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Abstract

Objective: To systematically review the literature to date
applying repetitive transcranial magnetic stimulation (rTMS)
or transcranial direct current stimulation (tDCS) for patients
with fibromyalgia syndrome (FMS).
Method: Electronic bibliography
databases
screened
included PubMed, Ovid MEDLINE, PsychINFO, CINAHL, and
Cochrane Library. The keyword ‘‘fibromyalgia’’ was combined with (‘‘transcranial’’ and ‘‘stimulation’’) or ‘‘TMS’’ or
‘‘tDCS’’ or ‘‘transcranial magnetic stimulation’’ or ‘‘transcranial direct current stimulation’’.
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Results: Nine of 23 studies were included; brain stimulation sites comprised either the primary motor cortex (M1)
or the dorsolateral prefrontal cortex (DLPFC). Five studies
used rTMS (high-frequency-M1: 2, low-frequency-DLPFC: 2,
high-frequency-DLPFC: 1), while 4 applied tDCS (anodal-M1:
1, anodal-M1/DLPFC: 3). Eight were double-blinded, randomized controlled trials. Most (80%) rTMS studies that
measured pain reported significant decreases, while all
(100%) tDCS studies with pain measures reported significant decreases. Greater longevity of significant pain reductions was observed for excitatory M1 rTMS/tDCS.
Conclusion: Studies involving excitatory rTMS/tDCS at M1
showed analogous pain reductions as well as considerably
fewer side effects compared to FDA approved FMS pharmaceuticals. The most commonly reported side effects were
mild, including transient headaches and scalp discomforts
at the stimulation site. Yearly use of rTMS/tDCS regimens
appears costly ($11,740 to 14,507/year); however, analyses
to appropriately weigh these costs against clinical and quality of life benefits for patients with FMS are lacking. Consequently, rTMS/tDCS should be considered when treating
patients with FMS, particularly those who are unable to
find adequate symptom relief with other therapies. Further
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work into optimal stimulation parameters and standardized
outcome measures is needed to clarify associated efficacy
and effectiveness. n
Key Words: fibromyalgia, transcranial direct current
stimulation, transcranial magnetic stimulation, clinical trials,
systematic review

INTRODUCTION
The recent Institute of Medicine report—Relieving
Pain in American: A Blueprint for Transforming Prevention, Care Education, and Research—describes
pain as a ‘‘national challenge’’ for the United States.1
It calls for a ‘‘cultural transformation’’ in order ‘‘to
better prevent, assess, treat, and understand pain of all
types’’.1 Fibromyalgia syndrome (FMS) is a chronic
widespread pain disorder that affects 4 to 10 million
Americans.2–14 It is the second most common condition seen by rheumatologists15,16 and is much more
common in women than in men (75% to 90% of
cases).3–6,17 The 1990 American College of Rheumatology (ACR) diagnostic criteria include chronic widespread pain and a painful response to 11 of 18
standardized tender points.18 Other symptoms include
nonrestorative sleep, extreme fatigue, cognitive and
mood disturbances, and decreased physical function.17,18 These patients endure functional limitations
(potentially disability), a decreased quality of life, and
reduced social and occupational productivity.19–34
Reports have also shown considerably increased FMSrelated direct (by 3-fold25,35,36) and indirect (more
than 2-fold25,35,36) costs when compared to those
without FMS.
A multidisciplinary treatment strategy has been
recommended for FMS,19,37–46 including pharmaceuticals (the first-line and most commonly used modality37,38,40), behavioral interventions,37,38 physical
therapy,37,38,45 exercise,37,38,44 and complementary
and alternative medicine;38,39 notably, no single treatment has proven effective for relieving the full range of
FMS symptoms. Further, randomized controlled trials
of FDA approved FMS pharmaceuticals have reported
considerably high proportions of patient drop-outs
and/or adverse events (pregabalin: 21% to 35%, duloxetine: 29%, and milnacipran: 34% to 35%).47–50
Recent neuroimaging studies indicate centrally augmented pain processing for individuals with FMS,51,52
suggesting that therapeutic regimens which target the
central nervous system may be effective. Thus, a viable

therapeutic option may be noninvasive brain stimulation, including transcranial magnetic stimulation
(TMS) and transcranial direct current stimulation
(tDCS). Stimulation of the primary motor cortex (M1)
produces antinociceptive effects, while targeting the
dorsolateral prefrontal cortex (DLPFC) has antidepressant effects.53–55 Theoretically, repetitive stimulation
of the prefrontal cortex sends information to the connected limbic areas and mood-regulating regions of the
cingulate gyrus, orbitofrontal cortex, insula, and
hippocampus; also, it may initiate a release of dopamine in the caudate nucleus.56–58 Additionally, changes
in brain activity after repetitive stimulation of the motor
cortex are not limited to the motor system; rather, several cortical (cingulate, orbitofrontal and prefrontal
cortices, thalamus, and striatum) and subcortical (periaqueductal gray matter) areas are involved.59–61
The application of TMS involves an electrical current, which passes through a magnetic coil and produces a brief, intense, and localized magnetic field in
the vicinity of the coil. When the coil is held over a
subject’s head, this magnetic field penetrates their skull
to generate an electrical field in their brain.62 Parameters of each TMS session include brain site, frequency
(high/fast ‡5 Hz, low/slow £1 Hz), intensity (percentage of the individual’s motor threshold), intertrain
interval, total trains, and duration.62 High-frequency
(HF) stimulation increases brain excitability, while
low-frequency (LF) stimulation has an inhibitory
effect;63 results have been hypothesized to be similar
to long-term potentiation and long-term depression.64
Therefore, TMS can directly target cortical structures
of the CNS involved in pain processing55–61,65,66 and
may modulate the inhibited intracortical circuitry of
pain perception.53–55,65
The tDCS procedure applies a weak current (1 to
2 mA) to the scalp with anodal and cathodal electrodes for typically 20 minutes per session. The suggested mechanisms are electrode dependent and
involve either (1) membrane depolarization (increased
spontaneous firing and excitability of cortical neurons
for anodal stimulation) or (2) membrane hyperpolarization (decreased neuronal firing and excitability for
cathodal stimulation).62 In the most common methodology, one electrode is placed over a specific site, and
the other reference electrode(s), placed in another location(s), completes the circuit. The electrode positioning
is critical in determining direction and spatial distribution of the current flow and, ultimately, the effectiveness of the treatment.67 These neuromodulatory
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mechanisms may also affect superficial remote structures, in contrast to repetitive transcranial magnetic
stimulation (rTMS) (which produces strong, focal
effects), and involve various neural circuits of chronic
pain.55
While exact pathways involved in their analgesic
effects are not fully understood,53 these noninvasive
brain stimulation techniques have been increasingly
studied regarding their potential as clinically significant
treatments for chronic pain conditions.53–55 A number
of recent studies have investigated the use of repetitive
TMS (rTMS) and tDCS specifically among patients
with FMS, the first being published in 2006.68 Our
objective was to summarize these studies in a systematic review, including specific modalities of rTMS/tDCS
(including brain site, frequency, intensity, duration,
total sessions), FMS symptom outcomes, and the level
of evidence for each study. Results of this report, comparing and analyzing emergent literature in this area,
may be used as a patient advocacy resource to integrate
rTMS/tDCS into multidisciplinary care for FMS.

origin, FMS diagnostic criteria, level of evidence and
study design, study population inclusion and exclusion
criteria, concomitant treatment use, intervention
(including type [rTMS/tDCS], session description, total
sessions, and follow-up time), totals per group (active/
sham, including proportions completing study), study
quality (Jadad score70), FMS symptom measures, significant results, adverse events, and side effects.

METHODS

Four of the 5 rTMS studies were double-blinded randomized clinical trials (RCTs), while all tDCS studies
were double-blinded RCTs (Table 1). The fifth rTMS
study was a case series extracted from a double-blind
RCT of rTMS for treatment-resistant depression and
borderline personality disorder, and thus, all FMS subjects were blinded. Also of note, the double-blinded
status of the RCTs for rTMS/tDCS only applies to

Systematic Review of the Literature Search Criteria
Electronic bibliography databases screened included
PubMed, Ovid MEDLINE, PsychINFO, CINAHL, and
the Cochrane Library. The keyword ‘‘fibromyalgia’’
was used with (‘‘transcranial’’ and ‘‘stimulation’’) or
‘‘TMS’’ or ‘‘rTMS’’ or ‘‘tDCS’’. Reference sections of
studies that met our inclusion criteria were also manually screened for relevant publications.

RESULTS
Study Selection
Electronic bibliography database searches identified 23
citations. Full-text articles were reviewed for our criteria, with 9 of these included in this review.68,71–78
Excluded studies53,62–65,67,79–86 are described in
Figure 1. Manual screens of reference sections of these
9 studies did not identify any additional citations.
Level of Evidence, Study Design, and
FMS Diagnostic Criteria

Inclusion Criteria
Studies had to meet the following criteria: (1)
published in English, (2) involve human subjects only,
(3) report original research, (4) used rTMS/tDCS for
treatment purposes, (5) consisted only of patients with
FMS, and (6) have outcome measures regarding
changes in FMS symptoms.

Data Extraction
Full-text records of each retrieved article were
reviewed to determine which studies would be
included. Extracted study characteristics were adopted
from the Cochrane Handbook of Systematic Reviews
for Intervention Studies;69 these comprised country of

Figure 1. Systematic review study exclusion criteria.

Double-blinded,
randomized
clinical trial

Double-blinded,
randomized
clinical trial

Double-blinded,
randomized
clinical trial

Carretero,77
2009, Spain,
ACR: 1990

Passard,76 2007,
France,
ACR: 1990

Double-blinded,
randomized
clinical trial

Level of
Evidence and
Study Design

Mhalla,74 2011,
France, ACR:
1990

rTMS studies
Short,78 2011,
U.S.A., ACR:
1990

Author, Year,
Country,
Fibromyalgia
Diagnostic
Criteria

N = 30, 1 male and
29 females, 18+
years of age,
right-handed, ‡4 of
10 pain level of BPI
at baseline

N = 26, patients with
major depression (by
DSM-IV [83] criteria)
and FMS

N = 40, all females,
‡4 of 10 using BPI
at baseline

N = 20, naı̈ve to TMS,
with or without
history of major
depression (by
DSM-IV [83] criteria),
pain solely due
to FMS

Study Sample

Inflammatory rheumatic
diseases, autoimmune
disease, other painful disease;
history of seizures, brain
trauma, or brain surgery;
intracranial hypertension;
pacemaker or other metallic
device; current primary
psychiatric disorders;
pregnancy or no use of
contraceptives

<18 Years of age;
inflammatory rheumatic
diseases, autoimmune
disease, or other painful
disorders; a current
psychiatric condition; history
of substance abuse;
pregnancy or no use of
contraceptives; history of
seizures, brain trauma, brain
surgery, or intracranial
hypertension; pacemaker or
other metallic implants;
neurological disorders
<18 Years of age

Medication use known to
increase the risk of
TMS-related seizures, any
medication changes within
4 weeks of the trial or during
the trial, or for having
pacemakers, epilepsy, recent
head trauma, stroke, bipolar
disorder, or schizophrenia

Exclusion Criteria

Table 1. Level of Evidence, Study Population, and Interventions

Allowed for
concomitant pain
and sleep
medications if
‡1 month
pre-enrollment
dose stability

Allowed for
antidepressants up
to the maximum
tolerated dose
‡6 weeks prior

Allowed for
concomitant
medications for
pain and sleep,
provided the dose
was stable for at
least 1 month
prior to
enrollment

Allowed for
concomitant FMS
medications
provided stable
use 4 weeks
before and during
the trial

Concomitant
Treatments

rTMS of right-DLPFC using
‘‘figure-8’’ coil, 4 sets of 5
consecutive daily sessions (20
total), 8 weeks of follow-up,
20 trains at 110% of motor
threshold for 60 seconds at
1 Hz and a 45-seconds interval
between trains (1,200 pulses/
session)
Unilateral rTMS of left-M1, 2
sets of 5 consecutive daily
sessions (10 total); follow-up
at 15, 30, & 60 days after 1st
session; 25 series of 8-seconds
pulses with 52-seconds interval
between series; 10 Hz; 80%
resting motor threshold
intensity (2,000
pulses/session)

rTMS of left-DLPFC using
‘‘solid focal’’ coil, 2 sets of 5
consecutive daily sessions (10
total), follow-up visits at
weeks 3 and 4 (1 and 2 weeks
after intervention), 80 trains
at 120% of resting motor
threshold for 5 seconds at
10 Hz and an interval of
10 seconds between trains
(20,000 pulses/session)
rTMS of left-M1 using
‘‘figure-8’’ coil; 5 consecutive
days, 1/week for 3 weeks,
1/2 weeks for 6 weeks,
1/month for 3 months (14
total over 21 weeks),
follow-up visit at week 25; 15
trains at 80% of resting
motor threshold for
10 seconds at 10 Hz and an
interval of 50 seconds
between trains (1,500 pulses/
session)

Intervention(s)

15/13 (86.67%)

14/14 (100%)

20/16 (80%)

10/10 (100%)

Active Group
Total N/
Completing (%)

15/13 (86.67%)

12/12 (100%)

20/14 (70%)

10/10 (100%)

Sham Group
Total N/
Completing (%)
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Valle,72 2009,
Brazil, ACR:
1990

tDCS studies
Antal,73 2010,
Germany, not
listed

Sampson,75
2006, U.S.A.,
not listed

Author, Year,
Country,
Fibromyalgia
Diagnostic
Criteria

Double-blinded,
randomized
clinical trial

Double-blinded,
randomized
clinical trial,
with partial
cross-over design

Case series, with
subjects blinded
to treatment

Level of
Evidence and
Study Design

Table 1. Continued

Study Sample

N = 23, all with
therapy-resistant
chronic pain
(trigeminal
neuralgia,
poststroke pain
syndrome, back
pain, FMS), 3 with
FMS, all with pain
score ‡3 at baseline
Women with
medically refractory
FMS, N = 41, ‡4 of
10 level mean pain
score over 2 weeks
prior to enrollment

N = 4, subjects with
FMS extracted from
a trial for TMS in
subjects with
treatment-resistant
major depression
and BPD (by DSM-IV
[83]), all females

Exclusion Criteria

Any clinically significant or
unstable medical,
neuropsychiatric, or other
chronic pain disorder,
pregnancy, lactation, alcohol/
substance abuse, use of
central nervous system
affecting medications in the
past month, and history of
brain surgery, tumor, or
intracranial metal
implantation

Any clinically significant or
unstable medical or
psychiatric disorder, history
of substance abuse,
neuropsychiatric comorbidity,
patients with metallic or
electric implants, use of
carbamazepine (which can
decrease the effects of tDCS)

Diagnosis of schizophrenia or
schizoaffective disorder,
substance abuse within
1 year (except nicotine),
unprovoked seizure history or
family history of
treatment-resistant epilepsy,
pregnancy, history of failure
to respond to ECT, metal in
the head (except dental
fillings), any implanted
devices, prior brain surgery,
any significant change in
psychotropic medication
within 4 weeks, or any
significant change in treators
within 6 weeks, suicide
attempt within 3 months

NR

Allowed use of
other treatments
provided use
‡4 weeks prior to
enrollment and
ability to
consistently use
during the study

Allowed for
concomitant and
stable use of
psychotropic
medications

Concomitant
Treatments
Intervention(s)

Anodal tDCS of left-M1 at C3
or left-DLPFC at F3 with
reference cathode at
contralateral supra-orbital
area, 2 sets of 5 consecutive
daily sessions (10 total) with
follow-up at the 10th session
and at 30 and 60 days after
treatment, constant current
of 2 mA intensity applied for
20 minutes

Anodal tDCS of left-M1 with
reference cathode over the
contralateral supra-orbital
area, 5 consecutive daily
sessions with 4 weeks of
follow-up, constant current
of 1 mA intensity applied for
20 minutes

rTMS of right-DLPFC using
‘‘figure-8’’ coil, 4 sets of 5
consecutive daily sessions (20
total), 2 trains at 110% of
resting motor threshold for
800 seconds at 1 Hz and an
interval of 60 seconds
between trains (1,600 pulses/
session), 1 subject had sham
TMS before receiving active,
1 subject had an additional
12 sessions over 6 weeks as
part of a taper protocol for
those who had remission of
depression

Left-M1 = 14/14
(100%),
left-DLPFC =
13/13 (100%)

6/5 (83.3%)*
active, 13/13
(100%)* with
cross-over
(active
and sham)

4/4 (100%)

Active Group
Total N/
Completing (%)

14/14 (100%)

4/3 (75%)*

n/a

Sham Group
Total N/
Completing (%)
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10/10 (100%)
M1 = 11/10
(90.91%),
left-DLPFC =
11/11 (100%)
Allowed use of pain
medications if stable
dose for ‡2 months
pre-enrollment
Any uncontrolled clinical
disease, alcohol/
substance abuse,
pregnancy, lactation,
neuropsychiatric
disorders
Females, N = 32, ‡4
of 10 level pain and
tender point score
‡20 of 72 during
2 weeks
pre-enrollment
Double-blinded,
randomized
clinical trial
Fregni,68 2006,
Brazil, ACR:
1990

Roizenblatt,
2007, Brazil,
ACR: 1990

*The study does not give specific enough information for us to extract which members completed/dropped out (ie, according to chronic pain group).
ACR, American College of Rheumatology; BPD, borderline personality disorder; BPI, Brief Pain Inventory; DLPFC, dorsolateral prefrontal cortex; FMS, fibromyalgia syndrome; M1, primary motor cortex; NR, not reported; rTMS,
repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.

10/10 (100%)
M1 = 11/11
(100%),
left-DLPFC =
11/11 (100%)

Anodal tDCS of left-M1 at C3 or
left-DLPFC at F3 with reference
cathode at contralateral
supra-orbital area, 5
consecutive daily sessions with
follow-up at 21 days, constant
current of 2 mA intensity
applied for 20 minutes
Anodal tDCS of left-M1 at C3 or
left-DLPFC at F3 with reference
cathode at contralateral
supra-orbital area, 5 consecutive
daily sessions with follow-up at
21 days, constant current of
2 mA intensity for 20 minutes
Any uncontrolled clinical
disease, alcohol/
substance abuse,
pregnancy, lactation,
and current
neuropsychiatric
disorders
Females, N = 32, ‡4
of 10 level pain
score
Double-blinded,
randomized
clinical trial

Allowed use of pain
medications if stable
dose for ‡2 months
pre-enrollment

Exclusion Criteria
Study Sample

71

Level of
Evidence and
Study Design
Author, Year,
Country,
Fibromyalgia
Diagnostic
Criteria

Table 1. Continued

Concomitant
Treatments

Intervention(s)

Sham Group
Total N/
Completing (%)
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Active Group
Total N/
Completing (%)
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subjects and investigators recording outcomes, not to
individuals involved in performing rTMS/tDCS (ie, single-blinded treatment, double-blinded outcomes). Only
2 of 9 total extracted studies were conducted in the
United States, with others based in France, Spain,
Germany, and Brazil. For 7 of 9 studies, the 1990
ACR criteria18 were applied for subject FMS diagnosis,
while this information was not listed for one each of
the rTMS and tDCS studies.73,75
Study Sample
Fibromyalgia syndrome samples (N = 228) included 4,
20, 26, 30, and 40 subjects for rTMS and 3, 32, and
41 subjects for tDCS studies (Table 1). The majority of
these studies had subject populations that were either
all or predominately females. Concomitant medication
and/or other treatment uses were reported for 8 studies; dosing/use was stable before enrollment, and continued use during follow-up was planned. Additional
study inclusion and exclusion criteria are detailed in
Table 1.
Study Quality
Jadad scores were 1 (25%), 3 (25%), and 5 (50%) for
rTMS studies and 5 for all of tDCS studies (Table 2).
Power estimates were reported for only one study
(11.1%),74 which was also the only study to report
intent-to-treat analysis. Seven (77.8%) studies reported
appropriate use of either repeated-measures or mixedeffect models for statistical methodology. Of the other
2 studies, one used paired sample t-tests,77 while the
other did not describe their statistical methods.75
Bonferroni corrections for multiple comparisons were
applied in 5 (55.6%) studies.68,71–73,76 Quantitative
data useful for meta-analysis were reported and available for each study, yet meta-analysis methods are not
appropriate for this systematic review because of the
high degree of variability in interventions reported,
particularly regarding brain site, stimulation frequency/intensity, total number of sessions, and followup intervals.
Interventions and Follow-up
Specifics of the stimulation modality for each study are
described in Table 1. Sites stimulated included left-M1
(40%),74,76 left-DLPFC (20%),78 or right-DLPFC
(40%)75,77 for the rTMS studies, and left-M1 (25%)73

1) 5, 2) no, 3) n/a – 100%
completed, 4) mixed-effects models
and paired t-tests 5) no, 6) yes

1) 5, 2) yes, 3) yes, 4) mixed-effects
model, 5) no, 6) yes

1) 3, 2) no, 3) n/a – 100%
completed, 4) independent and
paired sample t-tests, 5) no, 6) yes

1) 5, 2) no, 3) not described,
4) repeated-measures ANOVA &
Pearson’s correlations,
5) Bonferroni corrections for
ANOVA, 6) yes

1) 1, 2) no, 3) n/a – 100%
completed, 4) not described,
5) no, 6) yes

1) 5, 2) no, 3) no, 4)
repeated-measures ANOVA,
5) Bonferroni corrections, 6) yes,
but only for all pain conditions
combined

Short, 2011, U.S.A., ACR:
1990, HF rTMS of left-DLPFC

Mhalla,74 2011, France, ACR:
1990, HF rTMS of left-M1

Carretero,77 2009, Spain,
ACR: 1990, LF rTMS of
right-DLPFC

Passard,76 2007, France, ACR:
1990, Unilateral HF rTMS of
left-M1

Sampson,75 2006, U.S.A., not
listed, LF rTMS of
right-DLPFC

Antal,73 2010, Germany, not
listed, anodal tDCS of
left-M1

78

Author, Year, Country,
Fibromyalgia Diagnostic
Criteria, Intervention

Quality: 1) Jadad Score, 2) Power
Reported, 3) Intent-to-treat
Analysis, 4) Statistical Method, 5)
Multiple Comparisons Adjustment,
6) Data Suitable for Meta-analysis

Table 2. Study Quality and Outcomes

VAS for pain (rated 3 times/day and
computed to daily average) at
30 days before, during, and
30 days after stimulation

28-Item HRSD, Montgomery Asberg
Depression Rating Scale, CGI, GAF,
subject pain reports (0 to 10 scale)

24-Hour recall pain intensity, McGill
sensory, McGill pain, BPI, FIQ,
HRSD, BDI, Hospital Depression
Scale, pressure pain threshold at
tender points

Self-reported pain in the past
24 hours using BPI, McGill Pain
Sensory and Affective domains, BPI
pain interference, FIQ, 21-item
Hospital Anxiety and Depression
Scale, 13-item short form of BDI,
Pain Catastrophizing Scale
17-Item HRSD, self-administered
Likert Pain Scale (0 to 10), CGI,
Zachrisson FibroFatigue Scale

9-Item daily pain diary at bedtime
to track pain, mood, activity, and
sleep; HRSD; BPI; FIQ; tender point
assessments

Analyzed Measures of FMS
Symptoms

rTMS vs. sham: SL pain VAS at day 15;
McGill total and sensory scores at day
15; McGill affective scores on days 15
and 30; BPI general activity, walking
and sleep activity scores at days 15 and
30; FIQ total on day 15 and FIQ rest
and fatigue on days 15 and 30. SG %
of past week pain relief at days 15 and
30; day 15 contralateral epicondyle
and trochanter pain thresholds
All subjects (no sham group) had SL
pain vs. baseline; 2 had remission of
pain; duration of pain improvement
ranged 15 to 27 weeks (when pain
ratings increased by ‡1.5 points)
tDCS vs. sham in patients with FMS
(1 with cross-over, 1 with sham, and
1 with tDCS): ND in pain

rTMS vs. sham: ND; within rTMS and
sham groups: SL (vs. baseline) CGI at 4
and 8 weeks as well as FibroFatigue
Scale at 8 weeks (but changes not
clinically meaningful)

rTMS vs. sham: ND in daily pain, FIQ, or
BPI but SL tender points for rTMS at
week 2; rTMS: SL pain (29% mean
reduction) and depressive symptoms
vs. baseline (on average, pain
reduction preceded depression
improvement by 1 day); sham: ND in
pain (4% mean reduction) vs. baseline
rTMS vs. sham, SL: 24-hour recall pain
intensity day 5 – week 25; McGill
Affective, BPI Interference, and PCS
Catastrophizing scores day 5 – week
25; FIQ day 5 – week 9

Significant Results

tDCS related: headache, difficulty
concentrating, acute mood
changes, visual perceptual
changes, fatigue, and discomforts
at the stimulation site (pain,
tingling, itching, or burning during
and after tDCS)

None reported

2 Per group discontinued treatment
for headache; 9 others (5 active, 4
sham) with transient mild
headache during or just after 1
session, 1 with transient dizziness
after 1 session during the
induction phase
TMS group: 6 with neck pain with
headache, 1 with worsening of
depressive symptoms; sham group:
2 with neck pain with headache, 4
with nausea and increased
tiredness
9 Active and 1 sham with mild and
transient headache after 1 of 10
sessions, 1 patient with nausea
after 5th visit, 2 with transient
tinnitus, and 1 with mild dizziness
after sham visit

2 Complained of a headache after
the first treatment

Adverse Events
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1) 5, 2) no, 3) n/a – 100%
completed, 4) repeated-measures
ANOVA and Spearman’s rank
correlations, 5) Bonferroni
corrections for ANOVA, 6) yes

1) 5, 2) no, 3) not described,
4) mixed linear model for pain
outcomes, repeated-measures
ANOVA for others, & Pearson’s
correlations, 5) Bonferroni
corrections for models, 6) yes

Roizenblatt,71 2007, Brazil,
ACR: 1990, anodal tDCS of
left-M1 or left-DLPFC

Fregni,68 2006, Brazil, ACR:
1990, anodal tDCS of
left-M1 or left-DLPFC

VAS for pain, tiredness, and anxiety;
BDI; FIQ; MMSE for Cognitive and
Safety Evaluation; all night
polysomnography in a sleep
laboratory setting to collect sleep
efficiency (%), sleep latency (min),
REM latency (min), total sleep time
(min), Stage 1 (%), Stage 2 (%),
Stages 3 & 4 (%), REM sleep (min),
arousals (events/hr), IAH (events/
hr), alpha frequencies during
non-REM sleep, delta frequencies
during non-REM sleep, and the
alpha/delta index
VAS for pain, anxiety, and analgesic
use; CGI; PGA; number of tender
points; FIQ; SF-36; BDI; MMSE for
Cognition and Safety; Stoop Test;
digit span forward and backward;
simple reaction time

VAS for pain, tender point scores,
FIQ, BDI, IDATE State-Trait Anxiety
Inventory, Geriatric Depression
Scale, MMSE for Cognition and
Safety

Analyzed Measures of FMS
Symptoms

SL pain among M1 active vs. sham, SL
CGI among M1 vs. both sham and
DLPFC and among DLPFC vs. sham, SL
change (%) of tender point assessment
in sham vs. both M1 and DLPFC, SG
decrease (%) in FIQ among M1 vs.
both sham and DLPFC, higher SF-36
physical functioning scores among M1
vs. both sham and DLPFC (ANOVA
P = 0.02), higher SF-36 pain scores
among sham vs. both M1 and DLPFC
(ANOVA P = 0.05), improved
performance of right-hand reaction
time among M1 and among DLPFC vs.
sham (ANOVA P = 0.02), SN correlation
between BMI and pain improvement,
SN correlation between number of
tender points and pain improvement

tDCS vs. sham: ND; Pain: ND for sham;
SL at the end of treatment, at 30 days,
and at 60 days for M1 active; SL at the
end of treatment (but not at 30 or
60 days) for DLPFC active; FIQ: SL for
M1 and DLPFC active at the end of
treatment (only time point measured
for FIQ), ND for sham
M1 and DLPFC tDCS had opposite
effects on sleep; M1: SG sleep
efficiency, SG arousals, SL delta
frequency, and SG alpha/delta index as
well as SP correlations for REM latency
with FIQ and sleep latency with pain;
DLPFC: SL sleep efficiency, SG REM
latency, SG sleep latency, SI alpha
frequency, SL delta frequency, and SL
alpha/delta index as well as SP
correlations of sleep latency with pain.

Significant Results

1 Patient withdrew from study (M1
group) after the 2nd session
because of mild and transient
redness and itching at the
stimulation site

Minor and uncommon with equal
distribution across the 3 treatment
groups

Minor and uncommon (eg, skin
redness and tingling at stimulation
site) with equal distribution across
the 3 treatment groups

Adverse Events

ACR, American College of Rheumatology; BDI, Beck Depression Inventory; BPI, Brief Pain Inventory; CGI, Clinical Global Impression; DLPFC, dorsolateral prefrontal cortex; FIQ, Fibromyalgia Impact Questionnaire; FMS, fibromyalgia
syndrome; GAF, Global Assessment of Functioning; HF, high frequency; HRSD, Hamilton Rating Scale for Depression; LF, low frequency; M1, primary motor cortex; MMSE, Mini-Mental State Examination; ND, nonsignificant difference; PGA, Patient Global Assessment; REM, rapid eye movement; rTMS, repetitive transcranial magnetic stimulation; SF-36, Short Form 36 Health Survey; SG, standard gamble SI, significant improvement; SL, significantly lower;
SN, significant and negative; SP, significant and positive; tDCS, transcranial direct current stimulation; VAS, visual analog scale.

1) 5, 2) no, 3) n/a – 100%
completed, 4) mixed ANOVA
model, 5) Bonferroni corrections,
6) yes

Quality: 1) Jadad Score, 2) Power
Reported, 3) Intent-to-treat
Analysis, 4) Statistical Method, 5)
Multiple Comparisons Adjustment,
6) Data Suitable for Meta-analysis

Valle, 2009, Brazil, ACR:
1990, anodal tDCS of
left-M1 or left-DLPFC

72

Author, Year, Country,
Fibromyalgia Diagnostic
Criteria, Intervention

Table 2. Continued

138 •
MARLOW ET AL.

rTMS and tDCS for Fibromyalgia • 139

or a randomized selection of either left-M1 or leftDLPFC (75%)68,71,72 for tDCS studies. Total treatment sessions were as follows: 10 (40%),76,78 14
(20%),74 and 20 (40%)75,77 for rTMS studies and 5
(75%)68,71,73 and 10 (25%)72 for tDCS studies. Frequencies for rTMS comprised either 1 Hz (LF,
40%)75,77 or 10 Hz (HF, 60%),74,76,78 while tDCS
sessions were all anodal (100%) with intensities of
either 1 mA (25%)73 or 2 mA (75%)68,71,72 for
20 minutes. The last follow-up visits for rTMS studies
ranged 4 to 25 weeks after the first treatment session.
For tDCS studies, the final follow-up visits ranged
21 days to 5 weeks (Table 1).
FMS Symptom Outcome Measures
All (100%) studies assessed pain levels (0- to 10-point
scale) and relative changes (Table 2). The Sensory and
Affective Domains of the McGill Pain Questionnaire87
were additionally included for 2 (22.2%).74,76 One
(11.1%)78 also included a 9-item daily symptom diary
(recorded at bedtime to track pain, mood, activity, and
sleep), while another (11.1%)74 also included the Pain
Catastrophizing Scale.88 Three (33.3%)74,76,78 included
the Brief Pain Inventory pain interference assessment.89
Tender point assessments were recorded for 4
(44.4%).68,72,76,78 Six (66.7%)68,71,72,74,76,78 assessed
the quality of life outcomes using the Fibromyalgia
Impact Questionnaire (FIQ),90 and one (11.1%)68 additionally used the SF-36 Health Survey.91
Depression assessments included the Beck Depression Inventory (BDI) for depressive outcomes92 for
55.6%,68,71,72,74,76 the Hamilton Depression Rating
Scale93 for 44.4%,75–78 Hospital Depression Scale94
for 22.2%,74,76 Montgomery Asberg Depression Rating Scale95 for 11.1%,75 and Geriatric Depression
Scale96 for 11.1%.72 Anxiety assessments included
self-reported visual analog scale (VAS) measurements
for 22.2%, Hospital Anxiety Scale94 for 11.1%, and
IDATE State-Trait Anxiety Inventory97 for 11.1%.
The Mini-Mental State Examination (MMSE) for
Cognition and Safety98 was conducted for
33.3%.68,71,72 Fatigue-specific measures were applied
in 2 (22.2%). One77 used the Zachrisson FibroFatigue Scale,99 while the other71 used a self-reported
VAS measurement.
Other reported measures were the Clinical Global
Impression scales100 for 3 studies (33.3%),68,75,77
Global Assessment of Functioning scale101 for one
(11.1%),75 and Patient Global Assessment100 for

another (11.1%).68 One (11.1%)68 reported outcomes
for analgesic use on a VAS, the Stroop test, simple
reaction time, and digit span forward and backward.
Another (11.1%)71 focused primarily on all night polysomnography outcome measurements from a sleep laboratory setting; see Table 2 for details.

Symptom Improvements
Detailed study results are listed in Table 2. Descriptions of more commonly reported outcome measures
(ie, used in at least 3 studies) follow.
• Pain:
The majority (80%) of rTMS studies that assessed changes in pain outcomes reported significant decreases.74–76,78 Significantly decreased
pain for active compared to sham groups was
reported by Mhalla et al.74 (HF to left-M1) at
day 5 through week 25 and by Passard et al.
(HF to left-M1) at day 15 but not for day 30 or
60.76 Three of the 4 total tDCS studies assessed
the changes in pain outcomes;68,72,73 2 of these
3 (66.7%)68,72 reported significant decreases.
Fregni et al. (anodal) reported significantly
decreased pain for the left-M1 active compared
to sham groups at days 1 to 5 and week 3.68
• FIQ:
All studies with FIQ assessments (3 for rTMS, 2
for tDCS) reported significant improvements.68,72,74,76,78 Significantly lower total FIQ
scores for the active compared to sham groups
were reported by Mhalla et al.74 (HF rTMS at
left-M1) at day 5 through week 9, Passard et al.
(HF rTMS at left-M1) at day 15 (as well as restand fatigue-specific scores at days 15 and 30),76
and Fregni et al.68 (anodal tDCS to left-M1) at
day 5.
• BDI:
Of the 5 studies (2 rTMS and 3 tDCS) that
assessed BDI, none found significant changes.68,72,74,76
• Tender points:
Results of the 4 studies (2 rTMS and 2 tDCS)
that evaluated tender point outcomes varied.
Among the active compared to sham groups,
Passard et al.76 (HF rTMS at left-M1) found
significantly greater pain thresholds for contralateral epicondyles and trochanters at day 15;
Short et al.78 (HF rTMS at left-DLPFC)
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reported significantly fewer responsive tender
points; Fregni et al.68 (anodal tDCS, both leftM1 and left-DLPFC groups) found a significantly greater percent decrease in responsive
tender points at day 5, while Valle et al.72
(anodal tDCS, neither left-M1 nor left-DLPFC
groups) found no significant differences in
responsive tender points.

total sessions over 21 weeks, while Passard et al.76
(published in 2007) administered similar treatments in
10 total sessions over 2 weeks. Fregni et al.68
(published in 2006) used anodal tDCS in 5 consecutive
daily sessions. Results from these studies indicate that
a combination of ‘‘induction’’ with ‘‘maintenance’’
phases, as derived from studies on depression,102 could
be both feasible and acceptable to patients with
FMS.74 However, further randomized controlled trials
are needed to determine the optimal modality.

Drop-outs and Side Effects
The most common side effects for rTMS included transient headache for active groups, while for tDCS the
most common side effects were discomforts at the stimulation site, with equal distribution across sham and
active stimulation groups (Table 2). Discontinuations
because of adverse events were quite rare overall
(Table 2). Proportions of subjects completing each
study were 70% (1 HF rTMS at M1),74 75% (1 of 1
with anodal tDCS to M1 and crossover design—the all
sham group),73 86.67% (1 HF rTMS to M1),76 and
100% (1 LF rTMS at DLPFC, 1 HF rTMS at DLPFC, 3
tDCS at M1/DLPFC)68,71,72,77,78 for the sham stimulation groups and 80% (1 HF rTMS at M1),74 83.33% (1
of 1 with anodal tDCS to M1 and crossover design—the
all active group),73 86.67% (1 HF rTMS to M1),76
90.91% (1 of 3 with anodal tDCS to M1),68 and 100%
(3 rTMS, 2 of 3 with anodal tDCS to M1, 3 of 3 with
anodal tDCS to DLPFC, 1 of 1 with tDCS to M1 and
crossover design—the active + sham group)68,71–73,75,77,78
for the active stimulation groups (Table 1).

DISCUSSION
Pain Outcomes
The results of this evidence-based systematic review
showed that excitatory rTMS/tDCS at left-M1 has an
effective and lasting impact on significant pain reduction beyond the duration of the stimulation session
(ie, anodal tDCS, HF rTMS).68,74,76 Also, despite
right-DLPFC having a theoretical justification as a
stimulation site in patients with FMS, current studies
are mixed regarding this site region as an option for
LF rTMS.75,77 Further, the results concerning the use
of HF left-DLPFC rTMS78 as well as anodal leftDLPFC tDCS68,71 are inconclusive.
Regarding schedules for these noninvasive neurostimulation techniques, Mhalla et al.74 (published in
2011) applied HF rTMS treatments at left-M1 in 14

FIQ, Depression, & Sleep Assessment Outcomes
Four of the 5 studies that assessed FIQ scores (2 rTMS
and 2 tDCS) showed significant improvements among
excitatory left-M1 stimulation compared to sham
groups.68,72,74,76 However, these results were only noted
earlier during the study follow-up, suggesting a more
transient effect of noninvasive neurostimulation on
quality of life compared to analgesic relief. Further, no
significant differences were noted in the 5 studies (2 HF
left-M1 rTMS and 3 anodal tDCS randomized to either
left-M1 or left-DLPFC) for BDI outcomes.68,72,74,76
Roizenblatt et al.71 used anodal tDCS randomized
to either left-M1 or left-DLPFC and compared polysomnography results (a unique assessment among the
studies of this report) prior to and after stimulation.
Complaints of nonrestorative sleep are one of the hallmark symptoms of FMS, yet the impact of alpha sleep
pattern changes in FMS is unknown.81,103,104 Slowwave sleep fragmentation by alpha rhythm or extrinsic
stimuli105–108 is, however, connected to nonrestorative
sleep and musculoskeletal pain.81 Their results showed
that excitatory left-M1 stimulation had differing
effects on sleep outcomes compared to excitatory leftDLPFC stimulation.71 Also, the positive impact of
excitatory left-M1 stimulation on the sleep variables
assessed (specifically, decreased rapid eye movement
(REM) latency as well as sleep latency) seemed to have
a related positive impact on FIQ score and pain symptoms (with significant correlations observed).
Practical Considerations
In comparison with rTMS, tDCS is less costly and
easier to apply in daily practice.53 Zaghi et al.109
examined costs of these neuromodulatory approaches
for treating chronic pain disorders from a healthcare
system perspective, including room utilization, equipment leasing and maintenance, supplies, technician
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time, neurologist coverage for each session and/or consultation, and administrative fees. Their cost estimates
per treatment session (U.S.$) comprised $167.72 for
tDCS and $207.24 for rTMS, with $1.68 and $32.60 for
equipment maintenance/leasing, respectively.109 They
also reported costs for one year (10 sessions during the
first 2 weeks, followed by once/week as well as 2 sets of
booster treatments, totaling 70/year) and for 5 years
(with 3% annual discounting) of treatment sessions.
Year one costs were $11,740 for tDCS and $14,507 for
rTMS, while costs over 5 years were $55,284 and
$68,311, respectively.109 They performed a preliminary
cost-effectiveness analysis by summarizing studies in the
literature that used these techniques for treating chronic
pain. Mean reductions in VAS of pain for each stimulation method were converted to Standard Gamble (SG)
utility score summary measures for quality-adjust life
years. Their estimates for increases in Standard Gamble
utility scores included 0.25 for rTMS and 0.30 for tDCS;
this larger response coupled with lower costs suggests
that tDCS is always more cost-effective than rTMS for
treating chronic pain.109
tDCS also has fewer risks than rTMS, which has to
apply special safety measures because of threats of
induced seizures in certain individuals (now considered
very low with use of precautions). However, even
though it is relatively safe, more practical for frequent
use, and similar in its induced aftereffects, tDCS does
not produce the strongly localized effects of rTMS.
The most commonly reported side effects of rTMS
include headaches, scalp pain, nausea, and temporary
hearing problems (requiring the use of ear plugs for
prevention). Rare side effects from rTMS include syncope and transient cognitive changes. The most common side effect of tDCS is the tingling sensation felt
under the electrodes; nausea, headache, and/or dizziness are also, but rarely, experienced at the start of
stimulation. Studies that included a neuropsychological
test battery have indicated no adverse cognitive side
effects associated with tDCS;67 notably, the considerably low incidence of adverse effects and treatment
discontinuation for rTMS and tDCS among the studies
included in this systematic review compare quite favorably to those observed in randomized trials of the FDA
approved FMS pharmaceuticals.47–50
Limitations
The process of this systematic review of the literature
to date has elucidated the need for more research into

the optimal parameters for applying rTMS/tDCS to
treat FMS, including the site of stimulation, frequency/
intensity, and scheduling of sessions. This review has
also provided insight into the need for standardized
outcome measures for both clinical applications and
use in future FMS trials of rTMS/tDCS. Standardized
outcome measures are necessary to achieve objective
evaluations of these techniques across multiple sites
and studies for their therapeutic potential among
patients with FMS. Such standardized measures and
treatments would also allow an appropriate meta-analysis of future studies in this field. With indications of
positive cognitive effects related to enduring rTMS,67
future studies should also incorporate a neuropsychological battery during follow-up. Further, the literature
consistently failed to report proportions of patients per
stimulation group with clinically meaningful changes
in FMS symptoms, such as patients with ‡30%
decrease in pain reported by the clinical trial literature
for FDA approved FMS pharmaceuticals. These results
are of critical importance for this emerging field in
order to compare the results of rTMS to tDCS as well
as rTMS/tDCS to prescription medications using costeffectiveness methodologies.

CONCLUSIONS
Our systematic review provides an evidence-based and
educational account for patients with FMS, clinicians,
health policy stake-holders, and researchers. rTMS
devices have been recently approved for mildly treatment-resistant major depression in Canada, Australia,
New Zealand, the European Union, Israel, and the
United States.110 A recent meta-analysis report showed
an effect size of 0.55 (P < 0.001) for the use of rTMS
compared to sham treatment for psychiatric disorders,
better than those of pharmaceuticals for depression
(0.17 to 0.46). While discussion remains regarding precise mechanisms of action, our systematic review demonstrates that HF rTMS or anodal tDCS at left-M1
significantly improves the main complaints of patients
with FMS. The most commonly reported side effects
were mild, including transient headaches and scalp discomforts at the stimulation site. Yearly use of rTMS/
tDCS regimens appears costly; however, analyses to
appropriately weigh these costs against the clinical and
quality of life benefits for patients are lacking. Further,
as noted by Zaghi et al.,109 tDCS devices could potentially be designed for patient home use, allowing
extended treatment durations for little or no extra
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costs. Consequently, excitatory rTMS/tDCS should be
considered when treating patients with FMS, particularly for those with pain symptoms resistant to other
therapies or who are unable to continue the use of
such therapies because of their adverse side effects
(as commonly experienced with the FDA approved
pharmaceuticals).

REFERENCES
1. Institute of Medicine. Relieving Pain in America: A
Blueprint for Transforming Prevention, Care, Education,
and Research. Washington, DC: Institute of Medicine; 2011.
2. National Institute of Arthritis and Musculoskeletal
and Skin Diseases. Questions and answers about fibromyalgia.
http://www.niams.nih.gov/Health_Info/Fibromyalgia/
default.asp. Accessed November 26, 2010.
3. Toda K. The prevalence of fibromyalgia in Japanese
workers. Scand J Rheumatol. 2007;36:140–144.
4. Mas AJ, Carmona L, Valverde M, Ribas B. Prevalence and impact of fibromyalgia on function and quality of
life in individuals from the general population: results from a
nationwide study in Spain. Clin Exp Rheumatol. 2008;26:
519–526.
5. National Fibromyalgia Association. Fibromyalgia
prevalence.
http://www.fmaware.org/site/PageServer?pagename=fibromyalgia_affected. Accessed November 26, 2010.
6. WrongDiagnosis.Com. Prevalence and incidence of
fibromyalgia. http://www.wrongdiagnosis.com/f/fibromyalgia/
prevalence.htm. Accessed November 26, 2010.
7. Branco JC, Bannwarth B, Failde I, et al. Prevalence of
fibromyalgia: a survey in five European countries. Semin
Arthritis Rheum. 2010;39:448–453.
8. Bannwarth B, Blotman F, Roue-Le Lay K, Caubere
JP, Andre E, Taieb C. Fibromyalgia syndrome in the general
population of France: a prevalence study. Joint Bone Spine.
2009;76:184–187.
9. Schochat T, Raspe H. Elements of fibromyalgia in
an open population. Rheumatology (Oxford). 2003;42:
829–835.
10. Bazelmans E, Vercoulen JH, Galama JM, van Weel
C, van der Meer JW, Bleijenberg G. Prevalence of chronic
fatigue syndrome and primary fibromyalgia syndrome in The
Netherlands. Ned Tijdschr Geneeskd. 1997;141:1520–1523.
11. Wolfe F, Hawley DJ, Wilson K. The prevalence and
meaning of fatigue in rheumatic disease. J Rheumatol.
1996;23:1407–1417.
12. Sardini S, Ghirardini M, Betelemme L, Arpino C,
Fatti F, Zanini F. Epidemiological study of a primary
fibromyalgia in pediatric age. Minerva Pediatr. 1996;48:
543–550.
13. Wolfe F, Ross K, Anderson J, Russell IJ, Hebert L.
The prevalence and characteristics of fibromyalgia in the general population. Arthritis Rheum. 1995;38:19–28.

14. Buskila D, Neumann L, Hershman E, Gedalia A,
Press J, Sukenik S. Fibromyalgia syndrome in children – an
outcome study. J Rheumatol. 1995;22:525–528.
15. Marder WD, Meenan RF, Felson DT, et al. The present and future adequacy of rheumatology manpower.
A study of health care needs and physician supply. Arthritis
Rheum. 1991;34:1209–1217.
16. Crofford LJ, Clauw DJ. Fibromyalgia: where are we
a decade after the American College of Rheumatology classification criteria were developed? Arthritis Rheum.
2002;46:1136–1138.
17. Wolfe F, Hawley DJ, Goldenberg DL, Russell IJ,
Buskila D, Neumann L. The assessment of functional impairment in fibromyalgia (FM): rasch analyses of 5 functional
scales and the development of the FM Health Assessment
Questionnaire. J Rheumatol. 2000;27:1989–1999.
18. Wolfe F, Smythe HA, Yunus MB, et al. The American
College of Rheumatology 1990 criteria for the classification
of fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis Rheum. 1990;33:160–172.
19. Zhao Y, Chen SY, Wu N, Fraser KA, Boulanger L.
Medication adherence and healthcare costs among fibromyalgia patients treated with duloxetine. Pain Pract. 2011;
11:381–391.
20. Al-Allaf AW. Work disability and health system utilization in patients with fibromyalgia syndrome. J Clin Rheumatol. 2007;13:199–201.
21. Robinson RL, Jones ML. In search of pharmacoeconomic evaluations for fibromyalgia treatments: a review.
Expert Opin Pharmacother. 2006;7:1027–1039.
22. Bennett RM, Jones J, Turk DC, Russell IJ, Matallana
L. An internet survey of 2,596 people with fibromyalgia.
BMC Musculoskelet Disord. 2007;8:27.
23. Shaver JL, Wilbur J, Robinson FP, Wang E, Buntin
MS. Women’s health issues with fibromyalgia syndrome.
J Womens Health (Larchmt). 2006;15:1035–1045.
24. Rutledge DN, Jones K, Jones CJ. Predicting high
physical function in people with fibromyalgia. J Nurs Scholarsh. 2007;39:319–324.
25. Berger A, Dukes E, Martin S, Edelsberg J, Oster G.
Characteristics and healthcare costs of patients with fibromyalgia syndrome. Int J Clin Pract. 2007;61:1498–1508.
26. Panton LB, Kingsley JD, Toole T, et al. A comparison
of physical functional performance and strength in women
with fibromyalgia, age- and weight-matched controls, and
older women who are healthy. Phys Ther. 2006;86:
1479–1488.
27. Verbunt JA, Pernot DH, Smeets RJ. Disability and
quality of life in patients with fibromyalgia. Health Qual Life
Outcomes. 2008;6:8.
28. Kurtze N, Gundersen KT, Svebak S. Quality of life,
functional disability and lifestyle among subgroups of
fibromyalgia patients: the significance of anxiety and depression. Br J Med Psychol. 1999;72(Pt 4):471–484.
29. Kleinman N, Harnett J, Melkonian A, Lynch W,
Kaplan-Machlis B, Silverman SL. Burden of fibromyalgia and

rTMS and tDCS for Fibromyalgia • 143

comparisons with osteoarthritis in the workforce. J Occup
Environ Med. 2009;51:1384–1393.
30. Naranjo A, Ojeda S, Francisco F, Erausquin C,
Rua-Figueroa I, Rodriguez-Lozano C. Fibromyalgia in
patients with rheumatoid arthritis is associated with higher
scores of disability. Ann Rheum Dis. 2002;61:660–661.
31. Arnold LM, Hudson JI, Keck PE, Auchenbach MB,
Javaras KN, Hess EV. Comorbidity of fibromyalgia and psychiatric disorders. J Clin Psychiatry. 2006;67:1219–1225.
32. Arnold LM, Crofford LJ, Mease PJ, et al. Patient perspectives on the impact of fibromyalgia. Patient Educ Couns.
2008;73:114–120.
33. Robinson RL, Birnbaum HG, Morley MA, Sisitsky T,
Greenberg PE, Wolfe F. Depression and fibromyalgia: treatment and cost when diagnosed separately or concurrently.
J Rheumatol. 2004;31:1621–1629.
34. Weir PT, Harlan GA, Nkoy FL, et al. The incidence
of fibromyalgia and its associated comorbidities: a population-based retrospective cohort study based on International
Classification of Diseases, 9th Revision codes. J Clin Rheumatol. 2006;12:124–128.
35. Zhao Y, Sun P, Watson P, Mitchell B, Swindle R
Comparison of medication adherence and healthcare costs
between duloxetine and pregabalin initiators among patients
with fibromyalgia. Pain Pract. 2011;11:204–216.
36. White LA, Birnbaum HG, Kaltenboeck A, Tang J,
Mallett D, Robinson RL. Employees with fibromyalgia: medical comorbidity, healthcare costs, and work loss. J Occup
Environ Med. 2008;50:13–24.
37. Goldenberg DL, Burckhardt C, Crofford L.
Management of fibromyalgia syndrome. JAMA. 2004;292:
2388–2395.
38. Carville SF, Arendt-Nielsen S, Bliddal H, et al.
EULAR evidence-based recommendations for the management of fibromyalgia syndrome. Ann Rheum Dis. 2008;67:
536–541.
39. Guymer EK, Littlejohn GO. Fibromyalgia. Diagnosis
and management. Australas Chiropr Osteopathy. 2002;10:
81–84.
40. Sumpton JE, Moulin DE. Fibromyalgia: presentation
and management with a focus on pharmacological treatment.
Pain Res Manag. 2008;13:477–483.
41. Buckhardt CS, Goldenberg DL, Crofford L, et al.
Guideline for Management of Fibromyalgia Syndrome Pain
in Adults and Children. Glenview, IL: American Pain
Society; 2005.
42. Hauser W, Thieme K, Turk DC. Guidelines on the
management of fibromyalgia syndrome – a systematic review.
Eur J Pain. 2010;14:5–10.
43. Forseth KK, Gran JT. Management of fibromyalgia:
what are the best treatment choices? Drugs. 2002;62:
577–592.
44. Brosseau L, Wells GA, Tugwell P, et al. Ottawa panel
evidence-based clinical practice guidelines for aerobic fitness
exercises in the management of fibromyalgia: part 1. Phys
Ther. 2008;88:857–871.

45. Brosseau L, Wells GA, Tugwell P, et al. Ottawa panel
evidence-based clinical practice guidelines for strengthening
exercises in the management of fibromyalgia: part 2. Phys
Ther. 2008;88:873–886.
46. Crofford LJ. Pain management in fibromyalgia. Curr
Opin Rheumatol. 2008;20:246–250.
47. Arnold LM, Clauw DJ, Wohlreich MM, et al. Efficacy of duloxetine in patients with fibromyalgia: pooled
analysis of 4 placebo-controlled clinical trials. Prim Care
Companion J Clin Psychiatry. 2009;11:237–244.
48. Hauser W, Bernardy K, Uceyler N, Sommer C. Treatment of fibromyalgia syndrome with gabapentin and pregabalin – a meta-analysis of randomized controlled trials. Pain.
2009;145:69–81.
49. Clauw DJ, Mease P, Palmer RH, Gendreau RM,
Wang Y. Milnacipran for the treatment of fibromyalgia in
adults: a 15-week, multicenter, randomized, double-blind,
placebo-controlled, multiple-dose clinical trial. Clin Ther.
2008;30:1988–2004.
50. Mease PJ, Clauw DJ, Gendreau RM, et al. The efficacy and safety of milnacipran for treatment of fibromyalgia.
A randomized, double-blind, placebo-controlled trial.
J Rheumatol. 2009;36:398–409.
51. Abeles AM, Pillinger MH, Solitar BM, Abeles M.
Narrative review: the pathophysiology of fibromyalgia. Ann
Intern Med. 2007;146:726–734.
52. Williams DA, Gracely RH. Biology and therapy of
fibromyalgia. Functional magnetic resonance imaging findings in fibromyalgia. Arthritis Res Ther. 2006;8:224.
53. Lefaucheur JP, Antal A, Ahdab R, et al. The use of
repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS) to relieve pain.
Brain Stimul. 2008;1:337–344.
54. Fregni F, Freedman S, Pascual-Leone A. Recent
advances in the treatment of chronic pain with non-invasive
brain stimulation techniques. Lancet Neurol. 2007;6:
188–191.
55. Lefaucheur JP. The use of repetitive transcranial magnetic stimulation (rTMS) in chronic neuropathic pain. Neurophysiol Clin. 2006;36:117–124.
56. George MS, Wassermann EM. Rapid-rate transcranial magnetic stimulation and ECT. Convuls Ther.
1994;10:251–254; discussion 255-258.
57. Paus T, Castro-Alamancos MA, Petrides M. Corticocortical connectivity of the human mid-dorsolateral frontal
cortex and its modulation by repetitive transcranial magnetic
stimulation. Eur J Neurosci. 2001;14:1405–1411.
58. Strafella AP, Paus T, Barrett J, Dagher A. Repetitive
transcranial magnetic stimulation of the human prefrontal
cortex induces dopamine release in the caudate nucleus.
J Neurosci. 2001;21:RC157.
59. Bohning DE, Shastri A, McGavin L, et al. Motor
cortex brain activity induced by 1-Hz transcranial
magnetic stimulation is similar in location and level to
that for volitional movement. Invest Radiol. 2000;35:
676–683.

144 •

MARLOW ET AL.

60. Bestmann S, Baudewig J, Siebner HR, Rothwell JC,
Frahm J. Functional MRI of the immediate impact of transcranial magnetic stimulation on cortical and subcortical
motor circuits. Eur J Neurosci. 2004;19:1950–1962.
61. Bestmann S, Baudewig J, Siebner HR, Rothwell JC,
Frahm J. BOLD MRI responses to repetitive TMS over
human dorsal premotor cortex. Neuroimage. 2005;28:
22–29.
62. Rosen AC, Ramkumar M, Nguyen T, Hoeft F. Noninvasive transcranial brain stimulation and pain. Curr Pain
Headache Rep. 2009;13:12–17.
63. Maeda F, Keenan JP, Tormos JM, Topka H, PascualLeone A. Interindividual variability of the modulatory effects
of repetitive transcranial magnetic stimulation on cortical
excitability. Exp Brain Res. 2000;133:425–430.
64. Fitzgerald PB, Fountain S, Daskalakis ZJ. A comprehensive review of the effects of rTMS on motor cortical
excitability and inhibition. Clin Neurophysiol. 2006;117:
2584–2596.
65. Nijs J, Meeus M, Van Oosterwijck J, et al. Treatment
of central sensitization in patients with ‘unexplained’ chronic
pain: what options do we have? Expert Opin Pharmacother.
2011;12:1087–1098.
66. Leo RJ, Latif T. Repetitive transcranial magnetic
stimulation (rTMS) in experimentally induced and chronic
neuropathic pain: a review. J Pain. 2007;8:453–459.
67. Utz KS, Dimova V, Oppenlander K, Kerkhoff G.
Electrified minds: transcranial direct current stimulation
(tDCS) and galvanic vestibular stimulation (GVS) as methods
of non-invasive brain stimulation in neuropsychology – a
review of current data and future implications. Neuropsychologia. 2010;48:2789–2810.
68. Fregni F, Gimenes R, Valle AC, et al. A randomized,
sham-controlled, proof of principle study of transcranial
direct current stimulation for the treatment of pain in fibromyalgia. Arthritis Rheum. 2006;54:3988–3998.
69. Higgins JPT, Green S, eds. Cochrane Handbook for
Systematic Reviews of Interventions, Version 5.1.0 [updated
March 2011]. The Cochrane Collaboration; 2011. http://
www.cochrane-handbook.org. Accessed March 1, 2010.
70. Jadad AR, Moore RA, Carroll D, et al. Assessing the
quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials. 1996;17:1–12.
71. Roizenblatt S, Fregni F, Gimenez R, et al. Site-specific
effects of transcranial direct current stimulation on sleep and
pain in fibromyalgia: a randomized, sham-controlled study.
Pain Pract. 2007;7:297–306.
72. Valle A, Roizenblatt S, Botte S, et al. Efficacy of anodal transcranial direct current stimulation (tDCS) for the
treatment of fibromyalgia: results of a randomized, shamcontrolled longitudinal clinical trial. J Pain Manag.
2009;2:353–361.
73. Antal A, Terney D, Kuhnl S, Paulus W. Anodal transcranial direct current stimulation of the motor cortex ameliorates chronic pain and reduces short intracortical inhibition.
J Pain Symptom Manage. 2010;39:890–903.

74. Mhalla A, Baudic S, de Andrade DC, et al. Long-term
maintenance of the analgesic effects of transcranial magnetic
stimulation in fibromyalgia. Pain. 2011;152:1478–1485.
75. Sampson SM, Rome JD, Rummans TA. Slow-frequency rTMS reduces fibromyalgia pain. Pain Med.
2006;7:115–118.
76. Passard A, Attal N, Benadhira R, et al. Effects of unilateral repetitive transcranial magnetic stimulation of the
motor cortex on chronic widespread pain in fibromyalgia.
Brain. 2007;130(Pt 10):2661–2670.
77. Carretero B, Martin MJ, Juan A, et al. Low-frequency
transcranial magnetic stimulation in patients with fibromyalgia and major depression. Pain Med. 2009;10:748–753.
78. Short EB, Borckardt JJ, Anderson BS, et al. Ten
sessions of adjunctive left prefrontal rTMS significantly
reduces fibromyalgia pain: a randomized, controlled pilot
study. Pain. 2011;152:2477–2484.
79. Lefaucheur JP. Use of repetitive transcranial magnetic
stimulation in pain relief. Expert Rev Neurother.
2008;8:799–808.
80. Been G, Ngo TT, Miller SM, Fitzgerald PB. The use
of tDCS and CVS as methods of non-invasive brain stimulation. Brain Res Rev. 2007;56:346–361.
81. Short B, Borckardt JJ, George M, Beam W, Reeves
ST. Non-invasive brain stimulation approaches to fibromyalgia pain. J Pain Manag. 2009;2:259–276.
82. Lefaucheur JP. Is rTMS a therapeutic option in
chronic pain syndrome? Insights from the treatment of
fibromyalgia. Pain. 2011;152:1447–1448.
83. Mhalla A, de Andrade DC, Baudic S, Perrot S, Bouhassira D. Alteration of cortical excitability in patients with
fibromyalgia. Pain. 2010;149:495–500.
84. American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. Revised 4th ed.
Washington, D.C.: Author; 2000.
85. Schwenkreis P, Voigt M, Hasenbring M, Tegenthoff
M, Vorgerd M, Kley RA. Central mechanisms during fatiguing muscle exercise in muscular dystrophy and fibromyalgia
syndrome: a study with transcranial magnetic stimulation.
Muscle Nerve. 2011;43:479–484.
86. Cakit BD, Taskin S, Nacir B, Unlu I, Genc H, Erdem
HR. Comorbidity of fibromyalgia and cervical myofascial
pain syndrome. Clin Rheumatol. 2010;29:405–411.
87. Melzack R. The McGill Pain Questionnaire: major
properties and scoring methods. Pain. 1975;1:277–299.
88. Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale: development and validation. Psychol Assess.
1995;7:524–525.
89. Cleeland CS, Ryan KM. Pain assessment: global use
of the brief pain inventory. Ann Acad Med Singapore.
1994;23:129–138.
90. Burckhardt CS, Clark SR, Bennett RM. The fibromyalgia impact questionnaire: development and validation.
J Rheumatol. 1991;18:728–733.
91. Short Form 36 Health Survey (SF-36). http://www.
sf-36.org/. Accessed 04/25/2011.

rTMS and tDCS for Fibromyalgia • 145

92. Beck AT, Rial WY, Rickels K. Short form of depression inventory: cross-validation. Psychol Rep. 1974;34:
1184–1186.
93. Hamilton M. A rating scale for depression. J Neurol
Neurosurg Psychiatry. 1960;23:56–62.
94. Zigmond AS, Snaith RP. The hospital anxiety and
depression scale. Acta Psychiatr Scand. 1983;67:361–370.
95. Montgomery SA, Asberg M. A new depression scale
designed to be sensitive to change. Br J Psychiatry.
1979;134:382–389.
96. Yesavage JA, Brink TL, Rose TL, et al. Development
and validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res. 1982;17:37–49.
97. Spielberger CD, Gorssuch RL, Lushene PR, Vagg PR,
Jacobs GA. Manual for the State-Trait Anxiety Inventory.
Palo Alto, CA: Consulting Psychologists Press Inc; 1983.
98. Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental
state’’. A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res. 1975;12:189–198.
99. Zachrisson O, Regland B, Jahreskog M, Kron M,
Gottfries CG. A rating scale for fibromyalgia and chronic
fatigue syndrome (the FibroFatigue scale). J Psychosom Res.
2002;52:501–509.
100. Lefaucheur JP, Drouot X, Keravel Y, Nguyen JP. Pain
relief induced by repetitive transcranial magnetic stimulation
of precentral cortex. NeuroReport. 2001;12:2963–2965.
101. Hall RC. Global assessment of functioning. A modified scale. Psychosomatics. 1995;36:267–275.
102. Padberg F, George MS. Repetitive transcranial magnetic stimulation of the prefrontal cortex in depression. Exp
Neurol. 2009;219:2–13.

103. Doherty M, Smith J. Elusive ‘alpha-delta’ sleep in
fibromyalgia and osteoarthritis. Ann Rheum Dis.
1993;52:245.
104. Schneider-Helmert D, Whitehouse I, Kumar A,
Lijzenga C. Insomnia and alpha sleep in chronic non-organic
pain as compared to primary insomnia. Neuropsychobiology.
2001;43:54–58.
105. Hauri P, Hawkins DR. Alpha-delta sleep. Electroencephalogr Clin Neurophysiol. 1973;34:233–237.
106. Moldofsky H, Scarisbrick P. Induction of neurasthenic musculoskeletal pain syndrome by selective sleep stage
deprivation. Psychosom Med. 1976;38:35–44.
107. Older SA, Battafarano DF, Danning CL, et al. The
effects of delta wave sleep interruption on pain thresholds
and fibromyalgia-like symptoms in healthy subjects; correlations with insulin-like growth factor I. J Rheumatol.
1998;25:1180–1186.
108. Lentz MJ, Landis CA, Rothermel J, Shaver JL. Effects
of selective slow wave sleep disruption on musculoskeletal
pain and fatigue in middle aged women. J Rheumatol.
1999;26:1586–1592.
109. Zaghi S, Heine N, Fregni F. Brain stimulation for
the treatment of pain: a review of costs, clinical effects,
and mechanisms of treatment for three different central
neuromodulatory approaches. J Pain Manag. 2009;2:339–
352.
110. Marangell LB, Martinez M, Jurdi RA, Zboyan H.
Neurostimulation therapies in depression: a review of new
modalities. Acta Psychiatr Scand. 2007;116:174–181.

