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TOPICAL REMEDIES

An alternative and attractive approach to pain control is to
apply drugs locally to the peripheral site of origin of the
pain. Topical applications include cream, lotion, gel, oil,
aerosol, or patch to somatic sites. These topical remedies
allow for a high local concentration of the drug at the site of
the pain and lower or negligible systemic drug levels, pro-
ducing fewer or no adverse drug effects. Other advantages
of topical application are the lack of drug interactions and
the ease of use.

The general pharmacokinetic principles governing drugs
applied to the skin are the same as those involved in other
routes of drug administration (1). Major variables that deter-
mine pharmacologic response to drugs applied to the skin
include the following: 

1. Regional variation in the drug penetration. For example,
the face, axilla, scrotum, and scalp are far more perme-
able than the forearm and may require fewer doses for an
equivalent. 

2. Concentration gradient. Increasing the concentration
gradient increases the mass of drug transferred per unit
of time. 

3. Dosing schedule. Because of the skin’s physical proper-
ties, the skin acts as a reservoir. For drugs with a short
systemic half-life, topical application may be long
enough to permit “once-a-day” application. 

4. Vehicles and occlusion. An appropriate vehicle maxi-
mizes the drug’s ability to penetrate the skin’s outer lay-
ers. Occlusion (application of a plastic wrap to hold the
drug and its vehicle in close contact with the skin) is ex-
tremely effective in maximizing efficacy.

Topical applications differ from transdermal delivery
systems, which are not discussed in detail here. In transder-
mal delivery systems, the skin is used as an alternative sys-
temic delivery system. For topical application, the target
site is immediately adjacent to the site of the delivery, with

Local therapy for fibromyalgia (FM) and other painful
conditions can be an alternative for both patients and
their healthcare providers. Local measures can be per-

ceived as going directly to the source of pain, although this
is not always the case, but they do generally carry less risk
compared to systemic delivery. The “hands on” approach of
some these local therapies is also often an important part of
a therapeutic relationship. Despite their obvious potential
advantages, many patients do not receive local measures.
This chapter will review the following local therapy modali-
ties, which can help providers judge for themselves how to
use topical drugs, local injections, and various physical
measures:

Topical Remedies

Topical nonsteroidal anti-inflammatory drugs
Capsaicin
Local anesthetics
Topical antidepressant
Topical gabapentin (neurontin)
Topical traditional Chinese medicine

Tender Point Injections

Botox
Steroid
Xylocaine
Dry needling

Physical Measures and Other Devices

Massage
Balneotherapy
Heat therapy
Ultrasound
Phonophoresis
Transcutaneous electrical nerve stimulation (TENS)
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very limited systemic affects. The actions of topical drugs
may decrease production of local inflammatory mediators,
block the action of inflammatory mediators or altered im-
pulse generation through actions on up-regulated sodium
channels, or attenuate action of the sensory neurons
through actions at specific receptors. In chronic-pain states,
the effectiveness of a topical approach may depend on the
degree of inflammation, the degree of alteration in periph-
eral sensory processing, and the degree of central sensitiza-
tion involved. In most chronic-pain conditions, both
peripheral and central elements are present. The topical ap-
proaches are more likely to be effective where there is a
prominent peripheral component (2).

Bioavailability and plasma concentration following topi-
cal application are 5% to 15% of those achieved by systemic
delivery (3). Adverse effects with topical remedies can be
classified as cutaneous and systemic reactions; the local re-
action is more commonly compared to systemic reaction.
Skin rash and itch at the site of application are accounted for
most local reactions (3,4). Systemic adverse effects do occur
but much less often compared to systemic delivery (5).

TOPICAL NONSTEROIDAL 
ANTI-INFLAMMATORY DRUGS

Traditional nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most commonly prescribed drugs worldwide
and are responsible for approximately one-fourth of all ad-
verse drug reaction reports. NSAIDs are widely prescribed
for patients with rheumatic disease. Topical application of
NSAIDs offers the advantage of local, concentrated drug de-
livery to affected tissues with a reduced incidence of systemic
adverse effects, such as peptic ulcer disease and gastroin-
testinal (GI) hemorrhage.

Steen et al. (6) tested topically applied acetylsalicylic
acid (ASA), salicylic acid (SA), and indomethacin in an ex-
perimental pain model in humans. In 30 volunteers, sus-
tained burning pain was produced in the palmar forearm
through a continuous intradermal pressure infusion of a
phosphate-buffered isotonic solution (pH 5.2). In five dif-
ferent, double-blind, randomized crossover studies with six
volunteers each, the flow rate of the syringe pump was indi-
vidually adjusted to result in constant pain ratings of around
20% (50% in study 4) on a visual analog scale (VAS). The
painful skin area was then covered with either placebo or
the drugs, which had been dissolved in diethylether. In the
first study of six volunteers, ASA (60 mg per mL) or lac-
tose (placebo) in diethylether (10 mL) was applied, using
both arms at 3-day intervals. Both treatments resulted in
sudden and profound pain relief due to the cooling effect of
the evaporating ether. With lactose, however, the mean pain
rating was restored close to the baseline within 6 to 8 min-
utes, while with ASA it remained significantly depressed
for the rest of the observation period (another 20 minutes).
A loss of tactile sensation did not accompany this deep
analgesia. The further studies served to show that in-
domethacin (4.5 mg per mL) and SA (60 mg per mL) were
equally as effective as ASA. These antinociceptive effects
were felt to be due to local but not systemic actions, since
ASA and SA did not reach measurable plasma levels up to
3 hours after topical applications.

Topical application leads to relatively high NSAID concen-
trations in the dermis. Concentrations achieved in the muscle
tissue below the site of application are variable, but they are at
least equivalent to that obtained with oral administration (3).
NSAIDs applied topically over joints do reach the synovial
fluid, but the extent and mechanism (topical penetration vs.
distribution via the systemic circulation) remain to be deter-
mined. In addition, marked interindividual variability has been
noted in all studies; individual skin properties may strongly in-
fluence percutaneous absorption. In general, interpretation of
clinical studies measuring efficacy of topical NSAIDs in rheu-
matic disease states is difficult because of a remarkably high
placebo response rate, the use of rescue paracetamol (aceta-
minophen), and a significant variability in percutaneous ab-
sorption and response rates between patients. Overall efficacy
rates attributable to topical NSAIDs in patients with rheumatic
disorders ranged from 18% to 92% of treated patients.

In a clinical context, there have been sufficient studies of
soft tissue conditions to demonstrate the superiority of
topical NSAIDs over placebo and to suggest equivalent ef-
ficacy in comparison to some oral NSAIDs. The effective-
ness and tolerability of tolmetin as Tolectin Gel 5% was
evaluated in an open, multicentric study (7). Two hundred
and five patients suffering from osteoarthritis (OA),
spondylarthrosis, soft tissue rheumatism, and posttraumatic
pain were treated under conditions similar to practice. The
topical preparation was administrated alone or when
needed, associated with tolmetin 400 mg capsules. Evalua-
tion of symptoms and signs revealed no statistical differ-
ence of effectiveness between the two dosage groups. The
opinions of the doctors and patients about the clinical
course supported this positive result. Dose reduction of oral
or other parenteral preparations is often possible by means
of concomitant topical treatment. In some types of soft tis-
sue and joint pain, chiefly in mild cases, the local applica-
tion alone can be sufficient.

Bruhlmann and Michel assessed the efficacy and safety
of a diclofenac hydroxyethylpyrrolidine (DHEP) patch in
the treatment of symptomatic OA of the knee joint. A dou-
ble-blind, randomized, placebo-controlled trial was carried
out on 103 outpatients for 2 weeks. The main efficacy pa-
rameters were spontaneous pain and the Lequesne Index.
Secondary endpoints were walking time over a standard dis-
tance, global assessment of efficacy and tolerability, and
paracetamol consumption. The active treatment group showed
a significant improvement in pain, Lequesne Index, and the
physician’s and patient’s global assessment of efficacy. For
these parameters the difference between groups was statisti-
cally significant in favor of the DHEP patch (8).

NSAIDs administered topically penetrate slowly and in
small quantities into the systemic circulation; bioavailability
and maximal plasma NSAID concentrations after topical ap-
plication are generally �5% and 15%, respectively, compared
to equivalent oral administration. The adverse event profile
of topical agents is reasonable: Minor cutaneous effects
occur in up to 2% of patients but tend to be self-limiting (3).
GI events appear from the existing literature to be infrequent
and minor, although long-term studies are required. Bron-
chospasm and renal impairment have been reported and may
be more frequent in patients who have experienced these ef-
fects with oral agents (4), so great caution should be exer-
cised in such patients.
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CAPSAICIN

Capsaicin is a natural constituent in pungent red chili peppers.
It can selectively activate, desensitize, or exert a neurotoxic
effect on sensory neurons, depending on the concentration
and the delivery mode (9,10).

Activation of sensory neurons occurs because of interac-
tion with a ligand-gated nonselective cation channel, and re-
ceptor occupancy triggers Na+ and Ca2+ ion influx and
action potential firing as the burning sensation occurs with
spicy food or capsaicin-induced pain (11). Desensitization
occurs with repeated administration of capsaicin and is a re-
ceptor-mediated process. This process involves Ca2+ and
calmodulin-dependent phosphorylation of the cation chan-
nel. As a consequence of desensitization, secretion of sub-
stance P (SP) from both peripheral and central terminals of
sensory neurons is inhibited (9). Neurotoxicity is partially
osmotic and partially due to Ca2+ entry with activation of
Ca2+-sensitive protease (10). Repeated application to the
skin produces desensitization to this response and thus
forms the basis of the therapeutic use of topical capsaicin in
chronic-pain conditions (12).

Topical capsaicin preparations of 0.025% and 0.075% are
available for human use. It is interesting to know that ex-
tracts from red chili peppers have long been used in tradi-
tional topical Chinese medication mixes for joint pain.
McCarthy and McCarty evaluated topical capsaicin 0.075%
for the treatment of the painful joints of rheumatoid arthritis
(RA) and OA patients in a 4-week double-blind, placebo-
controlled, randomized trial. Twenty-one patients were se-
lected, all of whom had either RA or OA 
with painful involvement of the hands. Assessments of pain
(VAS), functional capacity, morning stiffness, grip strength,
joint swelling, and tenderness (dolorimeter) were performed
before randomization. Treatment was applied to each painful
hand joint four times daily with reassessment at 1, 2, and
4 weeks after entry. One subject did not complete the
study. Capsaicin reduced the tenderness (p �0.02) and
pain (p �0.02) associated with OA but not RA as compared
to placebo. A local burning sensation was the only adverse
effect noted. These findings suggest that topical capsaicin is
a safe and potentially useful drug for the treatment of
painful OA of the hands (13).

FM patients commonly have pain in the head and neck.
Epstein and Marcoe reviewed an open series of 24 consecu-
tive cases of head and neck pain treated with topical cap-
saicin. Complete remission of pain was seen in 31.6% of
patients; partial remission was achieved in 31.6% of pa-
tients. Trigeminal neuralgia with an intraoral trigger was
less responsive to topical therapy than neuropathic pain.
Further study is needed to clarify the efficacy of topical cap-
saicin in neuropathic and nonneuropathic pain and the effect
of differing dosages and frequency of application (14).

Topical capsaicin is attractive because it is a simple,
safe treatment and has been studied in a variety of condi-
tions in uncontrolled and a few controlled trials. However,
even though these studies suggest an analgesic effect, it
has been impossible to blind even for placebo-controlled
trials, due to the burning sensation induced by the cap-
saicin. A high placebo response rate in the controlled tri-
als is an interesting observation in these studies and may
account for the apparent salutary effect reported in the

1n � 1421n � 72

studies lacking a control. A careful scrutiny of the current
results of these trials, as well as clinical experience, indi-
cate there is a modest effect with the currently available
preparations, although many patients failed to find relief
or found the relief insufficient or were unable to tolerate
the burning sensation. Occasional patients appear to have
very good pain relief, and clinical trials may not reflect
these unusual cases. Topical capsaicin is generally not sat-
isfactory as a sole therapy for chronic-painful conditions,
although it may serve as an adjuvant to other approaches
(15). Topical capsaicin is not associated with any severe
systemic adverse effects. However, many patients report
stinging and burning, particularly during the first week of
therapy (16). Caution must be exercised to avoid touching
the eyes. Topical capsaicin merits consideration as a part
of multidisciplinary therapy in conditions where the pain
can be chronic and difficult to treat.

LOCAL ANESTHETICS (LIDOCAINE PATCHES
AND GELS)

Local anesthetics have long been used to abolish pain tem-
porarily by blocking nerve conduction, but local anesthetics,
such as lidocaine patch or gel, are now used as an effective
treatment for many chronic-pain conditions (17). Local
anesthetics block voltage-gated sodium channels (VGSCs),
which play a fundamental role in the control of neuronal ex-
citability (2). Alteration in the expression, distribution, and
function of VGSCs occurs following chronic inflammation,
nerve injury, and other chronic-pain conditions (18).

Systemically administered local anesthetics such as IV li-
docaine, oral mexilitine, and oral tocainamide are effective
in a number of chronic-pain conditions (17). However, de-
spite this efficacy in different clinical pain conditions, sys-
temic anesthetics are limited by their adverse central nervous
system (dizziness, lightheadedness, and somnolence) and
cardiac effects. Clinical attention has recently been focused
on topical formulations of lidocaine. Topical lidocaine as a
5% gel or patch provides pain relief in several chronic-pain
conditions. Galer et al. compared the efficacy of topical li-
docaine patches to vehicle (placebo) patches applied di-
rectly to the painful skin of subjects with postherpetic
neuralgia (PHN) using an “enriched enrollment” study de-
sign. All subjects had been successfully treated with topical
lidocaine patches on a regular basis for at least 1 month prior
to study enrollment. Subjects were enrolled in a random-
ized, two-treatment period, vehicle-controlled, crossover
study. The primary efficacy variable was “time to exit”;
subjects were allowed to exit either treatment period if
their pain relief score decreased by two or more categories
on a six-item pain relief scale for any 2 consecutive days.
The median time to exit with the lidocaine patch phase was
�14 days, whereas the vehicle patch exit time was 3.8 days
(p �0.001). At study completion, 25 of 32 (78.1%) subjects
preferred the lidocaine patch treatment phase as compared
to 3 of 32 (9.4%) who preferred the placebo patch phase
( p �0.001). No statistical difference was noted between the
active and placebo treatments with regard to side effects.
Thus, topical lidocaine patches provide significantly more
pain relief for PHN than vehicle patches with limited side
effects (19).
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Topical local anesthetics have shown promise in both un-
controlled and controlled studies. Thirty-five subjects with
established PHN affecting the torso or extremities com-
pleted a four-session, random order, double-blind, vehicle-
controlled study of the analgesic effects of topically applied
5% lidocaine in the form of a nonwoven polyethylene adhe-
sive patch (20). All subjects had allodynia on examination.
Lidocaine-containing patches were applied in two of the
four 12-hour sessions. In one session vehicle patches were
applied, and one session was a no-treatment observation
session. Lidocaine-containing patches significantly re-
duced pain intensity at all time points from 30 minutes to
12 hours compared to no-treatment observation and at all
time points from 4 to 12 hours compared to vehicle
patches. Lidocaine patches were superior to both no-treat-
ment observation and vehicle patches in averaged category
pain relief scores. The highest blood lidocaine level meas-
ured was 0.1 micrograms/mL, indicating minimal systemic
absorption of lidocaine. Patch application was without sys-
temic side effects and was well-tolerated when applied on
allodynic skin for 12 hours. This study demonstrates that
topical 5% lidocaine in patch form is easy to use and re-
lieves postherpetic neuralgia.

Most published studies of lidocaine gel or patch have fo-
cused on PHN. The patch itself provided some pain relief,
likely due to the protection afforded to allodynic skin (20).

The question is whether these local anesthetics may also
provide pain relief in FM or other nonneuropathic pain condi-
tions. A randomized controlled trial was carried out on pa-
tients with chronic muscle pain syndromes. Sixty-one patients
(42 with FM and 19 with myofascial pain syndrome [MPS])
completed the trial. Outcome measures included pain inten-
sity, a daily pain diary, headache frequency, sensitivity to
pressure using a dolorimeter, anxiety, depression, and
sleep quality. Patients were randomized to receive either
4% lidocaine applied over tender points (TePs) or sterile
water (placebo) six times over a 3-week period. Both subjects
and investigators were blind to treatment allocation. The re-
sults showed that 4% lidocaine had no superiority over
placebo in any of the outcome measures. Twenty-one subjects
(35%) showed a decrease in pain that was �30% of their
baseline value. Of these 21 subjects, 10 received lidocaine and
11 received placebo. These data suggest that, in this popula-
tion, 4% lidocaine is no better than placebo in the treatment of
chronic muscle pain (21). This study was done with 4% lido-
caine gel rather than the 5% gel or patch used in PHN studies.
Further studies are needed to document any efficacy of the li-
docaine patch or a higher concentration of lidocaine gel for
FM or other more localized nonneuropathic pain conditions.

ANTIDEPRESSANTS

Antidepressants given orally have been used to treat chronic
pain for 40 years (22). Tricyclic compounds given systemi-
cally have been the most often used agents for treatment of FM
(23). Initially, the efficacy of antidepressants was attributed to
central action in the spinal cord and at supraspinal levels (24).
Recently, peripheral activity also was noted in a visceral pain
model (25), a formalin model of tonic pain (26), and a model
of neuropathic pain (27). Amitriptyline, a tricyclic antidepres-
sant, can increase local release of adenosine and activation of
adenosine A1 receptor (27). These peripheral actions raise the

possibility that topical formulations of antidepressants may be
a useful alternative drug delivery system for analgesia. Antide-
pressants exhibit a number of pharmacologic actions: They
block reuptake of noradrenaline and 5-hydroxytryptamine;
have direct and indirect actions on opioid receptors; inhibit
histamine, cholinergic, 5-hydroxytryptamine, and N-methyl-D-
aspartate receptors; inhibit ion channel activity; and block
adenosine uptake. But the contribution of these actions to anal-
gesia by antidepressants, locally or systemically, remains to be
determined.

Topical doxepin cream has been reported to produce
analgesia in one randomized double-blind placebo-con-
trolled study (28). The analgesic efficacy of topical admin-
istration of 3.3% doxepin hydrochloride, 0.025% capsaicin,
and a combination of 3.3% doxepin and 0.025% capsaicin
were assessed in human chronic neuropathic pain. A total
of 200 patients were enrolled in this randomized, double-
blind, placebo-controlled study. Patients applied placebo,
doxepin, capsaicin, or doxepin/capsaicin cream daily for 4
weeks. Patients recorded on a daily basis overall pain,
shooting, burning, paraesthesia, and numbness using a 0 to
10 VAS during the week prior to cream application (base-
line levels) and for the 4-week study period. Side effects
and the desire to continue treatment were also recorded.
Overall pain was significantly reduced by all three groups—
doxepin, capsaicin, and doxepin/capsaicinto a similar de-
gree. The analgesia with doxepin/capsaicin was of more
rapid onset. Side effects were minor. It was concluded that
topical application of 3.3% doxepin, or 0.025% capsaicin,
or 3.3% doxepin/0.025% capsaicin produces analgesia of
similar magnitude. However, the combination produces
more rapid analgesia.

Antidepressants show promise as a useful class of agents to
be used as analgesics in chronic-pain conditions. They provide
options to both topical applications and systemic delivery.

GABAPENTIN

Gabapentin (GP) is an amino acid that has a mechanism that
differs from other anticonvulsant drugs such as phenytoin,
carbamazepine, or valproate. Several hypotheses of cellular
mechanisms have been proposed to explain the pharmacol-
ogy of GP: 

1. GP crosses several membrane barriers in the body via a
specific amino acid transporter (system L) and com-
petes with leucine, isoleucine, valine, and phenylalanine
for transport. 

2. GP increases the concentration and probably the rate of
synthesis of γ-amino-butyric acid (GABA) in the brain,
which may enhance nonvesicular GABA release during
seizures. 

3. GP binds with high affinity to a novel binding site in
brain tissues that is associated with an auxiliary subunit
of voltage-sensitive Ca2+ channels. Recent electrophysi-
ology results suggest that GP may modulate certain
types of Ca2+ current. 

4. GP reduces the release of several monoamine neuro-
transmitters. 

5. Electrophysiology suggests that GP inhibits voltage-ac-
tivated Na+ channels, but other results contradict these
findings. 
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6. GP increases serotonin concentrations in human whole
blood, which may be relevant to neurobehavioral ac-
tions. 

7. GP prevents neuronal death in several models, including
those designed to mimic amyotrophic lateral sclerosis
(ALS). This may occur by the inhibition of glutamate
synthesis by branched-chain amino acid aminotrans-
ferase (BCAA-t) (29).

Carlton and Zhou (30) reported that local GP has been
shown to have antihyperalgesic properties at the site of
drug application. Rats received different doses of local GP
(intraplantar 20-microl injections of 6, 60, or 600 microg
GP). High-dose GP (600 microg) significantly reduced
these nociceptive behaviors. The antihyperalgesic effect of
GP was not due to a systemic effect, since animals injected
with 600 microg GP in one hindpaw and 2% formalin into
the contralateral hindpaw developed nociceptive behaviors
that were no different from those seen in animals injected
with formalin alone. Although the mechanism of action of
GP has yet to be elucidated, the results indicated that GP
has a peripheral site of action and thus may offer a novel
therapeutic agent for topical or local treatment of pain of
peripheral origin.

There has been one clinical trial using oral pregabalin in
treating FM (31). These preclinical and clinical data sup-
port the potential for development of topical formulations
of GP.

TOPICAL TRADITIONAL CHINESE MEDICINE

Topical traditional Chinese medicine and other alternative
remedies are still widely used, especially in Chinese and
other ethnic communities. When all the “modern” prepara-
tions have been exhausted, our patients have tried falling
back on some “old remedies.” Litt (32) has offered a list of
73 alternative topical measures that are often beneficial,
mostly for dermatologic disorders. Topical traditional Chi-
nese medicines (TTCMs) have many varieties. A common
misconception is that TTCM is a complicated, exotic art.
Difficulties in understanding these measures arise because
formulations have more than one ingredient, myriad prepa-
rations are available, and labels can be confusing, with
brands like Tiger Balm, 3-Snake Oil, and Dragon Balm.
First and foremost, it must be understood that brand names
are just brand names. The names are symbolic. Tiger Balm
and 3-Snake Oil do not contain any material from these ani-
mals. Indeed, TTCMs are mixtures containing many herbs,
ranging from 3 to 20 different types (33). Mixtures are based
on the concepts of traditional Chinese medicine. The formu-
lations use different ingredients to balance the body and to
balance the opposite properties of different herbs. However,
all these many preparations can be grouped into three
classes, according to usage. In each class the ingredients re-
volve around a common theme, with only minor differences.
The three classes are: (1) oils, ointments, and pastes for
aches and pains; (2) oils, ointments, and pastes for orthope-
dic injuries; and (3) lotions and ointments for skin diseases.
Here, only the first class will be briefly summarized.

The classic example of class 1 TTCMs used for rheu-
matic pain is Tiger Balm (34). It is oil-based and contains
camphor, menthol, and one or more essential oils, such as

cinnamon oil, oil of clove, cassia oil, citronella oil, oil of
lavender, and cajuput oil. These are mixed in a base oil or
petrolatum. The formulation is meant to be soothing, and it
is not usually irritating to the skin unless patients are allergic
to these ingredients. Other paste preparations are mixtures
of various herbs with a petrolatum base. Zingiber officinale
rhizoma, polygonum multiflorum radix, peonia lactiflora
radix, rhizoma et radix notopterygii, myrrha, and other herbs
are commonly used for rheumatic pain, a bi syndrome in
Traditional Chinese Medicine (TCM) (34). None of these
have been assessed in controlled trials available in English.

TTCMs have been used to soothe pain and still retain
some popularity in the modern age. More evidence-based
medicine is needed to guide physicians and patients.

PHYSICAL MEASURES AND OTHER
DEVICES 

Numerous physical measures can be used in the treatment of
pain in FM and other nonneuropathic syndromes. Many are
drawn from theory, tradition, and belief. However, evidence-
based medicine should support the choice of physical inter-
ventions in a treatment plan. The efficacy of many physical
measures has not been fully established and the physiologic
mechanisms for anecdotal improvement in pain, depression,
and sleep are being investigated. It is important to realize that
FM is a complicated musculoskeletal syndrome that presents
with a wide variety of symptoms and considerable overlap
with other conditions, such as myofasical pain syndrome and
chronic fatigue syndrome. Thus, many different treatment in-
terventions are used to reduce patient symptoms. The remain-
der of this chapter will discuss some of these interventions,
including massage, biofeedback (BFB), heat therapy, bal-
neotherapy, ultrasound, phonophoresis, and TENS.

MASSAGE THERAPY

In the early fifth century B.C., Hippocrates wrote, “The physi-
cian must be experienced in many things, but assuredly in
rubbing…. For rubbing can bind a joint that is too loose, and
loosen a joint that is too rigid.” Massage is an ancient treat-
ment for pain relief and is currently being used by 17% to
75% of FM patients (35). The variability in the use of this
intervention may be attributed to many factors, including
lack of awareness within the medical model, poor insurance
reimbursement, and time constraints.

Massage may include both physiologic and psychologi-
cal components (36). The possible physiologic benefits of
massage include stimulation of nonnociceptive nerve end-
ings, which contributes to the release of endorphins and in-
creases serotonin levels (37). The reflex responses can also
cause the reduction of blood pressure (38). Massage in-
creases circulation and enhances venous return, which aids
in the removal of metabolic waste products, helping to
maintain healthy tissues (39). In the “gate theory,” the no-
tion is that the pressure receptors stimulated by massage are
longer and more myelinated than pain receptors. When pain
is experienced and the painful area is rubbed, the pressure
message gets to the brain faster than the pain message and
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the gate is shut, thus blocking the entry of the pain mes-
sage (40). The “language” of human touch may provide
these patients with a feeling of relaxation, warmth, and re-
newed vitality, which can counteract the stresses and pres-
sures one experiences in everyday life. Massage has been
reported to increase mental clarity, reduce anxiety, increase
general feelings of well-being, and release unexpressed
emotions (39).

Danneskioid-Samsoe et al. (41) studied 26 patients with
myofascial pain and found a significant increase in the
plasma myoglobin concentration within 2 hours after the first
massage. They found a positive correlation between the de-
gree of muscle tension and pain and an increase in plasma
myoglobin concentration. After the patients had repeated
massage sessions, there was a gradual decline in the increase
in plasma myoglobin concentration parallel to a reduction in
the muscle tension and pain.

Patients with FM have a significantly elevated concen-
tration of SP in the cerebrospinal fluid compared to normal
controls (42,43). SP is a neuropeptide stored in the secre-
tory granules of sensory nerves and released on axonal
stimulation (44). The significance of SP continues to be in-
vestigated. It has been theorized that it is derived from
overactive peripheral nociceptive fibers or from central
neurons (44). Field et al. (45) found a significant decrease
in SP with massage therapy performed for 30 minutes
twice weekly for 5 weeks. This is a promising finding that
will require further research.

Ironson et al. (37) demonstrated direct effects of massage
on chronic disease outcomes in a group of human immuno-
deficiency virus (HIV) positive men compared to HIV posi-
tive controls. The men who received massage showed a
significant increase in the number of natural killer cells, nat-
ural killer cytotoxity, soluble CD8, and cytotoxic subset of
CD8 cells. Significant decreases in cortisol levels were ob-
served before and after massage. Anxiety and relaxation sig-
nificantly improved and were correlated with the increased
number of natural killer cells (37).

There are many different forms of massage therapy, in-
cluding classical, cross-fiber friction, connective tissue, my-
ofascial release, soft tissue mobilization, Shiatsu, Swedish,
and trigger point. The practitioner’s sense of touch is fund-
amental to the massage technique, as the tactile sensation
is the means of communication between the clinician and
the patient. Most forms of massage can be used for patients
with FM and other nonneuropathic pain syndromes. Pioro-
Boisset’s (35) interview-based study, however, supports
less aggressive forms of massage, reporting greater satis-
faction in FM patients when a “more toned down and less
rigorous massage was used.” This patient population tends
to be more sensitive to pressure. Therefore clinicians need
to consider patient positioning to promote comfort and to
prevent further tension or stress. The therapist may con-
sider beginning the massage in a distal or proximal area of
the body to help the patient relax and then slowly work to-
ward the problem areas (39).

Realistic individualized goals should be discussed and
established with each patient at the initial evaluation. As
treatment advances, the therapist should gradually incorpo-
rate active treatment, such as postural and therapeutic exer-
cise. It is recommended that patients strive for independence
with an exercise program and the ability to self-manage their

symptoms. It is necessary to establish a network of support
because chronic pain can be lifelong.

Numerous studies have suggested the effectiveness of mas-
sage in the reduction of pain, stiffness, fatigue, and sleeping
difficulties in patients diagnosed with FM (35,45–48).

Brattberg (49) conducted a randomized, controlled trial
investigating the effect of 15 sessions of connective tissue
massage in a 10-week period in the treatment of 48 FM pa-
tients. The findings were positive in a self-reported reduc-
tion of pain in 85% of patients and a reduction in analgesic
consumption in 30% of subjects. The massage group also
showed a reduction in depression and a positive effect on
quality of life. However, after a 6-month follow-up, 90% of
the pain returned. This study’s findings would suggest the
need for maintenance massage therapy, as the results did not
last long term.

Sunshine et al. (48) found favorable results in 30 FM
patients randomly assigned to massage therapy (Swedish
massage) or TENS or a no-current TENS group. Thirty treat-
ment sessions were used twice weekly for 4 weeks. All three
groups improved on the rheumatologists’ assessment of the
subject’s clinical condition, which suggests that all these
forms of tactile stimulation and attention are effective. How-
ever, only the massage therapy group improved on both the
dolorimeter and the subjects’ self reports of pain. The mas-
sage group had lower cortisol levels and reported signifi-
cantly fewer symptoms at the end of the study, including less
pain, stiffness, fatigue, and difficulty sleeping. Field et al.
(45) supported these results in a similar study when compar-
ing massage therapy to relaxation therapy in 24 FM patients.
The authors found that both groups demonstrated a decrease
in anxiety and depressed mood. Only the massage group re-
ported an increase in the number of sleep hours and a de-
crease in their sleep movements, and the patients’ physicians
assigned lower disease and pain ratings and fewer TeP areas.
Field (38) found similar results when investigating massage
therapy against a sham TENS control group in patients diag-
nosed with chronic fatigue syndrome.

Contrary to these studies, Alnigenis et al. (50) com-
pleted a randomized, controlled study on the effect of Swedish
massage in patients with FM and found no significant ben-
efits in pain reduction, functional status, or psychological
distress. High attrition and a small sample limit this study’s
findings.

Massage is a passive intervention in which the patient is
dependent on the practitioner. New research by Field et al.
(46) investigated Eutony, a combination treatment of mas-
sage and movement therapy. This includes self-administered
massage using wooden dowels and tennis balls and stretch-
ing movements in lying, seated, and standing positions.
Early findings were positive, showing this self-administered
treatment effective in decreasing depression, anxiety, and
pain. These findings are encouraging because they promote
patient independence and may be a progression from passive
massage to active therapeutic exercise.

In a recent review of randomized, controlled trials, Hold-
craft et al. (51) concluded that there was “moderate” evi-
dence to recommend massage therapy as a therapeutic
modality to FM patients. The small sample sizes in most
of the studies limit their statistical power and make it dif-
ficult to form conclusions on the effectiveness of the mas-
sage intervention.
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Massage involves considerable one-on-one time, which
is problematic in the current healthcare environment. De-
spite this, massage clearly has some benefit and may be
shown to be a cost-effective tool in the treatment of FM and
other chronic-pain syndromes.

ELECTROMYOGRAPHIC BIOFEEDBACK

Electromyographic (EMG) BFB is a treatment modality that
consists of monitoring a physiologic system (muscle ten-
sion) of which the patient is not ordinarily aware, converting
it electronically into signals (usually visual or auditory) of
which the patient becomes aware and develops strategies for
its modification (52). Molina et al. (53) indicated that EMG-
BFB training reduced plasma adrenocorticotrophin hormone
and �-endorphin levels during treatment of FM patients, sig-
nifying an opioid or neuroendocrine basis for some of the
observed beneficial effects of EMG BFB.

Ferraccioli et al. (54) conducted an open study admin-
istering 20-minute EMG-BFB sessions to 15 FM patients
twice weekly for 15 sessions. EMG BFB consisted of pa-
tients receiving auditory feedback of ongoing muscle ten-
sion in scalp muscles. Clinical improvement (TePs, pain
intensity, and morning stiffness) was found in 56% of the
subjects at 6 months. Ferraccioli et al. (54) supported
these findings in a randomized, controlled study of 12 pa-
tients using EMG BFB or sham BFB. Improvement was
found in all outcomes in the treatment group, whereas the
control had improvement only in TeP count. The authors
concluded that EMG BFB in FM appeared reproducible
and had long-term effectiveness. Because a small sample
size limited their results, further research is needed to
confirm them.

Buckelew et al. (55) conducted a randomized, con-
trolled study with 119 FM patients comparing (a) EMG
BFB/relaxation, (b) exercise, (c) a combination of EMG
BFB/relaxation/exercise, and (d) an educational/attention con-
trol program. Subjects received individual training sessions
once weekly for 1.5 to 3 hours for 6 weeks. During the
maintenance phase of 2 years, the subjects were treated in
groups once a month for an hour. Buckelew et al. (55) con-
cluded that all three interventions resulted in improved self-
efficacy for physical function and that it was best maintained
over a 2-year follow-up by the combination group. As a re-
sult, EMG BFB can be an integrated part of a treatment pro-
gram for chronic-pain patients.

Santen et al. (56) reported contradictory results in a simi-
lar study design with a larger sample size. These authors
randomized 143 FM patients into a fitness, BFB, or control
group. Reliable outcome measures used included the VAS,
dolorimetery, the Arthritis Impact Measurement Scales, and
the Sickness Impact Profile. After the treatments, the patients
did not improve in pain or in any other outcome measure
compared to controls. The exercise group did, however, con-
tinue with a low impact fitness training at their own expense,
which suggests an immeasurable benefit to the this treat-
ment group. The inconsistent results compared to previous
studies could be due to high dropout rates, a failure to meas-
ure the obvious positive effect of fitness training with fellow
sufferers, and the subjectivity of the measurements used for
evaluating change in FM (56). In addition, the control group
was given treatment, if appropriate, with medication, physical

therapy (PT) (excluding exercise or relaxation therapy), and
medical counseling.

EMG BFB is a cost-effective treatment modality because
it educates patients to have control of their own bodies,
whether it be movement control or autonomic, thus giving
long-term benefits in both psychological and economic terms.
In a recent survey of physical and occupational therapists in
their therapeutic approaches to FM, Sim and Adams (57)
found limited use of EMG BFB. The authors attribute this to
inadequate training in this intervention. Further studies are
need to better guide patients and health providers in the ben-
eficial use of EMG BFB.

HEAT THERAPY

The benefits of using hot rocks and thermal baths to reduce
joint stiffness and muscle spasm and to promote relaxation
have been recognized ever since Hippocrates. The methods of
applying heat have progressed since then, but many of the
basic principles remain unchanged. Physical and occupational
therapists use heating agents to provide pain relief and to pre-
pare stiff joints and tight muscles for stretching and exercise.
The physiologic effects of applying heat to the body include
increasing blood flow, facilitating tissue healing, decreasing
muscle tone, altering viscoelastic properties, altering nerve
conduction velocity, and changing muscle spindle firing rates
(58). Heating modalities are categorized by the mechanism of
action (conduction, convention, and conversion) and the
depth of penetration in elevating temperature in the tissues
superficial (1 cm) or deep (3 cm or more). Superficial modal-
ities include hot packs, paraffin, fluidiotherapy, sauna, and
hydrotherapy in different forms, such as hot baths, whirlpool,
contrast baths, and balneotherapy. Deep heating includes
shortwave diathermy and ultrasound.

The Philadelphia Panel (59), using evidence from ran-
domized controlled trials and observational studies, deter-
mined that thermal modalities lacked evidence to include or
exclude them as therapeutic interventions for chronic low
back pain, neck pain, knee pain related to OA, or shoulder
pain. Rakel and Barr (60) conducted a literature review and
reported weak evidence that thermal modalities have a posi-
tive effect on chronic pain and that pain relief was mainly
short term. Lin (61) demonstrated that cold packs have a
more significant effect in comparison to heating pads in a
randomized study comparing the two modalities in testing
restriction of knee range of motion. Although cryotherapy is
an additional modality used in PT, it is rarely used in FM pa-
tients due to their heightened sensitivity. Robinson et al. (62)
performed a review of seven randomized, controlled trials
on the effect of thermotherapy for treating RA. The authors
found no significant effects of ice or heat packs and faradic
baths on pain or medication intake; however, there were en-
couraging results with paraffin wax baths on pain, range of
motion, and various functional measures after 4 weeks of
treatment.

Superficial heat used in conjunction with an active exer-
cise program may provide greater and longer lasting pain re-
lief (63). The practical benefit of superficial heating is that it
can be used at home, it is inexpensive, and there are very few
contraindications. Contraindications include infections, acute
inflammation, peripheral vascular disease, radiation therapy,
malignancy, arterial insufficiency, and impaired circulation,
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sensation, and cognitive function (64). Treatment plans need
to be individualized as FM patients have reported increased
pain with heating agents (65). As always, treatment plans
need to be individualized and based on goals mutually estab-
lished by therapist and patient.

BALNEOTHERAPY

Balneotherapy is a treatment modality based on bathing in
mineral-containing waters of hot springs or the use of mud-
packs. The most popular area for this treatment is the Dead
Sea region in Israel, which is the world’s lowest and most
saline lake (66). The unique climate it offers includes low
humidity, high and stable temperatures, and high barometric
pressures (the highest in the world) (67). Numerous con-
trolled studies have shown that balneotherapy in this region
is effective in the treatment of RA, psoriatic arthritis, and
FM (66,68–73).

The mechanism by which these spa treatments work is
not fully understood or supported in the literature. There has
been no evidence of an actual influence on the disease
process. Physiologic changes reported include significant
diuresis and natriuresis, hemodilution, and increased cardiac
output without significant change in blood pressure (66).
The thermal stimuli may produce analgesia on nerve end-
ings by increasing the pain threshold and decreasing muscle
spasms (74). Tendon extensibility increases in joints and
connective tissue. By causing peripheral vasodilatation, bal-
neotherapy may help to wash out pain mediators (74). There
are limited reports of the importance of the trace elements
found in the mineral waters and whether they can be ab-
sorbed through the skin. This literature review found no ad-
verse side effects of balneotherapy.

Buskila et al. (66) examined the effects of daily 20-minute
sulfur baths with water from the Dead Sea in a randomized,
controlled trial for 10 days with 48 FM patients. The control
included a 10-day stay at the resort without treatment. Blinded
assessments revealed that both groups improved on almost
all areas measured (FM impact questionnaire, TeP count, ten-
derness threshold, visual analog scores, functional disability
index, fatigue, stiffness, and anxiety). The improvements
were significant in the treatment group and lasted for at least
3 months.

Evcik et al. (74) completed a randomized, controlled study
with similar design at the natural springs of Afyon, Turkey.
The authors compared the effect of balneotherapy in FM
with treatments being received 20 minutes daily five times a
week for 3 weeks to a control group receiving no treatment
except instruction to continue with their daily activities.
Their results were very promising for the treatment group,
showing statistically significant differences in TePs, visual
analog scores, Beck depression index, and FM impact ques-
tionnaire scores. After 6 months there was continued im-
provement in all areas except the depression scores.

Access to these areas of hot springs is limited due to lo-
cation, expense, and dependability on a therapist. Further
randomized controlled studies with longer follow-up peri-
ods are needed to strengthen these results.

Flusser et al. (75) performed a prospective, double-blinded,
controlled study of 40 patients with knee OA that involved
natural mineral-rich mud compresses versus mineral-de-
pleted mud compresses being treated independently in the

patient’s home. These mud compresses were heated in a mi-
crowave or in a pot of hot water and then placed over the
painful joints five times a week for 3 weeks. Outcome meas-
ures included the Lequesne Index of severity, self-assessments
of pain score, and a VAS. Seventy-two percent of the pa-
tients in the treatment group had an improvement of more
than 20% reduction in self-assessment of knee pain com-
pared to 33% in the control group. Both groups showed sig-
nificant improvement in pain severity, which was still
observed at 3 months after completion of therapy. The au-
thors concluded that efficacy for mud therapy was not
clinically dramatic, but was statistically significant. The in-
troduction of a placebo group would have improved the
findings, as the local heat in both groups could have played
a role in the improvement.

Balneotherapy could be a possible alternative treatment
modality in FM and other nonneuropathic pain syndromes
(66–74), but this will require continued investigation.

Although the specific mechanism of action of mud pack
treatment, sulfur baths, mineral content, and trace elements
remains unclear, evidence is mounting to support its use for
the treatment of FM and certain chronic-pain syndromes.
Balneotherapy may be a safe, practical, and effective physi-
cal agent that can be used in a patient’s home.

ULTRASOUND

Ultrasound is a physical modality that has achieved recogni-
tion for over 40 years as an adjunct in the management of
acute and chronic musculoskeletal disorders. It has been
used in the treatment of various soft tissue dysfunctions, in-
cluding scar tissue, tendonitis, bursitis, muscle spasms, joint
contracture, OA, and pain. Ultrasound consists of inaudible
acoustic waves delivered with a frequency range from 0.75
to 3 MHz and intensity between 0.5 and The
absorption of ultrasound results in molecular oscillatory
movements, and this energy transfer is converted into heat
proportional to the intensity of the ultrasound (64).

The therapeutic effects include increasing soft tissue ex-
tensibility and increasing blood flow. Nonthermal changes
occur by mechanical vibration and acoustic streaming,
which is performed by using low intensities or a pulsed out-
put of ultrasonic energy (76). The nonthermal properties of
ultrasound are less well-defined, but may include altering
cellular permeability and metabolism.

Because ultrasound can promote cell proliferation and
activity, it is contraindicated over or close to sites of abnor-
mal growth or rapid cell division such as cancer, tuberculo-
sis, or a pregnant uterus. Diagnostic ultrasound, at 2.5 MHz,
is used at a significantly lower dose than therapeutic ultra-
sound (� ) (64). For similar reasons, it is
contraindicated over epiphyseal plates in children, metal im-
plants, cardiac pacemakers, or an area of a thrombus, due to
the possibility of dislodgement (64).

Few studies were found on the use of ultrasound with FM
or pain syndromes patients. The majority of randomized,
controlled trials focused on specific musculoskeletal injuries
such as epicondylitis, bursitis, shoulder pain, or tendonitis.
Almeida (77) performed a study of 17 patients with FM,
comparing the effect of combined therapy, including ultra-
sound and interferential current, against a sham procedure on
pain and sleep. The treatment group underwent 12 sessions
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in 4 weeks of pulsed ultrasound and interferential current at
different painful areas. The results were positive in demon-
strating the combined treatment to be a therapeutic option in
FM by improving pain manifestations (evaluated by a modi-
fied Wisconsin body map, VAS, TeP count, and tenderness
threshold) and sleep pattern (assessed by the Brazilian inven-
tory for sleep disorders and polysomnography). The small
sample size limits these results.

Baker et al. (76) and Robertson and Baker (78) pub-
lished reports reviewing randomized, controlled trials on
both the biophysical effects and the therapeutic effective-
ness of ultrasound. They concluded that there is an absence
of evidence for a biologic rationale and provided little clin-
ical evidence for the efficacy of therapeutic ultrasound. Al-
though many clinicians regard ultrasound as a viable
treatment, the majority of the literature supporting this ap-
plication is empirical in nature and comes from studies
lacking controls and proper designs (78).

Draper (79) critiqued Roberston and Baker’s (76) litera-
ture review, pointing out that most of the studies reviewed
did not use the generally recommended parameters for ultra-
sound. For example, the treatment area should be no more
than twice the size of the effective radiating area of the crys-
tal, and eight out of ten of the studies did not address this in
their treatments. Treatment time was found to be inconsis-
tent throughout the reviewed studies, with two studies with
longer treatment times demonstrating ultrasound to be supe-
rior to placebo.

It seems that the “jury is still out” on the therapeutic ef-
fect of ultrasound (79). Although clinicians widely use ultra-
sound for localized pain, current reports are conflicting and
studies are needed to clarify its efficacy. Ultrasound merits
consideration as a treatment modality in conditions in which
the pain is localized and difficult to treat.

PHONOPHORESIS

Phonophoresis is a physical modality that uses ultrasound to
drive pharmacologic agents (such as hydrocortisone, dex-
amethasone, salicylates, and lidocaine) transdermally into
subcutaneous tissues. Phonophoresis is indicated for muscu-
loskeletal disorders with an inflammatory condition, such as
bursitis, plantar fascitis, and epicondylitis. There are theo-
retical advantages of percutaneous administration of a drug,
including: (1) suppression of first hepatic pass effect (2) sta-
ble plasma levels, and (3) absence of degradation by the di-
gestive tract (80). The specific physiologic mechanism of
phonophoresis remains unclear. Both the thermal and non-
thermal properties of ultrasound have been cited as possible
mechanisms for the penetration of the medications (81). The
mechanisms responsible include increased skin permeability
due to increased fluidity of intercellular lipids by heating or
mechanical stress and /or by enlarging intercellular space, or
by creating permanent or transient holes through corneo-
cytes and keratinocytes as a consequence of cavitation, and/or
by driving the drug and the vehicle through the permeabi-
lized skin by convection (80).

The efficacy of phonophoresis has not been established.
There have been conflicting results in human-controlled in
vivo studies demonstrating an absence or mild effects of the
technique and effect on skin permeability (80,82). Klaiman
(81) discusses five studies that demonstrated drug penetration

as deep as 10 cm, and Bare et al. (83) discussed four studies in
addition to their own that failed to demonstrate any transder-
mal penetration via phonophoretic technique.

Early noncontrolled clinical trials showed patients with
inflammatory conditions treated with phonophoresis (using
10% hydrocortisone) with decreased pain and improved
range of motion (84–86). More recent controlled trials on
epicondylitis (hydrocortisone preparations of 1% and 10%)
found no significant benefit when comparing phonophoresis
to ultrasound alone (87,88).

Klaiman (81) found no significant difference in pain
level or pressure tolerance when comparing phonophoresis
to ultrasound in the treatment of musculoskeletal disor-
ders. The groups received 8 minutes of continuous ultra-
sound at three times a week for 3 weeks; the
phonophoresis group was treated with a gel containing
0.05% flucocinonide. The results found ultrasound to be ef-
fective in decreasing pain, with improved patient tolerance to
algometer pressures after 3 weeks of treatment. There was no
significant difference with the application of phonophoresis.

There is a paucity of evidence in clinical trials regarding
the use of phonophoresis. Lack of standardization exists
with preparation, concentration of active ingredients, dosage,
treatment prescription, and parameters. Phonophoresis may
be a safe alternative or adjuvant treatment to systemic med-
ications. Although further study is recommended, clinicians
continue to use this modality for localized musculoskeletal
conditions.

TRANSCUTANEOUS ELECTRICAL 
NERVE STIMULATION

TENS is a noninvasive therapeutic modality widely used in
clinical practice for pain relief by electrically stimulating pe-
ripheral nerves via skin surface electrodes. Most TENS de-
vices today use an asymmetrical biphasic waveform, with
frequency ranges from 1 to 150 Hz, pulse widths from 50 to
300 ms, and amplitudes through 75 mcmp (39). Melzack and
Wall (40) attempted to explain the physiologic effect with the
“gate theory,” by which TENS stimulates the afferent nerve
fibers that transmit or inhibit noxious input through the
spinal cord to the brain. According to this theory, the anal-
gesic effect is local, taking place in the dermatomes of the
spinal segment recruited by the stimulation. The endorphin
release phenomenon (89) is a theory in which TENS stimu-
lates the sympathetic nervous system and brain stem nuclei
to produce endorphins and possibly inhibit arthritis-related
inflammation (63). The main indication for TENS is chronic
pain—most commonly low back pain. Contraindications in-
clude demand type cardiac pacemaker, epilepsy, loss of sen-
sation, and stimulation over carotid sinus or the eye (64). The
major advantage of TENS is the applicability to a home pro-
gram, which allows the patient to control the treatment inde-
pendently. Adverse reactions are uncommon, but can include
allergic dermatitis from the tape, gel, or electrodes, and, on
rare occasions, transient increased pain.

Clinicians need to use the appropriate parameters and elec-
trode placement in order to get the best possible outcome.
Motor points, trigger points, and acupuncture points all repre-
sent electrically active and identifiable points that enhance the
potential flow of current into the target tissue (64).

1.5 W per cm2,
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The bulk of research on TENS focuses on musculoskele-
tal pain, primarily back pain. FM patients present with
multiple TeP areas, which mimic many musculoskeletal
conditions. FM patients also typically present with diffuse
musculoskeletal pain, while TENS is thought to be effective
for localized pain only (65). TENS can be justified for site-
specific pain commonly seen at the lateral epicondyle, low
back, or upper trapezius area.

Clinical studies demonstrate a wide range of success rates
with TENS, varying from 25% to 95% (65). The percentage
of patients who benefit from short-term TENS has been re-
ported to range from 50% to 80%, with good long-term ben-
efit for between 6% to 44% (90). In a randomized survey
(91) of 2003 chronic-pain patients using TENS for long-term
(at least 6 months), the authors found that TENS was associ-
ated with a significant reduction in the utilization of pain
medication and physical therapy and occupational therapy
(PT/OT). Cost simulations of medication and PT/OT indi-
cated that long-term TENS use was associated with a reduc-
tion of 55% for medications and up to 69% for PT/OT.

Systematic reviews of TENS in the treatment of chronic
pain with placebo and control groups have reported incon-
clusive results (92–95). Sim and Adams (96) conducted a
literature review of randomized controlled trials, finding
limited studies showing successful use of TENS in the man-
agement of FM. Di Benedetto (97) compared S-adenosyl-
L-methionine (SAMe, an antidepressant) to TENS and
found that TENS was inferior to SAMe on 3 out of 13 out-
comes measures and that there were no significant differ-
ences in respect to subjective pain, sleep, or fatigue. Brosseau
et al. (98) concluded there was no evidence to support the
use or nonuse of TENS in a meta-analysis of TENS in the
treatment of low back pain. The Philadelphia Panel (59)
evaluated evidence from randomized, controlled trials and
observational studies in the use of TENS for chronic low
back, knee, shoulder, and neck pain. The panel concluded
that TENS was of clinically important benefit for knee OA
but not for chronic neck pain. The panel (59) concluded that
there was poor evidence to include or exclude TENS alone
as an intervention for chronic low back pain.

In contrast, Rushton (99) completed a literature review
and reported that TENS was remarkably safe and provided
significant analgesia in about half of patients experiencing
moderate predictable pain. The author found the implanted
devices more effective than TENS used for chronic pain. A
randomized survey (100) of 506 chronic-pain patients using
TENS for pain management found that 74% were long-time
users (more than 6 months) and there was statistically sig-
nificant change or improvement that paralleled the introduc-
tion of TENS use with increased activity level and reduction
in pain, drugs, and other therapies. It was suggested that
good prognostic factors for the success of TENS in chronic
pain include careful training in the use of the device and reg-
ular follow-up. Poor prognostic factors included significant
depression and a progressive disease state (101).

Clinically, TENS remains a widely used and successful
treatment option for some chronic-pain patients despite the
conflicting literature. Some research indicated reduced ther-
apy and medication use, increased activities, and improved
treatment satisfaction, all contributing to restoring func-
tional ability and an improved quality of life. These im-
provements, combined with the accompanying cost and

complication considerations, are important points that clini-
cians must weigh when constructing a treatment plan for pa-
tients with chronic pain.

Other physical agents not included in this chapter, such
as laser or cranial electrotherapy, may be additional tools in
treatment of chronic pain.

TRIGGER POINT INJECTIONS

There are few studies that consider using trigger point injec-
tions for treating patients with fibromyalgia. Because large
numbers of patients have coexisting myofascial pain syn-
dromes and fibromyalgia, information about their use in my-
ofascial pain may be useful.

Many clinicians have considered myofascial trigger points
(102) to be the cause of soft tissue pain syndromes, particularly
in the cervical–trapezius area and lower back. Travell and Si-
mons (103) described these trigger points as an area of hyperir-
ritability within a taut band of muscle. The trigger point can
resemble a pea or a ropelike nodular band and can be associated
with referred pain over reproducible and predictable myotomes
with point pressure. Crepitation, grating, or a cracking sensa-
tion within a muscle may also be felt. A classic twitch response
is described in which adequate pressure is applied in a perpen-
dicular manner across the trigger point to elicit a spontaneous
twitch. An alternative diagnostic method is one in which the pa-
tient verbalizes a painful response or withdraws upon palpation
of a tender nodule or trigger point. A latent trigger point does
not cause pain but may cause restricted range of motion and
weakness in the muscle. Active trigger points cause pain at rest
and with the use or contraction of the involved muscle, as well
as limit the range of motion (104). With training, a fairly good
localization of trigger points can be done clinically (105,106),
but occasionally imaging techniques like magnetic resonance
imaging (MRI) are necessary, particularly for deep structures in
the lumbar area.

The pathogenesis or neurophysiology of trigger points is
poorly understood. Overuse or trauma is a very common
event preceding myofascial pain and is seen in cervical strain
or “whiplash” injuries, but other events have been implicated
as well. Usually, there is no systemic condition associated
with myofascial pain other than the lack of a local twitch re-
sponse with deep palpation, which also helps distinguish it
from fibromyalgia. The incidence of myofascial pain in a pain
clinic ranges from 30% to 85% and is more prevalent in
women than in men (107). Ensenyal et al. (108) found that
89.3% of their patients with myofascial pain had high anxiety
scores on the Taylor Manifest Anxiety Scale (TMAS). The
American Pain Society performed surveys on more than
1,663 members, and these surveys indicated that myofascial
pain syndrome (MPS) was a distinct clinical entity separate
from fibromyalgia (109,110). There are many theories about
the neurophysiology of MPS and myofascial trigger points
(MTrPs) and about why these tender local nodules can have a
decrease in pain with local irritation, either from wet or dry
needling using various diluents. Some of these theories
(103,108) include (a) mechanical disruption of the self-sus-
taining MTrP mechanism, (b) depolarization block of nerve
fibers by released intracellular potassium, (c) washout of neu-
rosensitizing substances by the injected fluid, (d) interruption
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of central feedback, (e) focal necrosis around the MTrP by the
injection, such as a change in pH by using anesthetics.

DRY NEEDLING OR WET NEEDLING
WITH XYLOCAINE OR STEROIDS

Many techniques and agents for MPS have been used with
variable outcomes, and there is a dearth of large randomized
controlled trials. Some of the treatments include “wet”
needling, where various agents such as saline, sterile water,
and long- and short-acting local anesthetics (111) are injected
with and without steroids, and dry needlying of MTrP. A re-
cent review (105) of 23 papers on using various needling tech-
niques concluded that these studies were not well controlled,
measured different outcomes, often did not have a placebo
arm (usual care), and varied in follow-up from 10 minutes to
3 months after the procedure. Patient selection also was a
problem, with patients with coexisting fibromyalgia having
poorer outcomes, although many studies on MPS use the
presence of fibromyalgia as a clinical exclusion for participa-
tion. The direction of the conclusions in this review seemed to
be that MTrP injections appeared to be effective in decreasing
pain, no matter what was injected, and that dry needling
seemed to be comparable in efficacy. Many different combi-
nations were used, including bupivacaine, mepivacaine, lido-
caine versus lidocaine plus triamcinolone (1:1 with volume of
1.5 mL), 1 mL prednisolone with 1 mL 0.9% normal saline
solution, and 2 mL diclofenac versus 2 mL 1% lidocaine. Vol-
umes ranged from 0.5 mL to 2 mL of all diluents (112–114).
Other reviews reported that needling interventions seem to
provide benefit and that none of the interventions seems to be
clearly better than the other (113).

Advocates of dry needling (115–117) using electromyo-
gram (EMG) needles seem to believe strongly that this tech-
nique may be effective for pain relief, particularly when the
pain is from a cervical radiculopathy. Different techniques
are used, but a fine needle can be inserted from 0.3 mm up to
30 mm into an MTrP and be kept there for 30 seconds or
until the referred, reproducible pain is gone. Deep needling,
because it is very uncomfortable, was recommended for my-
ofascial pain from radiculopathy. Critics of the studies note
that in Chu’s study only 48% of her patients responded to
the follow-up questionnaire, and it was always hard to deter-
mine whether the daily exercises were also done. Follow-up
for all studies of MPS should evaluate whether the original
goal of an injection for decreasing local and referred pain
will, at least temporarily, enable the patient to assume nor-
mal posture and stretching exercises in order to minimize
long-term pain and dysfunction.

BOTULINUM TOXIN INJECTION

Ermangen identified botulinum toxin in 1897 as the culprit
in an outbreak of food poisoning, and half a century later the
physiology of the toxin was identified by blocking transmis-
sion at the neuromuscular junction. Starting in the late
1980s, botulinum toxin A (BT-A) had gained the approval of

the U.S. Food and Drug Administration (FDA) for ble-
pharospasm, strabismus, hemifacial spasm, and cervical
dystonia. Both botulinum toxin and A and B are now being
used for multiple “off label” uses and are being claimed as
useful agents for refractory MPS (118).

Botulinum toxin A is a 150-KDa protein made by Clostrid-
ium botulinum. The toxin is internalized into the presynaptic
cholinergic nerve terminals, which in turn inhibit the release of
the neurotransmitter acetylcholine, thereby inhibiting muscle
contraction (119). Any pain-alleviating effect of BT-A and BT-
B may not entirely be due to the neurophysiology of muscle
relaxation, and the pain relief in treating cervical dystonia pre-
cedes any relief in spasm. Human studies and animal data sup-
ported a direct antinociceptive effect, with inhibition of release
of substance P and acetylcholine but not norepinephrine
(118,120). The toxin also seems to decrease the sympathetic
transmission and perhaps reduces the dorsal root ganglion’s
hypersensitization in neuropathic pain. Botulinum toxin also
probably blocks central glutamate release, which is important
because glutamate and aspartate stimulate N-methyl-D-aspar-
tate (NMDA). NMDA is important for neuroplasticity and
central sensitization, which occurs in the dorsal root ganglion
(118,121–125).

Besides modulation of the central pain pathways, the
local installation of botulinum toxin into a trigger point in
the involved muscle may enable decompression of the
nerves entrapped by chronic muscle spasm and may also
modify afferent muscle spindle discharges and facilitate
physiotherapy by decreasing pain.

Botulinum toxin injections for MPS seem to now be used
by some as adjunctive therapy for refractory MPS after fail-
ure with the traditional physical measures and trigger point
injections.

As with many other studies of MPS, patients’ selection
criteria often lead to mixed or biased results, particularly
when patients with fibromyalgia are included. Lalli et al.
(126) studied 20 patients in a randomized controlled trial of
BT-A compared to 1% lidocaine, and the BT-A group
showed improved reduction in pain at 2 and 4 weeks. Porta
(119) compared BT-A with methylprednisolone, both admin-
istered with 1% lidocaine, in the treatment of pain in the pir-
iformis, scalenus, and iliopsoas muscles and found superior
improvement in the BT-A group. He also noted that in the
steroid group the effectiveness began to wane by 30 days and
that by 60 days the BT-A group continued to have statisti-
cally significant improvement, with lower pain scores and
better function. He emphasized the need for all patients to
continue strict adherence to a physiotherapy program to max-
imize the benefits from the treatment.

Commercially available botulinum toxin preparations are
available and can cost several hundred dollars per injection.
In the United States, Botox (Allergan Inc.) and, internation-
ally, Dysport (Ipsen Ltd., UK) and a Chinese product
(Lanzhou Biological Products Institute, ROC) are available.
BT-A has been more widely used and studied, but BT-B is
also available (Elan Pharmaceuticals, Inc.) and may be a
therapeutic alternative for patients who become refractory or
hypersensitive to BT-A.

The clinical side effects of BT-A are mild and can include
local anesthesia (usually lasting up to 72 hours), dry mouth,
dysphagia (when used for cervical dystonia), transient
weakness, and mild flulike illness (118,121).
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A retrospective review of the literature by Smith et al. led
to their conclusion that post-traumatic, particularly cervical-
thoracic, MPS may respond better to botulinum injections
than low back pain with MPS (121). Royal (118) found that
low back MPS, when associated with a localized spasm and
an asymmetric examination, predicted a better response and
that careful selection is therefore important. Both Smith et al.
and Royal note that higher doses of BT-A are needed for treat-
ing low back MPS (200 U for type A or 40 U per lumbar level
on one side). This is compared to the 25 to 100 U that are re-
quired for treating pain in the trapezius or levator scapulae
muscles.

Botulinum toxins A and B appeared to give a more sus-
tained duration of action than other more standard and less ex-
pensive trigger point injections and can be used for myofascial
and neuropathic pain syndromes. Their use is still only for pa-
tients with refractory MPS who have failed more conventional
therapy. The appropriate dosages, the dosing interval, and the
injection techniques, as well as patient selection, are reported
to be crucial for good clinical outcomes (118,121).

Many of the studies on MPS have mixed the two groups,
which makes interpreting the outcome, as well as overlap-
ping the pain distribution, difficult, although the MPS is
more localized, with fewer issues of somatization (127).
One small study (128) separated patients with only MPS
from patients with fibromyalgia and MPS and compared
pain outcomes after trigger point injections with 0.5% lido-
caine. The outcomes were measured in improved range of
motion, pain intensity, and pain threshold. There was no
significant difference in outcome at 2 weeks postinjection,
although the FMS with MPS group had more postinjection
soreness.

CONCLUSION

All pain, whether nociceptive, inflammatory, or neuropathic,
depends to some degree on the peripheral activation of primary
sensory afferent neurons. The localized peripheral administra-
tion of drugs, such as by topical application, can potentially
optimize drug concentrations at the site of origin of the pain,
while leading to lower systemic levels and fewer adverse sys-
temic effects and drug interactions. At present, topical and
other forms of peripheral administration of nonsteroidal anti-
inflammatory drugs, opioids, capsaicin, and local anesthetics
are being used in a variety of clinical states. There also are
some preclinical and clinical data on the use of topical antide-
pressants and glutamate receptor antagonists. Given that acti-
vation of sensory neurons involves multiple mediators and
pathways, combinations of agents targeting different mecha-
nisms and delivery systems may be particularly useful. Topical
analgesics represent a promising area for future drug develop-
ment for fibromyalgia and chronic pain management.

Fibromyalgia and nonneuropathic pain syndromes are
highly complex and present with a wide array of symptoms.
An interdisciplinary approach needs to be considered with
these patients in order to address them holistically. Physical
agents are just one small part of this approach. Pain control
is an essential component with these patients that is used to
help them advance to higher levels of function and well-
being as treatment progresses from more passive to more

active interventions. As for physical measures and devices,
successful management ultimately includes the patient’s
ability to self-manage symptoms and to maximize function
and quality of life. Appropriate professional support and
education for both the patient and the family are cornerstones
of treatment. This chapter has reviewed the use of ultra-
sound, EMG-BFB, phonophoresis, TENS, balneotherapy,
and heat therapy in patients with fibromyalgia and chronic
pain. There is paucity of well-designed randomized con-
trolled studies, which makes it difficult to draw any firm
conclusions, although there is literature to “moderately”
support some of these modalities as an adjuvant treatment
in these difficult-to-treat populations.

Trigger point injection therapy for chronic severe my-
ofascial pain still suffers from the cloud of a “hocus pocus”
intervention, with variable results in multiple clinical trials
and no clear scientific basis for many of the clinical findings
or interventions. Conclusive evidence for one injection tech-
nique or injectable agent is lacking, but in multiple studies
there might be some degree of benefit beyond placebo ther-
apy. Dry needling may be slightly more effective for radicu-
lar pain associated with MPS; steroids mixed with local
anesthetics have advocates for prolonging the effectiveness.
Anesthesiologists are doing trials comparing different long-
acting local anesthetics, with and without dilutions of
steroids, to decide which may be the least painful locally
and most effective in the long term (110). The new use of
botulinum toxin injections, although extremely expensive,
may be of valuable use to patients with severe disease and
refractory myofascial pain.

SUMMARY POINTS

� Even “central” pain syndromes such as FM depend to
some degree on the peripheral activation of primary sen-
sory afferent neurons. Thus, the localized peripheral admin-
istration of drugs, such as by topical application, can
potentially optimize drug concentrations at the site of ori-
gin of the pain while leading to lower systemic levels and
fewer adverse systemic effects and fewer drug interactions. 

� Primary sensory afferent neurons can be activated by a
range of inflammatory mediators, such as prostanoids,
bradykinin, adenosine triphosphate (ATP), histamine,
and serotonin, and inhibiting their actions represents a
strategy for the development of analgesics. 

� Peripheral nerve endings also express a variety of
inhibitory neuroreceptors, such as opioid, �-adrenergic,
cholinergic, adenosine, and cannabinoid receptors, and
agonists for these receptors also represent viable targets
for drug development. 

� At present, topical and other forms of peripheral adminis-
tration of nonsteroidal anti-inflammatory drugs, opioids,
capsaicin, local anesthetics, and alpha-adrenoceptor ago-
nists are being used in a variety of clinical states. 

� Given that activation of sensory neurons involves multi-
ple mediators and pathways, combinations of agents tar-
geting different mechanisms and delivery systems may
be particularly useful.
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Summary Table
Local Treatments for Fibromyalgia and Nonneuropathic Pain

TREATMENTS DIRECTION OF EVIDENCE COMMENTS

Topical NSAIDs Tentatively positive Few systemic side effects
Easy to use
May not be readily available at local pharmacy

Capsaicin Tentatively positive Readily available and easy to use
Variable efficacy
Eye or local skin irritation

Local anesthetics Uncertain Few systemic and local side effects
Documented efficacy for neuropathic pain
Unproven efficacy for fibromyalgia

Topical antidepressant Unclear Promising analgesic efficacy in neuropathic pain
Few data for fibromyalgia or nonneuropathic pain

Topical gabapentin Preclinical Potential peripheral site of action
Studied only in preclinical setting

Topical TCM (herbal) Unclear Little quality control
Tradition- and experience-driven
Not evidence-based

Massage Highly positive Time-consuming
Short-term benefits
Expensive

Electromyographic Highly positive Long-term benefits
biofeedback (EMG-BFB) Limited use by PT/OTs

Superficial heat Lack of evidence Short-term benefit
Possibly effective Used widely in conjunction with exercise

Balneotherapy Highly positive Limited access
Expensive

Ultrasound Unclear, conflicting evidence Limited to localized area of pain, not for diffuse pain
Phonophoresis Unclear, conflicting evidence Limited to localized area of pain, not for diffuse pain

Safe administration of medication (NSAIDs)
TENS Unclear, conflicting evidence Can be used at home

Long-term benefits
Dry needling Probably effective Probably best for radicular pain

Can be very uncomfortable
No indication for primary FMS

Local injections Probably effective All seemed to decrease pain over placebo
(steroids, anesthetics) Controversy about which is superior

No indication for primary FMS
Botulinum toxin Probably effective Decreases pain for MPS and neuropathic pain syndromes

Extremely expensive
No indication for fibromyalgia 

NSAIDs, nonsteroidal anti-inflammatory drugs; TCM, traditional Chinese medicine; TENS, transcutaneous electrical nerve stimulation; FMS,
fibromyalgia syndrome; MPS, myofascial pain syndrome.
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