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Reduced Brain Habituation to Somatosensory Stimulation in
Patients With Fibromyalgia

Pedro Montoya,1 Carolina Sitges,1 Manuel Garcı́a-Herrera,2 Alfonso Rodrı́guez-Cotes,1

Raúl Izquierdo,2 Magdalena Truyols,3 and Dolores Collado2

Objective. To examine brain activity elicited by
repetitive nonpainful stimulation in patients with fibro-
myalgia (FM) and to determine possible psychophysio-
logic abnormalities in their ability to inhibit irrelevant
sensory information.

Methods. Fifteen female patients with a diagnosis
of FM (ages 30–64 years) and 15 healthy women (ages
39–61 years) participated in 2 sessions, during which
electrical activity elicited in the brain by presentation of
either tactile or auditory paired stimuli was recorded
using an electroencephalogram. Each trial consisted of
2 identical stimuli (S1 and S2) delivered with a random-
ized interstimulus interval of 550 msec (�50 msec),
which was separated by a fixed intertrain interval of 12
seconds. Event-related potentials (ERPs) elicited by 40
trials were averaged separately for each sensory modal-
ity.

Results. ERP amplitudes elicited by the somato-
sensory and auditory S2 stimuli were significantly re-
duced compared with those elicited by S1 stimuli in the
healthy controls. Nevertheless, significant amplitude
reductions from S1 stimuli to S2 stimuli were observed
in FM patients for the auditory, but not the somatosen-
sory, modality.

Conclusion. Our findings suggest that in FM
patients, there is abnormal information processing,
which may be characterized by a lack of inhibitory
control to repetitive nonpainful somatosensory informa-
tion during stimulus coding and cognitive evaluation.

The syndrome of fibromyalgia (FM) constitutes a
chronic musculoskeletal pain disorder characterized by
widespread lowered pain threshold, fatigue, muscle stiff-
ness, and emotional distress (1). Recent research has
examined the possibility that pain and tenderness in FM
might be linked to altered neurobiologic mechanisms
that function during the processing of somatosensory
information (2–8). In this regard, studies examining
sensitivity to experimentally induced pain have consis-
tently demonstrated that FM patients show more en-
hanced pain sensitivity within minutes after sustained
nociceptive stimulation (increased wind-up responses)
than do healthy controls (2,3). We have also found that
FM patients have lowered pressure–pain thresholds to
repeated measurements within a session and over days
(4). Moreover, it has been suggested that FM patients
might have deficiencies in central inhibitory mecha-
nisms, such as diffuse noxious inhibitory control (5,6) or
the endogenous pain inhibitory system (7). Indeed, some
studies have found that, unlike in healthy subjects, tonic
conditioning nociceptive stimulation does not reduce the
perception of noxious or innocuous stimuli in FM pa-
tients (6). Taken together, these data seem to support
the hypothesis that FM should be considered a pain
disorder characterized by enhanced sensitization of the
central nervous system, which leads to long-term neuro-
plastic changes and to abnormal processing of nocicep-
tive information (3,8).

Nevertheless, little is yet known about the brain
mechanisms involved in the processing of nonpainful
somatosensory information in FM. Previous brain imag-
ing studies have reported an abnormal reduction of
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regional cerebral blood flow in thalamic and caudate
nuclei of patients with FM during rest (9,10). Recently,
2 studies using functional magnetic resonance imaging
revealed that FM patients exhibit enhanced responses to
painful and nonpainful stimulation in multiple areas of
the brain, such as the somatosensory cortices, insula,
putamen, anterior cingulate cortex, and cerebellum, as
compared with healthy control subjects (11,12). In addi-
tion, brain responses to painful simulation in FM pa-
tients were characterized by reduced thalamic activity
relative to that in the healthy controls, which was
interpreted as an abnormal inhibitory mechanism in-
duced by persistent excitatory input associated with
ongoing pain.

In the present study, we further addressed the
question of abnormal brain processing of nonpainful
somatosensory information in FM patients by examining
event-related potentials (ERPs) from the electroenceph-
alogram (EEG). Early and late ERP components elic-
ited by the repetition of identical stimuli have been
frequently used to examine the brain’s ability to inhibit
sensory information (13–15). In this regard, several
psychophysiologic studies have consistently shown that
ERP amplitudes elicited by the second stimulus in a
paired stimulus task are significantly reduced in healthy
individuals, reflecting some kind of physiologic habitua-
tion to repetitive irrelevant stimuli (13,14). It has been
argued that the first stimulus of the pair could activate
some inhibitory brain pathways that suppress the re-
sponse to the second stimulus presented a short time
later (e.g., 500 msec). Moreover, it has been observed
that patients with some psychiatric diseases (e.g., schizo-
phrenia, bipolar depression, posttraumatic stress disor-
der, cocaine abuse) and some pain conditions (migraine,
premenstrual syndrome) show a reduced habituation of
early ERP responses as compared with healthy controls
(16–18). Thus, the observed ERP attenuation in healthy
individuals may reflect some kind of brain mechanism by
which incoming irrelevant information is “gated out,”
and this mechanism might be altered under some psy-
chopathologic conditions (16).

We examined the auditory and somatosensory
gating mechanism in FM patients and healthy controls.
We hypothesized that the two groups would differ in
their habituation of brain responses to repetitive sensory
stimulation. Based on previous evidence about pain and
central hyperexcitability in FM, it was expected that the
FM patients might show a reduced brain response to the
second stimulus in the somatosensory, but not in the
auditory, paired stimulus paradigm.

PATIENTS AND METHODS

Study subjects. Fifteen female patients with a main
diagnosis of fibromyalgia (FM) (mean � SD age 49.67 � 8.24
years) and 15 healthy women (mean � SD age 48.0 � 5.87
years) participated in the study. Subjects were excluded from
the study if they were pregnant, had neurologic disease, or
were taking opioids. FM patients were included in the study if
they fulfilled the classification criteria of the American College
of Rheumatology (1), with a minimum of 11 tender points (of
a total of 18 specific tender points), and had pain as their
dominant symptom. FM patients underwent an extensive med-
ical assessment by an experienced rheumatologist to confirm
that they met the inclusion criteria. Four patients reported
comorbid pain diseases: 2 had osteoporosis, 1 had back pain,
and 1 had trigeminal neuralgia. All study participants com-
pleted the Beck Depression Inventory (19) and the State-Trait
Anxiety Inventory (20). FM patients also completed the West
Haven–Yale Multidimensional Pain Inventory (21). Patients
were allowed to continue taking their long-term medications
including those specifically for FM.

At the time of recruitment, subjects were verbally
informed about the details of the study, noting that their
participation in the study was not linked to their possible
litigation process. A patient information leaflet designed spe-
cifically for the study was given to each subject, and after they
agreed to participate, each subject provided written consent.
The study was conducted in accordance with the Declaration
of Helsinki (1991 version) and was approved by the Ethics
Committee of the University of the Balearic Islands.

Somatosensory and auditory stimulation protocol.
The entire experiment consisted of 2 recording runs with a
2-minute break between runs. The order of the runs was
counterbalanced between the subjects within each group.
Forty trials of either somatosensory or auditory stimulation
were presented in each run. A trial consisted of 2 identical
stimuli (S1 and S2) delivered with a randomized interstimulus
interval of 550 msec (�50 msec), and separated by a fixed
intertrain interval of 12 seconds.

Nonpainful somatosensory stimuli were applied using
a commercially available pneumatic stimulator (Biomagnetic
Technologies, San Diego, CA), which consisted of a small
membrane attached to the body surface by a plastic clip and
fixated with adhesive strips, as described previously (22). These
stimuli were applied with a constant pressure of 2 bars and a
duration of 100 msec. Auditory stimuli were 2 tones (1,000 Hz,
92 dB peak-equivalent sound pressure level [SPL], 100 msec in
duration), which were delivered binaurally through earphones.
Both somatosensory and auditory stimuli were masked by
white noise (87 dB SPL). At the end of the experiment, the
subjects were asked whether they had experienced any pain or
discomfort from the stimulation techniques. None of the
subjects reported either pain or discomfort.

Recording of brain activity by EEG. The EEG was
recorded from 32 electrodes placed in accordance with the
International 10-20 System, and with reference electrodes at
the mastoid processes. Only data from 9 electrodes located
over the midline (Fz, Cz, and Pz), the left hemisphere (F3, C3,
and P3), and the right hemisphere (F4, C4, and P4) were
statistically analyzed for the purposes of the present study. An
electrooculogram channel was obtained by placing 1 electrode
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above and 1 electrode below the left eye. Ground was placed
anteriorly to the location of the Fpz (midprefrontal) electrode.
Electrode impedance was measured to be �5 k�. The signals
were amplified by a BrainAmp amplifier (Brain Products,
Munich, Germany) at a sampling rate of 1,000 Hz, with
high-pass and low-pass filter settings at 0.10 Hz and 70 Hz,
respectively. A 50-Hz notch filter was also applied. The EEG
was segmented in epochs of 600-msec duration (–100 msec to
500 msec relative to the stimulus onset). Averaging was
performed separately for S1 and S2 stimuli. All averaged waves
were digitally filtered (30-Hz low-pass filter) and baseline-
corrected before measures of component amplitude were
computed.

Data reduction. Amplitudes of the somatosensory
ERPs elicited by the first and the second tactile stimuli were
computed in 3 time windows after initiation of the stimulus for
each subject and each condition: positive peak amplitude
during the period 60–110 msec (P50 component), negative
peak amplitude during the period 110–160 msec (N100 com-

ponent), and mean amplitude during the period 160–360 msec
(late positive complex [LPC]). Similarly, amplitudes of the
auditory ERPs were obtained in the following time windows
after stimulus onset: negative peak amplitude during the
period 125–175 msec (N100 component), and positive peak
amplitude during the period 175–275 msec (P200 component).

Statistical analysis. ERP data were statistically ana-
lyzed according to a randomized factorial mixed design, using
the between-subjects factor “group” (FM patients versus
healthy controls) and the within-subjects factors “stimulus” (S1
versus S2) and “electrode location” (9 electrodes). The effects
of these factors on somatosensory and auditory ERP ampli-
tudes were separately examined for each time window using
multivariate repeated-measures analysis of variance
(ANOVA). In addition, the relationship between sensory
gating and psychological variables, such as depression and
anxiety, was examined by computing Spearman’s correlations
across all subjects between the psychometric scores and the

Table 1. Sociodemographic and clinical characteristics of FM patients and healthy controls*

FM patients
(n � 15)

Healthy controls
(n � 15)

Age, years
Mean � SD 49.7 � 8.24 48.0 � 5.87
Range 30–64 39–61

Education level, no. (%)
�8 years 2 (13.3) –
8–12 years 10 (66.7) 11 (73.3)
�12 years 3 (20.0) 4 (26.7)

Medication, no. (%)
Antidepressants 8 (53.3) –
Analgesics/muscle relaxants/NSAIDs 9 (60.0) –
Anxiolytics 7 (46.7) –

Pain intensity, by 10-cm VAS
Mean � SD 7.26 � 1.70 –
Range 4.4–10.0 –

Duration of pain, years
Mean � SD 13.51 � 9.48 –
Range 0.6–30.0 –

Beck Depression Inventory score
Mean � SD 26.3 � 11.83 4.1 � 2.39
Range 5–42 0–7

State-Trait Anxiety Inventory score
Mean � SD 30.1 � 12.34 10.9 � 5.36
Range 11–50 2–22

WHYMPI, mean � SD score (range 0–6)
Social support 3.80 � 2.13 –
Affective distress 4.28 � 1.03 –
Pain interference 1 4.77 � 1.36 –
Pain interference 2 5.30 � 0.64 –
Pain intensity 4.90 � 1.12 –
Life control 3.73 � 1.51 –
Distracting responses 3.78 � 2.05 –
Solicitous responses 2.97 � 1.76 –
Punishing responses 0.87 � 1.38 –
Household chores 3.71 � 1.26 –
Activities away from home 2.35 � 1.51 –
Outdoor work 0.60 � 0.94 –
Social activities 1.68 � 1.21 –

* FM � fibromyalgia; NSAIDs � nonsteroidal antiinflammatory drugs; VAS � visual analog scale;
WHYMPI � West Haven–Yale Multidimensional Pain Inventory.
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ratio of the amplitudes of S2 to S1 for each somatosensory and
auditory ERP measure.

RESULTS
Clinical characteristics. Table 1 shows the socio-

demographic and clinical characteristics of the FM
patients and healthy control subjects. The mean dura-
tion of FM symptoms was 13.5 years (range 0.6–30
years). FM patients reported higher levels of depression
(t[28] � 6.64, P � 0.001) and anxiety (t[28] � 5.01, P �
0.001) compared with healthy controls.

Somatosensory gating effects. Figure 1 illustrates
the mean somatosensory ERPs elicited by the first and
the second stimuli at electrode Cz in FM patients and
healthy controls. These ERP waveforms were character-
ized by a positive deflection at �80 msec after stimulus
onset (P50), followed by a negative peak at 130 msec

(N100), and sustained positivity starting at 160 msec
(LPC).

The amplitudes elicited by S1 and S2 stimuli for
the different ERP components averaged across all elec-
trodes are shown in Table 2. As predicted, the ERP
amplitudes of these components were clearly reduced
following presentation of S2, indicating a robust gating
effect after stimulus repetition. Overall, these reductions
in amplitude in response to S2 as compared with S1 were
confirmed by large and statistically significant main
effects of “stimulus” for P50 (F[1,28] � 11.68, P � 0.01),
N100 (F[1,28] � 33.84, P � 0.001), and LPC (F[1,28] �
45.00, P � 0.001) amplitudes.

Nevertheless, the presentation of tactile S2
clearly resulted in differential amplitude reductions of
some somatosensory ERP components for FM patients

Figure 1. Somatosensory brain activity in response to repetitive stimulation in patients with fibromyalgia
and healthy control subjects. The waveforms represent the somatosensory event-related potentials (ERPs)
at electrode Cz elicited by the first stimulus (black line) and the second stimulus (blue line) in the paired
stimulus task. Brain maps represent the scalp distribution of ERP amplitudes elicited by the first stimulus
(black border) and the second stimulus (blue border) at time latencies of 80 msec (P50) and 135 msec
(N100), and at the time range 160–360 msec, after initiation of the stimulus. Vertical broken line shows
the temporal occurrence of the stimulus (0 msec); blue shaded area shows the time window between 160
and 360 msec. AM � amplitude.
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and healthy controls. Thus, significant “stimulus” times
“group” interactions were found for P50 (F[1,28] � 4.80,
P � 0.05) and LPC (F[1,28] � 18.77, P � 0.001)
amplitudes, confirming that FM patients and healthy
controls differed in their brain processing of repetitive
information in the S1/S2 paradigm. Post hoc analyses
further showed significant reductions in P50 (F[1,28] �
15.73, P � 0.001) and LPC (F[1,28] � 60.94, P � 0.001)
amplitudes from S1 to S2 in healthy controls, but not in
FM patients (Figure 2). Post hoc analyses also revealed
that FM patients had lower LPC amplitudes in response

to S1 (F[1,28] � 4.71, P � 0.05) than did healthy
controls.

Auditory gating effects. Figure 3 illustrates the
mean auditory ERPs elicited by the first and the second
stimuli at electrode Cz in FM patients and healthy
controls. In this case, the ERP waveforms were charac-
terized by a negative peak at 100 msec (N100) after
stimulus onset, and a positive deflection at �200 msec
(P200) after stimulus onset. ANOVA for the peak
amplitudes yielded a significant main effect of “stimu-
lus” for N100 (F[1,28] � 53.72, P � 0.001) and P200

Table 2. Somatosensory and auditory ERP amplitudes elicited by the first and second stimuli in FM patients and
healthy controls*

FM patients (n � 15) Healthy controls (n � 15)

S1 S2 P S1 S2 P

Somatosensory ERP
P50 3.38 � 0.87 2.71 � 0.65 – 4.49 � 0.85 1.42 � 0.47 �0.001
N100 �5.91 � 1.23 0.10 � 0.74 �0.001 �5.05 � 1.41 �0.65 � 0.66 �0.01
LPC 5.04 � 0.59 3.73 � 0.54 – 8.46 � 0.97 2.39 � 0.75 �0.001

Auditory ERP
N100 �10.03 � 0.96 �5.61 � 0.44 �0.001 �12.10 � 1.3 �3.72 � 0.5 �0.001
P200 6.64 � 1.18 3.70 � 0.63 �0.05 9.84 � 1.23 4.41 � 0.62 �0.001

* Amplitudes of the somatosensory and auditory event-related potentials (ERPs) elicited by the first and the second
stimuli (S1 and S2) were computed in 3 time windows after initiation of stimulus for each fibromyalgia (FM) patient,
each healthy control subject, and each condition (see Patients and Methods for details). Values are the mean � SEM
�V for the positive peak amplitude (P50 and P200), the negative peak amplitude (N100), and the late positive complex
(LPC). P values indicate significant differences between ERP amplitudes elicited by the first and second stimuli.

Figure 2. Reduced somatosensory gating in patients with fibromyalgia (FM) as compared with healthy
control subjects. Mean and SEM amplitudes in the P50 component and in the time range 160–360 msec
averaged across the electroencephalogram electrodes Fz, F3, F4, Cz, C3, C4, Pz, P3, and P4 are shown.
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(F[1,28] � 27.57, P � 0.001) amplitudes, indicating that
overall brain responses to auditory S2 were reduced in
comparison with S1. Although no main effects of
“group” were found for the N100 and P200 amplitudes,
a significant “stimulus” times “group” interaction effect
was obtained for the auditory N100 amplitudes (F[1,28]
� 5.15, P � 0.05), indicating that the stimulus repetition
resulted in differential effects on brain activity in FM
patients and healthy controls. Moreover, post hoc ana-
lyses showed that auditory N100 amplitudes were signif-
icantly reduced from S1 to S2 in both groups (F[1,28] �
12.81, P � 0.01 in FM patients and F[1,28] � 46.06, P �
0.001 in healthy controls) and that responses to S2 were
significantly lower in FM patients than in healthy con-
trols (F[1,28] � 7.99, P � 0.01) (see also Table 2).

Correlations between sensory gating and emo-
tional variables. Significant correlations were observed
for the somatosensory LPC amplitudes between the
ratio of S2 to S1 amplitudes and depression (rs � 0.43,

P � 0.05) and anxiety (rs � 0.51, P � 0.01) scores,
indicating that high levels of emotional distress were
associated with an increased S2 to S1 ratio (i.e., reduced
habituation). No significant correlations were obtained
for the other somatosensory or auditory ERP ampli-
tudes.

DISCUSSION

In the present study, we investigated the effects
of repetitive non-nociceptive stimulation on habituation
of brain activity among patients with fibromyalgia and
healthy controls by using an S1/S2 paired stimulus
paradigm and the recording of event-related potentials.
Consistent with previous studies (2), we found that
amplitudes of early and late ERP components were
significantly attenuated when the same stimulus was
repeated within a short time interval (500 msec) in
healthy controls. Moreover, it was observed that the
amplitude attenuation from S1 to S2 in the somatosen-

Figure 3. Auditory brain activity in response to repetitive stimulation in patients with fibromyalgia and
healthy control subjects. The waveforms represent the auditory event-related potentials (ERPs) at
electrode Cz elicited by the first stimulus (black line) and the second stimulus (blue line) in the paired
stimulus task. Brain maps represent the scalp distribution of ERP amplitudes elicited by the first stimulus
(black border) and the second stimulus (blue border) at time latencies of 155 msec (N100) and 235 msec
(P200) after initiation of the stimulus. Vertical broken line shows the temporal occurrence of the stimulus
(0 msec).
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sory modality was significantly reduced in FM patients
compared with healthy controls. In contrast, brain re-
sponses to auditory S2 were significantly attenuated
relative to S1 in both groups. These findings suggest that
responses to somatosensory S2 appear to be inhibited,
or “gated,” by the effects of S1 in healthy controls, but
not in FM patients.

The attenuation effect of the event-related brain
responses following stimulus repetition in healthy sub-
jects is a well-known psychophysiologic phenomenon
called “sensory gating” (13,14). Essentially, this habitu-
ation of the cortical response to S2 has been interpreted
as reflecting an attentive capability of the brain to
recognize and to filter redundant and irrelevant incom-
ing information. In this regard, it has been suggested
that the first stimulus of a paired S1/S2 paradigm could
activate some inhibitory brain pathways that suppress
the response to the second stimulus presented a short
time later (e.g., 500 msec) (13). Indeed, animal research
has demonstrated that the first stimulus in such a paired
stimulus paradigm activates excitatory pyramidal cells,
as well as inhibitory hippocampal interneurons, that
would suppress the activity in the pyramidal neurons
elicited by subsequent presentations of a second identi-
cal stimulus (23). Neuropharmacologic research has
revealed that cholinergic, dopaminergic, and noradren-
ergic neurotransmitter systems are involved in the mod-
ulation of brain responses to repetitive stimulation (16).

Clinical research has also found that patients
diagnosed as having schizophrenia showed little or no
attenuation effect to the second stimulus, providing a
physiologic mechanism for the observed inability of
these patients to filter, or “gate,” thoughts and irrelevant
information from the environment (24). Two other
studies have shown that patients with migraine had a
similar attenuation deficit of brain responses in an
auditory paired stimulus task as compared with the
responses of healthy controls (17,18). Another recent
study has shown that sensory gating was disrupted when
healthy subjects were simultaneously involved in a com-
peting task that elicits emotional distress (25). Based on
available evidence, it has been argued that the sensory
gating phenomenon might play a crucial role in the brain
processing of incoming information as indicators of
attentional and arousal deficits (26).

We found that FM patients and healthy controls
differed in their habituation of brain responses to repet-
itive and irrelevant nonpainful somatosensory informa-
tion, but not in their responses to repetitive and irrele-
vant auditory information. This was reflected by a
markedly lower inhibition of the P50 and LPC cortical

responses to the second tactile stimuli in FM patients
compared with healthy controls. Thus, the present study
shows that the gating of somatosensory responses is
abnormally reduced in FM patients, suggesting an im-
paired short-term habituation among these patients as
compared with healthy controls. These data further
extend our previous findings (4,22,27) of an abnormal
brain processing of nonpainful somatosensory informa-
tion, rather than a generalized information processing
dysfunction, in patients with FM.

Moreover, we hypothesized that FM patients
might show gating deficits at several stages of the
somatosensory information processing. Thus, somato-
sensory P50 responses in this study showed a latency of
80 msec and represent the primary evoked cortical
response to somatic stimulation (28), whereas the so-
matosensory N100 amplitudes are assumed to be gener-
ated in the secondary somatosensory cortex and modu-
lated by attentional processes (29). In contrast, sustained
late positive amplitudes during the time range 160–360
msec have been associated with more complex cognitive
functioning, such as memory or stimulus evaluation (30).
Therefore, the present data might indicate that FM
patients present habituation deficits that might be re-
lated to the coding, as well as to the cognitive evaluation,
of nonpainful somatosensory information.

In this regard, our findings add to a growing
literature in which FM patients have been shown to have
some deficits of nociceptive information processing rel-
ative to healthy controls, such as enhanced sensitivity to
repetitive pain pressure (4,31), abnormal maintenance
of pain sensations after repetitive thermal stimulation
(3), or deficits in endogenous pain inhibitory system
(5–7). Moreover, it has been suggested that hyperalgesia
and allodynia in FM, as well as in other chronic pain
states, are the behavioral consequences of central sensi-
tization. Thus, it would be possible that the observed
disruption of the inhibitory brain mechanism involved in
the early processing of non-nociceptive repetitive stim-
ulation might be a further consequence of those neuro-
plastic changes due to central sensitization associated
with chronic pain.

The hypothesis of a somatosensory gating deficit
in FM is also consistent with previous findings concern-
ing brain activation elicited by pain stimuli in these
patients. Thus, recent neuroimaging research has re-
vealed that FM patients compared with healthy controls
show enhanced activity in areas of the brain that are
involved in pain processing (somatosensory, prefrontal,
cingulate, and insular cortices), but decreased thalamic
blood flow in response to painful (11), and nonpainful
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(12) stimuli. Those investigators postulated that a lack of
thalamic activity would result from persistent excitatory
afferent pain signaling and would sharpen subjective
pain sensation in patients with chronic pain, such as FM
patients. Our findings further suggest that this abnormal
brain functioning in FM might also lead to an altered
processing of nonpainful body information, which could
result in excessive pain sensitivity, or allodynia, in these
patients.

The present data also indicate some deficits in
the cognitive processing of repetitive nonpainful so-
matosensory information in FM. It has been suggested
that patients with subjective health complaints, such as
FM, might be characterized by a cognitive bias, which
would enhance the processing of information that is
closely related to their complaints (32). Thus, it seems
possible that the reduced habituation of the late ERP
components in FM could be related to an impaired
ability to screen out irrelevant information arising from
the body. Our finding that FM displayed a sensory gating
deficit in the late ERP amplitudes only for the somato-
sensory, but not for the auditory, modality seems to lend
further support to this view. Nonetheless, the fact that
FM patients had significantly more reduced LPC ampli-
tudes in response to S1 than did healthy controls may
also have contributed to the observed group differences
in the attenuated response to S2. It could also be argued
that high levels of distress associated with pain in FM
could lead to a reduced gating effect in these patients.
The correlation data from the present study are partly
consistent with this hypothesis. We observed that high
levels of depression or anxiety were associated with
reduced habituation of somatosensory LPC amplitudes,
but not with habituation of other somatosensory or
auditory brain measures. Thus, it also seems that emo-
tional factors might modulate the cognitive processing of
repetitive nonpainful somatosensory stimulation in FM
patients (27). Such interpretations are speculative, how-
ever, and await further empirical confirmation.

One limitation of the present study is that �50%
of our FM patients were taking antidepressants at the
time of the experiment. Given that these drugs affect
several neurotransmitter systems, the possibility that
effects of repetitive stimulation on brain activity may
also be mediated by the medication cannot be com-
pletely ruled out. Additional research is needed to
determine whether our findings may be generalized to
FM patients who are not taking antidepressant medica-
tions.

In summary, we found significant differences in
the cortical correlates of somatosensory gating between

FM patients and healthy controls. Basically, a reduced
habituation to somatosensory stimuli was observed dur-
ing the early and the late stages of information process-
ing in FM patients as compared with healthy controls.
We suggest that these findings might indicate a lack of
inhibitory control to repetitive nonpainful information
during stimulus coding and cognitive evaluation in FM.
In addition, our data provide further support for the
hypothesis that FM might be characterized by specific
deficiencies in brain correlates of nonpainful somatosen-
sory information processing.
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