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A RANDOMIZED, CONTROLLED, DOUBLE-BLIND PILOT STUDY OF THE EFFECTS OF

CRANIAL ELECTRICAL STIMULATION ON ACTIVITY IN BRAIN PAIN PROCESSING

REGIONS IN INDIVIDUALS WITH FIBROMYALGIA
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Objective: To investigate the effects of microcurrent cranial
electrical stimulation (CES) therapy on activity in pain process-
ing brain regions.

Design: A randomized, controlled, three-group, double-blind
pilot study.

Participants: Persons with physician-diagnosed fibromyalgia.

Intervention: Active CES device, sham device, and usual care
lone.

esults: Those individuals using the active device had a greater
decrease in average pain (P � .023) than individuals using the
ham device or receiving usual care alone over time. Preliminary

nalyses of the functional magnetic resonance imaging data on a (
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ubset of six participants from each of the two device groups
how that individuals using an active CES device had a decrease
n activation in the pain processing regions of the brain com-
ared to those using a sham device.

onclusions: The observed decrease in activation in the pain
rocessing regions may indicate a decrease in neural activity in
hese regions that may be related to decreased pain. This is the
rst randomized, controlled trial of CES in patients diagnosed
ith fibromyalgia to report functional magnetic resonance im-
ging data.

ey words: fibromyalgia, pain, cranial electrical stimulation,
rain, fMRI
Explore 2013; 9:32-40. © 2013 Elsevier Inc. All rights reserved.)
INTRODUCTION
Fibromyalgia (FM) is a chronic syndrome characterized by wide-
spread pain, tenderness, and hypersensitivity to pain in specific
locations. It often is categorized with other pain syndromes or
affective disorders, including irritable bowel syndrome, tem-
poromandibular disorder, headache, and major depressive dis-
order.1 Fibromyalgia affects between 2% and 4% of the U.S.
opulation. Women are almost 10 times more likely to have FM
ompared with men,2,3 with the prevalence of FM increasing
rom �1% in women ages 18 to 30 to almost 8% in women ages
5 to 64.3,4

The hallmark of FM is pain. Nociceptive pain is transmitted
from nociceptive peripheral nerves to the spinal dorsal horn or
spinal trigeminal nucleus via the spinothalamic and trigemi-
nothalamic tract to the thalamus, which conveys pain signals to
the somatosensory cortices (for review, see Clauw et al5). This
athway is believed to support the sensory and discriminatory
spects of pain. In addition to this direct pathway, pain is medi-
ted through other thalamic nuclei and “limbic areas,” including
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he cingulate, insula, and regions of the prefrontal cortex, as well
s the amygdala and hypothalamus, regions that coordinate
motion, stress, and autonomic responses and are likely to con-
ribute to the affective dimensions of pain.

Although the etiology of FM is not completely understood,
lterations in central pain processing have indeed been identi-
ed. The pathophysiology of central pain includes a deficit in
escending pain inhibitory systems,6,7 with evidence that re-

duced levels of neurotransmitters, such as the catecholamines,
contribute to the insufficient inhibition of pain in FM.8-16 In
particular, Wood and colleagues8 found that presynaptic dopa-

ine metabolism was significantly lower in the cingulate, insula,
esencephalon, medial thalamus, and hippocampus in those
ith FM compared with healthy control patients.
On the basis of evidence that brain processing of pain is

isturbed in patients with FM, treatment with actions targeted
oward the brain should be particularly promising. Over the
ears, several types of electrical stimulation of the brain have
een used to reduce pain or depression.17 However, most elec-

trical stimulation procedures use high strength current (electro-
convulsive therapy) or electrical field (repetitive transcranial
electromagnetic stimulation), and thus the use of these modali-
ties is limited to specialized facilities with trained healthcare
professionals. In contrast, microcurrent cranial electrical stimu-
lation (CES) devices deliver modified square-wave biphasic stim-
ulation at 0.5 Hz and 100 �A, with the electrodes of the device
placed on the ear lobes. One such device, Alpha-Stim (Electro-
medical Products International, Inc, Mineral Wells, TX), is a

medical device approved by the Food and Drug Administration
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(FDA K903014) for pain relief and is suitable for at-home use,
expanding the potential range of therapeutic applications. The
safety of low strength CES devices has been demonstrated with
very few adverse effects.18,19

Whereas the mechanisms of CES are still speculative, it is
generally believed that the effects are primarily mediated
through a direct action on the brain, likely at the limbic system,
hypothalamus, thalamus, and/or the reticular activating sys-
tem.20 Studies in rats have shown as much as a threefold increase
n endorphin concentration after only one session of CES.21 In
humans, electroencephalogram (EEG) studies have shown that
CES can influence alpha activity (increase or decrease) and de-
crease delta and theta activity. In human participants with pain,
sessions of CES reportedly changed EEG patterns to more
closely resemble pain-free participants. In preliminary clinical
studies in which CES was used participants had increases in
plasma serotonin and �-endorphin.22

Although a few studies have investigated changes in EEG
patterns after CES use, few data exist on the potential neural
correlates of mechanisms (eg, functional magnetic resonance
imaging [fMRI]) by which CES may affect pain in general, or
more specifically, in those with FM. Thus, we sought to examine
the effects of CES therapy by using a double-blind, randomized,
controlled design to collect fMRI data on activation in pain
processing brain regions.

METHODS
Subjects
Potential participants were recruited as part of a larger study23

from rheumatology practices and the surrounding Central Vir-
ginia communities. After persons expressed interest in the study,
the study coordinator thoroughly described the study and re-
viewed the University of Virginia Institutional Review Board for
Health Sciences Research approved consent form with them.
Those who agreed to participate signed the consent form, a copy
of which was given to the study participant. After obtaining
informed consent, participants were randomized to one of three
groups (active CES device, sham device, and usual care alone) in
a ratio of 1:3 by the use of masked allocation as generated by
computer.

Inclusion and Exclusion Criteria
The criteria for inclusion in the study were as follows: meeting
the diagnostic criteria for FM as established by the American
College of Rheumatology24; reporting an initial pain level equal
o or greater than 3 on a 0-10 numeric rating scale; having stable
edication use related to FM for at least 4 weeks; having right-

anded dominance because of potential of assignment to un-
ergo fMRI; and the ability to read, write, and understand the
nglish language. Potential participants were excluded if they
ere pregnant or breastfeeding, had epilepsy or history of sei-
ures, or had a pacemaker and/or other implanted device (eg,
nsulin pump, opioid pump, defibrillator). In addition, excluded
ere those who were unable to undergo an fMRI, which would
ave included anyone with certain types of metal or metallic
bjects in the body, diaphragm or intrauterine device, dermal

atches, ear or eye implants, implanted electrical stimulators,

Cranial Electrical Stimulation in Individuals with Fibromyalgia
rtificial heart valve, implanted catheter or tube, tattoos, claus-
rophobia, or a weight of more than 275 lbs. Forty-six persons
ith a confirmed diagnosis of FM (3 men and 43 women) were
nrolled and assigned to one of the three study groups: usual
are alone (n � 15); active CES device (n � 17), and sham device
n � 14; Figure 1). All participants remained on their usual care
egimen during the study, including medications.

ES Intervention
articipants in the two device groups were instructed to use the
lpha-Stim CES device for 60 continuous minutes each day for
weeks. Participants in the CES device group received devices

hat were active and preset at the factory to provide a maximum
f 60 minutes of modified square-wave biphasic stimulation at
.5 Hz and 100 �A, the lowest setting that has been used in

previous studies with patients with FM and below the level of
perception. Participants in the sham device group received sham
devices that appeared to be activated but did not deliver any
stimulation. Because the devices were preset at the factory, par-
ticipants were unable to change the settings. To monitor device
usage, participants documented at what time and for how long
the device was used each day.

Study Questionnaires
Participants completed questionnaires on demographics and
general information related to FM, pain, fatigue, sleep distur-
bances, perceived stress, functional status, and psychological
factors at baseline. All participants recorded their pain ratings
each night in the diary using a 0�10 Numeric Rating Scale
(NRS) and recorded any unusual symptoms or feelings they
experienced that day. NRS is a simple, yet sensitive, measure of
pain intensity that has yielded reproducible results in many dif-
ferent patients with various diagnoses, including FM.25 All par-
icipants were instructed to call the study coordinator if they
xperienced any unusual feelings. One day, each week, all par-
icipants completed questionnaires on pain (Short-Form McGill
ain Questionnaire), fatigue (Lee’s Fatigue Inventory), sleep dis-
urbances (General Sleep Disturbance Scale), perceived stress
Daily Stress Inventory), and functional status (Fibromyalgia Im-
act Questionnaire). Symptom data from the larger study have
een reported previously.23 Once a week, the study coordinator
alled all participants to monitor adverse effects and the use of
evices.

MRI Procedures
subset of participants (n � 6) in each of the two device groups

ad an fMRI at baseline and at week 8 to measure brain activa-
ion at rest and during a pain stimulation procedure. The fMRI
valuation consisted of a 1-hour session that included an ana-
omical MRI of the head and 3 functional scans during which
articipants received painful pressures applied to the left thumb-
ail bed via the pain stimulation device developed by Gracely et
l.26 The pain stimulation system has a maximum stimulus force

of 10 kg that is limited by the capacity of the regulator (100 psi),
a limited supply pressure (125 psi), and inline safety release
valves. Pressure stimuli were delivered by a 1-cm diameter hard

rubber probe to the left thumbnail bed, just above the cuticle.
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Before performing fMRI on each participant, an ascending series
of 5-second duration pressure stimuli was delivered at 20-second
intervals. The stimulus was begun at 0.5 kg and increased in 0.5
kg increments until a rating of slightly intense pain using the
Gracely Box scale (0�20) was achieved. The result of this proce-
dure was used to select individualized stimulus pressures for the
functional scans.

Participants were positioned in a 3.0 Tesla Siemens Avanto
MRI scanner (NUMARIS/4, versions syngo 2,004V). After lo-
calizer images, both T1-weighted (gradient recalled echo, repeti-
tion time � 700, echo time � 6.6, flip angle � 90, 192 � 256)

Figure 1. CONSORT flow diagram
nd T2-weighted (spin echo, TR � 2,500, TE � 60, 160 � 256) B

34 EXPLORE January/February 2013, Vol. 9, No. 1 Cr
mages were acquired to assist in anatomical localization of areas
f activation to rule out neurological abnormalities. Preceding
he functional scanning, a three-dimensional (3D) structural
can was acquired to provide for more precise anatomical local-
zation (3D gradient recalled echo, repetition time � 25, min
cho time, flip angle � 35, field of view � 24, 192 � 256 � 124,
lice thickness � 1.4 mm). The functional scans consisted of
hree scans of 10 minutes each. In the first and third scanning
essions, stimulus pressures were alternated at 30-second inter-
als between 0 KG (off) and a pressure calibrated for each subject
o evoke a slightly painful sensation in intensity on the Gracely

ported in Taylor et al.23 (in press).
ox scale (on). During the intervals when pressure was delivered

anial Electrical Stimulation in Individuals with Fibromyalgia



a
a
m
s
i
(
a
m
i
t
t
fi
m
t
t

l
v
w
s
a
l
j
l
p
t
i
a
c
s
u

f
F
e
m

i
a
(
c
Q
p
w
o
d
e
i
T

S
S

w
(
i
t
w
p

P
A
p
i
i
a
r
.
s
w
g
e
t
p

f
f
n
r
B
.
a
C

to the thumbnail bed, the pressure was released briefly every
third second to permit circulation to the nail bed. In the second
session, which used the same timing and stimulus parameters,
the on condition was varied among three stimulus pressure levels
that were presented three times each in a random sequence.
Stimulus intensities for the random sequence were those indi-
vidually determined for each subject in the ascending series to
produce sensations corresponding to mild, moderate, and
slightly intense pain on the intensity scale (0�20). In all three
scans, images were collected at 2.5-second intervals. The se-
quence started with a 30-second off condition, delivered nine
1-minutes cycles of 30 seconds off and 30 seconds on, and
finished with a 30-second off condition.

Preprocessing and Normalization of MRI Data
Motion-corrected functional data (Digital Imaging and Com-
munications in Medicine, ie, DICOM format) for each subject
were loaded into BrainVoyager QX (Brain Innovations, Maas-
tricht, Netherlands) for preprocessing and converted to Brain-
Voyager’s internal data format. A standard sequence of prepro-
cessing steps was conducted for each subject following a
modified method by Goebel and colleagues.27 Mean intensity
djustment was carried out for each of the three scans individu-
lly for each subject and used as a predictor in the general linear
odel analysis. Slice scan time correction was performed using

ync interpolation based on the order of slice scanning (ascend-
ng, interleaved) and information about the repetition time
2500 ms) contained in the file header. Spatial smoothing was
ccomplished using a Gaussian filter (full weight at half-maxi-
um � 5 mm). In addition to motion correction by the scanner

tself, 3D motion correction was performed in BrainVoyager QX
o detect and adjust for minute cranial movement through spa-
ial alignment of all volumes of a subject in the first scan to the
rst volume of that scan by rigid body transformations. Sync
otion correction was then used for intrasession alignment of

he second and third scans using the motion-corrected data from
he first scan.

Anatomical data (DICOM format) for each subject were
oaded into BrainVoyager QX for preprocessing and con-
erted to the internal data format used by BrainVoyager. Data
ere transformed using iso-voxel scaling and corrected for

patial intensity inhomogeneities using a method by Vaughan
nd colleagues.28 The data were then transformed into Ta-
airach standard space to allow for intersession and intersub-
ect comparisons. Functional data were transformed into Ta-
airach spatial coordinates by coregistering with each subject’s
reprocessed 3D anatomical dataset using the same steps for
ransforming the anatomical data before generating a normal-
zed, 4D volume time course to use in multisubject statistical
nalyses within BrainVoyager QX. A mean 4D volume time
ourse for each treatment group (n � 6) was created for each
can, both at baseline and after the intervention, which were
sed for group analysis.

MRI Analysis
or each scan, random effects models calculated a beta value for
ach group while we accounted for serial correlation among

easurements taken on the each participant, as well as mean i

Cranial Electrical Stimulation in Individuals with Fibromyalgia
ntensity adjustment. Comparisons were made between baseline
nd postintervention scans in each of the two treatment groups
active and sham). Because of the volume of voxel analyses,
orrection for multiple comparisons available in BrainVoyager
X software was used. Regions of interest (ie, cingulate, insula,

refrontal and somatosensory cortices, amygdala, and thalamus)
ere identified using areas of the brain in which the blood
xygen level-dependence (BOLD) changes were significantly
ifferent in clusters restricted by number of voxels to reduce
rror. Talairach coordinates of the cluster centers were used to
dentify the regions of interest using the freeware application
alairach Client.

tatistical Analysis
eparate multilevel models29 were used to estimate mean differ-

ences among the three groups for each of the pain measures
(NRS and Short-Form McGill Pain Questionnaire). Model pa-
rameters were estimated by restricted maximum likelihood, and
the within-subject variance-covariance matrix modeled in the
form determined by Akaike’s information criterion.29

RESULTS
Sample Characteristics
Sample characteristics of the full sample have been reported
previously.23 The sample consisted primarily of white women

ho on average had a high school education or slightly greater
Table 1). Participants were asked at the conclusion of the study
f they perceived any sensations from the device and whether
hey believed they were in the active or sham group. Participants
ere not able to determine group assignment and reported no
erception of sensations from the devices.

ain
s previously reported,23 the change in the slope for average
ain in the usual care and sham device groups both significantly
ncreased over time in comparison to the active CES group,
ndicating more pain over the course of the study, whereas the
ctive CES group had a decreasing slope, indicating that the
eport of pain was decreasing over the course of the study (P �
023). The overall mean ratings of pain intensity during the pain
timulation procedure decreased from baseline (15.50 � 1.56) to
eek 8 (13.44 � 3.61) in the active CES group versus the sham
roup (baseline, 12.17 � 5.46; week 8, 13.33 � 1.81), which
xhibited a slight increase. Although not statistically significant,
his decrease represents a clinically significant change of two
oints on a 20-point scale.

MRI Data Analysis
MRI is used to assess changes in hemodynamics resulting from
eural activity. This change is reflected in a BOLD signal. Rep-
esentative fMRI are shown in Figure 2. A significant decrease in
OLD signal was observed in the posterior cingulate gyrus (P �

034), cingulate gyrus (P � .001), anterior cingulate (P � .0056),
nd thalamus (P � .031) from baseline to week 8 in the active
ES group versus the sham device group. A significant increase
n BOLD signal was observed in the insula (P � .044) and the
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prefrontal cortex (P � .0003) from baseline to week 8 in the sham
device group versus the active CES group. No significant differ-
ences were observed in the somatosensory cortices or the
amygdala (data not shown) between the two groups.

DISCUSSION
Analyses of the study data indicate the potential benefit of CES
therapy for symptom management in FM. As previously re-
ported, those individuals using the active device had a greater
decrease in average pain, fatigue, and sleep disturbance than
individuals using the sham device or in UC alone over time.23

Preliminary analyses of fMRI data show that individuals using an
active CES device had a decrease in activation of the pain pro-
cessing regions of the brain compared to those using a sham
device (Figure 1). This decrease in activation of the pain process-
ing regions may indicate a decrease in neural activity in these
regions that may be related to decreased pain given that pain
ratings during the pain stimulation procedure decreased from
baseline to week 8 and a decrease in pain over time was observed
in the larger, overall study in the active CES device group.23

In three pilot studies of the Alpha-Stim CES device, research-
ers have explored the effects of this therapy on pain, sleep,
fatigue, depression, and mood specifically in persons with FM
during a 3-week intervention period and found that participants
reported decreased pain and tenderness after using the Alpha-
Stim device.30-32 Two of the studies reported improvements in
ubjective sleep quality,30,31 whereas only one study found a

significant reduction in fatigue.31 All three studies reported im-
rovements in depression or mood. None of these studies spe-
ifically measured stress in persons diagnosed with FM. The
urrent study is the first randomized, controlled trial of CES in
atients with FM to report fMRI data.
The only study known to the authors to have investigated the
echanisms of action of CES in persons with FM and to use

MRI to document changes in brain activation after using CES is
quasi-experimental feasibility study conducted by two of the

urrent authors, Bourguignon and Taylor (unpublished data).
ix participants received active CES devices and served as their
wn controls. After using active CES for 4 weeks, improvements
ere observed in pain and functional status. Ratings of both pain

able 1. Demographic Data

Total Sample
(n � 46)

Active CES Group
(n � 17)

Age 50.8 � 10.4 51.9 � 10.6
Sex
Male 3 (6.5%) 1 (5.9%)
Female 43 (93.5%) 16 (94.1%)
Race
White 41 (88.9%) 15 (88.9%)
Nonwhite 5 (11.1%) 2 (11.1%)
Years of education 13.7 � 2.1 13 � 1.7

Modified from Taylor et al.23
ntensity and pain affect were significantly decreased over time, b

36 EXPLORE January/February 2013, Vol. 9, No. 1 Cr
fter the authors controlled for baseline fatigue levels. In addi-
ion, functional status, as measured by the Fibromyalgia Impact
uestionnaire, significantly improved after 4 weeks of CES use.
hese data are in agreement with data from the larger, overall

andomized controlled trial from which the current study sam-
le was taken.23 Although fMRI data were collected during the
revious feasibility study, without a control group (sham device)
tatistical comparisons could not be determined.

Studies involving neuroimaging have provided findings to
uggest that FM may be linked to hyperalgesia,26,33 disturbances

in resting-state functional brain connectivity,34 alterations in the
orphology in pain processing regions of the brain,35-37 and

ysfunction of neurotransmission.38-40 However, the majority
of these studies have been cross-sectional.41 Thus, the findings
do not address clearly whether the aforementioned changes are
causal or consequential in relation to pain in FM, or if these
factors more related to chronic pain generally.

Increased pain sensitivity usually is present in FM42; however,
when imaging is done at rest without pain stimulation, the re-
sults from brain imaging studies are variable. For instance, no
significant differences in brain activation between those with
FM and healthy controls were found using positron-emission
tomography,43 although the authors of another study who used
ingle-photon emission computed tomography imaging did find
ignificant differences in the somatosensory cortices, cingulate,
rontal, parietal, temporal, and cerebellar regions.44 However,

when pain stimulation testing is used to reveal correlates of
enhanced pain sensitivity during imaging, significant differences
in brain activation between those with FM and healthy controls
are revealed consistently. In pain stimulation testing during
fMRI, Gracely et al26 reported that although the pressure stim-
ulation was low (nonpainful stimulus), those with FM had sig-
nificantly greater, often twice as much, brain activation in the
somatosensory cortices, insula and cingulate (both in the limbic
cortex), temporal gyrus, and motor regions in the cerebellum,
compared to healthy controls. The same absolute pressure was
used for the pain stimulus in both those with FM and controls.
Other studies demonstrated similar results,32,45,46 illustrating
observable augmentation of pain processing in the brains of
persons with FM.26 Taken together, these findings provide evi-
ence that FM may involve increased pain transmission in the

Sham Device Group
(n � 14)

Usual Care Alone Group
(n � 15) P-Value

51.5 � 10.9 48.6 � 9.8 .61
.99

1 (7.7%) 1 (6.7%)
13 (92.3%) 14 (93.3%)

.97
13 (90%) 13 (87.5%)
1 (10%) 2 (12.5%)

14.1 � 1.7 14.1 � 2.7 .18
rain.

anial Electrical Stimulation in Individuals with Fibromyalgia
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However, other investigators have reported contrasting re-
sults. Previous studies had used the same absolute pressure for
the pain stimulus for both patients with FM and controls.26 In a
tudy by Jensen et al,47 as in the current study, the pressure for

the pain stimulus was calibrated to subjective pain levels so that
both patients with FM and controls reported the exact same
levels of pain. Activity in regions pertaining to the affective-
motivational domain and sensory-discriminatory components
of brain processing did not differ between persons with FM and
controls.47 These findings do not support the hypothesis of
ugmented affective modulation of pain as a potential patho-
hysiological mechanism in individuals with FM.47 Two other
tudies in different study populations report similar results, dem-

Figure 2. fMRI data analysis. Mean representative images of chang
device group from baseline (preintervention) to week 8 (postinterventi
in the (A–D) cingulate gyrus, (E and F) insula, and (G and H) prefront
nstrating no increase in the affective modulation of pain in

Cranial Electrical Stimulation in Individuals with Fibromyalgia
ndividuals with other pain syndromes48 or controls.49 More-
over, until recently the majority of fMRI studies in which re-
searchers investigated pain focused on activation rather than
deactivation. However, exploring deactivation in response to
pain may yield a better understanding of the mechanisms in-
volved in central pain processing, particularly as it relates to
chronic pain.50 Negative BOLD responses have been shown to
correlate with decreased neuronal activity.51,52 Alternatively, as-
essment of resting intrinsic brain connectivity using fMRI,
ather than acute experimental pain, has been proposed to be a
etter measure of the chronic pain experience in FM,41 with
ltered intrinsic connectivity in pain processing regions ob-
erved in patients with FM34 and other chronic pain condi-

BOLD activation between the active device group versus the sham
howing increases in activity (orange) and decreases in activity (blue)
rtex. (Figure is available in color online).
es in
on), s
tions.53

37EXPLORE January/February 2013, Vol. 9, No. 1
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In the current study, a significant decrease in activation was
observed in the posterior cingulate gyrus, cingulate gyrus, ante-
rior cingulate, and thalamus in the active CES group versus the
sham device group. Activation of the posterior cingulate is asso-
ciated with increased affective pain,54 whereas the anterior cin-
ulate is known for its role in modulating executive pain pro-
essing.55 In most studies of functional pain imaging, activation

of the cingulate is detected during pain stimulation,56 and in-
reased activation in the cingulate after pain stimulation has
een reported in patients with FM.26,33,45,46 Thus, the decreased
ctivity observed in the current study may indicate a decrease in
ain sensitization in the active CES group over the course of the
tudy versus the sham group. The areas of the brain associated
ith the cingulo-frontal cortex play an important role in the
odulation of pain perception and changes in these areas have

een postulated as a mechanism behind the transition from
cute to chronic pain, as experience in FM.35

There is increasing evidence for altered thalamic function in
pain patients with chronic pain, including neuropathic pain57,58

and FM.26,59,60 It is generally thought that chronic pain is a
consequence or cause of alterations in thalamocortical connec-
tions, leading to the dysregulation of thalamic feedback. This
would result in dysfunction in FM within the descending pain
inhibitory networks, which play a crucial role in pain modula-
tion. The differences in thalamic activation observed in the cur-
rent study, as well as the results of others,47,61 further support a
hypothesis of impaired descending pain inhibition as a patho-
physiological mechanism in FM.6,7,62,63

A significant increase in activation was observed in the insula
and the prefrontal cortex in the sham device group versus the
active CES group, indirectly indicating a potential decrease or
moderation of activity in these regions in those using an active
CES device. The insula is one of the most commonly activated
regions in neuroimaging studies of acute experimental pain.64 In

study of the use of transcranial magnetic stimulation for central
ain management after a stroke, investigators reported decreased
ctivity in the insula in treatment responders post-treatment
fter having observed an increase in activity in the same region
retreatment.65 As stated earlier, regions of the cingulofrontal
ortex function in the modulation of pain perception and dif-
erence in activity in this have been observed in patients with FM
ersus healthy controls,35,66 supporting the idea of impaired
onnectivity between crucial nodes of the pain inhibitory net-
ork in FM.61

Limitations of the current study include a lack of statistical
power with regard to the fMRI data. In the current pilot study,
fMRI was used only in a subset of participants because of bud-
getary constraints. The current study did not involve a compar-
ison group of individuals with FM who did not use an active
CES device or with healthy controls using a device. Given that
no other studies to date have used fMRI to examine the effects
and potential mechanisms of CES, these two additional studies
are needed to delineate and fully interpret differences in brain
regional activation. In addition, the multiple comparisons inher-
ent in the analysis of fMRI data can potentially increase the
likelihood of finding statistically significant results. To account
for this possibility, functional data within each group were nor-

malized to each other, essentially providing a “mean image” with

38 EXPLORE January/February 2013, Vol. 9, No. 1 Cr
which comparisons were made between baseline and postinter-
vention, and between treatment groups. This method allowed
for the determination of changes in BOLD from baseline to
postintervention within and between groups. The same intensity
threshold was used for each analysis to diminish background
noise and interference. Those regions of the brain found to be
statistically significantly different were based on both a priori
egions of interest and a posteriori regions identified by the Bra-
nVoyager QX software. Although there were consistent effects
y group over time, not all of these were statistically significant
n this small pilot study because of sample size. No significant
ifferences in neural activity were observed in the somatosen-
ory cortices or the amygdala between the two groups, which
ere regions of interest chosen a priori given that these brain

egions are involved in pain networks. This may have been be-
ause of the setting threshold of the analysis, scanning parame-
ers needed to adequately assess the amygdala, or a lack of com-
arison with a no treatment group.
Despite these weaknesses, the robust design of the current

tudy was developed to address the methodological issues from
revious studies of the Alpha-Stim CES device. Strengths of the
urrent study include the use of a randomized, double-blind,
lacebo-controlled experimental design and an 8-week study pe-
iod, as well as the novel aspect of collecting fMRI data to
xamine the effects of CES on pain processing regions of the
rain. Additional analyses of the study data will be conducted to
orrelate symptom assessments and psychological factors with
MRI data of neural activity in pain processing regions. Specifi-
ally, differences in neural activity will be examined in other
egions of the brain associated with movement, such as the basal
anglia, and memory, including the hippocampus, a region in
hich increased activation has been reported in response to the
nxiety-induced exacerbation of pain.67 As increasing evidence
oints toward dysregulation of the brain pain networks in the
tiology of FM, the use of noninvasive neuroimaging as bio-
arker may enhance the characterization of this disease state

nd track changes in pain and other symptoms over time in this
atient population,41 as well as provide data to support the use
f nonpharmacological interventions such as CES.
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