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ABSTRACT

Although fibromyalgia syndrome (FMS)
affects approximately 3 million to 8 million
Americans and has a significant negative
impact on daily functioning and quality of life,
there is no consensus among clinicians on the
cause of FMS, its treatments, or even whether it
is a “real” illness. Some clinicians recognize it
as a disorder of central and peripheral pain
processing, whereas others believe it to be a
somatic syndrome with a strong psychological
and/or emotional component. To help bridge
the divide, this article reviews the clinical feao-
tures and evaluation of FMS, discusses the cru-
cial role of central sensitization, and examines
evidence for several mechanisms thought to
contribute to the syndrome. These include
peripheral, spinal, and supraspinal mecha-
nisms associated with abnormalities of sensory

processing.
(Adv Stud Med. 2009;9(4):108-114)
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ibromyalgia syndrome (FMS), one of the

most common causes of generalized mus-

culoskeletal pain and tenderness in adults,'

affects approximately 3 million to 8 mil-

lion Americans.> Most of those affected
(80%) are women, usually between 20 and 60 years of
age,” and the majority seck treatment from their pri-
mary care physicians.’

Because there is no consensus among clinicians on
the precise cause of FMS, its treatments, or even
whether it merits consideration as a distinct clinical
entity, many patients receive ineffective care. The lack
of consensus on FMS as a “real” illness is particularly
troublesome because it represents differing approaches
to treatment by clinicians who recognize FMS as a dis-
order of central and peripheral pain processing and by
clinicians who believe that it is a somatic syndrome
with a strong psychological and/or emotional compo-
nent.* At present, an accumulating body of scientific
evidence supports the former.

As a step toward achieving a clinical consensus, this
article presents an overview of FMS, addresses its diag-
nostic criteria and evaluation, and reviews the findings
of neuroimaging and other studies that support the
involvement of several mechanisms believed to play a
role in its etiology and pathophysiology.

FMS 1N PERSPECTIVE

As demonstrated in numerous studies, FMS has a
significant negative impact on daily functioning and
quality of life (QOL).>” In one study, patients report-
ed difficulty with climbing stairs (62%), walking 2
blocks (55%), and activities of daily living (35%).” In
another, the average 50-year-old woman with FMS
reported having less functional ability than the average
community-dwelling woman in her 80s.¢

Other studies found that men and women with
FMS had lower QOL scores for personal relationships,
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career, and mental health,” and that women with FMS
had lower QOL scores than women with rheumatoid
arthritis (RA), osteoarthritis, chronic obstructive pul-
monary disease, and type 1 diabetes.® A Spanish study
involving nearly 3000 patients with musculoskeletal
pain found that those with FMS had comparable
physical impairment but more psychological impair-
ment than those with RA.’

Fibromyalgia syndrome is also a major factor in
requesting sick leave and disability benefits,>”'*"" and is
associated with increased rates of healthcare utilization
and costs.”'>"* As reported in one US study, nearly 20%
of patients with FMS applied for disability, with more
than 25% of them receiving the benefits.> Another US
study found that more than 50% of patients with FMS
left the workforce after developing symptoms.” Among
those remaining at work, the majority had to reduce
their work hours. A study conducted in Spain reported
that 31.4% of patients with FMS were on medical leave
from work, with slightly more than 50% of them qual-
ifying for temporary disability and slightly less than
50% for permanent disability."

A Canadian study compared 3 groups of
patients—those with confirmed FMS, those with
widespread pain but no FMS, and pain-free con-
trols—and found that those with FMS spent more
time in bed (more than double that of patients with
pain but no FMS) because of pain during the previous
2 weeks, took more time off from work, and were
more likely to be work-disabled and receiving a dis-
ability pension."

DIAGNOSTIC CRITERIA AND CLINICAL EVALUATION

Diagnostic criteria for FMS, as established by the
American College of Rheumatology (ACR) in 1990,
are outlined in Figure 1, along with an illustration of
18 predesignated tender points.'* Originally intended
for use as a research tool, the ACR criteria may have
some limitations when used in clinical practice.”

Although the requirement that widespread pain
must be present for at least 3 months is not a limitation
of the ACR criteria, the tender point requirement may
be because there are some patients with FMS who may
have fewer than 11 of 18 tender points at any given
time point.” Moreover, the tender point criterion is
more selective for females than for males, who may
require more than 4 kg/cm? of pressure to elicit a pain
response.” In addition, the criteria focus on pain and

ignore other components of the constellation of symp-
toms in FMS, such as fatigue and sleep disturbances.

Aside from chronic widespread pain, other symp-
toms in the constellation may include cognitive
impairment, morning stiffness, prior or current symp-
toms of anxiety and/or depression, and impaired social
and occupational functioning.'*'® Sexual dysfunction
has also been reported to occur frequently.”"* In an
individual patient, any one or more of these symptoms
may be predominant at presentation.

Evaluation of any patient with generalized pain
begins with a careful history and a thorough physical
examination, followed by appropriate ancillary testing
(eg, electrodiagnostic testing or imaging studies) based
on the individual patient’s presentation. Similarly, the
patient’s comorbid condition(s) should also be evalu-
ated. For example, a complete blood count and vita-
min levels may be in order for those complaining of
concomitant fatigue, whereas a sleep study may be
needed for those reporting significant sleep distur-
bances with daytime somnolence.

The revised Fibromyalgia Impact Questionnaire
developed by Bennett et al” can be used to assess the
patient’s general functioning, overall impact of FMS,
and the intensity of pain, tenderness, anxiety, and
other symptoms over the previous week (Figure 2)."

Figure |. Diagnostic Criteria for FMS

Widespread pain for 23 months,
defined as the presence of all of the
following:

Pain on palpation with a 4-kg/cm?
force in 'l of 18 sites.

Pain on the right and left sides of
the body

Pain above and below the waist
(including shoulder and buttock

pain)

Pain in the axial skeleton (cervical,
thoracic or lumbar spine, or
anterior chest)

FMS = fibromyalgia syndrome.
Reprinted with permission from Wolfe et al. Arthritis Rheum. 1990,33:160-172."
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PATHOPHYSIOLOGY OF FMS

The precise mechanisms, etiology, and pathophys-
iology leading to FMS remain uncertain, but multi-
factorial processes that may affect peripheral and/or
central sensory input and processing are likely contrib-
utors. Neuroimaging evidence suggests that central

Central sensitization plays a crucial role in FMS,
which is characterized in part by augmented process-
ing of pain in the central nervous system (CNS). The
clinical result is hyperalgesia, or pain that is out of pro-
portion to a noxious stimulus, and/or allodynia, or
pain in response to an innocuous stimulus.” Increased
brain activation patterns are evident when patients

sensitization, which is associated with the release of with FMS are exposed to pressure and heat pain stim-

excitatory neurotransmitters and neuropeptides, may uli,?" with patients displaying a normal detection

be an underlying cause of FMS. threshold to sensory stimuli, but a decreased threshold
to noxious stimuli.”?

Figure 2. The Revised Fibromyalgia Impact Questionnaire

Domain | directions: For each of the following 9 questions, check the one box that best indicates how much your fibromyalgia made it difficult to
do each of the following activities over the past 7 days:

Brush or comb your hair No difficulty (1 [ 01 OJ O O 0 O 01 O [ Very difficult
No difficutty [ [ T1 00 O 03 [ O 01 O [ Very difficult
No difficutty [J [J [ T 0 0 00 0 O O O Very difficult
No difficutty [J [J [ L O 0 0 0 O O O Very difficult
No difficutty J 0 OJ U OO U OO OO O O OJ Very difficult
No difficutty [ LI I 0 O 00 00 00 O O O Very difficult
No difficutty (1 [ 1 [OJ O O 0 O O3 O [ Very difficult
No difficulty [ [ 1 OJ O 0 0 O O3 O [ Very difficult

No difficutty [J [J I T 0 00 00 00 O O O Very difficult

Walk continuously for 20 minutes
Prepare a homemade meal
Vacuum, scrub, or sweep floors
Lift and carry a bag full of groceries
Climb | flight of stairs

Change bed sheets

Sit in a chair for 45 minutes

Go shopping for groceries

Domain 2 directions: For each of the following 2 questions, check the one box that best describes the overall impact of your fibromyalgia over the
past 7 days:

Fibromyalgia prevented me from accomplishing goals for the week.  Never [ [ [J [ [ [ [T O [ [T [T Always

| was completely overwhelmed by my fibromyalgia symptoms. Never [ [ 1 00 O OO O O 00 00 00 Always

Domain 3 directions: For each of the following 10 questions, check the one box that best indicates the intensity of your fibromyalgia symptoms
over the past 7 days:

Please rate your level of pain No pain [J [J [ 0 00 OJ 00 O O O [ Unbearable pain

Lots of energy [ [ [J L] [J [0 00 00 0 J J No energy

No stiffness [ [ [J LI L) O] O 00 [0 [ [ Severe stiffness
Awoke rested [1 [ [J [J 0TI [ O 00 00 LI I Awoke very tired
No depression [J [ [ ] [ [0 [ O [ [0 [ Very depressed
Good memory [ U U1 [0 [ [0 0 LI I O O Very poor memory
Not anxious [] [J [ [ [ [ [0 O I OJ [J Very anxious

No tenderness [1 [ [ [J ) ) [0 0 0 LJ I Very tender

No imbalance [ [ [J [ I O O O] [ [0 [ Severe imbalance

No sensitivity (1 [ [ [ 0 0 0 O [ [ [ Extreme sensitivity

Please rate your level of energy

Please rate your level of stiffness

Please rate the quality of your sleep

Please rate your level of depression

Please rate your level of memory problems
Please rate your level of anxiety

Please rate your level of tenderness to touch
Please rate your level of balance problems

Please rate your level of sensitivity to loud noises, bright lights,
odors, and cold

Scoring: Step |. Sum the scores for each of the 3 domains (function, overall, and symptoms). Step 2. Divide domain | score by 3, divide domain 2 score by | (that is,
it is unchanged), and divide domain 3 score by 2. Step 3. Add the 3 resulting domain scores to obtain the total Revised Fibromyalgia Impact Questionnaire score.
Reprinted with permission from Bennett et al. Arthritis Res Ther. 2009;11:R120.”
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Evidence for several mechanisms thought to be
involved in the pathophysiology and pain processing
abnormalities of FMS are reviewed below.

PERIPHERAL MECHANISMS

Studies to determine whether there are any abnor-
mal findings in the skin of patients with FMS that
might contribute to their increased pain sensitivity
have shown several differences in FMS skin compared
with normal skin.??* Patients with FMS have
increased expression of /N-methyl-D-aspartate receptor
subunit 2D,* higher concentrations of immunoglobu-
lin G deposits in the dermis,” increased reactivity for
collagen IIL,* lower total collagen in the endoneuri-
um,” and a higher number of mast cells** and
cytokines.*

A blinded study demonstrated minor ballooning in
the Schwann cell sheaths of unmyelinated peripheral
nerves in the skin at non-tender points and major bal-
looning at tender points in patients with FMS, but no
ballooning in normal skin of patients without FMS.”
Another study found that 8-opioid receptors were
upregulated 65-fold and x-opioid receptors were
upregulated 35-fold in the skin of patients with FMS
compared with skin in normal subjects.” Levels of u-
opioid receptors were the same in both groups.

SPINAL MECHANISMS

There is considerable evidence that several sub-
stances in cerebrospinal fluid (CSF) that are involved
in pain response and processing are altered in patients
with FMS. Four classic studies have shown that CSF
levels of substance P, a neuropeptide, are 2- to 4-times
higher in patients with FMS than in normal con-
trols.”** Additionally, CSF levels of glutamate, an exci-
tatory amino acid, were higher in patients with FMS
than in controls, along with CSF levels of 2 neu-
rotrophins, nerve growth factor and brain-derived
neurotrophic factor, which were also significantly
higher in patients with FMS compared with controls.”

Russell et al found decreased CSF levels of biogenic
monoamine metabolites of norepinephrine and sero-
tonin in patients with FMS versus controls.’* This is
consistent with impaired functioning of the descend-
ing inhibitory pathways (which utilize norepinephrine
and serotonin) in patients with FMS.

SUPRASPINAL M ECHANISMS
The influence of supraspinal mechanisms on pain

and sensory processing in FMS is illustrated in Figure
3.2 Gracely et al utilized functional magnetic resonance
imaging (fMRI) to evaluate the pattern of cerebral acti-
vation during the application of painful pressure in
patients with FMS compared with controls.*® The
authors found increased neural activation (ie, increases
in the blood oxygen level-dependent signal) in patients
with FMS compared to pain-free controls when stimuli
of equal pressure magnitude were administered.
Regions of increased activity included the primary and
secondary somatosensory cortices, the insula, and the
anterior cingulate cortex (ACC)—all regions common-
ly observed in fMRI studies in healthy normal subjects
during painful stimuli. When the control group
received double the stimulus intensity (4 kg/cm?) as
patients with FMS (2 kg/cm?), both groups experi-
enced the same pain intensity and the same areas of the
brain “lit up” with similar intensities. These findings
are consistent with a “left-shift” in stimulus-response
function noted with experimental pain testing, and
suggest that patients with FMS experience an increased
“gain” in brain sensory processing systems.*

Another study found that patients with FMS and
controls had similar pain thresholds to cutaneous C-
fiber heat stimulation, but that those with FMS

Figure 3.Augmented Pain Processing in FMS

Stimuli and Responses During Pain Scans

S

10

©

A Fibromyalgia
Subjective pain control
Stimulus pressure control

Pain intensity

o N & o

15 25 35 45 Sl Sl (decrease)

Stimulus intensity, kg/cm’

e

Sl STG, Insula, Putamen Cerebellum

FMS = fibromyalgia syndrome; IPL = inferior parietal lobule; SI = primary
somatosensory cortex; Sll = secondary somatosensory cortex; STG = superior tem-

poral gyri.
Reprinted with permission from Gracely et al. Arthritis Rheum. 2002;46:1333-1343.%
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required significantly lower heat pulse temperatures to
generate the same magnitudes of temporal summation
of “second pain” (TSSP) than controls.”> These find-
ings strongly support alterations of central pain sensi-
tivity—and not peripheral sensitization or rating
bias—as being responsible for the TSSP differences
between patients with FMS and normal controls.

Still another study demonstrated that changes in
glutamate levels in the insula are associated with
changes in multiple pain domains in patients with
FMS.* Specifically, higher glutamate levels enhance
glutamatergic neurotransmission and appear to lead to
increased pain perception, while reduced glutamate
levels are associated with diminished pain perception.

PAIN PATHWAYS AND PAIN MODULATION

Many nociceptive ascending pathways—from the
periphery into the spinal cord, up to supraspinal sites
in the brain, and eventually to the cerebral cortex—are
involved in pain processing. They include spinocervi-
cal pathways, spinothalamic pathways, spinobulbar
pathways, spinopontine pathways, and postsynaptic
dorsal column pathways, among others.

Pain from these pathways is processed in multiple
areas in the CNS, which are referred to collectively as
the pain matrix.”** The primary and secondary
somatosensory cortices, the thalamus, and the posteri-
or insula appear to be largely related to pain localiza-
tion and intensity, whereas the ACC, the anterior
insula, and the amygdala appear to be largely related to
the affective domain or emotional valence of the pain.
This affects the behavioral responses to pain and pri-
marily reflects how unpleasant or distressing the pain
is to the patient.

In the physiological pain matrix of the brain, these
areas and several others, including the cerebellum,
exhibit increased regional cerebral blood flow, and/or
blood oxygenation, and/or metabolite utilization on
fMRI in patients experiencing pain.

Pain is ameliorated primarily via descending
inhibitory circuits, with the major ones being the sero-
tonergic and noradrenergic pathways (Figure 4).
Higher supraspinal sites such as the ACC and the
hypothalamus feed into the periaqueductal gray
(PAG), which then feeds into either the rostral ventral
medulla and the dorsolateral funiculus (serotonergic
pathway) or the dorsolateral pontine tegmentum and
the dorsolateral funiculus (noradrenergic pathway).

Both ACC and PAG are rich in opioid receptors, and
those areas may feed into both of the descending pain
modulating pathways.

Utilizing fMRI, Pujol et al found that patients with
FMS had greater activation in the ACC, insula, and
basal ganglia in response to 4 kg/cm? of pressure,
whereas controls tended to have greater activation in
the somatosensory cortices.” The results not only con-
firm the augmented brain response to pain in patients
with FMS, but also suggest that functional alterations
may be particularly relevant in emotion-related, or
paralimbic, regions.

In addition, Jensen et al found that women with
FMS required less pressure than age-matched controls
to evoke equal pain magnitudes when utilizing fMRI
to evaluate cerebral response to provoked pain.®
However, the investigators also demonstrated, for the
first time, that patients failed to respond appropriately
to pain provocation in the primary link to the
descending pain inhibitory system, the rostral ACC,
resulting in impaired endogenous pain inhibition. The
findings of this study validate previous reports of dys-
functional endogenous pain inhibition in FMS.

Figure 4. Descending Pain Modulating Circuits

@ AcCC
@ Several Regions of the Frontal Neocortex
3 Hypothalamus

@ Central Nucleus of the Amygdala

PAG
7\

RVM DLPT

DLF

l

Rexed Laminae |, II, V

ACC = anterior cingulate cortex; DLF = dorsolateral funiculus; DLPT =
dorsolateral pontine tegmentum; RVM = rostral ventral medulla; PAG =
periaqueductal gray.

Courtesy of Howard Smith, MD.
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CONCLUSIONS

Despite its significant negative impact on daily
functioning and QOL, FMS does not command
a consensus among clinicians with respect to its
precise cause, its treatment, or even whether it should
be considered a “real” disease. An accumulating body
of scientific evidence, however, strongly suggests
that FMS is a disorder of central and peripheral
pain processing rather than a somatic syndrome
with a pronounced psychological and/or emotional
component.

The precise mechanisms, etiology, and pathophys-
iology of FMS remain uncertain, but likely involve
multiple processes that are largely central in nature.
Numerous studies of patients with FMS have demon-
strated augmented processing of pain in the CNS;
abnormal findings in the skin that might contribute
to increased pain sensitivity; and altered CSF levels
of substance P, glutamate, nerve growth factor,
brain-derived neurotrophic factor, and biogenic
monoamine metabolites of norepinephrine and sero-
tonin. In addition to the problem of augmented affer-
ent pain processing, dysfunctional endogenous pain
inhibition primarily involving descending inhibitory
circuits (eg, the serotonergic and noradrenergic path-
ways) is thought to be a major contributor to FMS
pathophysiology.

CASE STUDY

PRESENTATION AND HISTORY

KS, a 47-year-old librarian with a 6-month histo-
ry of low back pain, has been referred to the pain clin-
ic by her primary care physician for further
evaluation. She is recently divorced and has a body
mass index of 33 kg/mm?. During her visit, KS says
her chronic back pain averages approximately 6 out of
10, but worsens with most activities. She mentions
that she tried to alleviate her pain with a nonsteroidal
anti-inflammatory drug (NSAID) patch, but it was
ineffective.

She also reports severe fatigue that worsens as the
day goes on, making it difficult for her to complete a
full day of work. As such, she has just cut back to
working half a day. Further questioning reveals that
she has generalized morning stiffness, with significant
aches in the proximal muscles of the arms and legs,
and moderately severe insomnia.

PHYSICAL EXAMINATION AND DIAGNOSTIC
EVALUATION

A thorough physical examination was essentially
normal except for the presence of 11 out of 18 classic
tender points. Complete blood count, liver and kidney
panels, thyroid-stimulating hormone levels, and ery-
throcyte sedimentation rate were normal.

TREATMENT

The NSAID patches KS used in the past were inef-
fective because the mechanisms involved in FMS are
largely central in nature. She was therefore given a pre-
scription for pregabalin, with the dose slowly titrated
to 600 mg/day (200 mg during the day and 400 mg at
night), to relieve her pain and insomnia. She also
received educational materials, including information
on sleep hygiene measures, and started a slow, gradu-
ally progressing program of regular aerobic exercise.
Although she improved, she was still unable to work a
full day, primarily because of fatigue. At this point, she
was started on duloxetine 30 mg/day for 1 week, after
which the dose was increased to 60 mg/day. She was
also referred for cognitive-behavioral therapy.

CURRENT STATUS

She is currently on this regimen and is doing well.
She is now working full-time, sleeping better, and her
pain is mostly controlled at a tolerable level. She has
also joined a computer dating service.
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