stimulation (t(24) = 0.46, p = 0.65, d = 0.19).
A repeated measure ANOVA for MFIS showed a main
effect for pre versus post (F(1, 39) = 20.17, p \ 0.001,
g2 = 0.34) revealing that, after eight sessions of tDCS
(M = 48.13, SD = 15.70), participants had a reduction in
their fatigue scores in comparison to before the tDCS
treatment (M = 56.33, SD = 14.94). No main effect was
obtained for condition (F(2, 39) = 2.26, p = 0.12,
g2 = 0.10), but a significant interaction effect was obtained
between conditions and time point (F(1, 39) = 4.16,
p = 0.023, g2 = 0.18). A simple contrast analysis revealed
that frontal stimulation (F = 20.44, p \ 0.001, g2 = 0.34)
had a significant reduction of 29.78% (SD = 18.35), while
occipital stimulation (F(1, 39) = 3.31, p = 0.08,
g2 = 0.08; M = 8.64%, SD = 19.10) and sham stimulation (F(1, 39) = 1.21, p = 0.28, g2 = 0.03; M = 3.10%,
SD = 20.87) did not obtain a significant effect. See Fig. 2
for an overview. A further analysis showed that frontal
stimulation significantly differed from occipital
(t(24) = 2.83, p = 0.009, d = 1.16) and sham stimulation
(t(25) = 3.42, p = 0.002, d = 1.37), but there was no
significant difference between occipital and sham stimulation (t(29) = 0.77, p = 0.45, d = 0.29).

Discussion
This study shows that eight sessions of tDCS targeting the
DLPFC resulted in more general relief (reducing pain and
fatigue) in fibromyalgia patients when compared to eight
sessions of tDCS targeting C2 (only reducing pain). This
suggests that using the same stimulation duration for different targets will lead to benefits on different symptom
dimensions of fibromyalgia. There were no adverse effects
associated with these new treatment protocols of eight
sessions.
Findings from related studies can shed some light on
why DLPFC tDCS improved pain and fatigue in the
fibromyalgia patients in this study. For pain, research has
shown that left DLPFC stimulation had an unexpected
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Fig. 2 Both occipital and
bifrontal stimulation showed an
effect in pain measured by the
NRS and PCS compared to
sham. Only frontal stimulation
demonstrated an effect on the
MFAS

effect on pain reduction when treating depression
(O’Reardon et al. 2007). Since then, the potential of
DLPFC stimulation for chronic pain in general, and pain in
fibromyalgia in particular, has been investigated (Lefaucheur et al. 2017), motivated by the proven efficacy of
this stimulation target for depression and the well-known
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relation between depression and chronic pain (Lefaucheur
et al. 2014). Studies have shown that DLPFC stimulation
can be effective in pain control, decreasing the threshold
for pain sensation in healthy subjects (Graff-Guerrero et al.
2005; Borckardt et al. 2007; Boggio et al. 2008; Nahmias
et al. 2009; Brighina et al. 2011) as well as reducing
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clinical pain symptoms (Borckardt et al. 2006, 2009; Valle
et al. 2009; Borckardt et al. 2011; DallAgnol et al. 2015;
Ayache et al. 2016). Valle and Colleagues (2009) have
previously demonstrated the importance of the duration of
the DLPFC tDCS treatment, as five sessions of DLPFC
tDCS did not result in pain reduction in the study of Fregni
et al. (2006c) and Roizenblatt et al. (2011). This study
shows that eight sessions of 1.5 mA DLPFC tDCS spread
over 4 weeks (two times a week for 4 weeks) was sufficient to reduce pain symptoms in fibromyalgia and that 10
daily sessions of 2 mA DLPFC tDCS such as the study of
Valle et al. (2009) and Dallagnol et al. (2015) was not
needed. However, unlike Valle and Colleagues (2009), this
study did not measure any potential long-term effects. The
key role of the DLPFC in pain modulation has been
examined by Lorenz and his colleagues (Lorenz et al.
2002; Lorenz et al. 2003). They suggested that the DLPFC
may exert a ‘top-down’ inhibition on neuronal coupling
along the ascending midbrain-thalamic-cingulate pathway
through descending fibers from the prefrontal cortex
(Lorenz et al. 2003; Brighina et al. 2011).
For fatigue, support can be found in Multiple Sclerosis
(MS) research, where fatigue has been associated with
functional (Roelcke et al. 1997; Filippi et al. 2002; DeLuca
et al. 2008) and structural (Sepulcre et al. 2009; Pardini
et al. 2010; Bester et al. 2013) changes in the frontal cortex
(Saiote et al. 2014). Saiote and his colleagues (2014) did
not find a robust effect after five sessions of 1 mA tDCS
targeting the DLPFC in MS patients on fatigue, but suggested that the absence of effect might be due to the chosen
stimulation parameters (Saiote et al. 2014). Our study
revealed that eight sessions of 1.5 mA tDCS targeting the
DLPFC can modulate fatigue.
With regards to the C2 target, occipital nerve field
stimulation as a treatment for fibromyalgia patients has
been mostly investigated for surgical techniques involving
the placements of implanted subcutaneous electrodes on
the C2 area (e.g. (Thimineur and De Ridder 2007; Plazier
et al. 2014; Plazier et al. 2015b)). In contrast to our study
findings using tDCS to non-invasively target C2, the
invasive method has demonstrated to treat pain and fatigue
in fibromyalgia patients (Thimineur and De Ridder 2007;
Plazier et al. 2014; Plazier et al. 2015b). A pilot study
investigating the non-invasive technique of C2 tDCS (three
sessions) as a predictive measure for invasive occipital
nerve stimulation further found a reduction in pain perception compared to the sham group, suggesting that C2
tDCS could potentially become an alternative non-invasive
pain treatment for fibromyalgia (Plazier et al. 2015c).
Although the exact mechanism of action of C2 nerve field
stimulation is still unknown, hypotheses of its beneficial
effect have been suggested. Stimulation of the area supplied by the greater occipital nerve modulates brain activity
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in several important regions involved in pain perception as
shown by functional imaging techniques, including fMRI
and PET scans (Kovacs et al. 2011; Magis et al. 2011).
During occipital nerve field stimulation, PET data
demonstrated that activity in the anterior cingulate gyrus,
the precuneus, amygdala, ventroposteriolateral nuclei of
thalamus, and the frontal cortex are modulated. These
structures are involved in attention to pain, pain perception,
and emotional interpretation (Garcia-Larrea and Peyron
2013).
Although the DLPFC and C2 stimulation both improved
pain, fatigue was only improved with DLPFC stimulation
in our study. Previous studies using surgical neuromodulation techniques targeting the C2 area, however, did
demonstrate improvement in both pain and fatigue in
fibromyalgia patients (Thimineur and De Ridder 2007;
Plazier et al. 2014, 2015b). A possible explanation for the
absence of significant improvements in fatigue in our study
compared to the previous studies might be the duration of
the stimulation. In the studies where the electrodes targeting the C2 were implanted, the stimulation was kept on
continuously for at least 1–5 weeks, except when patients
preferred to turn the unit off on their own initiative (e.g. at
night). On the other hand, our non-invasive C2 tDCS
stimulation was performed for eight sessions of 20 min
spread over 4 weeks. We hypothesize that C2 tDCS might
need a longer stimulation duration to evoke significant
improvements in fatigue.
This study has some limitations. First, this study did not
include other affective dimensions of fibromyalgia, such as
depression or anxiety. Adding these aspects can further
disentangle the specific benefits of the different stimulation
targets. Further, our study did not include M1 stimulation,
not being able to compare the results on different symptom
dimensions for all possible stimulation targets known for
fibromyalgia patients. Also, our study did not include longterm assessments to measure potential long-term effects.
Therefore, it remains unknown whether eight sessions of
DLPFC tDCS over 4 weeks is sufficient to induce longterm effects compared to the proven ten daily sessions.
Lastly, our study sample is relatively small; therefore, the
results need to be interpreted with caution. Our findings
encourage future research using tDCS in fibromyalgia to
elucidate which stimulation targets will lead to benefits on
various symptom dimensions to be able to develop more
efficient treatments for different subgroups of fibromyalgia
patients.
In conclusion, this study shows that repeated sessions of
tDCS targeting the DLPFC has a more general relief in
fibromyalgia patients than when targeting C2, suggesting
that stimulating different targets will lead to benefits on
different symptom dimensions of fibromyalgia. The stimulation protocol is feasible for clinical routine and was well
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tolerated by all participants. Further studies should take the
limitations of this study into account and add more affective aspects of fibromyalgia when investigating the effect
of tDCS in fibromyalgia.

References
Arnold LM (2008) Management of fibromyalgia and comorbid
psychiatric disorders. J Clin Psychiatry 69(Suppl 2):14–19
Ayache SS, Palm U, Chalah MA et al (2016) Prefrontal tDCS
decreases pain in patients with multiple sclerosis. Front Neurosci
10:147. doi:10.3389/fnins.2016.00147
Baliki MN, Geha PY, Apkarian AV, Chialvo DR (2008) Beyond
feeling: chronic pain hurts the brain, disrupting the default-mode
network dynamics. J Neurosci 28:1398–1403. doi:10.1523/
JNEUROSCI.4123-07.2008
Bennett RM, Jones J, Turk DC, Russell IJ, Matallana L (2007) An
internet survey of 2,596 people with fibromyalgia. BMC
Musculoskelet Disord 8:27. doi:10.1186/1471-2474-8-27
Bester M, Lazar M, Petracca M, Babb JS, Herbert J, Grossman RI,
Inglese M (2013) Tract-specific white matter correlates of
fatigue and cognitive impairment in benign multiple sclerosis.
J Neurol Sci 330:61–66. doi:10.1016/j.jns.2013.04.005
Boggio PS, Ferrucci R, Rigonatti SP, Covre P, Nitsche M, PascualLeone A, Fregni F (2006) Effects of transcranial direct current
stimulation on working memory in patients with Parkinson’s
disease. J Neurol Sci 249:31–38. doi:10.1016/j.jns.2006.05.062
Boggio PS, Zaghi S, Lopes M, Fregni F (2008) Modulatory effects of
anodal transcranial direct current stimulation on perception and
pain thresholds in healthy volunteers. Eur J Neurol
15:1124–1130. doi:10.1111/j.1468-1331.2008.02270.x
Boissoneault J, Letzen J, Lai S, O’Shea A, Craggs J, Robinson ME,
Staud R (2016) Abnormal resting state functional connectivity in
patients with chronic fatigue syndrome: an arterial spin-labeling
fMRI study. Magn Reson Imaging 34:603–608. doi:10.1016/j.
mri.2015.12.008
Borckardt JJ, Weinstein M, Reeves ST et al (2006) Postoperative left
prefrontal repetitive transcranial magnetic stimulation reduces
patient-controlled analgesia use. Anesthesiology 105:557–562
Borckardt JJ, Smith AR, Reeves ST et al (2007) Fifteen minutes of
left prefrontal repetitive transcranial magnetic stimulation
acutely increases thermal pain thresholds in healthy adults. Pain
Res Manag 12:287–290
Borckardt JJ, Smith AR, Reeves ST et al (2009) A pilot study
investigating the effects of fast left prefrontal rTMS on chronic
neuropathic pain. Pain Med 10:840–849. doi:10.1111/j.15264637.2009.00657.x
Borckardt JJ, Romagnuolo J, Reeves ST, Madan A, Frohman H,
Beam W, George MS (2011) Feasibility, safety, and effectiveness of transcranial direct current stimulation for decreasing
post-ERCP pain: a randomized, sham-controlled, pilot study.
Gastrointest Endosc 73:1158–1164. doi:10.1016/j.gie.2011.01.
050
Brighina F, De Tommaso M, Giglia F et al (2011) Modulation of pain
perception by transcranial magnetic stimulation of left prefrontal
cortex. J Headache Pain 12:185–191. doi:10.1007/s10194-0110322-8
Brunelin J, Mondino M, Gassab L et al (2012) Examining transcranial
direct-current stimulation (tDCS) as a treatment for hallucinations in schizophrenia. Am J Psychiatry 169:719–724. doi:10.
1176/appi.ajp.2012.11071091

123

W. T. To et al.
Castillo-Saavedra L, Gebodh N, Bikson M et al (2016) Clinically
effective treatment of fibromyalgia pain with high-definition
transcranial direct current stimulation: phase II open-label dose
optimization. J Pain 17:14–26. doi:10.1016/j.jpain.2015.09.009
Chadaide Z, Arlt S, Antal A, Nitsche MA, Lang N, Paulus W (2007)
Transcranial direct current stimulation reveals inhibitory deficiency in migraine. Cephalalgia 27:833–839. doi:10.1111/j.
1468-2982.2007.01337.x
Chinn S, Caldwell W, Gritsenko K (2016) Fibromyalgia pathogenesis
and treatment options update. Curr Pain Headache Rep 20:25.
doi:10.1007/s11916-016-0556-x
Cook DB, O’Connor PJ, Lange G, Steffener J (2007a) Functional
neuroimaging correlates of mental fatigue induced by cognition
among chronic fatigue syndrome patients and controls. Neuroimage 36:108–122. doi:10.1016/j.neuroimage.2007.02.033
Cook DB, Stegner AJ, McLoughlin MJ (2007b) Imaging pain of
fibromyalgia. Curr Pain Headache Rep 11:190–200
Cummiford CM, Nascimento TD, Foerster BR, Clauw DJ, Zubieta
JK, Harris RE, DaSilva AF (2016) Changes in resting state
functional connectivity after repetitive transcranial direct current
stimulation applied to motor cortex in fibromyalgia patients.
Arthritis Res Ther 18:40. doi:10.1186/s13075-016-0934-0
DallAgnol L, Pascoal-Faria P, Barros Cecilio S, Correa FI (2015)
Transcranial direct current stimulation in the neuromodulation of
pain in fibromyalgia: a case study. Ann Phys Rehabil Med
58:351–353. doi:10.1016/j.rehab.2015.10.002
Dehghan M, Schmidt-Wilcke T, Pfleiderer B et al (2016) Coordinatebased (ALE) meta-analysis of brain activation in patients with
fibromyalgia. Hum Brain Mapp 37:1749–1758. doi:10.1002/
hbm.23132
DeLuca J, Genova HM, Hillary FG, Wylie G (2008) Neural correlates
of cognitive fatigue in multiple sclerosis using functional MRI.
J Neurol Sci 270:28–39. doi:10.1016/j.jns.2008.01.018
Diers M, Koeppe C, Yilmaz P et al (2008) Pain ratings and
somatosensory evoked responses to repetitive intramuscular and
intracutaneous stimulation in fibromyalgia syndrome. J Clin
Neurophysiol
25:153–160.
doi:10.1097/WNP.
0b013e31817759c5
Fagerlund AJ, Hansen OA, Aslaksen PM (2015) Transcranial direct
current stimulation as a treatment for patients with fibromyalgia:
a randomized controlled trial. Pain 156:62–71. doi:10.1016/j.
pain.0000000000000006
Filippi M, Rocca MA, Colombo B, Falini A, Codella M, Scotti G,
Comi G (2002) Functional magnetic resonance imaging correlates of fatigue in multiple sclerosis. Neuroimage 15:559–567.
doi:10.1006/nimg.2001.1011
Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech WF (1994)
Measuring the functional impact of fatigue: initial validation of
the fatigue impact scale. Clin Infect Dis 18(Suppl 1):S79–S83
Foerster BR, Nascimento TD, DeBoer M et al (2015) Excitatory and
inhibitory brain metabolites as targets of motor cortex transcranial direct current stimulation therapy and predictors of its
efficacy in fibromyalgia. Arthritis Rheumatol 67:576–581.
doi:10.1002/art.38945
Fregni F, Boggio PS, Nitsche MA, Marcolin MA, Rigonatti SP,
Pascual-Leone A (2006a) Treatment of major depression with
transcranial direct current stimulation. Bipolar Disord
8:203–204. doi:10.1111/j.1399-5618.2006.00291.x
Fregni F, Gimenes R, Valle AC et al (2006b) A randomized, shamcontrolled, proof of principle study of transcranial direct current
stimulation for the treatment of pain in fibromyalgia. Arthritis
Rheum 54:3988–3998. doi:10.1002/art.22195
Fregni F et al (2006c) A Randomized, Sham-Controlled, Proof of
Principle Study of Transcranial Direct Current Stimulation for
the Treatment of Pain in Fibromyalgia. Arthritis Rheum
54:3988–3998

Differential effects of bifrontal and occipital nerve stimulation on pain and fatigue using…
Fregni F, Liguori P, Fecteau S, Nitsche MA, Pascual-Leone A,
Boggio PS (2008) Cortical stimulation of the prefrontal cortex
with transcranial direct current stimulation reduces cue-provoked
smoking craving: a randomized, sham-controlled study. J Clin
Psychiatry 69:32–40
Garcia-Larrea L, Peyron R (2013) Pain matrices and neuropathic pain
matrices: a review. Pain 154(Suppl 1):S29–S43. doi:10.1016/j.
pain.2013.09.001
Gay CW, Robinson ME, Lai S, O’Shea A, Craggs JG, Price DD,
Staud R (2016) Abnormal resting-state functional connectivity in
patients with chronic fatigue syndrome: results of seed and datadriven analyses. Brain Connect 6:48–56. doi:10.1089/brain.
2015.0366
Ghavidel-Parsa B, Bidari A, Amir Maafi A, Ghalebaghi B (2015) The
Iceberg nature of fibromyalgia burden: the clinical and economic
aspects. Korean J Pain 28:169–176. doi:10.3344/kjp.2015.28.3.
169
Graff-Guerrero A, Gonzalez-Olvera J, Fresan A, Gomez-Martin D,
Mendez-Nunez JC, Pellicer F (2005) Repetitive transcranial
magnetic stimulation of dorsolateral prefrontal cortex increases
tolerance to human experimental pain. Brain Res Cogn Brain
Res 25:153–160. doi:10.1016/j.cogbrainres.2005.05.002
Jensen KB, Srinivasan P, Spaeth R et al (2013) Overlapping structural
and functional brain changes in patients with long-term exposure
to fibromyalgia pain. Arthritis Rheum 65:3293–3303. doi:10.
1002/art.38170
Jones GT, Atzeni F, Beasley M, Fluss E, Sarzi-Puttini P, Macfarlane
GJ (2015) The prevalence of fibromyalgia in the general
population: a comparison of the American College of Rheumatology 1990, 2010, and modified 2010 classification criteria.
Arthritis Rheumatol 67:568–575. doi:10.1002/art.38905
Kovacs S, Peeters R, De Ridder D, Plazier M, Menovsky T, Sunaert S
(2011) Central effects of occipital nerve electrical stimulation
studied by functional magnetic resonance imaging. Neuromodulation 14:46–55. doi:10.1111/j.1525-1403.2010.00312.x (discussion 56–47)
Lefaucheur JP, Andre-Obadia N, Antal A et al (2014) Evidence-based
guidelines on the therapeutic use of repetitive transcranial
magnetic
stimulation
(rTMS).
Clin
Neurophysiol
125:2150–2206. doi:10.1016/j.clinph.2014.05.021
Lefaucheur JP, Antal A, Ayache SS et al (2017) Evidence-based
guidelines on the therapeutic use of transcranial direct current
stimulation (tDCS). Clin Neurophysiol. doi:10.1016/j.clinph.
2016.10.087
Lorenz J, Cross DJ, Minoshima S, Morrow TJ, Paulson PE, Casey KL
(2002) A unique representation of heat allodynia in the human
brain. Neuron 35:383–393
Lorenz J, Minoshima S, Casey KL (2003) Keeping pain out of mind:
the role of the dorsolateral prefrontal cortex in pain modulation.
Brain 126:1079–1091
Magis D, Bruno MA, Fumal A, Gerardy PY, Hustinx R, Laureys S,
Schoenen J (2011) Central modulation in cluster headache
patients treated with occipital nerve stimulation: an FDG-PET
study. BMC Neurol 11:25. doi:10.1186/1471-2377-11-25
Marangolo P, Fiori V, Calpagnano MA, Campana S, Razzano C,
Caltagirone C, Marini A (2013) tDCS over the left inferior
frontal cortex improves speech production in aphasia. Front Hum
Neurosci 7:539. doi:10.3389/fnhum.2013.00539
Marlow NM, Bonilha HS, Short EB (2013) Efficacy of transcranial
direct current stimulation and repetitive transcranial magnetic
stimulation for treating fibromyalgia syndrome: a systematic
review. Pain Pract 13:131–145. doi:10.1111/j.1533-2500.2012.
00562.x
Matharu MS, Bartsch T, Ward N, Frackowiak RS, Weiner R,
Goadsby PJ (2004) Central neuromodulation in chronic migraine

807

patients with suboccipital stimulators: a PET study. Brain
127:220–230. doi:10.1093/brain/awh022
Mendonca ME, Simis M, Grecco LC, Battistella LR, Baptista AF,
Fregni F (2016) Transcranial direct current stimulation combined
with aerobic exercise to optimize analgesic responses in
fibromyalgia: a randomized placebo-controlled clinical trial.
Front Hum Neurosci 10:68. doi:10.3389/fnhum.2016.00068
Miranda PC, Lomarev M, Hallett M (2006) Modeling the current
distribution during transcranial direct current stimulation. Clin
Neurophysiol 117:1623–1629. doi:10.1016/j.clinph.2006.04.009
Montoya P, Sitges C, Garcia-Herrera M, Rodriguez-Cotes A,
Izquierdo R, Truyols M, Collado D (2006) Reduced brain
habituation to somatosensory stimulation in patients with
fibromyalgia. Arthritis Rheum 54:1995–2003. doi:10.1002/art.
21910
Nahmias F, Debes C, de Andrade DC, Mhalla A, Bouhassira D (2009)
Diffuse analgesic effects of unilateral repetitive transcranial
magnetic stimulation (rTMS) in healthy volunteers. Pain
147:224–232. doi:10.1016/j.pain.2009.09.016
Napadow V, Kim J, Clauw DJ, Harris RE (2012) Decreased intrinsic
brain connectivity is associated with reduced clinical pain in
fibromyalgia. Arthritis Rheum 64:2398–2403. doi:10.1002/art.
34412
Nitsche MA, Paulus W (2000) Excitability changes induced in the
human motor cortex by weak transcranial direct current stimulation. J Physiol 527(Pt 3):633–639
Nitsche MA, Liebetanz D, Antal A, Lang N, Tergau F, Paulus W
(2003) Modulation of cortical excitability by weak direct current
stimulation—technical, safety and functional aspects. Suppl Clin
Neurophysiol 56:255–276
Nordin LE, Moller MC, Julin P, Bartfai A, Hashim F, Li TQ (2016)
Post mTBI fatigue is associated with abnormal brain functional
connectivity. Sci Rep 6:21183. doi:10.1038/srep21183
Nuesch E, Hauser W, Bernardy K, Barth J, Juni P (2013) Comparative
efficacy of pharmacological and non-pharmacological interventions in fibromyalgia syndrome: network meta-analysis. Ann
Rheum Dis 72:955–962. doi:10.1136/annrheumdis-2011-201249
Okada T, Tanaka M, Kuratsune H, Watanabe Y, Sadato N (2004)
Mechanisms underlying fatigue: a voxel-based morphometric
study of chronic fatigue syndrome. BMC Neurol 4:14. doi:10.
1186/1471-2377-4-14
O’Reardon JP, Solvason HB, Janicak PG et al (2007) Efficacy and
safety of transcranial magnetic stimulation in the acute treatment
of major depression: a multisite randomized controlled trial. Biol
Psychiatry 62:1208–1216. doi:10.1016/j.biopsych.2007.01.018
Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J, O’Neill E
(1997) Factor structure, reliability, and validity of the Pain
Catastrophizing Scale. J Behav Med 20:589–605
Pardini M, Bonzano L, Mancardi GL, Roccatagliata L (2010) Frontal
networks play a role in fatigue perception in multiple sclerosis.
Behav Neurosci 124:329–336. doi:10.1037/a0019585
Plazier M, Dekelver I, Vanneste S, Stassijns G, Menovsky T,
Thimineur M, De Ridder D (2014) Occipital nerve stimulation in
fibromyalgia: a double-blind placebo-controlled pilot study with
a six-month follow-up. Neuromodulation 17:256–263. doi:10.
1111/ner.12121 (discussion 263–254)
Plazier M, Ost J, Stassijns G, De Ridder D, Vanneste S (2015a) C2
nerve field stimulation for the treatment of fibromyalgia: a
prospective, double-blind, randomized, controlled cross-over
study. Brain Stimul 8:751–757. doi:10.1016/j.brs.2015.03.002
Plazier M, Ost J, Stassijns G, De Ridder D, Vanneste S (2015b) C2
nerve field stimulation for the treatment of fibromyalgia: a
prospective, double-blind, randomized, controlled cross-over
study. Brain Stimul 8:751–757. doi:10.1016/j.brs.2015.03.002
Plazier M, Tchen S, Ost J, Joos K, De Ridder D, Vanneste S (2015c)
Is transcranial direct current stimulation an effective predictor

123

808
for invasive occipital nerve stimulation treatment success in
fibromyalgia Patients? Neuromodulation 18:623–629. doi:10.
1111/ner.12340 (discussion 629)
Pujol J, Macia D, Garcia-Fontanals A et al (2014) The contribution of
sensory system functional connectivity reduction to clinical pain
in fibromyalgia. Pain 155:1492–1503. doi:10.1016/j.pain.2014.
04.028
Riberto M, Marcon Alfieri F, de Benedetto Monteiro, Pacheco K, Dini
Leite V, Nemoto Kaihami H, Fregni F, Rizzo Battistella L
(2011) Efficacy of transcranial direct current stimulation coupled
with a multidisciplinary rehabilitation program for the treatment
of fibromyalgia. Open Rheumatol J 5:45–50. doi:10.2174/
1874312901105010045
Roelcke U, Kappos L, Lechner-Scott J et al (1997) Reduced glucose
metabolism in the frontal cortex and basal ganglia of multiple
sclerosis patients with fatigue: a 18F-fluorodeoxyglucose positron
emission tomography study. Neurology 48:1566–1571
Roizenblatt S, Fregni F, Gimenez R et al (2007) Site-specific effects
of transcranial direct current stimulation on sleep and pain in
fibromyalgia: a randomized, sham-controlled study. Pain Pract
7:297–306. doi:10.1111/j.1533-2500.2007.00152.x
Roizenblatt S et al (2011) Site-specific Effects of Transcranial Direct
Current Stimulation on Sleep and Pain in Fibromyalgia: A
Randomized, Sham-controlled Study. Pain Pract 7:297–306
Saiote C, Goldschmidt T, Timaus C et al (2014) Impact of
transcranial direct current stimulation on fatigue in multiple
sclerosis. Restor Neurol Neurosci 32:423–436. doi:10.3233/
RNN-130372
Sauer K, Kemper C, Glaeske G (2011) Fibromyalgia syndrome:
prevalence, pharmacological and non-pharmacological interventions in outpatient health care. An analysis of statutory health
insurance data. Joint Bone Spine 78:80–84. doi:10.1016/j.jbspin.
2010.05.003
Sepulcre J, Masdeu JC, Goni J, Arrondo G, Velez de Mendizabal N,
Bejarano B, Villoslada P (2009) Fatigue in multiple sclerosis is

123

W. T. To et al.
associated with the disruption of frontal and parietal pathways.
Mult Scler 15:337–344. doi:10.1177/1352458508098373
Stagg CJ, Bachtiar V, O’Shea J et al (2012) Cortical activation
changes underlying stimulation-induced behavioural gains in
chronic stroke. Brain 135:276–284. doi:10.1093/brain/awr313
Theadom A, Cropley M (2008) Dysfunctional beliefs, stress and sleep
disturbance in fibromyalgia. Sleep Med 9:376–381. doi:10.1016/
j.sleep.2007.06.005
Thimineur M, De Ridder D (2007) C2 area neurostimulation: a
surgical treatment for fibromyalgia. Pain Med 8:639–646.
doi:10.1111/j.1526-4637.2007.00365.x
Valle A, Roizenblatt S, Botte S et al (2009) Efficacy of anodal
transcranial direct current stimulation (tDCS) for the treatment
of fibromyalgia: results of a randomized, sham-controlled
longitudinal clinical trial. J Pain Manag 2:353–361
Vanneste S, Plazier M, Ost J, van der Loo E, Van de Heyning P, De
Ridder D (2010) Bilateral dorsolateral prefrontal cortex modulation for tinnitus by transcranial direct current stimulation: a
preliminary clinical study. Exp Brain Res 202:779–785. doi:10.
1007/s00221-010-2183-9
Villamar MF, Wivatvongvana P, Patumanond J, Bikson M, Truong
DQ, Datta A, Fregni F (2013) Focal modulation of the primary
motor cortex in fibromyalgia using 4x1-ring high-definition
transcranial direct current stimulation (HD-tDCS): immediate
and delayed analgesic effects of cathodal and anodal stimulation.
J Pain 14:371–383. doi:10.1016/j.jpain.2012.12.007
Wolfe F, Smythe HA, Yunus MB et al (1990) The American College
of Rheumatology 1990 criteria for the classification of
fibromyalgia. Report of the Multicenter Criteria Committee.
Arthritis Rheum 33:160–172
Zhu CE, Yu B, Zhang W, Chen WH, Qi Q, Miao Y (2017)
Effiectiveness and safety of transcranial direct current stimulation in fibromyalgia: a systematic review and meta-analysis.
J Rehabil Med 49:2–9. doi:10.2340/16501977-2179

